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e  Ajrof this material was structured into a workable home-study
formal by a téam of educdtors, engineers, and comfort-heating per-
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Solar Heating is in a stage of dynamic growth which is fostering ?\
: fhany innovative solar h'eatir),g applications, Na-single treatment of -
o this . expanding technology could include all -noteworthy develop-
ments. However, this training course does provide the essential infor-
mation that a practicing-heating and air-conditioning wholesaler, con-
. =tractor, and'technician needs to'advance in sizing, installing, and ser- . .
= vicing practices as the market for solar heating progresses. - .-, - .
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: HEAT FROM THE SKY

One estimate'made by engineérs and scien-
tists is that one-fourth of all the energy used in the
United Stateg is consumed in heating burldrngs
Billions.of Btus from coal, oil; gas, electricity are

consumed every’ h%atlng season. We are deplet
ing our-supply ofreadrly useable fuels at an ever-*
increasing rate. Fortunately, future generatlons
will have an enerdgy source which, every\three
~ days, equalisthe, combined energy in all the
available coal oil; and gas in- the wo‘rld That
nergy source is the sun.
Thrs amount of potentlally usefyl energy is
q,staggerlng, but logical. Srnc?all form$ of energy
-originate from the sun, the basic source |s‘ by
necessity, a reservoir - of almost un|mag|nable

- \

C. SlZe s

‘

-

-

" plied to\this industry/was essertially privately

A large'quantlty of energy is needed for

. heatrng and a lagge amount of energy is, produced

Qy the sun. Thgse two facts, coupled wuth (1)the

Iarge quantlty of energy needed for heating and

(,2)the ‘large amount of ene gy emitted by ‘the

3un-when coupled with a growing need, to con-

serve fossul fuels—make. solar house heating a

desrrable and promlsrng area for research toz/ard
S

\ easing the'demands on the world's.resourc

.Until a few years ago_there was little, |fany,
eneral interest in solar appI|Catvons to heatlng

and,cooling. Today, howpver, thare - - nz-, ®nlar
= energy research and developmerit awvmes e
heatlng d air- condntronungundustry S Ve

- Solar assisted heating is. *not a new idea.

- . Solar heaters were used in the. Army camps of

v

sec the ‘::?_DA\BIJI authorizing the establish-
ent ¢~ ~=yEnergy Research and Development

Southern Cal1forn|a during World War I, and solar K

= -water healers received at least some use in some

* southern states durin 1930's.
Butgorlor to 1972\ solar energy research ap-

funded. Now, federal
solar programs .and’have had.an impact on re-
Search and develggment activities.

.A joint Nation#l Science Foundat on— National
Aeronautical and/ Space Adminis-ration -repbrt
Qubllshed in 1972 is generally ecrec ‘ed with hav-
ing-had the mos pubhc andpolitica. impact on br-

. inging renewed attentionsto the potentials of solar

energy. The report concludéd: 4

. L } Solar energy is received inJsufficient quanti®
~ ty to make a major ¢ontribution to future U.S.
heat and power peeds. .
2. There_are no teghni'ca'l barriers to wide ap-
' plicatiOn of solar energy to meet U.S. needs.

- 3.

nds are being allocated for”

*tn th

Ty

W.th thig endorsen*em.ar Zthers, Congress

Adminis ‘z7lon. Among other things, ERDA

' replace’ +e old Atomic Erergcy Commission. On
Octobe ~ §77, the Departr =~ of Energy (DOE)
s3umez ‘e overaT.l. resc.o - dility regarding

en=-gy | .
= Ccm:zared ‘o the meacsr _ndjng that was
obtain=d py & ‘ew solar
now reiz "'we!"  substan
marked *or sciar energy résearch, development‘

and der— r\eratlon projects

3
. v

‘FEDEPAL \:OALS -
Th:=2 - es=nt overall, goal Jf'the federal pro
gram. "7 1eaiing and cooling is to strmulaZe in-
dustr:si avd commercial carablflty (includingthat

.of sm 1.3 ~ass)to produ. = and drstrlbute solar
" heati~ ; ara zooling systegs’and, thro wide-
spreat_ app: catfons, reduc¢- ‘he deman pre-

‘sent fi_el suoplies. - ¢
"~ the. are’successfu.. govegtment -efforts

* will stimula:e the private se <:or to suppor§he in-

corpr -ftior and installatic- of combined” solar
héat ¥ ar . cooling systerr
-7 S*ates. F

- = iden

~»d beyond 1970,

the “-" ’ new censtructlon

andre o tt:‘—g in e)gst" uilding:. P e
LB&JQB“(_):- ":orporaﬁlar energy systems .in

/ esidential *
commercial building starts angd ~

“»12astq of the annual

P aved
=i

.~ ~neinstallation of rewsofit systems an-
~Jally on 2,500 residential and 200
commercral buildings.

By 1985: Incorporate solar energy systems |n
- . at least 10% of. annual residential

. and commercial building starts and

\r_?re installation of retrofit tems an-

nually on 25,000 residential and 1,000

‘commercial burldrngs

Perha S some useful perspective can: be
gained by nwting a srmrlanty between the status
of solar assipted heating today and electric
heating in,the /ate 1950’s. Then, electric interests
(generaljpeople outside the traditional heating-
cooling industry) began to promote and- market
-electric heating system}x Today,” there_aré solar
interests whb want to maYket solar systems Elec-
tric heat in the 50's was unbg I|eVably expensive
compared sto gas and oil-fi Tentral systems

nergyv pioneers, there is °
| federal money. ear—

'n =xisting buildings

v

~

‘¢,

W
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=sisted systems, the market
for-electric he:* 1~ 329 appeared (to “tffad.it\onal”
"heating men) 12 ~= = erylittle potential. Only cer-
taji types ot t.niai- zs—those with rmany lights
and heavy ir-.:zzzn—were considered ‘‘suit-
able” for elecr - :. Today, solar systems are
also said {q ==
situations.

- It is currazqt e

Like todey's s e

agreed that electric hefat ap-

-anle usually only in specnal’ ‘

plfcations hav< g-own beyond the expectations of
* © &d solar systems: Either may cause the home-

fifteen years ago when few persons foresaw to-
day’s tuel costs or shorta es.

In the 1957's, an ortant.“marrlage" dld
begin, to take .- ace. Na i\;amnllartothe Reating
technicians be:gan manufacturirfg electric heating
- products—anc the electri¢ heat interesfs became

Part of the he=ting-cooling industry. Efectrjc’heat
‘began-to be marketed t
know _heating, and air-cohditioning. The* over:
zealoys en! wsiasts who saw electric heat as
something —zaical, that did not haye meet

ough- the people Whi '

' Qadmonal ccmrort design criteria; were squ)eezed

ut. Also, there were numerous front page news-
tories-about electric heating installations
“rlpped -out” by irate home-

pape
misapplied and
ownersN o .
AN IMF *"aN" _£SSON? _‘,.
The . sn of electric heating, -theref
may serve—as an important history lesson for both
solar enthusiasts and traditional heatlng -sooling -

: practltlo rs. : 4
~$olz§nte¥ests shoyid not try to do it alone
. , i

>
¥

~o
\;\

s o~

a A R

Heating techniciahs know the heating business.
Nor should the solar interests believe, as the elec-
tric interests once did, that there is é‘omethmg
maglcal ‘about the “fuel source” that puts solar
- assisted heating above the technology that has
evolved since the'turn of the century.
’ Aoy, solar interests shollld avoid customer
f vérsell: In an age of consu/mensm the heating in-
dustry does not need thevstlgma of “scare” head-
lines regarding energy shortages or'pborly design-

. - owners to ‘“tear-out” thousands of dollars worths

of solar equipment because’ of extreme product '

“dissatisfaction.
And for those of us who are d p-art of the

heating industry,just as electric heat was not for,

.. everybody -in '59—and it may still not be part of
everyone’s business today—solar assisted heat-

ing and cooling may never be apart of everyone s ,

business tomorrow. i ~ A
But, heating specialists {should not resist
splar assisted heating and cooling because of
la® of technical information. [ et's make an hon-
est effort t9 learn what the solar specialists has to
" offer, and then teach them about comfort condi-
tvonmo rractices and how fo provide good c/on

.mer ¢.oducts. :

.-'/ ) f
James Healy ' .
Director of Educatlon
Northamerican Heatmg and Air-"’

conditioning Wholesalers Assn.

= -



———

Solar energy is rapidly becoming a logical
alternative source jpf heat .as the cost and
unavailabBilitykof conventidnal fuels becomes.

a
major problem in +#ndustrial countries. Gettlnﬂ

- heat from the sin n is not a new idea—most peeple .
-
tibu

is there.

day, much to'their surprise, he‘energy
now, .tefchnoloqy has brought the
cost of harpssing the sun closer to belng
" ‘aconomijcally’competitive: Ad act that solar
heating and solar #ooling are very attractive en-
vironmentally, and the reasons for being involved
in thls course are almost &omplete This c@rse
‘will ‘provide’ fundamental technical knowjedge on
solar assisted heating. There will be a demand-for
technicians with an’ understandlng of the design,
- . instaljation, and servicing responsibilities as the
" market for solar assisted heating develops. The
question “Why am | here?’’ is now ahswered. The
? next question is *

[}

v

AT
.

>
at rs mvolved”‘" ~
8

PASSIVE SOLAR HEATING SLSTEM
Im its-simplest terms,, a solar heatin solar,
coollng system is anycsystem whieh reduces con-
s'umpfic')n of conventional fuels by utilizing the
sun’s,energy as a method of heating or cpoling.
The system can.be either passive ar active. Peo-
utilizegpassive solar energy. when opening the
* curtains on the sunny side of the house during the
"cold months to let the $un add its warmth. There
is a minor amount of control overhis system dur
, ing the summer when the curtains are closed to
. block out the sun’'s rays and the unwanted heat -
radiated within the house. Thus, itis fairly safe to
state that’a passiye<solar énergy sydfem has no
movung parts; excepf of course for the opening or
closlng of a window shade or curtain, gnd is main-
. ly.the concern of th

3

5

N

20

L]

N _,(’-
SOLAR HEATING. AND COOLING *

~ have jall expenenced ‘gettiny .synburmed on a -

e bu(-lga;pg legzgner andlor the

-

f

Iandscapg‘archltect It is also safe to conclude
that thistype of solar energy is-only mcudeqtal to
this course and will be ‘discussed only ‘when it
benefits the primary point of this course» the con- .
!mjjed collection and distribution of solar heat..
Some’ examples of passuve Systems are deplcted

\Yhelow

. AR earl.)s discussion_ of desugmng a passwe

Iar system’ whlch includes taking advantage of
th sun by such means asrilvlndoworllantatlgn and
roof overbhang to conserve energy cdn beé found in’
the University of Illiffdis Small Hames Cbuncil cir-
'cularwhlch was publlsbed around, 1945,

- o

Active Solar Heatlng System.

“—The alternative to a passive syste an ac- '
tive system. To.understand and visdalize' yhat
goes’ into an active solar heating/solar coollng
system, the foIIoqu/g s;:hematlc |IIustrat|on i
pres?ﬁted in Figure” 1 -4! .

» »

-
.

L3

Fig. 12 Greenhouse as'a Solar
note monblq insulation.

Fig. 1-3 Roof Monitor ag-a'Sofar Colleclor Duct and fan
Q\culafos lrapped hot air bgck to ﬂoor Je\ro!‘

_\ ~. : s :,
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/Whtle thls lllustratlon shows ten parts to a- Lo o ! there (S gafhment sotar ‘Pacha
‘total system, only those items inthe illustrati®n - ‘e Ction s 7 L
Aich are represented by, rectanZ&r blocks will ) 3. Auxiliary * Used fo baci(up feay demdnda
bé discusded- if this lesson.. The other four - - .» Heat Source when the solar/colfecmrmmmsl
items—pumps; blowers, automatic valves, and = - <. 4> storage ystem réfuna e to-
. dampers—are lmportant,J,o the systequy‘énd w1ll be, ..° >, ‘,4—\\,\ meet‘ th mands: such as
* dealt with later in jhis course.» . N . Heoo- periods of high: heatmg/t*oolmq
L Acti systems currently ‘consist (af the, - >° I -l jload de{mands and low sotar |
! folPwjing\six essentlal units. tp collect, éontrol A 'anllablllty N
“+ and distribute solar heat. . . ‘ *_.L,‘T- ‘ W :
Unit . Functidn , o : '\; ) -, ] Wh le it.is possnbﬂ\to tie:,:qn r
v : ) ) . ‘ L , ; .and consteuct a’ solar“syéterr
ﬁl’ Solar - " Tntercgpts sold® radiation and \ -2} -that could'meet total needs, I i
~"Collector, ** conveNgiftq heat for transfer to :a-—,‘ . ,\/‘/ gaenerally not- as: economical,
(Eig-1) -, a thggmal stafage unit or to the' = _ . “?OS‘ vs. savings) as a“du‘”'“v
Ny : heati;g Ioad . -\‘ » . v assisted system. .
. o © ', . ..4 Heat . , Depending on.the svstems .,
\ ' R o . Distribution selegfed for solar heating/solar
- - /‘" ' Systpm and cooling. J:F\eses could be the
- C e T Co ing ! samg, syy;gm or, d|ff,erem
. L e - Distril utlon systems —_— -
- g . - R ®
R Sys@em #° Usually a wer and, duct
., v DL § N distributioh -cap bie of utiHaing
A - o ‘ ~ T‘ & -~ heat directly from either the
2. Thermal  Can be egher an air or liquf " . F& - - solar coHectYor I'Ob thte m&[:g\
.oy Storage Unit umt ~ 5 AN P o storage unite Inc sgme *o

"N V]““ cases. 4t cafr.bega’liduidlsystemd:

(rock stor‘age If more heat is'collected than re- \ * -where theahqum 1S PIPEL Alrwcnv

o " sho'w'n) ~_ quired for .space’ heating or*. 5 .€* to thedgpaeg to be‘ﬁea' 23 S OG-
B ' domestic wate§ heatﬁj‘ then’ % . Bdant-where tan cod units are
‘\‘)u _. — /}{ thehh: is ét?r'eg fcgﬂater Jse at : £ : u:?_jj to heat/cdoJ.roorp d,
L= nightor on cloudy days:~ ", .6 Codlmg ‘Unit The methods used tof cootipg
or °F R Ca’n be either a liquid, rock By (abgorohor* include absorption cdolmg units @
i"’ .- phase hange .unit. ‘Rock ™~ wnit showm (Ithfam-brofide~ or ammonia
.if% storage for. an ‘air unit is shown # ' Y A water with the fOrmer the org .
P Ao e in “Figure 2..Storage units gener- /\/\ l""ji S co'nme,rmally ava|ldble systen
A ally opgtate indepefdent of agy . = _* 7 and even th ‘hasebeen oity
. L ‘ ling or. heatmq\r(aqwremept' r:t_“.r_ L“"’"_ . used. in texper.mantab vinstalia.
T S, smcé they can be coflecting and ' g S . tions). . .Rankine cyche “vapus
) - . storing solar“engrgy whenever L e , compression. and others. Alter
B - c - - ¢ S0 natively. @ heat pump.might b
r v ..r"iv | » utilized dQ‘ﬂ ~onventior n} ouﬁ
. R S R . ingtiipit (pewerecl oy.eicCincyy
B : )\ .any u‘séu as tne auxinary 1or the:

. I P - o olar §pace heatma s,/stem
o mat] i : ¢ N , o
vafve/Da Heating v N L

-4 ——l}- -,r-:o-ssnyns;::rnn-on - A desrrab’e fedture not incliied ahow s
o o osom Ww; I - part of the basic hoatnnalcooh 1 unitis the p’m:
o —e o | Therma gHeai'”‘- R Coalng |, sion to use solar energy “o'also heat qomest:r mr ‘\
- Uit~ | >ouree e ”éao‘..‘n;, - wategr (DHW). This preheated water icquires - T,
. B , ! °‘§';'55;,‘n'°“ ™, ladded conventional- enetgy ‘e g. gas o C-‘?»':;; ot
3 ¢ s ] B ) - . “ tricity) to'bgost its temperature to the absired
./ Pump/Blower . VahelBamper Pump/Blower " 'tdnge of approximately 140°F. (More nformat:én
Fig. 1-4. Schematic R‘Vresentallon ofa Solar Heahng and Oh domestic water heating wii bé providsd =
Coolmg System. . | A T~ sUpsequent lessons,) (W . , R
, . . _' , - : ."‘ ] ' B ) ‘ - 5 \ ., v ',
-( - - . R - o, T, 1.~%/ ,-'1 ‘4 r - LT . .
) Q ' . 5 ) N L . 3 ) K ‘2 . '_,, % » . l % .
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- AeTIVE SYS’TEM DETAI o .

4 L This section of the ].ess |s de.zgned to pro

A # vud redter detaflvabout the Six major ‘units of-a
Sofar ace -heating/solar coollng sx§tem 11
fdéSchbes 5I.ternat|ve§m thefmqst common com-

ponen‘t chotcesjwuthuh eagh, part of' the sys"r\m
Solar Collector. Conﬂgurations "7”- e M.
Solarcollectors can beoNh‘e followmg coﬁ\

_' flguratlons ST .

st

O

.‘.'u

Flat Piat&Cotlectdrs " A
“Thig’ constructlon ‘of the ptesen,t comimerci;
, -y avallabfeflat plate coﬂecrtonconsusts of an ab
- -+ sorber plate (usually &; blac};ened‘ metal surface%
whigh absorbs. direct and dfffuse solar radlatlom
" aN¥ converts the energy: ‘to heat ‘The Keat'in the
*absorber plate is transferred to an approprlate li-
. quud or air stream ‘WhICh isin contaczt with the ab-- -
sorber plate'and dellvers the heat to the next part,
" of the. system—the Thermal Storage Unit. Since »
the absorber pIate tends to lose. heat (upward
thrpugh the cover plate snde and back) the other

N
,__d

. C , ¢

‘CB\_Ier Mounting

. Lot o n
‘Gasket Seal 4 Screws

;-Alnmﬁﬁrri‘r'(id\(er Frame

- i Rubber .Pads
Glass Covers

NN

. lbs between these two a,omponents .o

'componentSfof the, coIIector are de5|gned to
reduce the-loss.as much as posstble asis seen in

- . the AExt twoullustrahong Ki S .

. The msulathn bene%tTthe absorber and the
transpa overs reduces heat loss through- ,
radlatlon c nductlon and/or convection. Glass
overs do not o‘bstruct the solar radiation | passmg
: rough but they do reduce’ copwection loss since -
ELVA a/movement (including wund)vacross the-ab-
ber is absent. Also, the alr space between the
ss and fhe absorber dcts, to reduce cor'fﬁuc on,

» Conc t‘r‘ating Coltecfp A )i
“Con entrating coll ctors gatherdlrect soIar
ra¢ ion over. a

' @ ] Jlarge. arha\wnd’ then focus
"_(congentrate) the radistion onto a smaller -ab-

Sorbfer area. The effect ofthis concentrating is to
increase the fluid-temperature delivered from the
coIIector An interesting point is that the quantity
of heat gained is nearfy ‘l’he»same as for a flat .

plate collector with the same. aperture area
@,

S s f . i
W P -

-

Tempered Glass
Lovets -

Y

Absorber i
. -Plate -

~ Manlfold

Insulatvon . {
T Area
Gonnection Copper Flow Tubes ' 4 .
) Absorber Plate ' . }
: v . s L]
Mounting Brackets ) v . . C:ilrd
S -~ Flow Tube Manifoid |
s LOT0F . )
Fig. 1-5. Liquid, Collector. . ol : ) '
' T ' ' Fig. 1-6. Air Collector.
, : " Solar Collector Configurations L <
: " Collector ) S . .
: Il Type Absorhs "Heats
. ',/ , Flat Plate ’ Direct and Diffusé Solar Radiation* Liquid
/| .. Flat Plate _ Direct and, Diffuse Solar Radiation* Air
Concentrating* Dire¢t Solar Radiation - Liquid *
. *See page 1-9 for the dmerence betweeh dmuse and direct solar radiation.

#
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VR
/- The major d/sadvantages to the use of con-
'centratrng coI

1. Theirin ‘b|l|ty to functron on cloudy or overs
cast day 7

They ar expenslve to construct operate,
- and maintain. : : X

o Cloudy ddys' provrdé only scattered (drffyse)
-+ Solar radiation. The illustration below shows that -
' concenteﬁtrqg coI1ectors will not work on cloudy
days and, thus they can only operate on clear
sunny days stmply because diffuse.tadiation can-
.7 not b¥ focused on the absorber by the reflector. .
' '_'However fiat plate collectors can catch and ab-
rb the ‘heat -of -both direct and d/ffuse ‘solar .
duatroh

P - -
Lo ‘ C. .

la

J’h_e?mal Storage Choices . .. ' .
« .Collected heat not  used .immediately.
stored by heating a particular substance that can
“hold"" the heat for later use. While a variety of
v substances can be used. water and rocks are
rmost popular. Water storade is used with liquid:
- solar colIectors rocks are.used with air collec-

tors Water can be contained in somé type of leak:

" Absorber : v

oy

Fig. 1-8. Circular Concentrating Collector.

N .

" Insulation prevents

(thereby reduce insulating. effectiveness).

. .

/ .
~proof “'tank’ and rocks are enclosed msrde some
type of storage “bin.” ‘

Al storage units should be’ msulated but
water tanks should be particularly well insuiated.
loss of stored heat and
minimizes-the amount of uncontrolled heat escap-
ing from storage that might tend to overheat near-
by rooms (similar to a hot furnace room ‘‘over:
heating’’ adjacent spaces).

WatefStorage Heated water from a sotar col-
lector is discharged into the top of -a water

»

. storage tank, Cooler water at the bottom is then
- pumped back through
reheated. - '

the coIIectors to .

Water storage units can be place
ment, crawl space,garage, or burie nside"orout-
-side the structure. Buried units a seidom a good
idea because of service problk ,‘ms damage to in-
ssulation, and corrosion. Tanks can.be made of
watertight concrete, steel or' (sometimes) fiber-
glass. Because water is relatively heavy (8 and 1/3

~pounds per galion), large tanks must be well.sup-

ported and bottom imsulation must.not be crushed
Fig-
ure 1-10 shows one method to insulate the bottom
of a tank .

Direct Solar

~_ Radiation t Diffuse

1 Solar
Radiation

Reflector

-

Fig. 1-9. Dlrecl and Dmuse Radtallon on a Solar ‘Con-
cenlralor ’

'.14.
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. Air Storage. In air storage units, heateaoalr ,
from the collector is circulated through the rocks g

to transfer heat.
Rock storage can be provrded by assemblrng

* wood from boxes, by using concrete blocks, orgjn-

cylindrical” steel containers. Again, containers

- must be well cohstructed to prevent bulging and

eventual collapse of the.storage contalnet

“Although -the container may take "almost- any -
shape, a basic cube conflguration (Flgure 1- 11) is

preferred to.configurations that would cause long

vertical or extended: horlzontal -air flow paths

through the pebble- bed .

" However, it the helght 'of the storage unit is
. limited to less than five-feet, a horizontal design
can be used. The horizontal design does present a
~ few drawbacks: . because ‘of its greater; Iength
rather than height as-in a cube unit, it rmposes a

' greater pressure drop to air flow. Further since

warm air tends to rise, great care is needed to in-
-sure that the air flow goes through the “entire
_length and depth of the horizontal unit. A tlght fit-
ting lid with baffle plates which force the air flow
down and through the pebble bed helps overcome

A these problems. :
- #he pebbles in these units should be of -

-

toe b i
RN

#

) Heat Storage
Water Tank |, -

Full Space

Insulation . -
Concrete
Blocks

~ Slab Floor -

- Fig 1-10. Bottom Insulatlon and Support for Water Storage
Tanks.

rd

.

1

B umform size and not fractured)o insure adequate

air flow. The pebbles should be washed to remove
dust before being placed intq the umt
Provision should be made for actess around
these units for maintenance. The pebble units
- could suffer structural failure. The water units are
“-subject to leakage, especially at the plumbing

£..con ecﬁons Steel tanks are subject to corrosion

. 6o -space shou)dbe provided for access if replace-
"ment is necessary. .

Auiiliary Heat Sources
" With purrent enexgy shortages greatly
discouraging the use of petroleum products or Qy
products (oil, LPG natural gas), the trend is
toward.electrical space heating systems as back-
. ups for solar heatlng systems. The two types most
often used are electrrc resistance furnace heating..
‘and heat pumps, with additional electric
resistance heating usually serving as the back up .

“to the heat pump. .
Since all the data up to thrs point have dealt
with a solar heatlng system, the following two il -
lustrations 'show a solar air and a solar water

=

/

<

system. When comparing thg two systems, take -

- the following items into consuderatlon

/ .

Wire Screen

Rigid Insulation -~ ~ \ -Bond Beam Block -

Fig. 1-11. Pebble-Bed Heat Storage Unit.
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PluB . Minus
Lower capital costs. ~_ Duct work risers oc-
' ‘ cupd4 usable floor
. ) ‘ space. .
" 'No cJﬂosion, clogging, More energy required.

N

. Domestic " hot

- Warm Aif System Fig. 1-12(4).

“or anti-freeze solutions.

Leaks hav%ess severe-_

consequences.
- .7

water

., system is not subject

. Aldaptable to
K buitdings.
.+ Can provide energy for
cooling. :
-

 Circulation ~ of.

- to contamination. by
-from the heat

leaks -
storage unit.

«

_Warm Air System F|g 1-12(B) -

Plus

"Water'is a cheap and
efficient ‘heat transfer
and storage medium.

-

Piping uses little floor
space. '

water
uses. less "ehergy for
equal heat content.

‘large .

to move solar energy

from "~ collector to
_storage to use.

b -
tnstaltation must be -

leak tight which is less
obvious t{n with
water syste

Yo

Minus
High initial cost.
" Corrosion, scale,

ing damage or block-
age.

Leakage , can cause

considerable -damage

to the system and
dwelling. -

Contamination of
water supply

sible if poor
storage to enter domes-
tic water system.:

Summer boiling can be
problem.

or -
freeze can occur caus-

is "pos-
design- -
- allows treated water in:
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A Heat Pump tor Heating *\/
" A heat pu is corredtly |dent|f|ed as a-

refrlgerant macm that'can extract useable heat '

from-a source that/is at a temperature too low for

d/rect comfort appllcatlons . .
It is inportant to recall that in-the fundamen-

tals eat flow, it is . a temperature dif-
-ference—nt temperat"re alone—that mfluences
the amount ¥t heat transferred.

For example: A gallon’ of. water cooled from
to 35°F—a 20°F difference— glves off a
greater q ity of heat than a gallon of water
cooled from 210° to' 200°F (10°F- dlffefence)
although the latter is hotter to the touch

Cold is only a,relatlve term. Heat energy is -
almost always present, The exception is at ab-
solute zéro temperature (minus_460°F) where “all
thermal motion of atoms stops.

Thus as long.as the refrlgerant circuitzof a -

heat pump can produce a temperature,d/fference

(by providing a transfer medium colder than the
temperature of the heat source), heat can be ex-
tracted. Remember, heat flows only from a higher

"to a lower temperature body.

For this reason, it is possible to use air, water
and the earth itself as a source of heat—even
though one normally thinks of these substances
as lacking heat or being cold dyring the winter.

A solar collector can be used to heat air or
water, so it is logical to combine a collector cir- -
cuit with a heat pump. As the heat pump extracts
heat frorm storage, the solar collector circuit can
be used to replenish the supply. Figure 1-13 il-
lustrates this concept schematically.

\

Air’ )
" Collectors ./

s
.

S - Auxitiary

i ‘ NIk - Furnace
c el B Y,
Sg:’nestic . (Sun Stone)
Water

Fig. 1-12(A). All air solar heating system. -
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And, as was demonst-=ted at the University - Solar Cooiing “ - o~
of Kentucky several years « .0, it.is cossible (but Of the three geneﬂ categories of space
not yet practical) to combine 1 solar coltector with cooling methods' “for idential bu‘ilding—re-
an earth source heat pumc as well. In this con- frigeration, evaporative cooling, and radlatlve
cept, the earth is used as the storage *‘tank’ and ‘cooling—solar epergy is- only directly usefdl l&\
heat is added by the collector. Heat is, then ex- refrlgeratlon methods. Refrigeration systems cool
: tracted by the heat pump via hundreds of feet of. « by removing heat as it comes in contact with a
'plpe burled in the Soil. . " .cool reftigerating, surface. In.both the conven: .
: < : B tional vapor-compression systems using ejectric
T eat out - . motors and heat pumpss and the absorption
,\ S systems which uge a fuel, solar heat could be us- l
’ ,ndoo'r -t Lo .ed to drlve the compressor in vapor-compression )
Coil e BER . systems - or repiace . the .fuel in: absorption ~
Expansion ‘ 5. %yStemS- L ‘ _ oo T ' .
Device .-lg %’ . , E . - »' [ _ .
=5 = e
? E Vapor~Compressio§ Cooling i S
R L] e . “aIn the familiar vapor-compressioti’ cy)%l:) an
Refrigerant —4 J ’ electric motor drives a compressor that “pumps’ o
: . . refrigerant .gas from the ‘relatively low preS‘sure
Heat Pump Circut . -7 and t perature in the evaporator up to the
. : pressure and temperature level existing in the .
- Fig. 1-13. Schematic of a Solar assisted heat pump. - condenser _ - ‘ »

., bl
»
. i
. Op,
Hot Water - “€¢
Coil /
i Pump :
. To Domestic
: Thermal
Hot Water System Storage Tank
‘ Heat Val
-Exchanger @
R /
. ) " Tank Hea: »
' . o - Exchanger

- - ) o - . : . . : (Solar Energy Products, Inc.)

- Fig. 1-12(B). Hydronic solar heating svstem.
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Absorption Coolir}g o . b//'—_\gae\continué’s on to the condenser.-Ihe liquid, -

In mechanical cooling, unwa'“od héat is ab now free of refrlgerant is returned tot bsorber
sorbed at low pressure ancrtempe -iture and ~to repeat the process. —
rejected at a higher, rnore convenent pres ure . In conventional absorption coollng units, "
and temperature '3 ~heat |s supplied from gasoroit’lna gplar assisted -

° In thé -absotption- process heat réplaces unit, a hot fluid- provrdes the required heat. .
horsepower. The .compressor is replaced by an » Lithuim-Bifmide Chr//ers Of the absorption '
\ absorb igenerator assembly in which-a liquid-~is refrigeration » ‘currently .|n Luse, the. thlalum-
, used /to. carry  the, refrlgeran vapor from ' Bromide Chrllers appear to hold the ynost pro- < '
- evaparator to, condenser ‘ mise. Water is the refrigerant, I|th|ugt -bromide is
. A closer. look at the a sorber-generator the absorbent. The system operates under A
’ shows how refrigerant vapor frgm the evaporator-* - vacuum and -r_e_qulres a cooling tower for watex .
enters the absorber where the’vagbris absorbed oled condensging. Thé system cannot use air- -
by a liquig. The liquid solution is then:pumped to - cooIed -condensing . because of the- low:
‘ the generator (whigh is at the same pressure as temperature in the absorber. \ R 4 -
Phe condenser). . . ’ : «There are twoltypes of ch|IIers-—a|r chrllers

In. the generator, t'he rqurd is heated This  ~ and water chillers—which alsq. descrlbes their

dnves the refrlgerant vapo ut of solution and the - chllltng function. With the air chiller, room air is
< No § < ° circulated directly past the evaporator coils: _
. ' : ’ » - The water chiller requires a remote fan coil.
’ . . Heat Out PO , . . -
' _F _ -unit with room air cooled as it passes through the I
C“W i ’ - unit. The water chiller has an ddvantage€ over the ,
. . - < - o v . . . ¢ .
N . air ghiller in that'it is possible to store ‘chilled
& - ‘ ) ‘
Expansion § - . ) He!ngerant Vapor "'Boils Off )
Device ) He!rlgerant Vapor
. '® ’ Compressor Shaft to Condenser
} -t Work . s (: =
. X ” . ] High Side !
" i . ! Low Side;
.o ) Pure" Liquid Line ’
.Evaporator ] .
2 - - .4 Liquid Saturatec
- Refrigerant Vapor with Refrigerant
_ Heat In o from Gooling Goll ‘
Fig. 1-14. Basic vapor compression. refrigeration cycle. ’ ' © Y Zefrigerant Vapor
. . R R is Absorbed
il Fig. 1-16. Absorber-Generator delaits.
- Heat Ou . . - ’
Condenser
.Heat . : )
Ve
‘ .
. : . 1. Generator _ Condenser Retur‘n o 7
Expansion | - Generator ':}éiq,u'q e - 800 ing Tower
Device ® olution Expansion "or Water
> } Valve WY .
R i Al - 3.Evaporator
Absorber el - N ﬁ>J
! 7 , 4 Absorber LTTU— B
= ,Vvvf - warm Air
) & . or:Water
Evaporator Pump " ‘
. \};{ea( In Cooling Towe.r Water
Fig. 1-15. Generator-Absorber rep es mechanical com- : o e
pressor ) Fig. 1-17. Solor Powered Absorption Air.Conditicner.
Q - 'v ’ o ~\ . | . - - : 118 ) . S N /
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\;/\ater when the buuldlng does not requife cooling

(as in the morning or ‘at night). Thig ‘enables the

! _system to provide for a large peak cooling capacl-

ty Typlcal requirements to provud 36,000 btu/h of

, coo g are a hot water supply Eleven (11)

gdllons per minute at 190°F. Coolffig capacity ob-

* viously falls off drastically with lowertemperature
water supply from,the collector circtiit.

A Heat Pump for Cooling '

e~ . “A-heat pump is another possible coo‘llng unit.
It is most easuly remembered and described as-an
“air conditione¥ that can pump out warm air when
desirgble, and then reverse'the cyéle when eces-
sary and pump warm'Balr in. Itis a, mechanical
.vapor compressuon~ system conslstlng of a com-
pressor; condénser, éxpansion valve, ‘and 3gn
" evaporator.- When in the: Coollng cycle, a heat’

« pump ig not a solar energy powgred device. It is
only in_its heating mode that it can become a
sofar assisted device. This, happens when solar
heated transfer materials (air or water) are used as
the heat. supply to\’}he heat pum'p '

-

<A
e

[ e . )
Solar Rankine-Cycle Engine N
Solar’.Rankine-Cycle ine is a ‘solar -

r

Englne
- powered engine that.can be-Used as an alternate

Pivoting-Tip Vané

A |
' Blower
= N
lg:a;e‘ — Evaporative . = . — To »
Outdoor .l ‘Cooler = N1 Rooms
. . L 77177 A L Back Dra’t
K . . ‘Motorized nngn Damper
" \ _ T Dampers . 2% Motorized
\ N : ] Dampers
: Hot Water , : _.-'Cooling v =
* from Storage 7~ Heating ggg%‘:{ Rock Bed
or Collector . " § Supply Air- ' & .
E . f-aou'ér' \. p bl -
- g \ - = . ;
.. . T
. T . : s e Exhaust = - From
v . e LQ'E}E-W 38 To - E 4 ~“Rooms
IR [ =¥ §o Outdoors v ~ 9°
_ - (B “Heat Pump v Motonzed
¢ _ Dampers
: Fig. 1-18. Componﬁts of the Battelle Solar Heat Pump. Fig. 1-19. Evaporat:ve coolmg with" rock sto.ago
LS ‘ o - : ’
i 1.9

-

B N R

"'0
soUrce'of power for- the regular electrlc motor.
-driven camp#essor in a vapor-compression:

‘ refr|gerat|on system. Solar heat can vapone_an

“organic fluid to drive a turbine which is coupled to

- a compressor. Thus, thxough the use of a Solar

Ranklne Cycle .Engine, a device such as a heat
pump could become solar related devicein both
.cooling an¢ heatlng modes (See Flgure 1- 18) ‘

O]

~ Conventional evaporative coolind in arid a '
seml- rid parts of North America is accompltshEd ' '
by curculatmg outdobr air through a wetted pad N
his sumultaneously lowers the dry bulb mper-
ature of the air;and raises the’ wet bul emper‘ '
ature. This codl but humid air is then curculated
through the house for comfort coollng
Strictly speaklng, evaporative cosling cannot )
be “helped" or powered. by~a solar system. How-
ave r, the-rock ( bble) bed ‘storage associatedd
with an all-air solar heating 'system can be used
along wuth/;a evaporat|ve cooler to store co/d at

, ‘Evaporative Cooling glus Storage
.

night for usg’during the day.

Here ts how it works. At night, outdoor air is
" circulated through the: ev/poratwe qgoler and the
air is then circulated through the rock storage to
subcool the rocks. This: moist air is then ex--
hausted to the out of doors. :

Inthe daytlme hot'room air.is routed through .

~ the cool pebtle-bed, sensible heat isre

ode and
circulated throughout the house. Notenl}wat no la-
tent heat (moisture) is removed in this process,
~thus, this technique is not weII suuted for all
areas.

\
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-, 'Other Cooling Possibilities f’ ECONOMICS
Besides prdviding .comfort cooling via - The exploding demandforenggy, both in
mecha jcal devices, jt is also possible to cool us- United States and throughout the ‘rest .of
y ing ch mical reaction devices similar in operatiop  * world, will contlnue to.force the cost of energy up
to thet.widely, used chemical dehumidifiers—Ii-- and will result in recurring energy shortages.
qUid absorption and solid absorbent equipment, - Compared with "other, energy\#&ernatlves solar .
[ In these~devices, a desiccant— moisture cap- .. energy for\space heating and domestic water
ttmng chemical—is used ‘to de umidify air and Qea’tlng requir€s relatively high' capital although
ltben solar/heat is used to provide some of the this-factot is being.offset by several factors: (1) in-
’ -energy to ;egenerate the desuccag after it creasing cost of other fuels, (2) intensjive research
_ become% -saturated X‘th monsture, apgrat-ve to develop Am‘b‘fe cost effectlv?e tems, «and
* % copling-gan also be 2 . ) ‘(@ the potential fof an excellent Itfe paytack cy-
- " One innovative device\under study is the —~ cle. A p;ototype system usin circulating air has
‘Munter Environmental Corf¥r (MEC). unit shown o worked well smce V957 with ng ma ~r problems
g in some detail in Figure 1-20., - -, ' { ~,And essentlally no . mainténance gost Solag
[ Reverse radla'non from the absorberosurface <~ assisted eating’ |§’becom|nf ecpnorr;né’ l)> com-
‘a frat-plate collector to'the cold night sky can fpetlri/e @ith heatingty fuel oil, propane, and elec

oo) the absorber surface.*It can also cool the - tricity ip many parts of thé Country. . N
ater or air cikculating through a collector. To use. - With presentpay equ1pment and prices, most 4+’
“this principle, a shallow water pond’. covérs the* solar systems have a faity long payback. The.

roof wN# sectionalized, retractmg, insulated energy is free but the equipment ir ;estment is
ver the pond. At night, the cquers are - relatively high. As additionat square teet of-collec-
rewacted to cool the water.in the pond by-both tors-and larger storage tanks$ are adde-. - e must
evaporat|0n and radiation. They.are then closed . look at the new investment versus ;avings. A
during the.day to.prevent the water from being solar system large’ enough to provide 20 percent
heated: The cool wiliter is circulated through fan- of the heating requirement has a r.uch longer
< coil units to cool the rooms below. In the winter, ' payback period than one which does just part of
.the process is reversed to capture the sun’s the job. At present, most solar installations are
“warmth during the day. The covers are closed at . sized to handle 50-70 percent of the *otal load. £
.- night to ret n the heat which-is rad'iéted,to the ° backup conventlonal system sized tc handle 10(
rooms below. : \\ P - percent of thg'load is hormally included to handle
- poratlon of the water ‘which occurs . conditions when no ‘solar radiation is available

' ‘na_tu?ally,,lncre_ases its salinity aénd thus reqwres and the stored heat has been depleted. '

”
4

The generalized schematic (Figure 1- -21) pro- tion Differences

. periodic draining. Possible freezing is a problem. .
Loc
“vides an ldea for thls type of system %The'economics_ of solar heatinc in different

Air S

°From o _Radiative Cooler on Roof
Roorfi N A v :
‘ - Rotatin > ’ f’ t zi
- - S otating . .
iy : - Drying o . 4 -
Wheel , «
S r /\\\{““ ’H)T K Cooled and/or Dehumidified .
9 N / Air Rgtamed to Building
"{t  -Rotating - r . ¢ . : .
' Heat 7 o e R AR U z
* Exchange i\ \';\%;’ \ p » . ]
h el K Desnccant _ _ =
. Humldmers W e P L Gas ‘Material’ . , -— - ——— g.
R ~ - -I_1 Cooled Air |_ . .
A 1o Room ?&\ \ { \ - .,‘ W Burner- . 3 Cc i Building Air mgo
T ~ ’ T JOf - - Duet o L “olc »o
\;r ,.7 Solar. - S v - . Nate 3°
u I l l Heatlng s \ o = - wate Tan« ! £
n . : ©
) N d - Coil P Pump.
Ambient-Air s Solar . oo ’ g I
__Heated S, Auxiliary Air Coohng . -
; . Water - . » .. - and/or Dehumndmcatuon Unit Drz
Fig. 1-20. Schema%hof Adsorphon Cycle (courtesy of the e L . \
* Institute of Gas Tethnology.) . B o Fig. 1-21. Radiatlve Cooling System.
. 110 . \
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* ic :.:0Nns depends on a comblnatcon ofinje followk-". determined. Far example the greatesf average

ir. aczors: o ~- ambunt of sosar radiation irn the United' States is
¥ ‘ gyailablein the ~-.cky Mountams—Sout’hw tern
1 Jojt of equlpment - {f“, -marea because . _ ela‘ively clear weather &ondi®
3 § %ons. Othergare Mp<om"ry are not excluded,
2. Amount of solar radiation. avallable ?urmg ~however, sincej erce ndjcates that sola
- . the heatlng season. - heating is ecorfl y_ar - téchnically feasibje
*" . 3" Heating load of the proposed structqr’e. in many parls unt: . at thi§ time and will /
"4 'Cest f conventional heating enetgy. * become more;w ad as coriyentional enrgy
« : @ -ating energy. - ‘price§ rise. r the foliowing_predictions
. &5. Thé& &xtent to which the golar heating System based o th&'gost 6f energy in Fort Collins, Col-
_ can-be utilized outside the ‘heating season, . orado in Table 1-1 ’
o : for example domestic water“‘ﬁ‘eatmg z dn a more general tone, the U.S. Department
. "4 ‘g of Labar, Bureau of Labof StatlS/CS presents the
Bec‘ause of.colderweatherand greater tindre-  overview- in Table T 2. The only 'figures not sup-

; quuremeng}b %n northern latitud#¥ and ex-. plied by USDOL are the projected 1980 utility
~ cessively¥loudy w ather b coastal areas, |t|s’dya' ‘ costs. | stimates are based an distillation o data

P

»

leUlt to. predict whether or. not solar heating“ "

. systems will offset the costs of heat/ng-with,other

from industry, Edison Electric Institute, Arthur D.
Little study, Energy Law (PL 94-163), and assuming

~ natural gas wellhead aeregulation before 1980..

¢ . - - o~

fuels unti!Sa(l the cost and weather factors are "
- - .

. Table 1-1 B :
e S . Predictec
- . L ' Cost** ~  Annual N
- - . Efficiency -ost* _ Per Cost Increase
- _ ¢ v of Heating  Ser ~ Million (%) :
~ Fuel unit - " Btu/Unit (%) -nit ($) Btu ($) -
Nawral =~ 1,000 cu. ft. 880000 1.02. 145 17 .
Ga$>' . : E v . o - . .
Coal 2,000 Ibs} 21,000,000 €8 4200 308 ) X
! : : ’ Y L ‘ ‘ .
o vFuel Oil Gailon { - 135 000 I .38 3.75 « 15 ’
: Propane  Geilon 91,000 80 ° 35 AT 20 J
Elestricity KV 5 - 3412 199 02 6.10 7 ,
e Currently -ne cos: otelectriclty per KWH Is 2c in Fort Collins, Colorado; 3¢ in Columbug Ohro and 9¢ in New York
Zity. .
%"  The costs ~ thic column take into consideration the fuel's efficiency of heating. '. ‘ ’ v
. - .
" - ’ N Table 1.2 T S
U S.Utility Rate Comparlsons '
3 (Resndential averages) ' y
e -Percentage : C'ost of Million . . d Projected 1980 -
of increase -Btu’s- Present - Utility Costs A
Dec. 1967- , _ 7 Utility |
Dec. 1975 1973 vs 1975 . . Cos}s . Dollars %
! L o - - » N »
Gas 821% ' $ 1.28 $ 233 $15.12 per | $45.36 per - 300%
~ ~ T 100 therms, ;.- 100 therms. '
_ . ). - , . ‘o
Qil . 1306%  $ 227§ 5.24 '$39¢c gallon ©  $54.6 gallon " 40% J ~
o S w2 " (#2) Lo
. Electric 57.9%  $ 7.54 $11.91  45c KWH 6.3c KWH 28%
- 111 ! .
}« ) . ~
: . - 4
- \ / A 21 « 3 /
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/A Couple- the ‘gbove szormatlon vﬁ‘l a predlct|0n

‘ ’hat all these fyels: (except electricity), will be
mnavallable in parts of the United S&atess{‘et
price for space heating, and ®electric space

< heating will bear mere caostly; and solar space .

heating be.-'vmes very realusﬂi and competltlve

) Pkpw;ystem\sulng Si\gp Dollars

rm.a solar healing system /stem is. adesrgﬁd
(suzed) for a building, its basic cosi can
*minimized 5¥ first reducing the heatmg,#oad of

- 'the building loapractical minimurh. Forﬂxample '_

- g' a partlgular model(pf A collector may cost $14 00 .
" per square foot. If 500 square feet were injtiallff re- ..
V.. ‘quired for a specific hSuse’ the |nvestm§ﬁt would, .

S

f -~

N N T Ve >
/ colleoto( gost would be JOX‘ inus 1(350 >< .
-$14.00) or $21"". Deducting the 500 additiomai

co'st for the ia aulatlon the er's net saving i ~
fi-st cost wil. il be $160C. Thus, the maximum \
% =aergy cost.savings pér unt of initial investment &,
/) :an be:rqalized. A)So, unless dicta®d by,unusual -
actors, it is no¥ practical® to size. collectors to o
carry 100% of the 1844, thereforeﬁO 70bercentz67 +
‘he annual heating . requrrgmentsM pracmcalf
and economlcal range fcr;ttursolér heatlng .
tion. “t
°. Further items Wthh might help mfluence an#
-individyal to incorporate Ge,olar heatm}g into the|
congtruction of-ahome would include the f’olrjw s
ing oosslble cost savimgs:. . / ~

£

be $7600 for colledtors. Ifagaddlﬁonalq’joo worth ‘ &
“of msulatén would reduce the- réquuredﬂumberof A\ \ lncorporatnon of system§ intd bunldmg de
_ coIIectors o] total 35(quuare feet thesavrngs |n L srgn A T o Ve~ 7 <,
o - .. g . . . P J o R 4 s \ ' , T
LT R R
v ‘ .%ble 1-3 o o \ _ _" s
R \ ~ S A : Avgrage = :
o S Latitude - January January
o : City and ‘De@regs Te ure Solar <
e, " - State ° °N Elevation Degrees PF Btu:ift. day) ’
S : . o ! . ' A, £ 3
- - . . . " Boston, | 42 29 ©30z 511-.
o .. -.. - Massachusetts > ' . \
: - Cleveland, . lv 41 s, 805 .t 28.4 456
A Ohio - . LA " }
: Ithaca; - 42 '950 - 23 449
- York . : v
k2 § ~ —7}
Lemont, . 4 595 24 . 529 -
Illinois o '
) Lificoln, 41 1,189 248 3¢-
_ Nebraska - .
ford, 42 1,329 T4 : kS
Dr . s
i Newport a1 60 34 . a-
Rhode lsland » . '
. - . ’
T New York, 41 52 ¢ ]
- New York | ‘ .
‘Salt Lake cny, a1 4,227 2o 505 ;
. Utah ‘ 7. : -
" sayville,s L . a1 20 35 6
N‘ew quk: T o : o ‘ Osl : I
o State College, - - 41 1,175 28.4 511 -
. Pennsylvania . - ) ro
g s / - . .
Upton, Ce 75 35 583
New York ’ ey N
) . ’ /W
. v - - "/\ ) +-




. 2 ‘, Ease of maintenance and reparr Warrantres

guaranteges, reIIabIe product servige, and re- M

’rﬁlacement arts must grow at a rate to sup
port msta]led systems.

3. Eyrst dost versus | long-term. Consutner edu- Y
¢ - cation is essentlal to showstie merits of life
» Sycle costing (predicting how iong the Mulp
"y . Ment car}‘b
o macement and what “the ‘real dollar, amount
WQuId bé) together with lenders iIIin? Q\
capit#lize’the solar equipment on-fang term
financing. ‘This kind of information is es-
Becially ifpportant to gomnfercial’ building -
. &Qwners contemplating - design -and con-
'st?&ction (or remodeling),bf 1arge striictures.

' Safety, reallapilffy and- effrcrency Sqtar
heating and cOoIing hardware =hould be pro-
ven-to be at least as safe, rel able, ard effi-

' . {.cienfas conventlonal equlprn =1t
. —

]

v

-

. '/'f -
-

v

osts Beydnd the System
f the factors which must be con-
ting a solar heating system are:

Addltional
’ Some
sidered when

CQ§t of selar assisted heatrng/coollng equip-

4

1.
e \ ment.. N
.2 vCost of auxrlr ry energy

'Cost of install

" 4. .Cost added to building construcnon ‘tov ac-
comodate the system. ,

Property taxation (ates.

Loan. interest rate.

& 3
N o g

Cost of maintenance and servic= includ:~ -
replacement parts.

Annual cost of msurance

9. Credjt for income tax savrngs
4 e
_ Based on the abdve factors, it is esséntial fhat the
solar heatihg/solar cooling system provide the
maximum -possible return for dollar invested,
These returns are based on savings over-the in-
- . stallation, operating, and serviecing of conven-
tional heating systems.

-

e expected teo operate beforere- ..

. (although its aver:age

“‘when climatologi

y
dllmatologrcai Conslderatlons .
Further consrderatlon musi e given to the
cllr‘natol gical characteristics in the, area under .

' consrderatlor The'ghart in Table 1-3'is provlded

"

to emphasize nat assumptions about cllma‘t“'\’ogl-

- cal character stics are not ajways correct..

By srmpl comparlng m% es whrch are found
.ina70mile wide belt that str 's from coast- .
:coast, a dlfference of 12°F s found in the averag !
température for.the month of January (Ithica, New :
York's 23°F versus Medford, . Oregon’s 37.3°F). At

« the same time and in this same bebt -Januarys
4\$olar Btu's varied by 265/day. Medford, Oregon™s

ow With only 4.’! Btu's (aIthough Ithgca, New

York is qnly 15 Btu's better at 449) whilethe hlgh
side is held byLi -Nebraska with 699 Btu’ s
lly’temperatur}.durrng the -

_period—24.8°F—is only 1. &F hlgher than Ithaca,

- New' 'York's 23’:F) The  point of this exercise i

that many factors must be carefully\ analyzed,
&characterrstrcs are con-
sidered.. Boston, Massachusetts, receives 5"
more Precipitation per year than the usually wet
city of -Seattle, Washington. Flagstaff, Arizona,
recelves an average of 96" of snow per year wh|ch-”
is’'more than B rlington, Vermont's 80” average.
Since these “ar srs contribute tc the co f the
system, it pec mes increasingly impoNant, to -
know ‘the geogrzohical area you serve. ’ ‘.
SUMMARY

1+ A basic overview concernrng essenttal sohr -
heatlng/sola ccollrlg components and the eco-

_nomic cons:derations which ‘nfluence a person

®ontemplati~g a solar energy system has been
presented. Zne ‘eed not spend much time at-
tempting to -ete mine whether the utilization of
solar enerc or residential and commercial
heating is ne -essary or feasible. The iackK of fossil
fuels makes *: imperative. to design efficient
heating systems which utilize solar energy to pro-
vide for our neating and cooling comfort, -
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2L W‘ w o
' There are six basm torms of energygful to*®
man—chermcal " radiant (solar), heat, nucl&ar
mechanlcal a“nd electncal ene, g)ﬁf Heat is n-
/ sidered a
forms can
. ‘the heat energy cannot be. readily eonvert

. other forms. f
% . The sun proyide a*hlghf} condentrated’
‘seufce of.radiafit energy which can be convertgd
to heat. Consider that the sun %%s projected a
diantarérgy across 93 m‘illuo s to earth, and
arget to the

thaPearth offers only a very fsmal
sun's outgomg*energy The tremendous totak

B -

&\

~

——=afmount of energy which the sun
+ off ean be gealized. Even thoagh the earth's share
— of this radiated energy is relatively sfall, a great/
number of the earth’s inlidbitants are more than
casually interested in-the portlon that our planet
- manages to lntercegt - :

~

H
-

ENERGY AND SOLAR RADIAT!ON AND LIFE’
‘Life exists because of the sun’s energy. Sun-’

) Ilght that was received .in past ages is also the

reason for the-existence of our fossil fuels—coal,_.
oil, and natural gas—which are now becoming in "
‘short supply. Sunlight*is responsible for the ex-

‘istence of living forms'of fuels, su
“and starches, and their by- produ_“bf alco_hoh In ad-
“dition to energy, the sun is responsible for earth's

existing climate. As small as the |ntercept|on of

solar energy by the earth may be, it is sufficient to
Heatthe atmosphere and keep the earth.from turn
ing inty a solid, frozen sphere.-

THE NATURE OF SOLAR RADIAT!ON
What .is the nature of the radiation received
-from the sun in such vast quantities? For this
course, the sup is a spheré, the outer skin-tem-
perature of whlch is approximately 10,000°F and
~from which is emitted energy in the form of radia-
tion. Figure 2-1 shows the elektromagnetic spec
“trum of the sun’s rays and depicts seven different
types.of radiation, although our interest only in-
‘volves the middle three: ultraviolet, visible, and in-

frared rays. This is not to_jmply that.there are no .. -

loper $orm of enerdyJsince all othe?
’tzvconverte{j to fieat fairly easily, but/'o
to’the -

] .

hust be.giving .~ couple. As thedisc heat%

h as celluloses - -

effécts from gamma rays, X‘rays, or radio waves, . -

but these rays-are not important:at present to the _

heating and air condmonlng mdustry

* THE COMPOSITION GF SOLAR RAYS

The radiant energy waves can easily be ar- ..

ranged in increasing order of wave length as ilus-
trated m Figure 2-2. This illustration alsoprovndes .

' )

ol

- 2.1" ' .

~.to measure solar enérgy’is talled apyfhel:ometer

S Sy
T , ".v. : -_'- - j‘/:a /’-—ﬂ‘ <@ .

h\ at generated“by these*dj é¢ent
) tha left:

an idea o‘T the
,yvaves ‘évident in the ve tical scal
hand side which is miark in energy. r)‘ten dity in
BritisH thermal umts‘per hour per square foot [Buﬂ
(ft2 h)]. This scale, represents the amount of heat
that. would result if wayes of a given wave Iength
were‘«completely absorbed. by a flat surfage one

" square, foot in area for one hour. The higher.-the

1

. gurve, hE gre@ter Se peat The mstruq,ent used
it tconélsts of a véry sensitive . black disc which
uwhen..exposed to the. sun’s rays, is heated The
black disc is connected to one end of a thermo-

aottage,ls produged at

. = ‘Visible Rays , ——
/// \\\\\\ |
e i S i s S
Shoirt»Wavelength; N L{9V’_/vavelength&?,/“ .: A

Fig. 2-1. The Electro- Maghetlc Spectrum Radlahcn from
the sun consists primarily df ultraviolet, visible, an:! infra-
red radiation. ’

/\- Curve for -
Temperature
of About 10,000 F

-BTYH Per Sq. Ft. -+~

GREEN

INFRARED
RADIATION
LONG

ulVlA = VISIB|E
' uitae, |-‘_ Vi —.—*

A~ SPECTRUM’
HOR
. 5 AvuthtHS

' Fig. 2-2.'Radiant energy fr'om%lhe»s"dn.

B}



the otfer end of the thergmocouple (jast like a,thgi[-
.mocouple heated by a pitot ugr}/ Slpce the
volt‘age‘outp t will vary with the temperature of
the disc, the output can be calibrated to indicate ~
, Btu's per hauwper square foatof radi n falling
{See Flgure 23), 0\ 7“0 -
IFFERENT UNITS OF MEASURE o
The above description is an éccepted-manner
expressing a unit of solar energy— Btu/(ft2 h)..
However, other units may be found wh‘en,readlng
solar data. Now is an-idea‘ti etol ' to recopg-.
_,nize thesé _unifs, and to be able to convert from
oné unit to another.” The units are generally elther
- Energy Denstty expressmns orfPower expressions

a T

and are usually\expresse as followsg;
A .
\ ABBREVIATION 2 <UNIT -
+E ergy Bensuty o .' . . . o
» < ‘ - . i .

At "

Brltlsh Thermal Units

Btu/ft?

LT ~_per square foot

_ Kilojoules per square

L A meter
._"il;aogjey"(,ca'l'/cm% B Calories per ‘square-
B ) - © centimeter .

KJ/m?

Power ., .
Btu/(ft2.h) ® British Thermal Units

. per square foot per
hour -,

K||010ules per s'quare
meter per hour.

- Calories per square
centimeter per min- "
ute

Watts ‘wer
m8ter

KJ/(m2 hy .

Langley/min’

Wim2 . — square

~

To convert.thes e units from one set to another,
use the follow g conver5|on mformatuon

- , _& S
) To Coﬁve_r't Into Btu/tt? .TB Convert into étd/(ftz-h)

* ! . ..
. ~

o

Multiply * By ‘Multiply By,

Langiéys 369 . Langleys/qun 221 - |

g ose C kdimlh - 088
‘Wim? 316 .

R ‘\_ R e s "/"

¢

2.2

, -
. M ‘ P
o - . - B
FEEERE 4 . - , e .
. . - K . N

- >

The foIIowurJ‘g example Wil shéw t thg use of;these \ A
© data.-Assume that thesannuai average dally P

/‘radlatlon for Blackstone/Méssachusefts is 3 2
Langleys per day. To convert this toBtu/ft2, multl
‘ply by th® cdnversion factor fer Langleys to Btudft

‘whlch <s'369 S
£ 4 N 4 . .

. ) — ‘. RN “f') /
@52 /@f 369 *+ =73 1299 '
Lan@leys .. Conversion -  Btuf{ft2d) -
day " Factpr - STl

LQ \ . “) . : ‘.\
AU ? SARTE e T

SOLAFSeINTEI\S]TY ’r' s
intensity of the sun’'s_energy output :sl
qmte ‘Congstant. Jus; outside the ea(th’'s atmos- |
phere, th|s mtensnty has been determmed té. be
.1.940 Langle»ys/mm (1,940 x 221 = 4287 Btuf(ftzh)
" at.the average earth-sun ;ilstance ahd i5 called
, the “solar Yconstant™ w * - -
- 4 . \

The Solar Spectrum =~ .- 7 »

As mentioned earlier, the radlatlon from the sun’
can be separatedunto three major energy: reglons .

TR

1. The short wave- length radiation at the left of
Figure 2-2 which is called ultraviolet or UV ra-
diation and is not visible to the human eye.

:»  These (are the rays that prodaice our su_ntan
or sunburn. A coréiderable amount of the UV
radiation
is absorbed there and does not reach the
earth’s surface.

vhich enters the outer atmosphere (. ~

Blackened Disc
Becomes Heated by
Solar Energy

" Altitude.
>

LN !
- B e 1y
2 |

' B ‘ . . . ' R
Fig. 2-3. The instrument used to nze/asure' solar energy is
Lt > o0

calléd a pyrheliomieter> .- - 1

. ) ' . v . X :
g ) o . . 0w
. N AR AN o

»
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2. - The mlddle wavelengths in Flgure 2- 2 are re-
ferred to as the visible- spectrum since these

Y%he Wuman eye.- When this ‘white light.is °
passed thraugh a specially constructed,
- traingular piece, of glass'called a prism, th&
varying speeds at which thesg wavelengths
travel cause it to bggbrqken thto cdjors that
vary fromeviolet through the blues dhd.greens
to the reds. A3 i:g ated by Figure 2-1, the -

\

/-

’ -
’\3 = visible. spectrum an extremely fasrow
g " band when com d tortheultraviolet and’

* ». the infréreg bands: AV
v, , v

The rong wave- length is referred to.as ipfra- N

: ued radiation WR), lor heat radzatlong’altt%’ugh .

‘\ _the latter term is not g,good one since both

ultraviolet-and irfrared will heat an obj&ct. *

. Practically any object can be-considered to
be radiating infrared, evén a cake.of ice. Th ﬁ"
amount of infrared rad|ated will depend on -
the item’s temperature Materials with atem-

. perature below 800°F._emit only infrared, .
with no visible or ultrawolet radiation. Thus,
the radiation emitted from surface tempéra-
tures below 800°F’is quiteglfferent in quallty
from the radiation’of the s

4

AS

" 3.

A solar collector absorbs radlatlon from\ll three
of .these regions. The ultraviolet and V|s|ble, as -
well as infrared, are converted into heat on the
surface of the collector. ., s L

¢

Energy Reaching the Earth" A )
* The energy reaching the earth ranges from 75
tq zero percentof the ‘‘outer space’ value of 100
:percth From outer space, the energy hits the
. per atmosphere and some is reflected back. Som
" which passes through is reflected by the tops of
clouds
atmosphere absorbs much of the ultraviolet radia-
tion, while. carbon dioxide, oxygen, and water-
.vapor also absorb radiation. Dust and clouds scat-
~ter, some of the‘radiation as |llustrated |&F|gure '

2:4, :
\ u

10

I3

Note that radiation is termed dlrect‘radiation

_it it has not been scattered, diffuse if.it has. On
F clear days, "diffuse radiation may represent 10 per-
- .céent (dlrect ‘equalling the ot er90 percent).of that .
day s radlatlorn On cloudy ays diffuse radiation
represent all of 'the solar er){ergy ava;lable for.

. ‘ »

How Much 'Solar Radiation Actuall& Reaches Us? .
How mucl] radlatlonr actually does reaqh the
A

v

[

rethe wave l(engths which c3n be seen by . -

by dust. The ozone .layer in the upper. . .~

s C N

‘ 3

earth? Assume that-a house is.40 fget long by 30
feet wide-and occuples a grouncL area ‘of 1200—
sqliare fegt (30.x 40 = 1200).Tgnoring suGh factors
as shadows, t.h~e sun will shine on-a mrnlrrwmfla.t
’ area of 120 /square feet. On a clear day, at ndod,-. -

the sol nergy Pecelved by t squére foot of flat
{surface area is about-290. Btu]h Thu,s, forthedZOO
_square feet of surfaoe, the fotal heat energy ab !

N

7 sorbed is 348,000 Btu/h (1200'x 290 = 348,000).

€ How: much heat’ does«t?]ls represent? In prac-,
tical terms, this amougft of heat WI|| ‘melt 29 tons "'
of ice in on€ day (12, Btu/h equals the casling
capacity’ of one tpn of ice. Dlvvde 348,000 by\

-

N

12,000 ‘and the -answer is 29y Th|s is,Howsan air

dbndmoner gets its-‘ton. rat,lng qutunately,
houses are not greenhou;es and-are designed to
reflect away. mast of “this heat, sq little solar'
Tepergy gets inside of tne houses. ( 7 .

s

.

- [

Monthly Vanatlons ~ S
Solar energy radiated to a honzontat surfaoe
- at any location on earth, it averaged over a month,:
shows a,month to month variation. ThlS fact is
"due to both seasonal changes in weatherand the’
- changing angular relationships betwee e-sun
and the earth's surface: In the winter, t is .
lower in the sky than in the summer. The resultant
-angle between the sun and the horizontal surface
,.reduces the portion of radiation intercepted by
the surface. Figure 2-5 illustrates how the angle
-of the sun to earth differs in summer and winter.
This aspect can be seen in'more practical terms in
‘Figure 2-6: a roof oveshang is ‘used to reduce the

,a nt of solar radlatlon enteringa house durlng
th Ommer. '

‘ Ihls varlation'la the sun’s positlon'in our sky

0 s because, as the earth follows it; orbit, the

tilt of the earth’s axis changes our relationship to
-the sun. Generally speakind, the angle of the sun -

A Upper
/‘ * AtmosEhere\/
Atmosphere
{Absorp%on)

Dust
(Scattenng)

Clouds
" (Scattering and . .
Absorption) NN
“..
.\\
. . Y. -
' N ot - .- Earth

Drrect Rad|atlon '

LI

Diffuse Radiatjon

1_,—-

F|g 2-4, Atmospherlc Effects on Solar- Radiation Reachmg "

the Earth's Sarlace
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above the horizon at noon is about 25° in winter,
~ancd 75° in summer for latitudes near 40°N as

shown in Figure 2:5. Singg this angle differs as the
latitude differs, monthly averages vary-jn each’ lo-

calidy: Tat;)le 2-1isincluded to show monthly varia-
" tions on a horizontal surface for selected cities ip

the United States. Note, for: eXampIe that Chi-

cago averages consuderably less solar -radiation -
. than Tucson or Miami in Decembeér. Solar data for.
~ . a number of cities are listed in Appendlx ‘A,

N

Summer
Altitude

LY

"Fig. 2-5. SUN'S posmon in sky aﬁeck‘sﬂ amount df heat
- absorbed. Winter sun .is hotter_but tower in the sky than
summer sun. Angles shown are for ‘40 deg N Batitude

- .

Hourly Variations

Another item for consuderatlon is the hourly
posmon of the sun, which is clearly illustrated in
Figure 2-7. Summer days have more hours of sun-
“light ‘and the area exposed to th,lS soIar radiation
|s greater.

M
v

o

T

‘ ~. Early morning sun is at a very low ahgle and
. “the %olar rays must pass through a larger thick-
X ness tmosphére than at noon time (see Figure

' 2-8) This is a primp reason why noon sun is
“*“‘stronger.’If the sun was tracked with a pryhelio-
" metr through the day, the Btu’s received would
vary in a-manner shown in Figure 2-9. ‘
‘If"the solar energy received each hour was
‘plotted on a fixed horizontal surface that same |
day, the pattern would be mdncated by the sohd
line in Figure 2-10.
As expected, the greatest intensity still oc- -
~curs during the noon hour, but the energy received
by the biorizonta! sdrface was less thanin the pre-

Fig. 2-6. ngh summér sun is block out by roof overhang

_(Chlca’go)h & while in winter, lower-sun permits rays to penetrate house.’
_ Latitude o .
T oL CITY DECEMBER  MARCH " JUNE.. "SEPTEMBER
41 52  Chicago, lllinais - 280 836 1688 - 1153
32. 13 Tucson; Arizona 11093 2010 2610, . 2139
38 . 54 .Washington, D.C 541 1178, . 2054 1351
, 25 ©'47°  Miamyj, Florida 1174 11808 1955 1646
» ' .- 64 %50  Fairbanks, Alaska 22 858 1940 677 .
/ 7 34 30  Los Angeles, California - 905~ 1690 2272 1855
P Table 2-1 oo
. ‘Monthly Variations'in Energy on aHorizonlal
Surface jn Selected United States Cities (Btul t2d)
T G 2\4. ' ,‘; ‘
_ . . .
o , ) 27 a &




N vious case when the sun was tracked (dotted line

Sunset — =~ is from Figure 2-9). The curve indicates the read-

R Al \Sunrise  jngs were taken on a clear day since it is smooth.
S e The presence’ of clouds would have caused - -

breaks'in the curve. , .
, g / ‘ B
Vertical Surfaces . . :
While roofs are generally considered to be
horizontal or tilted surfaces, building walls are
not. However, walls are able to absorb solar radia-
tion just like horizontal surfaces. The only differ-

( .. _ . ~ence is that their exposure time tasthe sun’'s rays
o Noor;’ . 'joon. , are different. (See Figure 2-11.) Another item of in-
ecember- - une . terest in Figure 2-11 is that the north wéll is not in-

cluded. But, since the north walls of buildings in
the northern hemisphere are not exposed to direct
solar radiation in winter, a reading would prove
» u&l;ss since it would be a flat line zero. North

Fig. 2-7. With the sun higher in the sky in suinfnepthore
are more daylight hours in summer than in winter. Note
time of winter and summer sunrise and sunset.

v

. ' A , wally can receive some diffuse radiation, how-

‘% h - : o ever;l thus, the surface diraction (north, south,
Short’path-of Sun's Rays at Noon : - east, west) and surface tilt (horizontal, vertical, -
) sl : etc.) all ‘affect the amount of sglar radiation ac-
ong Path of Sun's Rays . Atmosphere . tually intercepted. = - - o . .
During Morning - Many Miles Thick L b p o o 5
X\” B N ,/Ea""'s surtace  Collector Tilt 17 A .
NN - ' : it is advantageous to tilt the solar collector
- 2 - s0 that it is perpendicular to the sun’s rays as il-

lystrated with the pyrheliometer (Figure 2-3). Fig-
ure 2-12 further illustrates this advantage by

' . - B showing the increase in energy intercepted when
e 4 ‘ : 3«1 a collector is tilted from the horizontal. The opti-
mum tilt occurs when the angle of the collector is
the same as the incoming radiation. The max-
Jmum energy would be intercepted if the colléctor

-

- Fig. 248, Interception of Sun’_s: rays by earth's at_m,ospho're.'.

» . . - . .
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were to track the sun across the sky, but tracking
collectors are very costly and bulky for home in-
stallation.

The rule generally followed for the tilt of the
collector in the northern hemisphere is to face the
collector to the south. The angle of the tilt is lati-
tude plus 15 degrees for heating or minus 15°
degrees for cooling. For example, Woonsocket,
Rhode Rhode Island, ‘is located directly on
latitude 42°N. If a collector were positioned for
heating, " its angle would be 57°
(42° + 15° = 57°). If positioned for cooling, -the
collector’s-angle would be 27° (42° - 15° = 27°).
When the collector is to be used for both heating
. and cooling, a reasonable ruleis to have the angle
of the collector equal the latitude. Thus, for Woon-
-socket, Rhode island, the angle of the collector
used for both heating and cooling would be 42°.

Collector Orlentation R

Since maximum solar intensity occurs at

5
° 100
I m.
S
n. »
JE T
w East Wall ] . ) . West Wall
- Nb-1~d | S,
13 . 7 .‘ ‘
4 ! \ AR 1
2 10 '.’ - \ / \
@ T \ South ,‘ ‘.‘
A /| \ [ wai | /]|, \
> ~ :
g, [ . dB\ I N \
£ 7 "4 \ [/ N Y
e v \‘i : . ,
a ] IIL . 11 \ ) N
N GAM  BAM  T0AM NOON IFM  4PM  OPM
" Sun Time

L)

noon when the sun is due south (in the northern
hemisphere), a collector should face directly
south. If bujlding conditions: make this impos- -
sible, a variation of + 15 degrees can be tolerated
without serious sffect on the solar radiation col-
lected. Keep in mind, however, that an orientation
15 degrees east of south will advance the time of
peak collection one hour. A similar orientation 15
degrees west of south will delay the time of peak
collection one hour. For example, if the collector
location is partially shaded in the early morning,
aiming the collector west of south would de-

.crease the morning collection while mcreasmg

the better afternoon collectlon .,

’

Collector Potentlal

Table 2-2 provi ne manufacturer’'s exam-

" ple of maximum heat output from a single 27

' Flg 2-11 Solar radiation falling on a building s walls 1n

. summer. Note times of maximum intensity.

- Additional Radnatlon

(a) (b) ()

square foot liquid “cooled” flat plate collector for
winter months, in selected cities. Values are in
thousands of Btu's (per month). Utilized heat
would be somewhat less depending on building
load and storage losses. (Note: Collector output
varies with different designs. This is only one ex-
ample.)

How does the collector output compare with
a building’s monthly needs? Consider a well in-

. sulated house of modest size located in Colum-
“bus, Ohio, with a design"heat loss of 36,000 Btu/h.

The home could require as much as 14 millign -~
Btu’'s in January for heating. From the following
Table 2-2, this particular collector panel ddring
January in Columbus could provide some 280,200
Btu's at best. Therefore, 50 of these collector .
panels would‘be needed to satisfy the total Jan
uary Btu Ioad on this house—an uneconomical
solution

/

; .
Collector -

- }ast
Nt~ —E
WS :
.0'}5/0;.&13‘\\, v \\

J ’ : \

“South.

Collector Titt Angle 0° _ Collector Tilt Angle 45¢ Collector Tilt Angle 75° . -
Fig. 2-13. Facing collectors other than due south has
" modest impact on energy collecled A 15 degree variation

Fig. 2-12. Eﬁoct of tilting the collector on energy inter- -
. . can he tolerated.
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Practical Data

The amount of potentially useful solar energy
reaching a surface through clouds, haze, and
other atmospheric barriers varies from location to
location, month to month, day to day, and hour to

hour. Fortunately, heating technicians need not

be astronomers and track the erratic movements
of the sun. The heating technician need only be
concerned with specific monthly averages in a
given location to desugn practical systems by any
number of suggested procedures

Table 2-2. Ex\ambler of ct;llector output, Btu/month/panel.

SUMMARY

"The first unit of this course has.now been
completed. The purposes were to develop an un-.
derstanding of why solar energy is so important at
this point in our history, what constltutes a solar
heating and solar cooling.system, and the basics
of solar radiation. These understandings are nec-
essary for progressing further in this course and
when learning how to apply this knowledge in the
design and installation of solar heating-systems.

L]

A

. MONTHLY OUTPUT, /COLLECTOR PANEL — MBTU -
Cottec- || ' .
o toatien | for |} Octob Dacamber | January | February | March Awit
48.2 Glasgow Montana 60° 496.2 || 3388 264.3 3336 .| 4367 536.7 450.5
43.6 Boise, Idaho 55¢ 543.2 387.4 288.3 |- 3131 404.4 494.4 481.9
40.0 Columbus, Ohio 55° 420.0 2579 259.3 280.2 31241 394.0 360.8
35.4- | Oklahoma City, Oklahoma 50° {1+ 637.3 554.2 - 508.1 504.6 494.2 556.3 481.9 ’
40 Salt Lake City, Utah 56° 536.6 407.4~ | - 392.2 3454 -| 4066 475.3 440.4
29.5 San Antonio, Texas. 40° 660.6 537.6 497.3 527.5 529.7 | 5908 484.4
32.8 | Fort Worth, Texas 45° 668.8 579.8 498.6 488.8 497.4 | 598.6 5116
40.3 Grand Lake, Colorado 55, 509.9 386.4 370.4 390.8 450.9 410.5 415.0
42.4 Boston, Massachusetts 55° 4254 307.6 279.1 303.0 319.2 389.7 |- 339.8
279 Tampa, Florida ° 40° 660.0 - |- 656.6 610.0 646.7 (. 608.0 ~670.0 | 5780
334 Phoenix, Arizona 45° 777.0 663.0 .| 5897 606.2 655.7 . 756.0 .| 678.0.
] 337 Atlanta, Georgia - 452 566.3 - 489.5 422.7 423.8 4417 . 518.0 499.0
35.1 Albuquerque, New Mexico % 50° 719.2. 628.7 . 580.8 .604.9 592.9 682.3 588.0
40.8 State College, Pennsylvania | 58° , 468.6 307.5 255.8 . 280. 312.9 405.8.;f 3756
42.8 Schenectady, New York 52°' 381.8 | 24241 | 31541 281, . 3179 1 365.2 319.5
43.1 Madison, Wisconsin 559 465.5 306.7 2939 321,0 343.5 4426 . 370.2
339 Los Angeles, California | 50° 604.3 577.2 5404 .| 5354 5568 | 633.0 -482.9
45.6. | St. Cloud, Minnesota 60° 419.8 309.3 2744 - 362.7 416.3 ¢ 4826 381.6
. | 3641 Greensboro, North Carolina | 50° 537.8 465.1° [. 396.0 409.5 430.2 481.4 4564 |-
36.1 Nashville, Tennessee 50° ..556.0. 424.0 354.5 3257 * 380.7 456.8 4382
-39.0 Coldmbia, Missouri 50° ’559.1 438.7. -1, 339.3 356.7 390.9 . 485.7 4409 o
30.0 New Orleangabpuisiana 40° 589.7 - 5068 ) 390.5 . | 4158 - 396.6 473.5 4482 .
-32.5 Shreveport, siana 45° || 590.4 475.3 ; 4196 “[* 459.6 452.0 534.7 461.1 i
42.0 Ames, lowa 55° 378.4 2629 197.7 238.2 2949 368.2 354.7 et
424 Medford, Oregon 55° 455.1 |’ 298.4 2134/ 255.8 3434 | 4341 74123
44.2 Rapid City, South ‘Dakota . 160° 550.9 436.3 383.3/ 4051 453.2 518.0 420.3
38.6 Davis, Califorpia 50° 719.3 536.9 401.3 448.9 515.6 '666.1 647.2
38.0 Lexington, Kentucky 50° ' 616.5 4774 377.8 3596 " 4111 2| 4875 479.9 , ’
42.7 East Lansing;"Michigan 55° | ‘4150 -| 261.7 230.1 2475 | 3142 387.4 3134 .
40.5 New York, New York 55° J| - 505.8 389.4 328.0 3571 3966 |[,. 451.9 - 3818
| 417 Lemont, lllinois 55° 4771 3527 |- 3214 343.6 3739 450.3 365.4
46.8 Bismark, North Dakota 60° 4911 346.6 279.9 335.6 405.7 1 -4766 .| 4119
39.3 Ely, Nevada . 55° 636.7 559.0 | 4758 4811 5124 597.5 483.4
31.9 Midland, Texas 45° 651.5 596.2 540.7 543.0 543.1 648.9 562.1 R
& 347 Little Rock, Arkansas 50° 578.4 470.0 400.0 3836 408.1 486.5 4354 T
39.7 Indianapolis, Indiana - 55° 501.7 354.3 293.2 300.1 3321 -417.6 . 360.4
. . - (Fedders)
\
Y
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The cdllector is the ‘“furnace” of a -solar
Jheating system. This is the component which is
exposed to the solar radiation from the sun and
* starts'the process of harnessing solar energy into

a reliable heat source for homes, business, “and in-
dustry. Of all the elements in a solar assisted

heating system, the collector is the corhponent -

least familiar to the heating and air-conditioning
technician, For this reason, it will be considered

* . in some detail.
.Several phenomena in nature compare to the

» - - collector principle. One example of solar radia-

R

Dlreé(
Sunlighl

" Reflactive
Surface

Insylation

ANorthrup) L

Fl9=.3-1. Cross section of cqncentraling collector.

ERIC

Aruitoxt provided by Eic:

SOLAR COLLECTORS = -

‘dows closed. Solar energy has

Fresnel - o _
Lens S

o

tion collecting is that of the almost unbearable
heat that is felt when entering .an. automobile
which has been parked in the sun with the win-
assed through
the glass and has been absorbed by the {abric,
metal, and/or plastic parts inside the ®ar, then re-
radiated as longwave energy which now cannot
escape through the windows and,is trapped as
heat inside the car. As a result, gark-colored up-
holstry or other components like the dash or.
steering wheel may be extremely uncomfortable
to touch.

The same SCiehtific phenomenon related to

- the conversion of solar radiation’ into heat in your
-sun-baked auto.occurs in a solar assisted heating

.system. A specially. designed component, called a
solar collector, efficiently converts trdpped solar
radlatlon into, a useable heat source.

. Morning
.Sun'

Wwest ———9

Fig. 3-2. Concentrating collector tracking sun.

N



TYPES OF SOLAR COLLECTORS _
~There are two basic types of'solar collectors:
the concentrating collector and the flat pfate col-
lector. - 6o
Concentrating ¢ollgctors are shaped to
*gather” direct solar radiation and produce high
temperatures. They utilife the principle of focus-

ing only the direct radiant energy By means of -

" lenses or reflectors on a small absorber area to

collect heat energy. In order to function properly, .

the concentrating collector must track the sun.
This is done by mounting the dgvice on a pivotso
the collector can be moved to point toward the

sun as it'moves from the east to the west horizon .

during the day.

Flat plate collectors are termed’ /ow
-temperature collectors (Flgure 3- 3) and will func-
tion at various levels of efficiency depending on

the time of day (position of sun) and ambient con- -

ditions (sunny to cloudy ‘weathef). They are per-
.manently mounted in'a southerly direction in the

northern hemisphere at an angle to optimize col-

*—;_l

(Libby-Owens-Ford)

l\\(}\_—_:f

= Fig. 3-3. Flal plate collector.

" w\\ A . ‘

~ devices more popular for comfort heating.

lection and “absorb” both direct and diffuse
rg@a&dﬁ for a specific geographical location as
discussed n Lesson Two. ‘
Each collector conflguratlon has its own
reIatlve effectlveness and efficiency” For this
course, the study of golleators will be limited to
the flat plate solar collector. Factors such as-the
state of the art and costs have made these

:

" WHAT DOES THE FLAT PLATE SOLAR COLLEC
TOR DO?

s A flat plate. solar coIIector lntercepts the
soIar energy from ‘the sun and converts it into

- -. another form of energy—heat. This conversion is

- through a duct to other sections of jthe sola

achieved by absorbing the sun’s radiation into a '
thin- black metal surface. The heat-is conducted

. through the metal into a fluid medium (Irqmd or

air) which transfers that flujd by'a pump or fan to .-
another part of the heating system.

To better understand how the collector func-
tions, study Figure 3-4 and learn the terms to be
used in the following discussion. .

Solar rad|at|on strikes the transparent cover
of the collector. Some radiation is reflected and a

" tiny amount absorbed, but most is transmittad to
. additional covets.where reflection, absorption,. -

and transmission are repeated.. Flnally, the radia-
tion reaches the absorber which is usually made
of metal. Here, the solar radiation is almost totally
absorbed and heats.the metal. The 'metal con-
ducts the heat |hto the transfer system whjch cir-
culates either ‘a liquid through tubing or air

’J\’

heating _system. The insulation beHind the
transfer system.restricts heat loss ‘through the .
back and sides of the frame! Excessive heat loss
" %hrough the front of the frame is prevented by the

<4
- .
.

' Direct. ' L
.  Solag Radiation D
’ ' Reflected Ftadratnon

/f’f

™
DP] Transparent Cover(s)
\'/A ‘ . (one or more)
el ’ l AR
N :..3. Transpitted_Radi tL{ni Heat{Trans!er System
N % .‘Mbsorber
N = _ : Plate
et te 2., 0, s °L ' ".‘. tar Jub Y
\. .".:.::,',-,':Tr el “Insylation *, R ;."; N
N \\;\ \\\\ N \\\\\ N\ X~ Frame’

\
Fig. 3-4: Flat.\plate collector terminology.
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-Energy Intensity ~— BTUH Per

Square Foot-~ -

cover(s) and air space(s) between covers much
like the thermal effect of double glazed window¥

- When the solar energy (composed of ultra-
violet, visible, and infrared rays) passes through,
the air and -glass and strikes the blackbody, the
waves are absorbed. At this point, a phenomenon *
- called wave/ength conversion occurs. Some
energy Is reradiated from the absorber-as long-

waves and strikes the inner surface of the traris-- -

parent cover. The composition of the glass cover

" causes it to be opaque to most longwaves and the
also -

heat is trapped and therefore is not iost. (Thig a
explains the heated interior of a closed auto-
mobile parked. in the'sun). This so-called “gree
house effect can he.explained by referring to Fg
“ure 3-54 -

A refatiorrship between radiant energy dis-
tributiog Btu/ft) and wavelength was shown pre-
viously. in Figure 2-2 in Lesson Two. Now, in ad-
dition to the curve for the sun at 10,000°F, the en-
ergy distribution for a fireplace (approximately
600°F) and a collector surface (assumed to be at
'200°F) has been added. ¢

Note that, as the temperature of the rad|at|ng :

Body decreases, the curves ,shift toward long
wavelengths. A fireplace gives off some radiation,
in the visible range but a surface at 200°F emits

Sun —; 10,000°F - V

\ ~
.
'. Frreplace
. “\'\
/
200°F
/Collector \\
/ Surface ™~ -

. transmi

Vtslble Infrared

< Ultra-
™ Violet
Short

absorbed and re-radiated by glass. . ‘
~ ‘ge o

. »
\ . s o

Spectrum™ .’ ’ Radiation |
Wavelengths Long

sFlg. 3-5. Shift in wavplongth toward infrared as tomporaturo of
surface decreases. Colisctor emits In infrared range which is

. only invisible infrared radiation which cannot be

seen by the naked eye. In fact, any surface at
1000°F or less radiates entirely in the jnfrared

: range Here again, the glass is essentially opaque
..-to infrared or longwave radiation, and the long-

waves are absprbed by glass. Then, some are re-
radiated back toward the absorber rather than
allowed to pass through the glass.

.-WHAT ARE FLAT PLATE SOLAR OOLLECTORS
' .MADE OF? :

To further deveIop the understandrng of solar
collectors, a more detailed -explanation of the -
materials used to manufacture collectors are now
presented. Keep in mind that the t chnology of .
'solar collectors, as well as the whole field of solar
heating, is advancing. As a result, solar heating
components"and systems will continue townder
go change at a fairly rapid rate based on researgh
and the development of products and processes.

Transparent Coverlng : -

One or more transparent covers may be used
on a collector. The optimum number of covers is
determined by the collector design, collector use

. (heating/cooling comfort), and the annual, aver- §

age outdoor temperature for a specific geo-
graphic area. No covers may be needed where

. average annual temperature readings are above

70°F because relatively. iittle deviation will occur
ffom comfortable temperaturés. Two covers are
required where the temperature averages 50°F or
‘below for the year. While each cover reduces fron-.

.. tal heat ioss from the coIIector each additional

cover algo reduces the amount of solar energy -
, to’ some extent, so compromtses |n‘\
collector deslgn must'be-made.

Materials Used. From outward appearances
it would seem that both p/astic and glass would
be acceptable materials for collector cover con-
struction. They have many of the same character-
istics of light and heat transmission. However; in-
terior collector temperatures can easfy reach
300°F; this would cause deformation of some
types of plastic materials.

Several methods are’ being researched to in-
crease ‘“solar” efficiency of glass. One methad is
to reduce the solar energy reflected from the sur-
face of the top glass. Another concept is to usé a
low iron-content glass that will absorb less en-
ergy. A third approach would be to coat the lower
surface of the plate nearest the absorber with a
“substance that would help- redirect more long-
wave radiation back toward the absorber plate.

Cover. glass must be selected that will be
stable in thé outside envlronment.‘lt needs to be

33



tempered-in order to withstaT'id abuse from wind,* "
“rain, hail, ic®, air pollutants, and vandalism. A
~“wire mesh can be used to protect the surface
whinst flying objects but the effncnency of the col-
léctor will probably be lowered.
‘ At the present time, glass is the prmcupal
material used to glaze flat plate collectors. How-
ever, a. few varieties of specialized plastic ma-
terials can be used. The second cover may be
made of heat resistant plastic.

. . . ’ ) ‘ "', .
- Co " {Libby-OwenacFord)

.

v

Another collector design .usps copper mbu and a

‘blackened aluminum sheet bahded to the tubes. -

N

“{OMin Brase)

One method of inaking an absorber panel i; to bond two a

shedts of copper or aluminum ‘together and then expand

Space Between Glass Plates

The air' space between glass plates must be
effective in preventing excessive heat loss (from
collector out to surroundings). Therefore, each en-
closure between the plates and the absorber must
have nearly an air-tight separation. This may be
accomplished by installin?{l\pxible rubber mount- -
ings or using other sealing techniques.

An evacuated space between glass plates
might prove very effective, but presently it is not '
practical in conventional sheet configuration.
(Note: “Thermopanﬁ" or double glazed windows
contain dry air or low conductance gas between
panes—not a vacuum. ) . ‘
)
Absorber Plate
) Absorber plates are referred to as ‘‘black-
bodies’ because, in theory, they totally absorb all

- _visible light radiation and the color black repre-

sents the lack of_ visible light reflection. There is
no such thing.as a’ perfect absorber or a surface
which absorbs all the radiant energy falling upon
it with none being refleeted. Becuse about 40%
of solar radiant energy is in the visible range (5%
in ultraviolet, 55% infrared),-the éolor-of a surface
can be important in determining the amount of en-
ergy absorbed. Figure 3-6 shows a comparison of.
surfaces colors and the percentage of solar radia-
tion absorbed by each of them. .

Figure 3-6 .

~Note in Figure 3-6 that a black surface absorbs

92% of the radiant energy while a white surface -
only*absorbs 40%. This is why a blacktop parking
lot is so hot under foot and outdoof\sgorage tanks -
are often painted white or are covered with a
. bright shiny surface to minimize heating the con-
tents inside the tank. The heat absorgtIOn prin-

4

Black 0.92. A
“~Red, Brown, Green 10.73 EEE——
. , ) -

Yellow _ 0.60 =

White, Light Cream 0.40 mmim .

L] . N

Dull Metal 0.52

Metallic Paint, 0.40 SEm—

Polished Metal

Highly Polished Metal 0.25'®m

B

certain areas to form channels for fluid paths. Fig. 3-6. Absorption of solar rr\glatlon by different surfacey
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cip explalns why abserber surfa s in a solar

¥ The most universally use finish on'absorber
plates is flat black paint oveya primer. This prac-
tice has been found to be very suitable for large

" temperature ranges and is very durable for long'

periods of fime.

Factors other than.color corftrlb“ute to the op-’

eratingeefficiency of the absorberplate While ab-
sorbing solar energy, the temperature of the ab-
sorber plate rises and the absorber. ltself becomes
an emitter (sender) of radiation. To" minimize the
ou}ward loss of heat by radiation from the hot ab-
S0

ber, glass plates.are depended upon to absorb .

the longwave radiation. Remember that glass is

~highly resistant (opaque) to longwave or infrared
radiation and that most plastics are not as ‘effect-
ive as glass at absorbing radlatlon from the ab-
sorber. To lncrease the greenhouse effe{;‘t some
absorbers are’ coated with materia|s of

paint which are: called-a selective surface. These
special coatings impede the reradiation of infra-

red energy/from the hot absotber and therefore.re-

duce heat loss of the colleator. As in most in:
stances in applied technology, selective coatings
have their drawbacks too. For one thing, they also
affect to some extent the total energy absorbed
by the surface; they are expengive, and-their life

expectancy is stll‘l\undetermlned Therefore black

coatings are generally applied to the commonly

used aluminum, copper, andior steel plates when‘

they are manufactured.

, ‘Otherscharacteristics of absorber plates in-
clude: (1) absorptivity approaching 95%, (2) mini-
mum thermal resistance between the plate and

er than .

the transfer medium, (3) maximum thermal con- .
. duction between the plate and’the transfer'v

- medium, and (4) emissivity of infrared rays from
‘the plate to the transfer system., ’

‘Coating materlals are manufactured for var-
ious purposes The most universally used is flat

black paint over a primer. This has been found to -

" be very suitable for large temperature ranggs and _

durable over long periods of time. Alternatives for
paint, still being researched, are called selective

sical, opt|cal and thermal characteristics b

havebeen considered (1) nondurable over a perio

of. tlrgte (2) high or specuiative in cost, (3) gen-
erally unavailable because of the applicatign.pro-
cess, (4) unproven in ‘their performance, and
" (5) not that much ‘better than paint when they are
evaluated. - A a o

-

surfaces They contain many of the essential ph‘%'

" Heat Transter Systems .
Transfer systems refer to the method of mov

~ Air

‘3.5 -

_ L 4 -

' . : . o -
ing a heat’nck up” fluid through air or liquid col
lectors. Thesé carry away the heat for delivery to
other components for direct heating or for. stor-
age. Since the operatian of the entire system will
be- discussed' later, only the design of the heat
transfer system involving the collector WI.J be de-
scribéd here. ' ,

Air Collector System\ In an air collector, air is
forced through the collector b means of a con-
ventional furnace-type blower. Figure 3.7 %l
lustrates several different typesof air collectors.
The major differences existin th design of the air
heating space by having metal {fins, black gauze

.or glass plates which’increase Xhe internal col-

lector surface area with. which the 2ir makes con-
tact and thus improves efficiency.

Diagram A illustrates absorber-to-air channel
heat transfer with unrestricted air flow. The
others, with the fins, gauze glass plates or ir-
regular metal surface, increase the.metal-to- a|r
heat transfer surface as well as create air turbul-
ance to aid in conducting heat. Collectors of the’
styles B, C, D and E also impose greater resis-
tance to air flow and thus require.a more powerful
fan capable of moving a greater number of cubic
feet per minute - (CFM) of a|r

.
Y

tw
-‘Smooth Plate ] o )
Air Heater ' Finned Plate Air Heater
1 = N

T : 3]

Fiow-

LOF-Type Air Heater Using -
Overlapping Glass E’Iates

“E’L . :

Side View C “Clear Glass L Black Glass
. » 5

b , Vee -Corrugated Arr Heater
With Selective Surfacev

v
&~ T

Insulation |

Air Flow Area - E

Fig. 3-7. Typical air collectors (cross section).
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Fig. 3-8. Basic flow patterns for liquid- collectors.
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&In)an air system, ductwork requires con-
siderable space and must be well insulatec. There
are no freeffing, corrosion, or, structure damaging
leak problems-with air collectors._ '

Liquid Collector System.. Mo 'ng a Irqurd
throug collector presents a numbey of design

‘problems. The collector design must: provide for

uniform flow through the.collector by the'specific |

‘way the tube conhgurations(ﬁre attached to, or

have been manufactured as, an mtegral part of

absorber.
The serpennne desrgn (A) in Flgure 38‘
easigr to construct but imposes high resistantto

fluld flow. The grid direct return (B) design has
balancing pf oblems such -as conventional
hydronic system piping have. Valves and/or tube

' constrlctlons are used. to equalize flow. The grid .

reverse return (C) design is probably the most of--
ficient. In this design, the flow is evenly
dlstnbufed through the tubes when the pressure
drops through the headers is less than. 10 percent
of the drop in ‘the tubes: .

There are a numb of tube designs currentIy
being used in liquid trgnsferrrng collector plates.
Some styles ofcollectors are used forpressurized
systems (zated at 12§ psi maximum working pres-

- : J ’
Tubes'
Intet ' ¢
nle - . -
;; i A ) i)
C . =A™ B
| | G P s s
1 ' i ' - Il |
R | |3
- ' T .
L i 1| .
)
( : . J
(8 : J L
. v 4 '
~ N b= Ej Ou“Bt
* SectionA-A ‘ Section B-B
erss Section Showing Fluid Passbages P

Fig. 3-9. In _reverse return ';gatt'érn, the pressure drop
through the header must be less than 10 percené_;f(the
pressure drop through the bes to provide even ibu-
tion of liquig flow. ,}»

-
-
. . P

»t Lo \
. ' N

¢
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sure) Wh\lle others are for low pressure and t&aer-
mosyphon systems (rated at 30 psi maximum-
working pressure). With the exception of Dia-
gram | and J in Figure 3-10, the fluid travels up-

-ward as it heats. The Thomason System is ‘a

trickle type with water being heated as it flows, .
exposed to the sun, down through the troughs.

" A critical problem in the manufacture of ab:
sorber plates is that of being sure the fluid tubes
are thoroughly (and permanently) bonded to the
plate,jwhether their passage way is above, within,
or below the absorber plate. Otherwise, heat

transfer from plate-to-tubes-to-fluid becomes im-

- peded and results in lower collector efficiency.

Some'designs feature liquid paths formed as an .

integral part of the absorber.

- The most critical concern with liquid collec-
tors is with the possibility of freezing. This is par-
ticularly true when ordinary water is-used as. the

“. circulating fluid. If the pipes leading to and from

of Black Plate

%is in Black Plate Cover Glass-
¢ } =

Tubes Bonded to Upper Surface

.l .

-sorber plate, the liquid trapped in the .collector
will get hot and possibly boil. As a resuk’th’e, thin
metal tubing in the collector may rupture. In cold
climates, an antifreeze solution ¢r a'special heat
transfer fluid is used to pregent freezing in
Systems that do not feature a drain-down arrange-
ment. There wijl be more discussion on this'later.

‘Another problem with the liquid system is
that the flow of liquids inyghe collector ac- -

can occur when .

celerates corrosion. Electro
dissimilar metals such as copper, aluminum, and

steel are ocon‘nec_:t‘ed together. Theraqare some’
special preblems in using aluminum for pipes,.
. Plates, and other components. Ethylene glycol:
with special inhibitors must be used. Also, the,

‘reaction of copper and iron with atuminum causes
corrosion of the aluminum. To counteract this cor-.

< q

Tubes-Fastened Yo Lower
| Surface of Plate ‘

I

' o

< AN,

Insulation

Rectan'gqu Tubes Bonded to Plate

orrugated P!a,tes"‘?/as'tened Together
_ . L -

B Wired,, Pressed Clamped ©

. Corrugated Sheet Attached
_to Fiat Sheet ’

Sy N N iy N O =
1 ) B \ o | ' )""'6‘ .
" - z ' "& o
' . D '.\Rivéts- e E Spot Welds L~ : _F '

@

Flat PIétes-Dimpled and Spot Weided

' Hay System-Movable Insulation '

207050,%0%0°0.9,9,%°0°0,9,%0 2,%5% .
X O ORRILNN

® Corrugated Sheets Fastered Together

R T

-

Fig. 3-10. Typical liquid collectors (cross section).
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the collector freeze, and-if the sun heats the ab-
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- are discussed in the Installation'section.

‘ wegther, insects, and rodents.

rosion, speéial precautions must'lff%{:ken which

) ra
’

~

Wsulation ©

"The purpose for insulation on, the sides and i

back of thd transfer system is to prevent heat
from escaping through the frame. The insulating

., material should have low thermal condugtivity,

" low bulk densuty, ‘and high -melting point. In-
sulating material should also be‘resistant to rot,
arious types of
fiberglass and ‘polyurethane fo m . meet these
crlterla po

Frame

. The. frame or box in Wthh *the transparent
cpver(s), absorber plate, transfer system and in-
‘sulation .are pacRed must be sealed against
weather and climate. The frame must ‘expand and
contract with the rise’and fall of external and in-
ternal - temperatures Such movement is neces-
‘sary in order to maintain the necessary support
for the interfial compgnents as well as the air-

Ttight seals between the various parts. Thus; .

frames may be made from gaIvanlzed steel,
alumlnum or fiberglass. They may be built-in (at-
‘tached drrectly to the roof framing material on the
building) and actually'become an rntegral part of
the roof. although this may pose repair and
replacement problems. Free standln\g frames, at-
tached to and elevated above roof, are also used,
especnally where the collector frames are. |nstall
PR y ) "‘ Outlet at. '

. - P
- v . . S

. Roof Peak -, -~

Inlet at
Roof Eave

- but the,o

' /getSr ‘the
* become.

* . . : . "
ed\on an existing structure. Frames are oriented °
witP\the inlet on“the eave end of the collector and
the outlet-up. toward the peak of the roof as |I
lustrated in Frgure 3-11.° :

HOQW. EFFICIENT IS A FLAT PLATE SOLAR COL?]\\

LECTOR?
Evaluating the efficiency of a collector is a .
matter of determining how well the cojjigctor does .-

.~ whagit is degsigned to do. From the dfscussiong in

this lesson, it can be deterrhined that the efficien-

cy of a. collector is established by how much sotar

energy is transferred to the crrculatrng flurd That

is: : '
f

: Btu/h Output
Efficiency = g nput

Since there are many variables ivaIved deter-
mining a single point rating ofa collector is not at:

- tampted at_the. present time. ASHRAE Staridard

93-77 .details ethods of testing solar colfecto%
and establishing collector efficiency. ‘
Figure 3-12 shows a‘typical representation of
a solar coIIecK)r s rnstantaneous efficiency. Note"
that the collector efficiency is not a'constant fac-
tor but varies with conditions. First, if the fluid in-
let temperatare and solar intensity are constant
{:door temperature decreases, the effi:
ciency of the collector decreases. This is a result
of greater heat-loss in a colder enwronment Also,
_if the fluid temperature entenng the collector be-

. comes warmer, thg, collector efficiency will dé-

~gLepse. In other words, the hotteruthe collector.
Iower |ts operatrng effr&uency -wrn,‘,

. The value of the slope (rise over run) of the et

~ ficiency curve and the value.of the intevgept

(where curve meets vertical scale) are two vetyim- .
portant characteristics of a solar collector. These
values are used in all basic sizing procedures to
determine how much ‘collector area is needed to
supply a given Aumber of Btu's. .

The slope and intergept are often Ilste%
collector manufacturer's literature under perfbr-
mance characteristics and the foIIowmg mathe-
matical terms

- FR( Ta )y equals the intercept.

(

°  Thevalue pf each of these termg can be ob-’

;)‘FRUL equals the slope - -

! tained directly from the efficiency curve whenever

Fig. 3-11. Collector is mounted with llow dlrectlon up fluitemperatuse “in" is used in the term (Fluid
wloward roof peak)\ . ‘ : - < . :
- o . . . 3~h ’ ' , .
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. Fig. 3-13. Emcioncy Aof fixed collector decreases as the -

sun “moves’ across sky and the azimuth angle between
sun and collector surface decreases. v
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4y
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. . v o v

in—-Ambient air)/Solar Intensify ag plotted along

the horizontal scale in Figure:3-12 -

For a fixed-flat plate colle¢tor_the effigjgncy
becomes less as the gun moves a¢r0ss the gky
and the angle betwe.en&n and. co|leClor Sy face

decreases, as jllustrated\in Figure 3-13. Thjg ef-

and greater reflection. _ . ,
‘Most data about collector efficjencies repre-
sent performance at or near solar noo™ whyp, the
sun is most nearly over the collectqr. ThuS, yp, all-
day or-an average collector efficiency Will by |ess

1

- ficiency loss Tasults from reduced .i“_tefceptio'n

_than the publishediyalue. | :

In lieu of a standard rating, coll€Ctor mapu-
facturérs should, at least, provide test resujig as’
conducted .in cbnforrza’ﬁce with ASHRAE gyan.
dard 93-77.- - SN

Transfer Fluid Flow Rates ‘ -
. ThereIs a practical range of liquid floW rates

through a solar collector?ln'cregsing flow abgye a *

~certain value does not measurably inCreasy cyl-

lector heat output, but circulation rat€s belgy a

- specified minimum will cause collecto"outpy to
fall off significantly. This is roughly.analogoyg to*’

water flow rates -through. hydronic - basebog,gs,

- where a-minimum flow for effectivé heat trangser
is established, and a reasonablg maxiMum v4j,e .

exists beyond which no real gaing a'e aceqm:-
plished. Typically, fluid flow is .02 gp™M (9aljgns
per minute) per square foot of collecto’ )

_For air collectors, a typical range IS from 5.3

}&bic feet per minute (cfpn) per square foot. ggn

air-and liquid collectors operate at siMilar tom.

\

‘

perature levels, with absorber plate tef'Peraty es R

typically at 150° F depending on the golar intyni-

Solar collectors are.the ‘heart” of the sq)ar
assisted heating system. The collectioM of Kt
depends on their efficiency and the @mouny of
ditect and diffuse solar radiation that Strjgeg
them. Flat plate colleétors are desidned 5n4
manufactured for both liquid and ai’ heatjng
systems, while concentrating collectors 8ré Maqe
excluBively for liquids. Once the fluig is heatey ¢

»

I

2

is transferred to thé heat storage unit—the Major /

.topic to.be studied in Lesson Four. .

L'
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HEAT sron \GE

The sun is an un//m/ted and variable.source’ _

“of energy.'In North America, Omy about 14 hours -
of sunlight can®e\expected in.summeér and per:
‘haps 8 hours in, Wi r, under ideal conditions. Lo--

cal weather condltlons (sunshlne or clouds) will
change the amount of solar energy actually re-
ceived by the coIIector and transferred through
the system to the interior gf the structure.

With a heat supply that is both variable and
interruptable, it is logigal to tollect solar energy
when it is abyndaNt, fise it as needed, and store
any extra 'heatfyr lafer use, either at mght or on

. sunless-days. In thé'early days of solar heating,
‘the pract\tqe was O install a.very large storage ca-
: paélty that was glanned to supply heat fof several
days without sun. Today, the trend is toard a more
-madest.s rage capacity. . .

CONCEPTS OF HEAT STORING IﬁATERIALS

All substances—whether they are in a solld
liquid, gaseous phase. (form)—are capable of ‘
orbm heat Any given substance has a_spe-

E

-

P S o . A “
cified relationship to"water in its ability to absorb
- heat. Water has ‘a specrf/c hewt of 1.0 Btu per
pound for’each degree of Fahrenheit rise in-tem-
perature. This means that a cubic foot of water
" weighing 62 pounds (or 8.34 Ib/gaIIon) will have
Qsorbed 62 Btu's if its temperature rises 1°F. For
ample, a 2000 gallon water storage tank with
water heated fromr90° to 100°F would absorb
2000 gal x 8.34 Ib/gal x 1 Btu/lb x (100° F 90 F)

or 166,800 Btu'’s.

. Rock, such as granite, is another common
material that can be used for heat storage The
ific heat of fock is about 0.20 BtuyIb per °F. A
foot of lightly packed two- inch rocks weighs
abouj 100 peunds. Therefore, acubic foot of rocks
store 20 Btu’s when raised 1°F. :
These heat storage capacity specufrcatlons

°

a one cubic foot container, five tifnes as many

space requirements.for fluid stora?meduums In
BTU’s can be stored if water, rather than rock, is

+ the storage medium. The solar heating system

that functlons by warmlng;Water or rock:is classi-
fied as a sensrb/e’heat storage system

The alternative to the~sehsible heat storage
-systém is the phase change storage system. An
example of this type*/of heat stormg practice may

““be seeh with paraffin wax. During the-day, the wax

" melts as it absorbs solaf heat. During thenight, it
cools and freezes as it releases heat to the air.
jVIeItlng wax has about- fourtimes the heat absdrb-

’ ing qualltles as water and, theoretically, could"

store a comparable amount of heat in Y the stor-

age space requuredof?owater :
When the storaye medium undergoes a

‘change of phase: that i Is, changes from a solidto a

v liquid and back a ain, the term “heat of fusion’s

storage is sometimes applied. Almost any sub-

v

stance can be changed from solrd -to-liquid-to-gas -

- by the addition of heat as shown in Figure 4-2. In
“this diagram, the solid substance is ict. As heat.is
applied and absorbed by the ice, temperatyre is

- rdised fo 32°F whereby the ice meNs. | sorbs

144 Btu's for each’ pound of-melting_ice. ‘Further
heatlng increases the temperature of the liquid
from 32° to0.212°F. At 212°F, a se{ond phase
change occurs as the water turns to steam«—ab-
sorbing 970 Btu's per pound in the-process. If the
process were reversed, the same number of Btu's
would have-to be removed as the steam changes

Fig. 4-1. Frberglass tank Tor “low” temperature water stor-C to water and thep to ice.

age. Resudentral heeds would be satistied by a much
smaller tank. .

‘

- . With certain waxes and salts, however, the
‘solid- to hquud heat of fusion can be made to occur

T

“for water or rock, help to explain the volumetric *

¢

K
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at more elevated temperatures, between-90° and limited to sensible heat storage practices usmg
- 120°F. Therefor& a larger amount of. heat water and rocks. :
associated with phase thange is gamed ox Iost at

" a temperature suntable for direct use in- space CONCEPTSOF HEATSTdRAéE SIZING

hea“l;‘r?ase ;:hange materials have someé -disad- In the first section of this lesson, the nature
-vantages. Substances such as waxes and salts of different heat storage materials was discussed.
.are q?nte expensive at the present time. Also, The purpose of that information was to provide an
many must be replaced regularly because of awareness of some of the possible mediums to
—'_/ahemical“decomposition In addition, thedesign use for storing heat. In this section the essential
' of phase change containers is complicated by tRe- . - . .
need for a large heat transfer surface. Hence, R , :
' Nipple .Heaqer Tubing , rizontal -

' m_uch of the space saving feature of using a phase St
change material is lost because the container
must be enlarged for practical considerations.

Spacer,

40
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L The question of what storage medium io Tank wall \Q\\:;\\\“.\\\:{.\.‘:\\g\.
utilize is based on (1) the ability of a substanceto. - . y “\\\ ;\\\\\\\\o“ f@\* 4
accept heat, (2) the cost of the amount required .. . S “\\‘ ‘\QQ\\\\‘\{,?
for a given heat demand, and (3) the availability of T ™ \.“‘\‘“‘)‘:\{4 Vertical
the material. With this information in mind, the re- . e
mainder of the lessons in this course will be '

R

: i Steam .48 BTU

’ . v . Per Lb. (Approx.)

- .

C212°F -1 ' K TN . '
. o 970 BTU's to Change -
. Water to Steam Per Lb.
- - , \‘ .
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" Header }-
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c'ons‘iderations‘ of sizing air and’ liquid/storage -

units will be explained as a preview for further
~discussion in Lesson Six. - )
. Solutions to the problem of adequate heat

- Storage relate to both the building’s heat 10ss or

“energy demand’’ and the amount of energy that

the collectors can provide. In other words, the
" volume of space for storage depents on the size

of the building and the size of the collectors.
Collector sizing wiil be treated in anotherles-
son. At this point, merely appreciate the fact that,

d

. in the normal design process, the collector area

>

fequired would be finalized “first and storage
selected would be based on collector output..

The interdependence of Storage size_ upon
collector_%ize is illustrated in Figure 4-4. Time of
‘day is (epr.esented on the horizontal scale and
energy'in Btu's‘perhour is provided in the vertical
scale. The top horizontal line represents the heat
loss of a building as might be calculated using
-NESCA’s nual J or SMACNA's Load Calcula-
tion Guide/The wavy horizontal line indicates the

actual hourly heat loss for the hyp’othetical.

building on a particular day when the outdoor con-

- The small

used to heat the house petWeeﬁ% a.m. and 3 p.m.
- The net amount of collected energy available for
storage’iS'th@ clear area above the Sha'ded region.
er ‘coblector obviously has less excess
energy available forstorage than the Iérger collec:
tor. This factor is always true, regardless of the
size of the storage unit that is installed. In other
words, a storage unit can be too big. '
Figure 4-4 illustrates only one operating
mode. There are other possibilities. O_n a very mild
day, all the energy collected could go to storage’
‘and, conversely, on a near design day, there.may

.. be no exgess collectable energy for storaqge.

-ditions were much milder than the design day.

From just before 9 a.m. and just after 3‘p.m., there
are two curves for the amount of solar energy col-
lected by two different sizes of collector arrays.
The shaded area indicates.the amount of energy
" .o .

4
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_ A-storage capacity that is too large could l
- also affect the temperature of the storage me-
dium, such as the'water in a tank. Ther_e is a
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Fig. 4-5. Smali®insulated water storage tank. Note ther-
mometer in immersion well, pumps left and right sides
and partially insulated piping. ’ .
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Fig, '4-6.. Eﬂect of storage srze "on heat contnbuted by
) solar energy i

o

mlmmum Supply water temperature for effective

heatjng with a fan coil,.panel, or baseboard uhit."
An excessively large storage’ tank may take days.

to be heated to a useful temperature if the collec-
tor.to storage capacities are extreme (small col-
lector, large tank).

Conversely, a storage unit that |s too small

may become overheated and the operating tem-
perature in the collector may be excessive. This
would decrease the collector’s efficiency.

Figure 4-6 represents-a trend curve noting the
effect of storage size on the comtribution of solar

heat to the total heat supplied to-a building. With

no storage, a solar,system would, perhaps, con-
“tribute no more than 40% of the heating needs

" tassuming a fixed size of collector). The impact of

providing a very large storage capacity would not
srgmfrcantly increase the percent contrrbutlon
much above 80%, which. could be achieved, by a
moderately sized storage unit. Cost consideration
is still another factor that can- Ilmnt the size of
storage.provided. Doubling the cost of the sforage
facility to gain two or three percent more solar
contribution is not generally consrdered to. be
worthwhite. .

What is a reasonable moderate storage ca-
pacity for residential type solar heating installa-

tions? Designers do not all agree! But generally, '

storage of from one to two gallons of water per
square foot of installed collector has been suc-
cessful. For rock sterage, from one-half to one
cubic foot of rocks per sq. ft. of collector is quite
effective. Proprietary solar assisted heat pump
applications may require slightly different storage
ratios, and the manufacturer must be- consulted
regarding these o : 4\
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The other side of the collectpr storage pro-'- '
blem is—as was mentloned—the thermal srze of

the burldmg

_To size conventional heating equlpment a

"deS|gn heat loss calculation is made. This is bas-

ed on’local design outdoor conditions and recom-
mended indoor design temperature. The outdoor
design temperature in a given locality is not the
lowest ever recorded- temperature but, rather, a
somewhat highen temperature based on frequen- i
cy of ot’:curancJ For example, Figure 4-7 (il-

_lustrates a section of the ASHRAE Table of

climatic data for the United States and Canada: (A
full listing is moluded in the SMACNA Installation
Standards). Nofe that three outdoor temperatures
are listed for each city—median of extremes, 99%
and 97%: %. Median valte is'the middle value of
the coldest temperature recorded each yearfor 30
years. The 99 and 97" percent temperatures:in-
-dicate the lowest temperature likely to occur for
either 99" or 972 percent of the total” winter
operating hours for December, January and
February. In other words, out of 2160 hdurs in’
those three months, the temperature might fall
below the listed value for each city for21.6 hours
for 99. percent and 543 hOUrs for 972 percent col-
umns.

Since a. design heat loss calculatron is an
estimate of the maximumror near maximum load
of a structure in terms of Btu's per hour, it cannot
be used to estimate the overnight. daily or mon-
thly Btu requirements of the building. For exam-
ple, a house with a design heat lo$s of 50,000 Btu -
will not require 50,000 x 24 hours or 1,200,000
Btu's per day unless the outdoor temperature for
that particular day was at the design value for 24
hours. Since outdoor. temperature is usually a
variable through the day, a mean (average) daily .
temperature must be used to estimate daily Btu
requirements.

Mean daily temperature is Y2 the sum of the .
maximum and minimum temperature .for a-
specific day. see Figure 4-8. For example, assume
that in a 24 hour period, the outdoor temperature’

ranged from a high of 40°F to a 'ow of 18°F. The L

mean daily temperature would be 40 + 18 divided
by 2, or 24°F. The estimated daily Btu re-"

.quirements are as follows: ..

Mean daily x .24 hrs.

temperature
difference

desrgn heat loss  x

design temperature
difference g

= daily Btu

réquirements



lf'th‘eindoor temp'erature is 70°F, and the out- As is generally acknowledged, almqst any
door "design temperature is 0°F, then using - a building has internal heat released’ from lights,
50,000 Btu'house, the formula is: ‘ : .cooking, and other activities, there Is also some’
. ' N o _ o , L solar heat gain directly through windows. In an ef-
50,000  x (70 ) 24) x 24 = 788,571 Btu’s per day . fort to account for this heat contribution, and to
(70-0 | o _ more precisely estimate what actual Btu's the

Climatic Conditions

. Winter
, : Col. 2 Col. 3 Col. 4 Coi. 8
State lc:dl'gllllon" Lemud.ﬂ !l:"': Medien of C::l'l'el-
Annual "% V2%  |Velocity-
. Extrermes Wind
-~ . NORTH DAKOTA ) ’ ] ‘
Bismarck AP . 46 5 1647 =31 ~24 | -—-19 VL
Devil's ‘Lake . . 48 1 1471 —30 -23 -19 M
Dickinson AP . . 146 5 2595 -31 T 23 -19 L
Fargo AP . o 46 5 800 .{ —28 ~22 -17 L
Grank Forks AP 48 0 832 —-30 —26 -23 L
Jamestown AP . . 147 O 1492 —29 —-22 -18 L
Minot AP « St 48 2 1713 —~31 -24 —20 M
Williston . .= = . ...148 1 1877 —28 -21 -17 M
, OHIO. . .
Akron/Canton AP . ... 141 0 1210 -5 1 6 | M
Ashtabula R -]142 o 690 -3 3. 7 M
Athens A . . 3 2 700 -3 3 7 M
Bowling Green .. . ... |41 3 675 -7 -1 3 M
Cambridge - ) ..|40 0 800 - 6 0 4 M
' Chillicothe O < i 638 -1 5 9 M
’ Cincinnati CO . . . . 139 1 761 ] 8 12 L
Cleveland AP . A I N 77 -2 2 7 M
-Columbus AP =~ ..... |40 0 812 -1 . 2 -7 M
Dayton AP . ... .. . . 39 5 997 -2 0 6 M
. Defiance B A 3 2 700 | - 7. -1 ¢ 1 M
. : . Findlay AP ... . . . . l41 0 797 -8 0 4 M

Fig. 4-7. Climatic chmom for North Dakota and Ohio from SMACNA standards.
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Fig. 4-8. Idealized 6u}door l@!npor,aldro ﬁuct_ualloni throughout the day. Mean daily temperatare.
¢ ic half the sum of the maximum and minimum temperature for a specific 24 hour period.
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heating system must supply, the mean daily
temperature difference is usually adjusted by
.changing the indoor temperature from 70°F to
'65°F. Thus, the formula would be:

50 000 X (65- 24)_ x 24 = 702, 857 Btu's per,

(70-0) day .
The value (65- 24) is commonly called Degree

Days. Monthly and yearly Degree Days have been.-

published for many years for given cities. A sam-
‘ple tabulation is shown in Figure 4-9. (Full listing
is provided in the SMACNA Installation Stan-
dards.) '

If, for example, the hypothetical 'building(; was

located in Dayton Ohio, which has 5622 annual

degree days, the estimated annual energy re-
qmrements would be:

50,000 x5622x24 = 96,377,140Btu’s per

(70- 0) : season

If an estimate is made of the January energy re-

, -/-quirement for the building, use the January_'

degree days for Dayton which are 1097. The
estimated January load would be:

' 50 000 x1097x24 = 18,805, 714 Btu's for”

‘ (70 Q- . January

As afirst approximation, it is also possrble to

“typical™ day’'s energy need in January: Thus:
18,805,714 ' '

= 606,636 Btu's per January day
31 :

Avorage Month!y and Yearly Degree Days

divide the January total by 31 days to arrive ata

16

If the solar collectors operate for 8 hours,
then 16/24 of the all day load would-be approx-
imately the Btu requirement needéd from.storage
—provided a full 16 hour storage requrrement was
expected. Thus:

' 606,636 = 404',424 Btu's overnight load
24.

These numbers are approxumatlons In fact,
the degree day concept itself for annual analysis
has come uynder criticism because it. was’

developed.in the 1930's. Modern construction has °

apparently altered the 65°F base. Some. desrgners
apply corrections to the degree days to compen-
sate for modern construction. Table "1 lists cur-
rently used corrections. For our example, Dayton-
has a 0°F design temperature, the correctidn
would be 0.71. Hence .,

404,424 x 0.71 287 140 Btu ] overnrght load.

and the amount of energy the collectors musi sup-
ply in excess of th@ previoas day's needs. How
much storage would be required to satlsfy the
estimated overnight load?

If water was used and a 30°F rise in storage
temperature occurs, then:

Avg. Yearly

Slete Stetion ‘;N.l':lporl July | Aug. | Sept. | Oct. Nov. Dulct Jen. Feb. Mar. Apr. May June | Toia)

-New York (Kennedy) Al 414 0 0 36 | 248 564 | 933 | 1029 |- 935 815 | 480 | 167 12 | 5219

Rochester Al 354 9|31 |126 | 4 747 | 1125 |- 1234 1123 [ 1014 | 597 | 279 48 | 6748

" Schenectady C| 354 0] 22 | 123 | 422 756 | 1159 | 1283 | 1131 970 | 543 [ 211 30 | 6650

Syracuse A 352 6 1:28 | 132 | 415 744 | 1153 | 1271 | 1140 | 1004 | 570 | 248 45 | 6756

N.C. Asheville C| 46.7 0 0 48 | 245 555 775 784 683 592 . 273 87 0 | 4042

Cape Hatteras - 53.3 0 0 0 78 273 521 580 518 440 | 177 25 0 | 2612

Charlotte Al 50.4 0 0 6 | 124 438 691 691 | 582 481 | 156 22 0] 3191

9 Greenboro Al 475 0 0 33 192 513 778 784 672 552 | 234 47 0, | 3805
. Raleigh @ “Al 49.4 0 0 21,| 164 450 716 725 616 487 | 180 34 0 | 3393

: wilmington Al 54.6 0 0 0 74 291 521 546 462 -367 96 0 0 | 2347
Winston-Salem Al 48.4 0 &l 2117 483 747 753 652 524 | 207 37 0 § 3595

N.D. Bismarck Al 266 [ 34] 28 |.222 | 577 | 1083 | 1463 | 1708 1442 | 1203 | 645 | 329 { 117 | B851

.+ . Devils Lake C| 224 |40} 53 | 273 | 642 | 11N 1634 | 1872 | 1579 | 1345 | 753 | 381 | 138 | 9901

Fargo Al 248 |28 137|219 | 574 | 1107 | 1569 | 1789 1520 | 1262 | 690. | 332 99 | 9226

Williston Al 252 (31| 43 1261|601 | 1122 | 1513 | 1758 1473 | 1262 | 681 | 357 [ 141 9243

Ohio Akron-Canton Al 38.1 0 9 96 | 381 726 § 1070 | 1138 [ 1016 871 | 489 | 202 39 | 604/
‘Cincinnati C| 45.1 o| o 39|28 | 558 862 | 915 | 790 | 642 | 294 | 96 6 4410

Cleveland Al 37.2 91 25 | 105 ] 384 738 | 1088 | 1159 | 1047 918 | 552 | 260 66 | 6351

Columbus Al 39.7 0 6 84 | 347 714 | 1039 | 1088. 949 809 | 426 | 171 27 | 5660

Columbus , C| 415 0 0 57 | 285°] 651 977 | 1032 902 760 | 396 | 136 15 | 521

. Dayton Al 39.8 0 6 78 | 310 | 696 | 1045 [ 1097 955 809 | 429 | 167 30 | 5622

P Mangfield ~Aj 369 g 22| 114 | 397 | 768 | 1110 |'1169 | 1042 g24 | 543 | 245. | 60 | 6403
Sandusky C1] 391 0 1 66.1 313 684 | 1032 | 1107 991 868 | 495.| 198.:(- 36 | 5796

Toledo Al364 | O 1 117 | 406 .| 792 | 1138°| 1200 | 1056 | 924 | 543 | 242 60 | 6494

Youngstown ‘A 36.8 6] 19 | 120 | 412 771 | 1104 | 1169 | 1047 | 921 | 540 | 248 60 | 6417

I -
Fig. 4-9 Degree days from SMACNA standards
)
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287,140 = 834 Ib/gal x 1 x 30°F'x©gallons
287,140
8.34 x 1 x 30

If rock storage isfrequired and a 70°F rise in
storage temperature occurs; then:

or gallons = = 1148,ga|l6n$ '

© 287,140 = 20 Btu/cu ft F x 70°F x cubic foot

or cu ft = 287,140 = 205 cu. ft. of rock
20 x 70 , '
As described.in a later lesson, it may, not be eco-

nomical to provide complete overnight storage. At

this point, however, one should have an_under-
standing of the calculations required to deter-

mine building needs and storage capacity.

PLACEMENT OF HEAT STORAGE UNITS

Solar heat storage units may be placed either
inside or outside the building they are serving.
They can be located either below grade or above
grade. The'rationale for a storage unit location is

that it be placed in a Jow va(u'e' area of the struc-’

ture -or building site. . .
- Units placed below grade inside the bwding

could be in a basement o crawl spagay his area
would be. close to most ofthe othergQmponents

_in the heating system. It wéuld be protected from

moisture and cold. Any excessive radiafion ener-
gy coming in and/or heat loss radiating from the

. storage"container could be directed into the

heated space as needed, or it could-be vented to
the outside through a duct system.’ - »

.~ A low value space should also be gought
when placing the heat storage unit above grade
inside the structure such as a small room or attic.

-Because of the weight of the container and the

stokage media (pebbles or water), extensive foun-
dation reinforcement would be necessary. In one
case, to serve the needs of a thermosyphon. sys-

tem used primarily®to service Household requiré-

ments for domestic hot water, the heat storage
tank must be about twowkeet above the colleGtor.
That would mean using an inconvenient, but low
value, attic installation. : J

Units placed outside and above ground
would be exposed to whatever minimum temper-
ature that would be reached in a given geographi-

-

~ cal location. They would also create a problem

aesthetically. .
Units placed outside and below ground pose
some problems also. They would need to be

buried below the frostline so that they would not

be aftected by pressure from frozen soil. Water or
air leaks would be difficult to lo ate.'Digging may

.

&)

be required before servicing unless the container
was in some sort of a pit. In this case, an access
qover would provide a way in to the storage unit.

. There are problems of storage unit place-
ment associated with each type of solar heating’
system. Not only is this true for the architects and
contractors when constructing new facilities but,
in addition, inconvenient when existing buildings
are retrofitted with solar heat. Some previously

used living areas must be converted to non-usable

space to accommodate heating system compo-
nents. : .

—-

- -
)

ADVANTAGES AND DISADVANTAG ES FOR

STORING HEATED LIQUIDS .

: »
. There are advantages and disadvantages to
each and every type of solar heating system,

- regardless of the type of fluid (liquid- or air) for

which the system was designed. Advantages are

. that:’(1)yﬁ/a_tg_r.ls@tjvely abundant and inex-
pensive medium, (2) water absorbs and emits heat

readily, and (3) spaese requirements for water
storage unit placement is the least for any of the

- common heat storage mediyems used presently.

However, there are some disadvantages. First,

" the system must be insulated against freezing. (It

may be too costly to use antifreeze for:all ‘the
‘water in storage). Second, boiling may occur in the
collector, and a vpntilaging,‘firalve may have to be
installed to remove steam pressure if overheating
occurs. Third, circulating the water throughout
the’system would requi® a pump and the system

" would be vulnerable to leakage. This would create

the need “for periodic inspections, trouble-
shooting, and maintenance. A fourth problem is
that components made of aluminum, copper or
brass, and iron which are threaded or joined
directly to each othef will cause an electrolytic ac-
tion. Such action wij minitially at the connec-
tion, spread through the /components, and reduce
the flow rate by constri ting the pipe diameter.as
illustrated in Figure 4-10\

Over a long period of time, corfosion can
cause total erosion of pipe or fitting, and a leak’

. Will occur. As a result, pressure in the system

would drop, antifreeze and inhibitors would be
lost, and the system would stop functioning.
The rate of corrosion can be affected in two

ways: (1) by the amount and type of minérals in

the liquid, and (2) by the temperature of the fluid,
since heat increases the rate of corrosion. One

’_ form of gontralling corrosion is to add a corrosion
- inhibitor into the systenf Another procedure is fo
. use lengths of plastic pipe or dielectric unicns



- WATER TANK

with’ plastic bushings betweenvthe‘incompatible
metal components. _
A fifth problem for a liquid“storage system is
\accessability. Burigd or enclosed storage tanks’
nd/or pipes would be difficult to inspect for
leakage. If a_pipe or tank froze and ruptured, or if
chemical corrosion caused a failure in the sysl\
tem, repalrs could be extensive. This aspect ap-
plies not only to the replacement of various com-
- ponerits of the solar heating system, but also to
the possible need to redecorate walls, ceiling, or
floors where damage may occurred.

TERIALS

There are sev ral different materials com-
rhonly used for liquid storage’systems. Concrete,
- steel, fiberglass, and butyl-lined concrete block
are four of the materials frequently used. Selec-
tion should be made based on the required capa-
city and location of the storage unit. Figure 4-11
represents a typical tank installation.
Concrete Tanks

Concrete tanks are probably the most
durable. These units cannot corrode or be punc- =
tured. A waterproof sealer on the inside surface or
a waterproof liner will free the container from
possible seepage problems. Another engineering
problem. to contend with is the weight and size of
the tank to be installed. A crane or other heavy

with high temperature liquids is probably the

most advisable system for water storage.Ihe
tank must be of a quality for protection against -
rupturing at a hlgh ‘temperature, such as the
212°F boiling point of ‘water. Tanks used for
gasoline storage may-not meet this requirement.
Care must be 'taken to determine safe pressure
and temperature limits for the tanks. The tanks
must be well insulated after they: are installed,
and must be checked for leaks if the solar heating.
system is to operate satisfactorily.

Glass-Lined or Galvanized Steel Tanks
Glass-lined. or galvanized tanks have been’
found extremely, serviceable fog many years. Gal-
vanized tanks, however, may become corroded
and inserviceable before those which are glass--
lined: The glass-lined tanks may have their ex-
pected years of usage shortened: by cargless in-
stallation. Excessive pressure in secu¥ing con-
nections can crack or-break the inflexible glass

and allow more Tapid deterioration. It may be ad- .

vantageous to use several smaller tanks because
they require less floor spacein a basement and in
a retrofit, smaIIer tanks maq be installed more
readily. :

S Y

: Pcfrt for Water Return and Vent

equupment is needed when the tank is set in’ - Thermistor S .
place. This is particularly difficult when placing a ermistor Sensor
tank in the basement of an existing structure. Insulation
Watertight pipe connections are also difficult to .
achieve without using a high quality caulklng - Water Supp
: . P
compound such as silicone. Water Return Line lélt,r:cetit(:)n ur
L - T\‘
Fiberglass Tanks ie vent
A flberglass tank\especially designed for use
- [_ S (1 — ———F--q
- | |
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- Corrosion | . " |
' ‘ | water Level |
, ‘ I
g |
[4 l [j’ -_I_
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Support (Bricks or Blocks) Feundatior‘t.'as Per Cox

T Seal all Edges with, Mastic to Keep
Moisture Out of Insulation

Space for Insulation .

" Copper Fitting

Galvanized Pipe

Brass Vaive
. '

Flg 4-11. Typical above ground Ilquld storage tank instal-

Fig. 4-10. Electrolytic corrosion. . lation. -
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ADVANTAGES AND DISADVANTAGES OF
PEBBLE-BED HEAT STORAGE UNITS

Heat storage units for air-circul ing solar -

heating systiems are called pebble-beds. They
- contain alarge volume of pebbles (granite or
other cleancrushed rock about % to 1%z inches in
diameter). During the heat circulating cycle, air is

forced through-the inlet; then it filters through the

pebbles and into ducts, where it is transfe{red to
the space to be heated. When the rocks need to

‘be gecharged with heat, the air movement is re--

versed and hot air is drawn in through ‘the outlet
.and-heats the pebbles. A_four foot deep. bed of
pebbles is considered the maximum for a mini-
mum “air pressure drop between the ‘r,rrlet‘and

“outlet. ' w

Pebble-bed containers have been found velry

efficient. They are considered by many to be bet- °

- ter than the water and/or phase change systems.
They are simple to construct by either (1) laying
cement blocks and filling the holes with concrete;
(2) pouring concrete into a form; or (3) fabricating
them from wall stud material, plywood, :and insu-
lation. The pebbles should be hand shoveled or

chuted into the unit to insure even distribution

and reduce packing or side wall stre4s. For exam-
- Pple, a cylinder three feet by eighteen feet holds
about 12,000
rock. : o
~ They have a high level of thermal syratifica-
“tion. Heat inside the container exists imlayers.
When the pebble bed is being charged with

— Air'in

100°

120°

140°

A

-Tnoﬁ

. : 90°

» 70°

Air to

Collectors 4;

Thermal Stratification

. ’. - ' ) N .
Fig."d;;z. Temperature “layers” in pebble bed storage.

Yy

pounds of carefully sized s&ushed\

i (chvarging)

4-9

N ¢

_heated air from the collectors, most of the heat is
transferred to, the rocks within a few feet of the
" bed and the air leaving the bottom of the storage
bin is essentially’ at 70°F. A representative
temperature profile in a storage bin is shownin

. .Figure 4-12. This profile obviously changes with’

the length of the charging-time. .

" When flow is rekgrsed to extract heat from
storage, the hot end of the bin heats the leaving
air to within a few degrees of the actual rock tem-
perature for effective utilization of stored energy.

Cubic.pebble-beds (Figure 4-13) are preferred
because feat has a natural tendency to rise. This
style of 'ynit is normally about five feet high. Due
to the weight of the cantainer and its contents,
these uhits must have rather extensive founda-
tions so that the force of the weight will not cause
the unit to crack. If a space three feet high is the
maximum available (in.a crawl space, for ex-
ample), ?n a box using a horizontal air flow as
shown i’Figure 4-14 is adequate. . -

SUMMARY ~
Lessons Three and-Four have presented the
two main components of the primary circuit in a
“solar heating system. The collector, regardlegs of .

the type (liquid or air), functions by collecting the

Air Outlet

. ' ~ o
Air Iniet o i

Round Pebbie; f
Wire Screen ™

Rigid Insulation‘/“i‘vggf * Bond Beam Block

g

Fig. 4-13. Cube type ﬁ%bble-bed storage.
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i solar radiation from the sun. A liquid or air is cir- ,
culated”through the collector and absorbs heat . _ . ,
energy which is transferred to the storage unit. - -

" The heat is stored until negtied. When heat energy . . '
is needed, it is distributed throughout the space . _ )
to be heated by a control system to be discussed > N
in Lesson Five. . o -
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CONTROL DEVICES |

AND-’SPECIALTY ITEM§,

Jponents, collectors, coils, v

In addition to the major items d|scussed in
~ the previous lessons, there are a - number of

smaller but equally |mportant components in a .

‘solar heating system. This Iesson will be concern-

' ed with pumps, fans, and heat exchahgers, and

gﬂhe |d ntrflcatron of the ¢ontrol devices and

ydronge specialty. items .needed to: operate a
~solar system safely and automatically.

“Liquid System Pumps

ves, piping, etc., will
be given in either psi or fee f water. The lmpor
tant . characteristic shown in the flgure is that

W

~

pump’ capacﬁy decreases .as, the resrstance or

head agalnst Wthh the purnp must operate in-
creases. (Con’fpare 22 gpm at 6 feet head vs only *

12 gpm' at 10 feet.) The resistance or pressure .

drop- imposed by the piping, fittings, and other

- components must be determined before a pump

Fluid movement ‘is caused by eIectrlcaIIy o

- operated-centrifugal pumps in’a liquid-circulating "
closed or open loop system. "Specifications for
liquid-circulating pumps are based on the gallons
_per minute (gpm) to'be circulated and the horse-
power rating of the motor. The typical pump is of

- the type shown in Figure 5.1,

' Pumps are placed in series within the collec-"
‘tor foop. They must be capable of circulating the

A

minute through the collector to maxrmlze the effi-
. crency in collecting energy. When operating, the
pump’s head pressure (which is also called dis-
charge pres3ure) must be sufficient to provrde the
proper flow to overcome resistance in the piping

can chosen that will deliver the' proper gpm at -
the estimated operating head pressure.

Collector Ioops vary in confrguratlon but in
terms of pumping requirements, they are either a

.. closed loop filled with a nonfreezrng Ilqmd {an-

properly. prescribed flow rate in gallons per

tlfreeze) or smtply a loop that completely. drarns
down plain water each time the pump completes
ap operating cycle. If the loop remains filled with
liquid -at all tlmes.i then pump .pressure requrre/
ments are minimal. Only sufficient pressure to
overcome flow resistance is necessary, since the
supply lift (elevation) to the collectors is “counter
balanced” by a return drop. In‘the case of a drain

" down arrangement, the pump must lift the liqwid

to the top of the collectors at pump start-up and

» Mmust overcome flow resistance once the loop is

as iltustrated in Figure 5.2. This resistanc ro
is caused by the friction of: the liquid asTit pa

through the collector, plplng, pipe fittings and
various components. -

Figure 5-2 shows the relationship between
pump pressufe and pump-capacity in gallons per
minute for both.a “‘large’ and “small" pump. Note
that pressure is given in terms of feet of water
One foot of water is equal to 0.43 psi (Pounds per

~sGuare inch). In manufacturer s literature, the
pres-ure. drop

(resistancey for. various com-

¢ ' 8

Pressure Head, ft of Water

recharged (filled). Therefore, a circuit using drain-

n for freeze protection will usually require a
larger pump and consyme more . energy while
~pumping than a closed antifreeze filled Ioop
Thus, it.is generally Iess cost effectlve

22
Rate of Flow in gpm’
Fig. 5-2. Pump characteristics.



 wear ‘rings. All-bronze, all-iron an
* turers usually state uses for their \

~but in most cases, pumps used to pump water in
- systems open to the atmosphere (tirain-down

. heat energy.

..

Pumps used in coIIector lqops must_be able

, to wrthstand both high pressure (to 150 psi) and

thlgh temperature {200°F. or even higher) and can
be manufactured of a variety of materials. Gen-
erally, the construction material 'specified reters
only to the parts that come in-contact with the li-
quid bein
would have a bronze’ impeller, sh leeve, and
all-stainless
steel construction are “also available. Manufac-
us pumps,

systems) must be bronze or stainless to.minimize
the corrosive effects of high oxygen content

. water. In closed loops, an iron pump is_ usuaIIy

adequate. . -~
Two speed pumps may ‘be used in the collec-

tor Ioo'b They can regulate the liquid temperature-

rise in the collector-to op{jymize col tor efficien-
cy. When .the solar radiation is high, ‘the pump
would tratsfer heat rapidly on the high speed set-

ting. During timges of low insalution, the slow

speed would b ore effective in circulating the

Liquld System Heat Exchanger
One integral component of the tiquid System

pumped. Thus, a bronze-fitted pump

collector loop is the heat exchanger. It will be .

identified in this section and explained in greater
detail in'a later lesson. A shell and tube heat ex-
changeér is the most common type manufactured
at this time. '

a heavrly insulated tank containing}a liquid heat
transfer medium (water) and interkal*piping. A
Beated liquid cor taining antifreeze, transferred
from the collector, is.usually circulated through
the shell. Water is circulated through the p?plng of

. The typrcal shell and.tube hea&exchanger'is

‘the heat exchanger and is piped to'the domestrc

hot water or auxrlrary heating unit.

The purpo e of this compoﬁent is to. reduce
the quantity of antifreeze that would be needed if
transfer fluids were exposetyl to outside temper-

. atures while circulating through the flat plate.col-

lector mounted on' the roof. By using a heat ex-

changer, only a sma]l portion of the total number "

of gallons of water needed to transfe; and store
heat energy would have toc be protected from
freezing the fluid in the collector loop. A con-

“ siderable amount of money-can be saved in this
“manner. Figure 5-3 illustrates the function of the

heat exchanger.
The shell of the heat exchanger contains the

v | | &
-
the collector-heated liquid around the piping in-

" side the exchanger. The piping becomes hot. The -

heated pipe heats the water to provrde hot water
for space heatrng or storage. :

’

. Air System Blowers .

In an all-air system, centrtfugal blowers are
used to circulate air through the collectors, heat
storage unit, or directly to the conditioned
spaces. Conventional wagm air heating blowers

can be used, since Q)pe ating temperatures are
%g:tlally the same as found in.conventional
war

air- systems. However, the system's
operating, pressure_may be higher because of in- -
creased airflow resistance. (See’Figure ;;4) =
In any ‘discussion of fansdit_is always
necessary to refer to three aspect§ of pressure—
static, velocity, and total. So that thére~will be no
doubt as to the meaning of these terms, these im-

" portant parameters shall be defined.

Static Pressure (SP) is the pressure |n3|de a

‘container, for example, an inflated balloon or tire.
-t has no relationship to air motion, but it can exist

Collector ©
Loop: .

From

~ Outer Shell, 4

“—1n

3 —> Out ~

-
-

" Heat Transfer
o Medium

Fig. 5-3. Shell and tube heat exchanger. 1-1 schematic

) above, cutaway)?elow. P (

heat transfer medium (anfifreeze) and circulates ,

L)
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inside a duct where there is air motion. if the
static pressure inside a closed container is below
atmospheric-pressure, the container will tend to
collapse. If it above atmospheric, the container
wi)l tend to burst. \ L :

Velocity Pressure. (VP) is the pressure re-

quired to accelerate air from a state of rest to the

. velocity observed. Velocity pressure varies as-the

square of the air velocity, hence mathematically:
VP = Kv2 -

_ where’
VP
. v
K .

‘velocity pressure

air veloeity :

a constant to account for
-dimengional units and gravity. =

"Normally, velocity pressure is measured in inches

water gauge (WG), although feet WG, inches HG
(mercury), or psi (pounds per square inch) all
would be equally possible and valid.

Direct Drive Blower , .

Fig. 5-4, Two models of centrifugal blowers.

i

l A " g3

Total Pressure.(TP) is the sum of the static
and velocity pressures. T_hus: . -

TP = SP 4+ VP
where ' '
. TP = totalpressure, in.-WG
S SP = static pressure, in. WG
VP =- velocity pressure, in-WG

-For low pressure duct systems, static
pressure is usually specified for design purposes,
since velocity pressure is a small yalue and .can

~usually be ignored. Ali-air-solar-heating systems

are usually designed using Jdow pressure duct
systems.' ‘

/Fi ure o-5 shows a fan performance curvé
plotting air/delivery capacity in cubic feet per
minute (cfm) vemsus static pressure in inches of
water. As indicated earlier for pumps, the fan
curve. indicates a decrease i cab’acity as the

perating pressure increases~.7A second curve,
which is called the duct system resistance curve,
is also shown. This’ curve is  determined by

\Oestiméting the pressure loss within the ductwork,

fittings, dampers,\ collectors, and other com-
ponents. The point where the system curve
crosses the fan curve is termed the \operating
point for the fan. it is at this pressure and cfm that
the fan will function with optimum effi€iency.
All fan characteristic curves follow the basic
relationships given below, and all changes occur
simultaneously with a change in fan speed.” ~

(1) The air.delivery varies directly with speed.
Thus . , o '

new CFM = (old CFM)(iew RPM/old RPM) ~

\
4

Operating or - - /
‘Balance Point

Static Pressure, Inches Water

0 600 1,000

Cubic Feet Per Minute

Fig. 5-5. Blower performance curve.
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The resistance pressure varies _as the
square ‘of the speed ratio. Hence,

@

new SP =

The brake horsepower«)yarles as the cube
of the speed ratio, .and, therefore;

new BHP = (oId BHP)(new RPM/old RPM)3

' (3) P

For - exampIe a fan operating af 600 rpm; "’

delivering 1000 cfm at 0.25 in. WG external static
pressure and requiring a brake horsepower (BHP)
of 0.08, would have the following characteristics if
the fan sp’éed was |ncreased to 1200 RPM:

new GFM ¥= 1000 1(1200/600), = 2000
newSP = 025 (1200/6000%¥ = 10
new BHP = 0.06 (1200/600)% -= 0.48

The proper app||cat|on of a fan to é)’system

: requnres not only the basic information a out'fans _

: but, alsQ, knowledge of the system and the pr|n
ciples of fan- “system balance. ’

The res|stance pressure of any duct system

can be calculated Yor any gfven flow rate. Stan-

dard references, such as the ASHRAE Handbook
give complete details’ on recommended pro-
- cedures.

on the system- resistance curve can be calculated
from the approximate ‘reIationship that the resis-
~ tance pres8ure (R) varies as the square of the flow

(old SP)new RPM/old ‘RPM)2 '

It is necessary to determine the re-. "
sistance at only one flow rate, since other points .

rate. Thus, mathematlcally ‘

éFM/old CFM)2

if, for example; the calculated resrstance of a
- duct syste® was 0.6 in. WG at 1000 cfm, then at
2000 cfm the new res|stance would be calcu@ted
as: ,

new R = old R (new

-

new R = 06(2000/1000)2 = 2.4in. WG

Because the resistance pgi:ure character-
iStic line for a-fan décreases with the rising air
flow rate, and the resistance of a duct system in-
creases with a rise in-the air flow rate, the two
curve$ will always Cross. at one, and only at one,
" point. This point is the’only- possuble point com-

-mon to both the fan and the: system. It is, there-

fore, the fan system balance point..

Figure 5-6 shows the balance point fora/fan
and ystem. If the fan speed is increased, a néw

balance paoint A’ will be estabhshed at the point .

where the system curve intersects the ‘fan curve,
now at the htghor speed. Note that the speed
" chapge in no, way chariges the system curve. The
sysfemc can be changed by (1) d;;t ona f||ter
(2) a Q\mper ad;ustment or (3) a bqﬁic alteration.

.

- flow. rate représented by, point .A,
" resistance with

- struction or before modifications—oftén

_the hot water tank. Heat exchanger

" For example, if a new cooling coil we'e 3dyeg te

the original system, the system resiStancte’at.a
given flow should be higher. Suppos?: that the air
the System
the - new ¢oil, ri5es !Qapat
represented hy point C. Knowing that reS\tance
varies ag the square of the flow rate, 2 New System
resistance curve can be caIcuIated and grawn

:through point C. This new system cyrv® mtersects
‘the two fan speed gurves at points g 3Nd B’

whsCh
are the new'balance points at the two0 fan SpeedsS.
© From an analysis such as thig; @ sOlyy syS-
tem’s performance can be predicted PelOrg con-
370
viding valuable money and time saying gl”despfor
the dealer- contractor and for the cgnsumer,

’

Air System- Hgat Exchanger = -. ' e
One of the components in the dutt of the air -
system is a heat exchanger fér warming dOmyggtic
hot water, It is placed in"the baseme due near
esigns may (

vary, but Figure 5-7 shows a typica| YNt
N - N J .

t . ‘ : \/,\”l\
System Resistance Curve i i :
After Coollng‘Conl R

N is &ded

. Orlg,nal System :
ResmaﬂCe Curvg |

“Resistance Pressure '

e

[4 M —
' Air Flow Rate

- Fig. 5-6. Fan and system balanci"Q. -
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CONTROLS

‘A control system consist 5f two essential4 )
- « door temperature. As inth

elements. One is a controller and the eother is'a

-controlled device or actuator. An example of a

rontrollar la an ordinary room thermostat. An ex-

~ample of an actuatoror controlled device is a

solenoid valve 'that opens or closes upon{ com-

mand from the thermostat to start or stop the flow

of a liquid. o L
With few exceptions, the heating and .air-

, i -
L ‘ ‘ ) o
- el -

Outdoor Thermostat ° )

An outdoor thermastat j to sense out-

%se of a heat pynp

application, an outdoorthermbostat may..prevent

auxiliary heat from operating until a preset.out-

. door temperature is reached. (See Figure 5-9' Fan

conditioning technician is familiar with the types -

of control devices used in solar heating, since
they are also used in conventional heating sys-
tems as well. As téchnology develops there will
probably be more packaged approaches to solar
controfs to reduce field installation time. The
following are the most commonly used controls.
Two-State Low Voltage Thermostat
A two-stage low voltage thermostat senses
room air temper’ature.’Thefirst stage calls for heat
directly from the collector or from storage. The se*
cond stage turns on conventional furnace,*boiler
or heat pump. (See Figure 5-8) Single stage ther-
mostats can also be used in conjunction with
other devices tp p m the same functions. (See
<Figure 5.8). =/ . ot .

£

i

t

[l N ] ’  ' - .
%ig. 5-8. Tyivo-stage heGting, single-stage .cooling thet-

mostat.

I3

- R »

-
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speed is a
temperature.

Sometimes varied using outdoor
N

Differential Contyoller N g
\ An ordingry peratute controller is a ther-
mostat- that senses water or air temperature in
various .parts of the System to initiate control aé-
tion; for example, stop or start. fans and pumps
and,'open or close dampers valves. A differéntiab
iemperéture controller measures the differance
between air or.water temperatéires at two.or inore
locations in the system as shown in Figure 5-10.

_ There are any/humber of specialized differen-
tial controllers available to perform multi-control
functions in a solar system. For example, one
“proportional” differential controller varies pump.
speed as a function-of the-temperature gifference
between collector and storage, tank. With only a.. °
3°F difference between collector fluid temper-
Aature and storage temperature, the pump oper-
ates at slow speed. As the.differential rises to
11°F, then the controller switches the pump'to

* high speed. B

‘ These specialized differential controllers-can
also be “wired” to provide high temperature limit -
for storage and to provide a low temperature ;urn-
on circuit for freeze protection. The pump is

- started when outdoor temperature is about 37°F.)

[y

A .

_ Fig. 5-9. Cutdoor thermostat,

“ . et .
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Outdoor Reset Controller ¢’

An outdoor reset controller senses outdoor
air temperature. It is used to_reset the contrg)

point of a temperature controller (either up, ot .

‘* down) relative to changes in outdoor temper-
atures (See Flgure 5. 11) .

Sensors
Every controller is. made up of two basic com-,
ponents: a: . sensing. device that measures

- temperature or pressure change, and a tranducer:

that converts that detection into electrical or

mechahical action. Common sensors include the

simple bimetal, remote bulb, and more recently,
thermistor.

Bimetal Sensér, A bimetal sensor consusts of

o two dissimilar metal strips bonded together (cop-

‘per and iron are-examples). They expand at-diffe-

_ rent rates per. degree rise in temperature causing

“the metal strlps to bend as |IIustrated in Fugure

” 5-12.

- BelIows/Diaphram“’Sensor. This type of sen-

sor uses a bulb to sense the temperature. The li-

»

—% To 120 V.AC.

Lo 12000
- I ,’_1 V. A.C.5 o . " »_Power Supply
_/,\;\serwce ’\:f e e * - Optional \
) L,-_,J switeh |  Service Switch
Pump? ‘X‘

Open on T .
7:Over Temp. v

" Coliector - - o ?;ollector
A EP Sensor (Aol gmei | ! ~Sensor
%%, © . Storage @t - 7 Storage
- Sensor >4 . .. .. ~ Sensor
- gy 1 :
N IR,
. - .Typical Wiring Diagram
v = - T .

. o D .(Penn Comrols)

R Fig. iw} grﬂerﬂal%mperature controller. *
P s R
L Ay

Q "t

ERIC ~ ~

Aruitoxt provided by Eic:

/_,—ﬁ A' & ,-v,
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quid in the bulb expands in the bellows or against
the diaphram and causes the rog to move which
contacts the controller mechanism. An, examWe
of each type sensor is shown in Figure 5-13. .

- Thermistor. A thermistor is a semi-conductor
material with electrical resistance characteristics

. that vary with temperature. When connected to an

electrical circuit, currént flow varies in proportion
to changes in the resistance of a thermistor ex-
posed to changing air or Ilqmd temperatures.
Through the use of’ solid state-electronics, the

: .currengphange is amplified to do work—open or

close a reIay, operate a solenoid, etc.. Thermistor

. sensors can be located as tar as 200 feet-from the

controller. Because of this feature, they are wide- "
ly.used to nIo‘nltor solar systems. Ordlnavry 18 and
14 gauge wire can be used to connect sensors to

. a controller.

R4

ponents. They contain a nitkel wire-wound ele:

Thermistor sensors are relatively small com-
ment. The ability of a’ sensor to react to temper--
ature change is ‘called the temperature coeffi-
cient. For example, a sensor with a temperature

coefficient of 3 ohms per degree Farenheit will in- - " -

crease or decrease its reslstance hence, current
carrying capability, as ambient temperatures rise
and fall. This change ‘cowd signal tHe need fol .

heat. The controller to which the sensor was con-
nected would then act|vate the necessary heatmg
system’ components

B R e

T : "« (white Rodgers) -
. . ¢

Fig. 5-11. Reset control.
) .

)
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The sensor In Flgure 514 |s encased in ep-
oxy It could be installed in an.air collector circult
duct at the outlet of the collector to sense the

~ stagnation ' temperature at which the circuit
should be activated to prevent overheating the
collector. It can also be placed in the heat storage -
unit at a locatlon to sense the average temper-
ature within the unit. In.an air system, it can be in-
serted near the bottom among the rocks For alig-’

L

" Multiple Hairpin

Helix
It
Rotary (’) Heat
Movement : ~ -
’ Elongating
Movement »
Strip , “U" Shaped.
X —-:“J': g ; \
" Movement ’ -
(’) (Warpage) A Movement
] ) (Bending)
- Spiral ~ Snap-Disc .

J

Pd
-

() Movement
i) S

Rotary
Movement - O

: Fig. 5-12. Bimetal sensors.

. .
v : S ¢ » . .

To Temp. . S _

Controller :

Mechanism J To Temp.
.Control er
Mechanism

Diaphragm '

Heat

A\ly

Remote Temp.
Sensing Bulb

Liquid - Fill

Liquid - Vapor Fill
Sensing  System

Sensing System |

#Fig. 5-13. Bellows/diaphragm sensors.
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" Packing Nut

_Low Voltage

uid system, it would have to be placed in a bulb

_ well (Figure 5-15) so that the tank can remain

water-tight and not be drained if the thermistor re-
quires service, and it will not make direct contact
with the liquid. The corrosive effects of the. liquid-.
would damage the sensitivity of the sensor. When
this sensor model is placed in a bulb, a- thermal
conducting compound is used to hold the sensor
in the buib so that the sensitivity to temperature
change is not changed significantly. This com-
pound is about the conslstency of automoblle tu-

‘bricating grease.

{Penn Controls)

Fig. 5-14. Typical thermistor sensor. "

2

2" N.P.T. Adapter .

_Interlocking Retainer
. Washers

Bulb Support Tube Packmg . e

. P
* . Fig. 5-15. Typical bulb well.
' ‘Tank. ° Co

. / Wall -

- Wires :
Thermistor .

Sensor instalied through wall of tank.

Fig. 5-16.



There are other bulb well designs which can be

: . . ' Tank Nipple
used where heat sensing is desirable inside a Drain ,
pipe. 5 Opening & “Tee" °
~, An alternative to using three components—- o ) v
the sensor, the bulb well, and the thermal com- o
pound—would be' to use a preassembled compo- . ' Tank
nent as shown in Figure 5-16. : Drain VON
This i$ a brass unit with the sensor sealed inside , - vaive - L o g
' . ‘ Temperature '

. ed hole in th t storage tank or other control « Sensor — V2" NPT

locztlons in the system. § ? ! Fig. 5-17. Threaded tank sensor.
It may be desirable to |nstaII a sensor in a
‘ piplng system without the bulb weII Ifthis is the , .
case, a pipe Tee can be installedjn the.line and a . L
sen:sor of the type shown in Figure 5- 17 can be~ '
used. . - -
. The sensor could be mounted ln the side or
-« one end of the Tee; depending on the installation A
- - spesifications. . ' : CoL
Placing-a sensof near the bottom third of a '
liquid storage tank may be specified. For this type
of installation, the sensor is screwed in length
‘of pipe. The length of the pipe is pr termrned SO
‘that the sensor will function at the proper level in
. the liquid. The sensor screws into the end of the
- . pipe with the wires extending up the pipe and out
of the tank. The pipe is, secured to the tank wrth a - _ :
bushing as shown in. Figure 5-18. - : ' Water Level
Another application of the sensor is shown jn -

-and has 2" p%pe threads for mounting.in a thread- -

Flgure 5-19. The sensor is mounted in the sheet ‘ . Water Supply.
metal duct and held in place with sheet metal ~ A Line to Pump (
uction

- screws in an air system.
The sensor in Figure 5-20 is the same se;\%of
as in Figure 5-14. However, it isin a more durable
- copper housing with a hole at the end to mount it
more securely to a collector plate or elsewhere. A
clamp can be used to secure this modefon a
pipe before the |nsulat|on is installed. S . . : : ‘
Figure 5-21 'ts typlcal of ‘a_sensor that would ; ' - i
~ be“rnounted directly to the absorber plate in the = |
. collzctor to sense the absorber temperature indi-
cating availability of solar energy at the collector.
The sensor is. att\ached with a sheet metai screw.

Fig. 5-18. Sensor tastened to end of pipe probe for sensing )
temperature in deep tanks. ‘

Support Rod

1

Valve : .
Electrically powered solenoid - valves are
used to start and stop as well as divert fluid: flow
in a liquid system. They can be controlled by one:
~ or more thermostats. A typlcal valve is shown in ,
Flgure 5-22. Suspended
a Sensor
' ‘Transtormer '
. A transformer converts I|ve voltage (usually
120V) to a lower voltage (typicaily 24 volts). This
voitage drop is necessary because thermostats ' an 5 19 Duct mounted sensor.

' ' o : : . ] ; : '» e B
N o ‘ s 58 57 Co e
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arid many, other control devices are designed for v_icé (Figure 5-25) will often be operatéd'by some

‘low voltage operation. A typical transformer and low voltage thermostat (24V) or other contraller.
its schematic -are shown in Figure 5-24. ; When the relay is activated, it can cause a higher
* Damper : | ‘ . voltagte load such as a 1ZQ or 240V fan or pump to
. Electrically powered multi-blade dampers are Operate. _ . s , ,\
* usedto start and stop, as well as divert, fluid in an A typical transformer-controller-relay-load
air system. They may be thermostatically controli- control circuit is illustrated in Figure 5-26. -
ed or opened and closed by the force of,air from a Some combination of the control devices ex-
blower. Figure 5-23 is an example of a motor- >plained above is necessary for the safe and auto-
driven damper. . ) i . Mmatic operation of a solar assisted heating sys(
: ' » ‘ ) - tem. However, there are some specialty items that
Relay = . . _ A o are not electrically opefated.
A relay js an electromagnetic switch. This de-
. . . ) - . . . N ! . ' ¥ '
. Good Metat to Metal Contact _~— Stainless Hose Clamp : 4 '
N @l R
"~ To b \ @ - ' g syt
Header { W . ‘ r— Flare Nut SO
I R i ' E
/ Collector .- ¥ ') . o :
Temperature = 1. ot
! Sensor . . o

- Solar Collector

. -&(Lennox) -
~. : .

Fig. SﬁQ Sensor connected to surface of cofper dis-
g@Pine. i o “

char -
-~ ‘e . ‘ . .
: - : N H . . . - . (Wh.re Redgers, .
. ’ , L
v ' Fig. 5-22. Motorized valve.
o N .
»
Collector ? ’&’4
Panel e '
Absorber To Panel — A/H Unit o
Piate

(18 Ga. T Stat Wire) v

-

Slex. Dus:t.
N Sensing Bulb — Insert P T
Min. 6~into’Air Channe! ... (Solaron)
. : - e e e o
R Fig. 5-21. Sensor mounted in air collector. - Fig*5:23. Motorized damper.
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HYDRONIC SPECIALTY ITEMS
Hydronic specialties are non-electrical com- -
nents that serve some, control or ‘system main-
tenance function. The following devices are repre-
sentative of specialized components essential to
the solar heating system.®
Expanslon Tank ' ST
~In completely\closqg liquid systems an ex-
pansion tank or ‘‘air cushion tank” is required to

. . . Trans ' provide “room” for the expansion of heated water.
p L 8 Iy Sec 24 v Load For example, 50 gallons of water at 60° F, when
7 Line v:naoe Prim ff¢ VéILt:‘ge) heated to 200° F, would become 51.65 gallons at,
: e - ‘ ‘ the ‘elevated temperature. The cushion tank per-
: A . mits' this expansion while also controlling the
— " Fig. 5-24, 24 volt transformer. ‘ . pressure In the system. Open of vented
< ’ - S : usually provide for the expa n the stor-
-t . ' . v age tank as illustrate igure
% . . . v . . . i l‘A - i
. T " Aerent ‘ ' ‘
. ' An air vént is placed at the hlghest point in
: . Normally Closed th t b h I
Insulator Contacts, o ., the system (above the collector array). The de-
- Y Armature . . vices illustrated in Figure 5-28 are of the float
To . type, hydroscoptic disc, and manual design. They
Common .
Load ent air from the system as it is being filled with
Normally ‘Ikquid. . .
, oI Open _ \ i
) Contacts : . )
. Core . -~
. (Pole Piece)
R . X . ..
. sg',‘,’,:g s'}."iﬁ'g"g s Compression Tank Before Fill o -
' :
) To (':-0:’" Vﬁ.gﬂge,, . . Volume = 100% Air : .
° to r .~ " Pressure = 0 psig - Air
Fig. 5-25. Relay details. Y- o C o H :
' : v To System
. After Fill ‘
, Volume = 60% Air, 40% Water . Air
R & . " ot a - -\ —~ . .AV N
& . E .. Pressure = 9.5 psig — — | water
) ) ‘ ' ~ To System .
L - E Fig. 5-27. COnvontlonaI expamlon tank (above) dlaphragm
. - design (below). '
L10m Trans ] /‘ ) _
" LiR . . Controliler _ ' No Pressure on ' : . System Under
v‘.;;{:,%e P"".‘}I Sec’ 2av :H Rcec':illy .~ System » Pressure
L2O ‘ ' ;
—e '!'Q OL1
. Relay . 115/230
Contacts Volt Source
) : . o —0 L2
S A
 Fil, 5.26. Transformer/relhy schefd ' " .
g. 5-26. Trans ormo‘r/ra ay *’c,!"m tic. E s To System : To System
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Check Valve Coe ’
" This type of valve limits fluid flow_to one di-.
. rection.Thege are a number of designs available
- for horizontal and vertical piping installation as il-
lustrated in Figure 5-29. A How controi valve is a
. specialized check valve which prevents gravity
circulation in the solar circuits when the purhps

Balancing Valve .
A balancmg valve is a simple, mexpenswe )

“square head cock. It is used to adjust flow rate in’

‘through the collector

' each circuit and especiall ) '
array (see Figure 5-32). There are spe'c_ial, more de-

luxe, balancing valves ‘used, as can be seen in
Flgure 5-33. S .

) ﬂ

~are off. .

-Pressure Reducing Valve

Vacuum Breaker A pressure-reducing valve is often used as
A vacuum breaker ‘is sometimes used to - part of the, water supply system. Waler service

relieve an unwanted vacuuin condition in a drain - pressure that is too high for some of the heating -
down system. TI)isg}lve shown below in Figure system components can be reduced by u.:ng a”
5-30, permits the.§ystem to drain eff|C|ently by '\val've such as illustrated in- Figure 5-34.

< gravity, by admlttmg atmospheric pressure mto

(\ Elummator

‘the return piping. '
An air eliminator (Figure 5-35) is used in con-

' Pressure Relief Valve . : junction with an air cushion pressure tank to help
A pres,sﬂre relief valve also known as a safe- purge a closed system of unwanted air.
ty relief valve, is pressure operated to prevent ex- v ;3 C
cessive pressure in & closed system in the event - _j : . ' Y y

of any malfunction. Figure 531 depicts one of
these specualty items.

g . . !
\ ‘ | i
X,

A} - . .
\ »_,: - ’;

W3

Hygroscopic
Discs

Body
Va” Pnpe B

AN L— |
. o ’PJ@ Thread

- ";‘..»3):;‘5 - ». : L e c R

?‘ut‘m&?tlc‘ve'& - “ ey
Fig. 5-28. AUTOMATIC air vent (above) ,perales by means :
- of hygroscopic discs that when wet- expand and seal
venting ports. If air. accumulages, discs dry and contract
opening ports and ventmg air. (Dunham-Bush, Inc) Float
type vent (below) operates’ by means of a fioat ‘that opens - '
. and closes a valve, In (A) water level is high and vent is | o . N
closed. In (B) air has accumulated and water levelis low"™ T
causing float to open vent. (Armstrong Machme Works.) '.’ '
Manual vent (above) must be opened and closed by hand. '

Fig. 5-29. Swing check %alv?'one of several _cesigns.

LS

Manual Vent

(ITT Bell & Gossett. ) ,

. RS
. ’ ’ Outlet: "__, o
» "Pipe Size

l) [}
Orifice —
" Automatic
Ver:t

.
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. AN
i Dielectric Unl‘qn . . N - Service to Building
Several dielectric unions may be needed in 2Us% 'T:%' 45 PS1 or More
thé system. Connecting fittings made of certain . . e
metals, as discussed in Lesson Four, may result | \ > ' . )
|

_in corrosion and restrlcthn of liquid flow through-
~out the. piping.,Corrosion is most apt to occur
when ferrous (iron) and: non-ferrous (aluminum,

“.Water Meter

brass, copper) fittings and components are con- _RegtMating -
nected together. One way to eliminate the prob- ' .
'em is with plastic fittings or to use dielectric - _ )
City Water
3 Main

** unions as shown in Flgure 5-36. N

1 . ( (Thrush} -

Fig. 5-34. Pressure reducing valve.

‘. . : Fig. 5-33. Calibrated'b*élarice vélire. _
(ITT Bell & Gossetty , = e C ‘ ' . '

. Fig. 5-31. Pressure relief valve. ooy T To Conventiona! S
‘ - : : Expansjon Tank ST

Connecnoﬁ for
Air Vent -

To Dnaphraém
Expansion Tank

»

Fig~ 5-32; Section view of plug gr square head qo_clkusé% an 5.35. Specnal air elimination device connected to
. to ad]ust ﬂow in mumple circuit systems - -. ... diaphragm tank.

o s . ,
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" Fill System ‘ , of -a solar system containing a toxic quiéF(anti-
Filling the collector loop' of a solar assisted = freeze) to cify water service. An automatic fill
heating system may be ‘done automatically or ° ‘system may be a convenienge to the occupant but
manually. Manual filling pfactices must be fol- the (glycol) antifreeze may become diluted over a
lowed:-if local building codes prohibit connection period of time. This would create a maintenance

problem if freezing occurred. The manual fill Sys-

tem would include a pressure reducing valve, a-

N _ check valve, and a‘manuallyoperated’globe valve,

; oL t \ AN automatic system filling valve (Figure

Copper Tubing - " 5-37) has a buiit-in strainer and check valve mech-
- abnis“m. '

F

Plastic Grommet : S
' . o o ) Glycol Fill Point
Shutoff
- Valve ~

\

Plastic Washer \- i ¥

Steel Connector

L i, Drain

B

' (Stockham Valves & Fittings) - . . . ’
+ . o N Glycol Fill Hook-Up
S ; N . N oot . for System
. Fig. 5-36. Dielectric union, = | = .

Fig. 5-38. Glycol fill system,

£
]

v

Flexible
~ Diaphragm

.

City Water e
Side Flexible

System K
Diaphragm '

Side

Neophrene’
Anti-Syphon Check \

When system pressure exceeds city
water pressure (above) sealing lips
- of anti-syphon check prevent system
‘water from leaving system. When sys-
tem pressure falls below valve setting
(above) water enters’ the system be-
tween anti-syphon check and flexible
diaphragm.

.B'ui‘lt-ln
Strainer
(ITT Beli 8 Gossett) ‘ '

\

Fig; 5-37. Automatic fill valve with anti-syphon feature.” - .o

4 .
R ) - Y -

‘
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Antifreeze-Flliing Hook-Up

" For a closed loop system that contains anti-
freeze, a fill system for the glycol must be in-

luded. One example of such asystem s in Fggure
-38.

P
.

Summary -

Many kinds of controls and specialty items

. are needed for a solar assisted heating system.
Centrifugal pumps are used for liquid systems.
Fans ar§ used for air systems. When water

heating for occupant use is included, the systems

Z_must include heat exchangers.. Numerous elec-
al andjpr heat activated control devices’ assist

ffective operation of the system.. Some non-
> electrlcbl specialty items are also required. Shut-
~off valves and unions are also needed to isolate
- major components infa liquid system so they can
be removed for repair. In addition, various hose
bibs for drain and fill service are used.
All of the control devices and specialty items
must be made safe before.the system is operated.
‘This means that all electrical wiging and plumbing

installations must bgymade according to various

local codes and licensing practices.-
. \
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The JBasic components of a solar heating
~ system have. been reviewed in Lessons Three,
" Four, and Five: The purpose of this lesson is to
* provide-an understanding of how to select thé ap-

propriate size for each of the solar components in
the heating system. Figure 6-1 depicts a liquid-to-
-air solar heating system./Ten basic components
of a typical installation are identified in the
illustration. . -

Sizing Solar Collpctors _ o
The ihitial Step in sizing the various compo-
nents it a%olar heating systerﬁY's to size the col-
lector. Because collector Btu output and system
utilization of these Btu's 'is dependent upon a
number of weather and component variables, a
great deal of research has been conducteq‘to
study system performance and to develop prac:
tical collector sizing procedures. Presently, there
are several sizing procedures proposedwand used -
throughout the:industry. These vary from simple
rules of thumb, suchsas the number of square feet ",

/L

777/ /]
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SIZING SOLAR SYSTEM COMPONENTS &

- of collector as a fraction of the square feet of the

home (e.g., ¢ollector area equals from ¥ to ¥ the
floor area), to highly sophisticated computer pro-
grams. Many collector’ m‘nufacturers have
selected a particular procedure and refined it for
use with their respegtive proprietary collectors. B

- Tables for Selecting Coll'ectof Slzé

For example, Table 6-1 shows a tabulation of

" the output of a spgcific manufacturer's collector

parfel in thousands of Btu's for each month of thé
winter heating season for_ eletted cities in the
United States. The tabI}z_i_udrcates that in January,
for the city of Columbus, Ohig, a single collector

- panel from this manufacturer will supply 280,200

Btu's. Armed with this: information and the
monthly energy ngeds of the structure based on
building heat loss and monthly degree days, the
number of panels required to supply some fixed
percentage of the heating requirements can be
determined. '
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v - Fg. 6-1. Key components in a fiquid to air Solar system: t. sdiar collectors,
Hot water heat exchanger, 4. Hot water holding tank, 5. Spa
~ leases excess solar heat), 7. Expansion tank, 8. Heat exchangpr.
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2. 'Storage tank, 3.
healingt coil, 6. Purge coil (re-
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Another example of a simplified procedure is
shown Iin Table 6-2. This table gives a simple

‘divisor termed "“LC” for 85 cities that can be di-

‘vided Into a building's heat loss per degree day to
arrive at a collector size to supply a specifigc frac-
tion of the heating load. This is based on si
tion studles made at Los Alamos ‘Scientific

Laboratory Here Is how it works.

Suppose ashouse located in Atlanta, Georgia-

is to be solar heated. Assume the heat ioss is
40,000 Btuh for 20° F average outside and 70° F
average inside temperature. Table 6-2 illustrate®

'_how the calculationis made.

A third example of a simplifed procedu;e.x:aﬁ
be found in Table 2-1-of the SMACNA Installation
Standards. Figure 6-3 shows a portion of this

. «table.

In this table, a separate divisor is provided for
air and liquid collectorsystems. Further, there are
two choices of collector tilt and a selection for 30,

50 or 70 percent solar contribution. Also, in this

ia-.

40,000

A Y

lated design heat loss which differs from the pre-
vious example. Here is how to use the SMACNA
table. *

. Consjder thé previous example city, Ailanta
Georgia; and the building with a 40,000 Btuh heat
loss. For'a: liquid system, Table 2-1 provides di-
visors of 316 to obtain a 30 percent solar contribu-
tion, 152 for 50 percent ?nd 84 for a 70 percent
contribution for a liquid collector tilte‘c&t 53 de-

~ grees. Based on a 50 percent contribution

-

_ﬁ = 263 square fee[t of co}ectbr '

Note, flrst that the estimated c,ollector area’-'
determmed from the procedures used in Flgure ;

6-4 and above differ substantially (325 vs 263).
"Second, the Los Alamos procedure made no dis-
tinction between air or liquid systems. Also, the
designer had a choice of. tilt angles in the
SMACNA procedure but he did not in the Los

case, the divisor is simply divided jnto the calcu- Alamos proqch. (Los Alamos assumed a tilt
-
- \ . S ! u
Table 6-1. Btu output per panel per month — one way to simplify sizing.
- . . [ z »
MONTHLY OUTPUT,/COLLECTOR PANEL — MBTU -t
Collec- - AE
Location ‘!?'r' October November ~ | December January February March -+ Aprh
48.2 ow, Montana  » 60° 496.2. | 3388 264.3 3336 | .4367 | 5367 4505
. 43.6 | Boisd !daho 55° 543.2 1 3874 288.3 313.1 404.4 4944 | . 4819
: 40.0 | Colunjbus, Ohic . 55° 420.0 2579 2593 | 2802 3121~ | 3940 360.8
: 35.4 | Oklahbma City, Oklahoma | 50° 637.3 554.2¢ | 5081 .| 504.6 4942, 5563 4819,
40 Salt Lhke City, Utah 55° 536.6 4074 3922 . 3454 406.6 475.3 440.4 .
¢ 29.5 | San ARtonio, Texas - 40° 660.6. | 537.6 497.3 | 521.5 529.7 590.8 484.4
| 32.8 | Fort Whth, Texas 45° 668.8 579.8 49867 | 488.8 497.4 598.6 5116
40.3 | Grand Lake, Colorado 55° 509.9 386.4 |- 3704 390.8 4509 4105 | 4150
! 42.4 Boston, Massachusetts 55° 425.4 307.6 279.1 303.0 319.2 389.7 | 3398
27.9 | Tampa, Fiorida 40° 660.0 656.6 610.0 646.7 608.0 670.0 578.0
334 | Phoenix, Arizona * 45> || . 7770 663.0 589.7 606.2 655.7 756.0 678.0
33.7° | Atlanta, Georgia - 45¢ 566.3 | ‘ 489.5 4227 | 4238 |. 4417 | 5180 499.0
’ 35.1 | Albuguerque, New Mexico ~ | 50° 719.2 628.7 580.8 604.9 5929 - 682.3 588.0
» 40.8 | State College, Pennsylvania | 58° 4686 -| 3075 | 2558 280.6 3129 405.8 375.5.
42.8 | Schenectady, New York 55° 381.8 242.1 3151 281.7 3179 | '365.2 319.5
. 431 Madison, Wisconsin 1 58° . 465.5 306.7 2939 | 3210 3435 ° 442.6 370.2
' - | 339 | Los Angeles, California 50° 604.3 577.2 |* 540.4 535.4 556.8 633.0 482.9
456 .| St Cloud. Minnesota 60° i[- 4198 | 309.3 274.4 362.7 4163 |, 482.6 381.6
36.1 | Greensboro, North Carolina | 50° 537.8 465.1 |- 396.0 409.5 430.2 4814 456.4
4. 36.1 J| Nashville, Tennessee 50° 556.0 | "424.0 3545 | @257 380.7 456.8 4382
. 39.0 | Columbia, Missouri 50° 559.1° 438:7 339.3. | 356.7 3909 485.7 4409
. 300 | New Orleans, Louisiana 40° 589.7 5068 | 390.5 | -4158 .| 3966 4735 448.2
N 32.5 |-Shréveport, LoulSjana 45° 590.4 |- 4753 419.6 459.6 462.0 534.7 461.1
NV 42.0 | Ames, lowa . 55° 3784 2629 1| . 1977 238.2 2949 | 3682 3547 | -
AR 124 | Medford, Oregon 55° 455.1 2984 | 2134 | 2558 3434 7| 4340 4123 |- -
" ' 442 | Rapid City, South Dakota | 60° 5509 ,| 4363 | 3833 | 405.1 4532 | 5180 ‘| 4203
o 38.6" | Davis, California . 50° 719.3 | 5369 401.3 4489 |. 5156 666.1 647.2
’ 380" | Lexington, Kentucky 50° |l - 616.5 | 4774 3778 .| 3596 4111 487.5. | 479.9 -
42.7 | East Lansing, Michigan 55° 415.0 261.7 230.1 247.5 3142 387.4 3134 .
40.5 | New York, New York 55¢ 505.8 389.4 328.0 357.1 396.6 451.9 381.8
41.7° | Lemont, lilinois 55° || 4771 | 3527 | 321.4 343.6 373.9 450.3 365.4
46.8 | Bismark, North Dakota 0° | 4911 346.6 279.9 3356 | .405.7 4766 | -411.9
: 39.3 | Ely, Nevada 5¢ 4 -636.7 559.0 4758 | -481.1 512.4 5975 | 483.4
31.9 | Midiand, Texas 45° 651.5 596.2 5407 |- 5430 543.1 6489 | 562.1
34.7 |- Litte Rock, Arkansas 50° | 578.4 4700 | 4000 | 3836 408.1 4865 | 435.4
oy 39.7 - | Indianapolis, Indiana 55° 501.7 354.3 1293.2 300.1 3321 4176 | 3604
. e’ 5
* - (Faddq!u)
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angle of latitude plus 10 degrees which, for%tlan-
. ta, would mean a collector tilt of 44 degrees).
.The lmportant point in this comparison is
that “assumed conditions’ Xor specific simplified
procedures” are not always’the same. B [/t
designer/technician uses any simpliffed appr oach
for collector sizing, there should be a thorodgh
understanding ‘of the assumptlons made by the
developesg of the design tectmlque The designer/
techniclan should also be aware of how these as-

sumed parameters duffer for specific appllcations :

.also vary each fhionth.

spectively. Each “f"" curve represents the fraction
of the monthly energy, demand supgjled by solar
energy as unction of the *“X" ‘and “Y" co-
ordinates. horizontal scale (X) is the{;a;uo of
the monthly solar cellector losses to the nthly

. heating demand; the “Y" scale is fhe ratio of the

monthly solar energy absorbed by ‘the collector to ~
the monthly heating demand. Since values of X
and Y vary each month, ‘the fraction (f) of the
heating demand satisfied by the collector wil

P

X - . The curves were d¥rived from computer
".  FCHART-Collector Selectloh Technique .- simulation studies of- two\ “‘standard" }tlr and

: Perhaps the best known detailed sizing pro- liquid solar heating systems.To use the FEHART,
" = cedure and the one most frequently referred to for the slope and intercept af-the efficiency cirve for
specific collectors is termed the FCHART proce- = the specific manutfacturer's collector bging used
~~dure developed at the University of Wisconsin. must be Rnown (see Lesson 3, Figure 3-12, on col-
(Table 2-1 in the SMACNA Standards is based oft lector efJucnency). In addition, the d_eslgner must

this procedure.) Figures 6-4 and 6§ show the . know the -monthly incident splar radiation,
FCHNRT for liquid systems and air sy\stems re--  monthly degrees days, building hegt loss; and

)

Table 6-2. “Diwsors to determlne,collector area required to supply a fixed perceritage of enefgy; B

~ . . . . ) . .v\" - i Cf‘

LC (Btu/degrae- dly 11°) . » M

LC {Btu/degree-day-11°)

T « . Latitede  Elevation Dllm-\ where solar provides 25%. Latitude  Elevation Degree- where solar provides 25%.
City, State . M)y, - days O 50%, 75% of total heat , City, State . {°N) () days 50%, 75% of fotal heat -
' ? 8% 5%/ 15% - L 25%  50%  75%
Los Alamos, NM °~ .36 7200 6600 107 41\ 2 Charleston, SC 33 69 2033 - 210 82 41)
& Columbus, OH 40 760 5211 7729 13 Eashvg:ae. lTN A gg 6;3 ?%S : ;g ‘ 133 §; ‘
: is, b 1 ake Charles, -
Corvallis. OR 4 2% 476 120 42 18 Rock AR . 35 276 - 3219 . 126 48 .24
Davis, CA 39 50 2502 198 72 33 0 t .
EasLLansing, Mi 43 878 6909 76 o8 13 klahoma City, OK » 36 1317 . 3725 ‘134 53 26
a 9. : 4 \ .Columbia, MO -39 814 5046 102 38 18
. East Wareham, MA 42 50 5891 97~ .37 18 ‘Bodge.City, KA~ 38 2625 4986 . 126 . 49 24
Ei Centro, CA K] - 12 1458 - 547 . 206 . 97  Caribou, ME 47 640 19767 68 6 12
Fiaming Gorge, UT 41« - 62 6929 1M1 .43 21 Burlington. VT , 44 -.385 8269 63+ 24 1
Granby, CD : 4% 834 5524 ° 119 , 47 - 2/& Blue Hill, MA , T 42 670 6368 82 K] 15
Toronto, Canada *. 4 . 443 ) 6827 72 27 13 - Cleveland, OH 41 871 6351 Al 26 12
Griffin, GA - 33 1001 2136 217 84 .42 . Madison, WI 43 889 _ 7863 76 28 13
® Winnipeg, Canada 50 , 820 10629 63 23 1 Sault Ste. Marie, Mi > 46 . 724 9048 74 27 12
ithaca, NY . 42 . 951 6914 ° 68 24 1 Sainmt Croud, MN 46 1062 8879 S. " 27 13 g
Inyokern, CA 36 2186 3528 232 88 42 Lincoln, NE | 1316 .~ 5864 104 39 19 7
ANL, Lemont, IL 42 750 6155 79 30» 14 Midland, TX 32 288% 2591 202 79 39
Newport, Rl 41 50 5804 97 37 18 - El Paso; TX 32 3954 2700 228 88 44
Laramie, WY 41 7240 7381 106 42 21 Albuquergue, NM 35 5327 4348 161 64 3
Page, AZ 37 . ,4280 6632 . 128 48 23 Grand Junction, CO 39 4832 5641 119 46 22
- Prosser, WA ] 46 840 4805 117 41 18 Ely, NV 39 6279 7733 119 47 . 23 -
Puliman, WA 47 2583 5542 100 36 16 Las Vegas, NV - 36 2188 - 2709 218- . 84 42
Put-in-Bay, OH 42 580 5796 " 68 24 1 Phoenix, AZ- 33 1139 1765 300 118 59
Richland, wA - 47 YE) 5941 100 35 15 Reno, NV 39 4400 6632 125 47 22
Raleigh, NC . 36 440 3393 133 52 25 Santa Maria, CA - 35 289 2967 353 142 - 67+ 7
Riverside, CA 34 1050 1803 391 152 — 74 Bismark, ND 47 1677 8851 78 29 14
Seattle, WA | " 48 110 < 4785 94 33 13 Lander, WY 43 5574 7870 108 42 2
Sayville, NY 41 56 4811 ° 98 38 18 Glasgow, MT 48 2109 2996 105 41 .- 20 o
Schenectady, NY 43 490 6650 63" 24 1" Rapid City, SD 44 3180 7345 - 97’ 37 18+
Seabrook, NJ 39 110 4812 97 37, 18 Sait Lake City, UT 41 4238 6052 107 ~ 40° 19
Shreveport, LA 32 220 2184 - 179 70+ 35 Boise, 10 44 2895 5809 108 »39 17
. State College, PA 41 1230 5934 78 29 14 . Great Falls, MT ~ 47 3692 7750 93 35 16
. Stillwater, 0K "~ 36 910 3725 132 52 25 Spokane, WA 48 2356 6655 .90 31 14
Tallahassee, FL 30 64 1485 288 13 57 Medford, -OR . 42 1321 5008 107 38 16
Tucson, AZ . 32 2440 R 1880 301- 118 59 Los Angeles, CA 34 540 2061 416 157. 75
Oak Ridge, TN 36 930 - 3817 1 42 20 Fresno, €A 37 336 2492 195 70 32
. Fort Worth, TX 33 574 2405 185 73 37 Silver Hill. MD 39 292 4224 11 43 5 2
Lake Charles, LA 30 60 1459 244 96 48 Cape Hatteras, NC. 35 27 4612 189 74 36
.Apalachiola, ‘FL © 30 . 46 1308 . 324 129 .65 Sterling, VA . 39 276 4224 111 43 21
Qrownsville._TX 26 48 . '600. 517 218 110 Indianapolis, IN 40 819 ° 5699 - 86" 32 15
San Antonio, TX 30 818 , 1546 - 262 103 52 Astoria, OR . - 46 2 <5186 127 45 19
Greensboro, NC 36 914 3805 128 50 24 Boston, MA . 42 157 5624 86 . 33 16
. Hatteras, NC : 35 27 2612 204 79 39 °  New York. NY o4 187 4871 88 © 34 16
Atlanta, GA 34 91018 - 2961 .'154 59 29 Nort\h Omaha, NE 41 1323 6612 , 89 KL 16..,
hd ) ‘(Los Ala_m‘os Scientific Laboratory)
4 o iR = 6-3 d ) L ' .
Lo e { - : y : '
Q - . R ) 6.0 . . . e
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average mont ly outdoor temperature There are Values of X and Y- are calculated for each
also “correctidn fagtors" to be applied for “non - “‘month’of the year for the locall'ty in questlon and’
¢ standard” variations in systém. configuration,  for an assumed collector area. Monthly values.of
such as larger or smaller storage capacity than “f"" are obtained from the chart at the intersection
“standard,” and heat exchagpger performance for . of the X and Y coordlrrgtes The monthly solar
. liquid systems _ energy &ontributions are then totalled for the sea-

son and divided the total heating.demand to
determine a“seasonal’value of {f'". The procedure

. j i o
! " 'Btu,Hr : . : is then repeated fot several other a sumed Gollec-
w/degree day = m X" 24 hrs/day . . tor areas. ((Q
average inside temperature o7 ] - The results coufd be as follows. for a specific
’\ average outdoo; temperatufe . building and- collector type; collector area (as-
: 40,000 L ' A sumed) of 400 square.'feet—seasonal “f" equals-
= —2-= x 24 hrs/day ' i ) .43; collector area increased to 600 squarse v
(70-20) , . , . , ) o . 4
r \./ : o .

= 19,200 Btu/degree day 3.00

From the table in Figure'6;3 the LC division would be: 2.75

, ‘B 2.50
154 to provide 25% of the heating demand 3
59 to provide 50% Of the heating demand Ty 8
" '29to provide® 75% of the he‘atm}g demand v / .
o i h N
Using the 50°/o:contr ion,” the size of the collector 5’,
can be calculated as follows: ! N o)
) . 1Y [+¥]
. n r .e
. Btu/degree day ]
— . . 2 — _
-s'ubsti'tutin f on\T ‘bc‘ ) [ — ) T g = ’ !
, gfr e, . > 050 o ' :
19.200 S e Lo /(’fracticnof monthly energy supplied) . -]
T 325.4 square feet of -collectors reduired. . 1 Y 1 1 L ! A L
? Soen e . . 0 2 . 4 6 8 10 12 14 16 18
}’ . - N » k ‘—.\ - ‘ . . . . . ) O
M : : . - Colléctor Losses
Fig. 6- 2 Calculatmg the BTU/degree day and solar col- \ L . i v " Heating Load
lector size using LC valle. L : " B o
/ S - ‘ i ) Fig. 6-4. f(ﬂ\{ﬂj for liquid-based solar heating sysfems.
ry :
. < TABLE 2-1 cont'd
. : SOLAR CONVERSION FACTORS
UNITED STATES, AUSTRALIA AND CANADA ) -
_ AIR . [% . )
’v@ Desion Portion of Load Carried by Sof R
- emp. ' . rtion of Load Carri y Solar
-Location Bifer. 0% | 50% 70% | 30% | 50%
'. : , , “Coltactor Tilt "
v . e s | ar s | ar 5 |37 - s | ar . s 4 32
Georgia ‘ 1 ) “ .
Atl ‘ta ) 55° - 292 - 297 141 150 80 86 310 . 316 144 152
Griffin . 48° 321 . 337 162 170 98 105 350 367 166 177
Idaho N s ' : ’ '
Boise . 60° 196 205 89 v 99 45 52 . 205 217 88 99
Pocatello 72° 235 245 123 123 . 60 68 252. 266 114 125
Twin Falls . 62° 186 . 189 - 86 .. 91 44 50 193 197 84 90
lilinois - ' = o T ' - C
Chicago - 70° 74 78 29 32 14 16 67 70 . 25 28
Lemont-. ’ 70° 162 167 77 83 42 47 167 - 176 74 - 82
indiana ‘ o _
B ' Flg 6-3. Pomon of Tab. 2-1 SMACNA Installation Standards o ' - )
. . N . . i . . . 6 B - ’
N ’ [} B . - . ) - EENY . o
\)4 . . . K . . . . ] o : . .

Aruitoxt provided by Eic:
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feet—"f" increases to .55; aid for a collectorarea ~  when the,time. comes to pay for the heatl sys: '
of 800 square feet—*f"’ equals .64. Thus, to supply tem, ne®rly -dll customers/cllénts will - \
just over half the heating needs (:55), a collector of l/RWﬂ'row mtch the solar system will save befo,re.x
600 square feet would be requrred in this hypo- ] decjding to purchase. In terms of economic bene- )
thetical case. : fit, what size system mlght be best for 4 customer;

. The University of Wisconsin has developed a one that contributes 20, 30, 50; or 80 percent of the ~
computer program utilizing: the FCHART pro-- energy need? Figure 6-6 illustrates a typical eco-

" cedure. It is available for sale for private use and a nomic analysis. Tt# top curve relates collector
number ofggollector manufacturers make thﬁ ser- ~ area versus fraction of the load supplied, ag might
vrce available to their customers. Details the be determined from FCHART; SMACNA, the LC

. .manual procedure to use FCHART are |ncluded in Table, or other gimplified procedures.
» HUD’s Intermediate Minimum Property’ Standards * The lower curve relates collector: ared. to
.- .- Supplement. - * money saved over a 20 year period. In this exam-
- ‘Between the hlghly sophlstrcated FCHART ple, the peak savings are realized for a colfector
computer analysis and ‘the drudgery of manual area of 630 square feet that would result in a 60%
, - calculations, there is a hand calculator approach soldr. contrlbutlon . E EE .
Y ' . devised by resedrchers at Colorado, State Univer- , : T ' )
sity. Termed” “Flelatlve Areas Analysis,” -a de- - S BT
signer equipped. ‘with- special tabulated data for = Y . . . . N
v specific cities can simply “plug in’’/a few num- L : , L
- bers into'a calculatornand determ(f¥fe an annual: 1.0 ‘ " - * *
laad fraction. Details of the progkdure. are con- .~ -~ 7 ‘ , ) )
tained in ‘a. thesis' written by C{Dgnnis Baxley, ¥ T 0.1 v ' © 't
. Department of Mechanical Engineé¥ing, CSU, Forf , 3 . SN BRI
v~ . COllins, Colorado 80523. The procedure also in: 21 Optimum . = i
volvgs an economic analysis to determine the s . T T €= a
““best size” of collectof. The coneépt of life- -cycle- s |7 ) ' ’ : Lok
costlng will be dlscussed n’ext v 3 0.4 4 | R
. - s ) . -,
ECONOMICAL COLLECTOR SIZING G021 . — co b
/“ .~ ¢ There ‘are'many reason,s why a customericlient v ) 0. { - .
may choose to purchase a solar heatthg system. o0 . Y . ' —— !
Among them is a concern for.the enyironment, 0 " 200 200 400 1 600;- 'l - 80l
fear of fossil fuel shortages, and a gesire to have a ! ) ! R :
new and -innovative heating system. However : n’
':. . X N N 1Y . - I : I
” X -, $3600 + 4
3.00 T T T 1 T T . 'g'
275 : ) - 1 & $35001
» - r S . . - >
o 280k R N t=09 1 3
5| 225F : ' _ 1. 2 s3400
(5200 =081 o
B 21.75] t=07 1 & $3300
2T 1.50 .1 =06 1 o
£lT 125 - t=05. &
o - - ,
§ 1.00 - - : — - t=04 | 2 $3200 4
| 075 - . L 4 8
> 050 % ) ] 3 3100
¢ f = 0.1 . 8
0.25 /(frar'lon of monthly energy supplred) -l 2
S — . L . isaooo — ‘
0 2. 4 6.8 10 1211, BEL I T ;;)4&)- T 600 80
» . - . kR . ) e , ‘
~ . _ Collector Losses - ™ . S Gollectsf Area ft2 e
~  Heating Load : o o o 5

N L
3 - P’ »

'Fig#6:5. {-Chart for solar air heating systems. . _Fig. 6-6. Savings versus collector area.
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Please note, however 'that a modest -change

: ot $100 out of the projected $3600 savings. in this

example wonld alter_the desirable colléctor size
from a low-of 500 square feet to perhtaps 700

~ square feet. Thus, the optimum plateau is farrly

flat and this means-one’s chaice is rather broad m\
terms of, optlrmztng payback, especially because

of the many assumptions made to complete an-

economic analysis. Presently, it appears that col-

heating installations. By comparing the present'
values-of the yearly costs of the solar and non-
solar sys{ems the economic feasibility of the so-. -

-lar system is determined. Present value refers to

" ‘the savings in term’s of today's dollars, As one

knows, the value of money is time- related andisa

~normal factor to consuder when analyzmg invest--

lectors selected to serve from 50 to 70 percent of .

_ the heating load are most economic in normal in-
stallations. 5

LIFE-CYCLE-COSTS -

Because of theneed to install a combination
system (solar plus’ conventional hemating equip-
ment), it is obvious that it will be impossible to
create a solar assisted heating system which is
less expensive than a conventional system based

- on initial costs. The sale will be made based on

what is termed “life-cycle-cost.” (See Figure 6-7.)

The customer/client must be convinced that the -

savings in energy cost over the years.the sgstem
will actually last (before it.wears ogt) will offset

the initial cost of installing the solar heating:

system.’In makmg the determination of life-cycle-

costs, it is necessary 10’ consuder the follow?ng S

factors: s '
1\ ‘Solar System Fixed m‘ttlal Gost
2. .. Solar collector |nstalled cOst per square
..~ foot.
T - :
3. Loan interest rate.’
4.  Loan t'er'm.
-5, Loan down payment.
6. \_ Property tax rate.
7. Income tax rate.
8. - Maintenance costs.
9.* Insurance.
_10.  -Property taxes.
“11. . Present fuel (;c;sts.. .
12 -~ Irtflatioﬁn i '

QObviously, these factors will vary acE:Ording
to the location of the installation. It will be
necessary to become familiar with the values for
each of the factors for a specific location: The sav-

ments»

“SOLCOST” COMPUTER ANALYSIS

Because -of the. numerous calculations in-
volved the computer can be put to ideal use. An
ERDA funded program called “Solcost” is avail-
able to contractors tordetermine optimum collec-

*tor size. The cost.is from $10 te $20 for sizing an#?

life-cycle-costing. For an additional $40, a heat
loss calculation can be obtained by computer.
Figure 6-8 illustrates the type of Solcost resuden

tidl analysis that would be provided. .o

.For further information on the Solcost pro- ,
cedure contact: International Business Servrces
- Solar Group; 1010 Vermont Avénue, Washlngton
D.C. 20005, telephone (202) 628-1450, °

v

$3.000 Maintenagce. -
. and . - - K4 B
Fixed Operational /s X eprec-
$1,SQO ol Costs. Insurance S92 - O .~ iation
$750 ” ]I l I I l -
“w= fnitial = |= —Xk= Annual Costs ——
These»
Factors .
" Could K
be .
D‘ecrsrve. i —*t
?
., |Energy T -
. 51 ‘ Inflation Appreglallo'n
L ... ~ - =
K Tax
. . JIncentives
. . ey, » .
1st 2nd - "3rd —~™— — —Annual — — -—
Year Year Year, etc. '

. Other
Annual Fuel"Costs

ﬁ' Savings*?

ings versus: collector area as shown in Figure 6-6 in-
volves a great deal of manual calculation. Build--,

~ ing owner cash flows are calculated for each year
of the analysns for both solar and non-solar space

. R

l"..

Fig. 6-7.:Life cycle costing is a method whereby the total

' costs of a product can be measured against the annual

. savrngs showing the buyer approx1mately when his or her
mVestment is paid “tor. . .

N\

L
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INPUT-

L

- -

: Input Parameler. ' . -

Solar System Type

Fue! Type for Reference Heating System
Fuel Xype for Solar Auxiliary Heating System
‘Collector Typé - . - . '
Collector Tilt Angle i
Collector Azimuth'Angle

Site Location

S Building Heat Loss Coeéfficient

Building Floor Area

Solar System Fixed Initial Cost

Solar Collector Installed Cost/ Sq. Ft.

Loan Interest Rate ) - .
Loan Term ' A
Loan Down Payment
Property Tax Rate. -
Income Tax Rate : :
Inflation of Maint., Insur. Property Ta

>

- .04<(4 percent) . . :
$.035 -

’7Uur tnput
- —

NN =
~

55, (Degrees) . - t . :
- " - - + 10. (Degrees) . ¢
DENVER .
8.3 (BTU/Sq. Ft./Deg.-Day)
1950. (Sq. Feet)
. $1000:
$12.00 o
.09 (9 percent) S
: 20. (Year) - - -
.22 (22 percent) - ' .
.02 (2 percent)
.30 (30 percent)

t Present Elegtricity Cost $/Kw-hr ;
I ) o ~Electricity Lost Escafation Per Y .10 (10 percent)
B ’ g 7 A =

4
~ ’ 1_ } |% /
Solar System Type = = .. N . ‘
This input parameter covers dffferent types of ‘solar systems used
for healing and cooling of buildings. For example, the indicator
(1) above signifies spage heating with liquid, collectors, colledtor/
storage heat exchagger, fan cc”s or air duct heal exchanger
+- 8yStEMS. wot.x o - : :

e

-

il #”,

ot iWB¥enge (Conven’ m.al)’“eal%?sg:m :
PG de. optural gaa. eéas'yﬂ, eity,» * LR gas amgls*
3 ig‘)ﬁmu&anﬁdic tér -(2) as above, it means

) Tael used “for the reference or conventional’

zXPI:ANATION OF SELECTED INPUT VALUES

Fuel Type for Solar Auxillary Healing System

These fuel types are usually the same as those for:the reference ..
heating system input -parameter — natural gas, electricity, fuel -

oil, LP gas and coal. The indicator (2) represents  electricity.
Collector Ty,

All collector "types including liquid, air, evacuated tube, and ‘

.+ others can be defi by this Pammeter.” The ghdicator (3)
»represents a !iqyid. flat plate, 1 cover, sedectNe absorber
. . K - V2 -

collector.

. S . GUTPUT -
S T - ’ “wi .
COLLECTOR SIZE OPTIMIZATION'BY SOLCOST

_ Collector type = flat piate 1 glas, selactive . - | )
Best solar collector size for tilt andle’ of 55 degrees is 400 sq: ft..

", Solar costs = 1000 fixed 4 4800 collector + 900 storage
’ CASH FLOW SUMMARY

Y

" 1Bput conventional system costs = 0

Initial solar investment = $6700 _ Down payment = $1500
Financial scenario —Yesidence S -

. &
' ~ (A) (8) 5 (C) (D) CE (F) () '
yr. Fuel/utility Maint. Property Annuel Tax oan * Net
, . Saevings + insur, Tax Interast Sevings Paymant Cash Flow .
) . . - 5(!500 {Down Payment) ’
1 500 70 135 468 181 570 -94 .
2 550 . .. 73 140, 459 180 570 -53 ’ .
i 3 605 » 76 146 449 178 570 -8 ) o ) N
4 665 79 152 438 L1771 G § 570 . 42 - L
.5 732 82 158 426 175 . 570 98 - ! :
6 8ds . 85 164 413 ~ 173 "~ 570 159 '
- 7 886 89 171 399 . £ 570 228
8 974 92 178 384 168 570 303 4 s
9 1072 96 185 367 186 570, 387 A
10 1179 100 192 349 162 570 480 T v T i)
1 1297 104 200 . 329 159 570 582 v ' .
% 12 11427 « 108 208 - 307 185 7 570 . 696 > 8
13 1569 112 216 L 284 - 150 570 821 .
147 1726 117 225 258 ~ 145 570 960 Je
~15 1899 121 234 230~ 139 570 1113 - . ! T,
‘16 2089 126 243 199 133 570 ~1283. / e . o
17 2297 131 253 166 126 - 570 s 147 o . -
18 . 2527 136. . 263 © 13, 118 570° 1612 . T had
19 . 2780 142 . 273 90 109 . 57Q - 1904 .
20 . 3058 147 - 284 47 99 570 2156 -
Tofals 28637 2086 4020 - 6192 3064 11400 12703
. . N
- Payback time for ngt cash flow to equal down payment ¢ - 8.9 years
" Payback time for net cash flow o equal ‘down payment 9.9 years
Rate’ of return on net cash flow - T 16.3 percent -
Annual portion of load provided by solar - 72.0 percent ' " -
Annual energy savings with solar system 91.3 million btus ) o
' Tax savings = income tax rate x.(C + D) T, o =
Net cash flow = A — B —C + E— F . % B

Q

ERIC -

Aruitoxt provided by Eic:

* Similar calculations can be made for businessds and non-profit or
tions such as depreciation and tax deductions are accounted for.

ganizations whe_r}e special considera-

Fig. 6-8. An example of SOLCOST use for residential homeowner*.
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. EFFECT OF MOUNTING SOLAR COE,LECTORS
AT ANGLES OTHER THAN OPTIMUM
For ce heating (only) appllcatlons the
optim angle of a sqlar collector with,respect to
the hgffizon T8-~15° plus the local latitude. For
heatln coolmg applicatlons (where collector
heat is'also used.for cooling) latitude pIus five
. degrees; for domestic water heating oply, tilt
.. -should be equal to latitude. For Columbus, Ohio,
: ’the latitude is 40°N; therefore, the optimum tiit for
" heating is 40 + 15 =
some installations it may be impractical to main-
tain an optimum tilt. Before declding to install col-
. lectors at the optimum angle, it i's very important
' _ that the effegt on the efficiency of the collector be
determinsfnd then consider the cost of the ad-
ditional collector area needed versus the expense
" of ‘an elaborate frame. .

- : Figure 6-9 graphically’ |IIustrates the effect of
changing the tilt on the efticiency of the collector.
The computation of"the additiona} collector ared
required is aIso included Sn Figure 6-9. -

'EFFECT OF FACING THE COLLECTOR EAST OR

~ WEST.OF DUE SOUTH - "
'+ *° When a colleetor must be oriented east or
" ° west of due south, more of the sun’s energy which
strikes it is lost. As imthe case of changing the
-tilt, this requires that the collector area be increased

55° from horizontal. Far .

B verting- Btu storage %

> . ’ e .

“to compensate for this loss. The grdph in Flgure 610 .

will-enable you to determine the efficiency ofta
collector which is oriented east or west of due - -
south. For e)fample, a collet:tor oriented RS east :
of south will be 90% efficigmt. Using the 'same for-
mula as given in Figure 6-9, it can be seen that the
collector must again be increased by 11% to off-

. set the logs due to the orientation.

" SIZING THE HEAT STORAGE UNIT

The size of the heat storage unit is dependent

"~ upon the material used to store the heat and the

sizq of the collector. For a typ solar collector
system the size of the bed storage unit is-deter-

-mined as shown in Figure 6-11. Section 615-7.3.1

of HUD's MPS supplement for sofar heating speci-
fies minimum storage as not less than 500 Btu per
square foot of collector. Refer to Lesson 4 on con-

allozéof rlater or cubic
. S .

Siz ng Heat Exchangers '
A third major eIement in many solar assisted

feet of rock storage

'Irqmd IGop systems that must be sized is the. heat

exchanger. Recall that, in liquid loop systems us-. .
ing an antifreeze or Special heat transfer liguid, a .
heat %changer is used to separate the collector

.loop cgntaining the special fluid from the storage

loop which contains water. For many fpating and - a

. - \——-—;\ o \"
, . 0 : d : N 100
s
09 | > Joeo s
3 . S
-~ 08 ’ 80% ‘
J 4 [~ 7
. - - : o : , ' “
: . 07 & 8 L1 . } IR N ] - 70 !
2 ; ) L7 . e <7 r - . “
- «1—-35» 1-25 115 15 L+5 1415 ‘+25 1435 1445 1435 4
' ¢ ' ‘ a . ' ¥ ’ ’ / B : LI

= Local Latitude
Example of How: to Compute Intreased
. Collector Area Required
. 1. A collector in Columbus, Ohio, is located at a tilt of 25°.
- 2. Opt:mum for Golumbus, Ohio, is 404+ 15 =55.

Therefore, the collector ‘tilted.at an angle.of | — 15.

) .~ 3. From

’ { . : =
. v e~ Y —;— =1 .
N «

) is ‘angle the collector wil] operate at 90% ethcnency
- - 4. To com ute the increased collector area required (a) use_the following formula,
’ ' " " Where ’

-

e = efficiency of the collector (decimal)
T
= —1=11% .
3= "09 ° °.

"Therefore, the area of the collector must be increased by 11%.

Fig. 6-9. Effect of solar collector tilt or solar heating performance.

88 .
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aur-condutubnmg technucuans th|s |s an unfamiliar
component.

Flgure 6-12 shows three common types of
heat exchangers. A fourth type that may be found
in solar systems is an.immersed element wuthln
the storage tank itself.

b As noted in an earlier paragraph, the addmow
. of 4 heat exchanger imposes a penalty on the sys-

11.00 100

, 0.96] ' 196

© 092 92

E ‘ 88

' E 0.88 — .,
. '\'5_ .

© 0.84 184%

e .

o .

£ 080 180

] .

- x.

< 0.76 76

Frll

‘Q:) .

S 0.72, 72
0,58 68
oesl - _ H64 |
0.60 U WS N SN S S WY U Sy S G NS S N N GQV

- 90°, 60° 30° 0° 30° 60° 90°
West South East

rFlg 6-10. Effect of solar collector onentatlon on solar
heating performance

v

. . means that the hot fluid from the collector enters .

s

Air Systems .
Require 12 to 1 cubic teet of pebbles per square foot of
collector area .

Example: A 260 sq. ft. air collector array is installed in a
house with a 50,000 Btu h design heat loss and an
hd ’ overnight ‘heat load of 287,140 in January, .
. Storage required: 130 (260 x 0.5) to 260 (260

« 1.0} cu. ft. of rock.

From lesson 4, at a specific heat of 20 Btu cu. ft.
. 1- for rock and assuming a 70 deg. F temperature rlse
the storage would provide :
130 » 20 <70 or 182,000 Btu's or’

<260 » 20 x 70 or 364 000 Btu’s

Since overnlght heat - Ioad is 287,140 Btu's, "a 205
cu. ft. pebble béd storage bin would be adeguate
and fall within the %2 to 1 cu.®it. guideline.

Water Systems ~
Require 1-2 gallons of water per ‘square: foot of coIIector
area -

' Fig. 6-11. Sizing solar heating storing units relative to
collector area. :

Aruitoxt provided by Eic:

. . v ‘ s
- . M .:
. - . 4
. o v
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tem, since there must be a temperature drop
through the device in order to transfer heat,

* Figure 6-13 shows-a simplified collectorto— -
heat exchanger loop. In this case, a cou terflow CL s
_single pass heat exchanger is illustrated. This R
the heat exchanger at the pount where the heated

‘Shell Fluid In -

Shell .and Tube

Q_Shell Fluid Out

s _ . (One Pass) i
. ~ s
<
T Shell Fluid In
" Tube Bundle
: S 4\ Shell
Tube /
Liquid In -
——
-~
Tube
Liquid Out :
U-Tube N % Sheli Fluid Out
. ] ] LN
Tube Fluid In
o
E-] ]
| Shell Fluid I'.nv
— Y .

-«

Shell Fluu\ot_n o
S .

Helical

: hree basic heat exchanger types. e

' ~



water Is leaving By 40
“countérflow’ pattern between ho “and- colder
fluids’ results in improved heat transfer. =" -

" The optimu
" the temperature Df the water leaving the ex-
. changér would equal the hot fluid temperature en- »
tering the exchanger from the collector..in Figure
6-13, this suggests that the leaving water tem-

" perature of 155°F equals the collector discharge

temperature. However, this is never achleved The
leaving water temperature will aIways be less
than the hot.collector fluid temperature. The dif-
ference between the entering fluid temperature

"
orage This

8

eat transfer would occur when ™

from the panel and the leaving water temperature ..

from the heat exchanger is termed the *“‘approach
temperatare.” Most heat exchangers In solar ap-
plications are selected based on a 10 degree ap-
proach temperature. Thus, the illustration shows
a leaving heated water temperature of 145°F.

_ "As might be expected, selections based on
larger approach temperatures result in smaller,
less costly heat exchangers. However, larger ap-
proach temperatures and s er heat ex-
changers tend to increase the operating temper-
ature of the solar panel and as described in Les-
son 3, collector efficiency decreases with higher
operating temperatures.

Most manufacturers of heat exchangers use
computer programs to select a proper unit based
on the flow and temperature conditions specified.

To select.a heat exchanger, the deslgner
would have to provide

1.7 the desired approach temperature (usually
10°F); _
2. collector loop flow rate (from collector

_ - manufacturer specifications, but usuaily.
about .02 gpm-per square foot of |nstaIIed

col Iector) ¢

. . .,"
D B R

155°: Entermg Heatmg Liquid {

' ‘ ' o§n Solar Panel

4:

7

3. 'Btuh to be transferred (collector putput at
specified design radiation); : /
-and elther the mInImum storage temperature

~r—Qf the flow rate’
heat exchanger

Because of the' m&errelatlonshlp between col-
lector and storage and términal. unit (usually a
duct coil), a complete analysis of. system perfor-
mance under actual conditions (Iaboratory ortest
house) must be made to arrive at one or more of
the four items listed above. The designer/technician
must therefore depend on a great deal of assis-
tance from the component manufacturers to pro-
perly select the best heat exchanger. 4

f)'om stqragé\through the " -

-

Slzlng Alir Cushion Tanks -

It is necessary to make provision for the in-
creased volume of water in a liquid solar heating
system caused by the heating of the fluid. There
are several methods of doing this. One is to use
an open expansion tank. This tank is open to the
atmosphere and must be placed three feet or more

. above the higtiest point in the heating system.

Perhaps the more common method of pro-

vldlng for #he expansion of the water in a closed

system is the use of a closed or air cushion tank.
When the system is first ‘filled with water, a pocket

" of airis trapped within the tank (Figure 6-14). When

b ", 145°; Leaving Heated Water
?‘ —lg—’—-
5 to. ,v“ .
T Solar Heat To and From
Exchanger Storage and/or

. Col_IeCtOT Heating Load

)
b4
!
I
)
[
|
!
!
)

125°F En'terir)g Water

" pump— Z135°F

Fig. 6-13. Schematic of heat exchanger circuits.

the water in the system is heated, it expands and
compresses the air trapped within the air cushion
tank, thus providing space for the extra volume of
water withoutcreating excessive pressure. o
In any system filled with water, the weight of
the water develops a pressure known as. static
pressure. The static pressure at any pointNn the |
system is.equal to 0.43 times the height of the col-~ s
um-of water in feet above the point in question.

Zompression Tank Betfore Fill -

¥

Volume = 100% Air

Pressure = 0 psig Air
After Fill
Volume = 60% Air, 40% Water Air
s L
¢ Pressure — 9.5 psig- —_—__ T Water
-

d

_Fig. 8-14. Cutaway view of diaphragm air cushion tank.

8-10 .
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» Thus, a column of water,jn piping leading tof
~or from a solar collector on a roof 19 feet above

would impose a pressure of 19 x 0.43 or 8.17 psig,

if a pressure gauge \o{mere connected at the pase of

. - the vertical pjping. "™ -

- In some solar systems, th|s “natural" statlcg
spressure is the only pressure in the collector loop.
In others, the pressure is increased beyond this
normal pressure in order to provide pressure.at

the top of ‘the loop sufficient to- prevent the hot
.collector discharge water from flashing into stham.

PressureNqume

Water, ,like other l|qu1dg expands or in-
.creases in volume when it is heated. The pipes
and other components of the system also expand

oon heating, but not enough:to compensate for the

increase in water volume. For a water system, the
apparent expansion of the.water (d'i’fferenCe in the
expansron of the water and the system compo
nents) is about 0.025 percent per degree change in
temperature. In other wordg'if a system is filled
‘with 50 gallons of water at 60°F, and is then
heated to 200°F, the 50 gallons of water will in-
crease in volume by 50 x 0.00025 x 140 = 1.75gal-
lons. Therefore,.the 50 gallons of water at 60°F
“becomes 51.75 gallons at 200°F. The comp(es-

sion tank must permit thiS expansion and, at the .
. same time, maintain the maximum pressure de’
veloped in the system below the maximum allow-

‘ablé pressure of the collectors and other com-
ponents.

DiaphragmAir Cushion Tanks

_‘While the conventional air cushio!ank ade-
quately protects a system from exce ive pres-
sure fesulti

being in contact with water at relatively low

temperature. This occurs at the air-water interface

within the.tank. Under these conditions, the water
has the ability to absorb, or dlssolve some of the
airin the tank. Later, as the water in the system is
heated, some of this absorbed air is released from
the water, since the capacity of water to absorb
air decreases as the water temperature increases.
This air must then either be removed by venting or
it must, in some way, be returned to the air
cushion tank. If it is vented from the system, the
process, will continue until, finally, all the air is
removed from the air cushion tank and the tank
becomes waterlogged. When this happens, any
increase in the temperature of the water in the
system results in an excessive increase in system
pressure. To correct this condition, the tank must
again be recharged with air.

811

‘tanks, an impervious diaphragm se

‘ Prfom temperature changes within-
the system, its use results in air under pressure

One method of combatting the problem is the
use of a d/aghragm air cushion ank. In these
rates the
water from the air, mak|ng absc}yptlon of the air by
the water impossible.

Usually the diaphragm is made large enough~
that it can lay across the sides and bottom of the
tank, as illustrated in Figure 6-15. The tanks. are
pre-pressurized on the air side of the diaphragm
to approximately 6 psig. Under these conditions,
not only is the air and water kept apart but
smaller tanks may be used.

Determining the correct sizt ekpanslon tank
is. quite involved if basic formulas are used. For-
tunately, tank manufacturers have computed sim-
plified tables forthelrspeclflc deslgns to ease the
selection process.

Table 6-3 is one exan\ple of a plified se-
lection table. Here, the tank size is én in terms
of gallons of- tank capacity per gallonof water in

- the loop. Thus, a loop with a fill pressure of 12

psig for an elevation of 19 feet would require a -
eonventional cushion tank With a capacity of 0.22
gallons of water in the loop.)If a loop contains 25

_gallons of water, then the expansion tank must"
have a capacity of 25 x 0.22 or 5.5 gallons. A dia- - -

phraym tank could be sllghtly smaller( 17 x 25 0or
4.25 gallgh). s, :
If the fluid in the collector loop is not water,
then the expansion tank ma have té be increased
in size if the fluid's expansidn‘rate is greater than
that of water. Table 6-4. shows.correct;on factors
for ethylene glycol (antrfreezel in various concen-

" trations. For a 50% concermgtlon and a 150°F de-

sign temiperature, the tank size would have to be
increased by a factor of 1.8 (1 8 x 550r9.9 gal-
lons). This correction was frequently overlooked
in early solar designs. _
Manufacturers of specialized heat transfer

fluids should provide correction factors in ord®f to
properly size the expansion tank. As in all cases,
follow the manufacturer's recommendation on
sizing. ‘

System Under

Pressure

No Pressure on
System

Diaphragm

To System

To?{stem

Fig. 6-15. Conventional closed expansion tank:
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Slzlng Air Heating Coils + *
. . Air heating coils are used to transfer heat
from hot water (or steam) to air. They are used as
terminal units in conventional h)?dronic heating.
systerq,s for appllcatlons such as the heating of
ventilation air. They so used for tempering,
reheating, ‘or booster heatln’g of circulated air for
either comfort heating or process applications.
Modern aigsheating coil$ are of finned tube
/gure 6-16). The tubing is usually
copper, and the extended surface is either alumi-
num or coppef. The coils are enclosed in'a casing
designed to be installed in a duct system, so that
"the air being circulated is blown over the§ external'
surfaces. of the coil while the hot wa’ter is crr
culateg through the tube. -
Coil ratings are based on.a unrform air veIocr-
ty over the face of the oil. Non-uniform air veloci-
ty may reduce the output The output of a hot wa-
ter coil used for héating air is a function of the’
_entering and leaving water temperature, the water

-\9

velocity, the entering and Ieaving air temperature, .

Each manufacturer has devised its.own methqd
- Pfesenting ratings in a set of. tablesycharts an
computer sélection procedures: Detailed instr
tions are provided for selecting.coils when the key
“variables are given.

.~ For comfort applicatlons itis possib e to set
some Practical limits on the temperatures, flow.,
rates, etc. needed to select a coil: T

and the face velocity of the air entering theio

,

air velocity across the coil shquid range from |

1.
500 to 600 feet per m|nute
2. storage -water (supply). temperature will
range from-120 to 160° F .
3. ‘ enterlng air temperature will range from
- 2 B68-72°F. - :
4.  water temperature drop through the coil will
range from 10 to 20°F.
5. . total system air flow rate will be determined‘ '
¢ by auxrlrary heatmg or.cooling requirements.
\<L\A|r Flow" L )
. * Fins
EEil Depth | T, o (ir.iruFbaecse)
@) I"T'!r o 'H_;y 1 yi'rry/l/‘ T
o Q:::_“ T SRR
Q’Q:t?: 7 NI ;71'14 o f
_ =| = = [ e
- OQ_—-—T‘T"EHI;’AHI% § H
(© Jk RO MECI000EE0H0000E H00000N
\ O - t
S I , RS A D 13601194 FeS0tie < oe0enees -
- , ' ~ L uxi‘l“:“‘i‘{\. , BN
Rows ii bx : \ = :
of Tubes - . .
in Depth ' v N Z:?s”‘g
. . or .
\,_/ w \< H = Face Area Alr Fiovrr . _~ Frame

',  Fig. 6-16. TypicaI"in-duct.hydronic coil. .*

/

RIC

Table 6-3. Simplified expansion tank selector procedure. '
v - © - Max_ Height £ Air Cuihion Tanks - ‘
Y _ imitial or . System . Capacity in Gallons '’ Di‘phragm ‘Tank
~ ® *Fill, Pressure Above Gage Per Gallon of Water Pre Pressurized’
"y psig . 'it R in System to 6 psig &
) 4 0 . -0.10 : i
6 5. 0.12
8 ‘9 0.15 - 0.11
10 14 0.19 0.14
12 19 0.22 0.17
14 23 0.26 0.20«
16 ‘28 0.32 0.24 4
R 18 32 0.39 - 0.29 .
20 37 .. 0.48 .« 0.36 -
- 22 42 063 * = $, 047 /.
24 46 0.85 Reath 0.64 . v
" This table is based on a final pressure of 30 psig at the low point .in the syster‘n :
. \ and an initial fill temperature of 60°F. . B
b X t ‘
- . " t %
- Table 6-4. Correction factors ior tank.sizing when anti-fre¢ze used. £
.E,lh:I.er::’gI:t':ol' I ‘Fl::’::: 4 } Maximum Design Temperature** . e
by Volume Pt °F 150° 160" " 180 200 220- 240°
10% +25” 1.15 1.13 1.1 1.09 1.08 1.05-
. 20% +16° 1.31 1.29 1.24 1.18. 1.15 ' 1.12
33% 0° 1.6 1.52 . 1.44 1.37 1.3 1.23
_ 50% —-34° - 1.8 1.73 1.6 1.5 1.42 1.36
'\_mterpolated from Union Carbide data book. . **Use 150 F colimn for temps below 150 F. . .
8-12 .
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Suppose the Space heating Ioad in a solar « Ddot Design: Appendix B and C of this docu- .

liquid-to-air system is 70,500 Btuh. Assume fur- ment - : :
ther that the cooling unit requlres an air flow rate S%_tion 3 of SMACNA Solar
of 1200.cfm. : ~ Stahdards for a detailed discus-
Firsf, calculate the required coil area. .o ,Sion of duct design
- Ta_king 500 fpm as the face velocity'and. di- - . Na‘tional Environméntal Systems
V|d|ng it into the total system cfm, the result is: - ‘ . Contractors Association. Equip- ,
Total System (cfm)/Face Veloaity. (fpm) C0|I Le -fﬁ ment Selection and System De-
LT sign Procedures, 1228 17th St.

‘

" Area (sq. ft) *
1200/500 or 2.4 SQUare feet of cour area requured
If there is a 20°F temperature drop through = Pump Selection:
he coil, the gpm of water that must be pumped . Plpe Slzlng Appendlx D of this document.
from storage is . . .-
Space heatmg load (Btu)/[(lb gal X - min/h NATIONAL SOLAR HEATI‘NG AND CODLlNG

X

specific heal)’ x Temp. Dro °F)] = ‘Yolumé of INFORMATION CENTER
water (gpm)- . - N Public Law 93-409 made it possuble for the
: 70 500/(8 34 x 50 x 20 1) o 705 gpm. ‘ 'Depa(tment of Housing and Urban Development
and the Energy Research and Development Ad-

N.W. Washington, D.C. 20036
: Appendix D of this document,.

A;sume that, the return air temperature is ministration to _establish the National Solar
70 F and the supply water temperature from stor- Heating and~Gedfing information Center. The pur-
ag¥ at design conditions is 150°F. Then, réferring 2(se/o'f this center is to provide a complete, one- -
.toTable 6-5, coil A has an outputof 72,800 Btu/hat - _s1gp servicefacility for all information about solar
~these conditions. This is adequate for the plr- - heatingrand cooling. For example, it is possible
'~ poses of this lesson.. . ‘  for-designers, engineers, installers, service per-
Complete manufacturer’s litérature W'“ of sons, and others to obtain general information
course, offer many tdbles for coils of different  apout solar heating systems and.to have their -
areas, flow rates, and enterin.g tonditions from (_name added'to"a calegorized mailing list. Oncea
which to choose a unit for a given system. ., name is on the list| curfent, continuing informa-" /

e S o " tion about various greas of mtereanII be mailed
- ' ' L .-~ as it be€omes avaifable.

, SIZING FANS, PUMPS, DUCTS, AND PIPES -~ * - The center may be contacted by callmg
The suzung of fans, pumps, ducts; and plpes -.800-523-2929 (toll. free) of by writing: Solar Heat- *

.wi]l be familiar to most people taklng/thls course: . ing, P.O. Bax 1607, Rockville, Maryiand 20850
. For. those who may need to review these pro- - - ‘ : . -

cedures the foJIowmg references are suggested: - SUMMARY ¢
N o Sizing the components ofa solar heating sys-
: ! T - tem begins with the determination of the coliector

"Table 6-5. Sample coil output where coil aréa is 2.5 sq.  size. In this unit, many technigues for determining
ft. and waler flow rate is- 7 gpm. / A the colléctor size were introduced. The simplest .

. ~techn|ques are “.lé of-thumb’’ procedures. Con-

C:lnlmtg?. ‘Sr;t‘:v' ! 'r' oy ' Entering Air Temperature ’ ~N id
i Tems €[ T0fr | s F [ mF | sor | ser T sir siderably more accuracy can be achieved using
Colh | 120 | 551 | 252 8 225 | 212 85 | 15g] - §ata developed by manufacturers of coliectors.
" goocem | 130 4 41 4: 320 293 x{g_’ L0253 | 22 Generally, these data are available in easy to use
) R i Y - 3‘1‘3 320, gg table form. The most complete ang-gccurate anal-
C : ~ — - ' yses are prepared by computers based on de- -
120 | 459y | 334 [ 298 7 280 | 244,208 S \ . : :
1200cEm | 130. | 549, | 424 {388 | 370 | 334 | 298 tailed input data provuded by the designer.
. ,,}50 {,Q:zaggt g(l]g' gég ggg 2?4‘ 388 Life-cycle- COStlng was ihtfoduced as a tech-
2 -4/
o T ’a "fl : I L ique for determinirfg the mot economical instal-\
|
" renoch j30 1 993 ;‘33 | 871 83 a4 | 241 . 1ation. Research data suggest that a solar heating
| 140 | 827 | 685 | 6M9 °[ 596 [ 550 <[ 504, " system which will furnish 50 te:70 percent of thes -*°
3 150, 3943 | 781 | 735 | 712 ] 666 | 62 annual heating load!will generally be the most -
. 126777601 1+ 438 #391. [ 367 [ 329 275]° “economical installation,s -
2000cFM ‘| 130 |,719 |\555 | 508 | 485 | 43.8 4. 392 , &
140 |.836 | 677 | 626 | 602 |.555 | 508 . "The effects‘of mounting salarcollectors at an e
150 | 953 | 790.] 743 | 720 7.3 | 846 rangle other than optlmum and facmg them in.a -
- * ' "'
BT - 4 ~V .o N
3 8-13 . : 2 pN . '
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directidn other than due south were presented.
- Graphs were provided.which enable the designer

to determine the reduction in efficiency of the col- »

lector for both of these conditions. '

Slzing procedures for the heat storage unlts -,"

heat’ exchangess, air cushion tanks, heating coils,
fans, pumps, ducts, and plpes were- discyssed.
Sevegal references 'were cited to provide addi-
tional - information about S|zmg each of %bese

components. . N .
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OPERATION OF SOLAR HEATING
- SYSTEMS

CoIIectmg, storing and using solar energy for
space heating requires the control of air or liquid
flow (or both). In Lesson Five, ¥ee various types of
controls and controlled devices that are likely to

be faund in most solar heating systems were pre- .

sented.
In this lesson, the basic operating modes of

solar heating systems will be ‘covered. Those de- ,

vices and procedu\es reviewed should be consid-

ered the most common approaches. Quite ob- .

viously, there exists any number of highly special-
ized proprretary control conflguratrons and more

- are'sure,to follow. Therefore, do not assume that

/ B .

1

_Heatlng Dlrectly From the. Solar Collectors .
When the sensor-in the discharge air stream

of the solar collector indicates that the collector_

temperature exceeds apre- determ_med point, and
the room thermostat is demandmg heat, then the
operating mode is as shown in Figure 7-1..

- The duct arrangement shown in Figure 7-1¢n-
dicates a two-blower system. This is fairly typical,
although a single blower configuration is also used
(Figure 7-2). More exotic.designs may even in-

clude three blowers. Also, for simplicy, manual .

and back draft dampers are not ,iIIus\t(atea '
For the arrangement illustrated, dampers 4-1,

. »whatis learned here is the only way solar system J-2 would be positioned to isolate the &torage cir-
‘operating cycles may be accomplrshed cuit, damper J-3 would be opened, and the econo- v

3 mizer would be closed. The air flow path would

ALL-AIR SYSTEMS ? Jollow the shaded area, provided. collector flow

- There are four essential,operating modes or rate and auxiliary heatmg air flow requirements

* a solar assisted air system: (1) space heating di- were the same. If there is a differencein air flow

rectly from collector, (2) space heating from stor- - requjrements then the bygass damper J-4 would,

‘age, (3) space heating from auxiliary, and (4) stor- - be opened and some portion of the air flow would

ing fieat. A fifth mode would be domestic. water circulate through the bypass duct. Thus, if colleg-

heating, if so, equipped.. * torair flow was 800 cfm and the auxiliary furnacel/-

As noted~a Lesson Five, a two-stage room AC unit required 1200 cfm, 400 cfm would flow .
thermoétat is typrally (but not always) used to  through the -bypals duct. In this mode, both the .~
gense space temperature gnd initrate demand. furnace. fan and thIector fan are operating. .

e ,;l;he first stage usually operates the_solar system . !
and the second stage operates the backup heat- * Heating From Storage
. ing system L e ‘When the coll»ector alrtempetature is below a _
) ) . On '
Damper J-1 _ I ) .
MR N _{/J:: " mp Supgly Air
T (Collector) . ’ | -5 J \. S .
ollecto : o - .
E Qck Storade Bin St FumS,fS/Ac : . *
. - . -
. \ O T (Outside
B . c
) s (382?;?13” T (er Space) A
' ‘. Return Air @ Room ‘.
- : ] Damper J-3 J 'L _"_
f . 44\ ’ gutsrde7 ‘ .
_ Damper J-2 . Bypass Damper J-4 . C;:)sed | Closed-1 \ .

Jd. Airspac

. . - - ‘
CONDITIONS:

-

requires heat (A)

2 Callectér, temperature (E) exceeds control point, % Cy, M

.

Economizer K

.

q ..

K 4

Fig. 7~1 Heatlng directly 1:9m collectors of an AII Air System
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Collector
- l Glatef Heating Coil’ predetermined set point, and the storage tempera-
Summer =/ ’ ture’is abdve a specific point (e.g., 90°F or above),
: ’ By-Pass then dampers. J-1 and J-2 are repositioned to direct .
. i oomm Furnace
v L A Rooms theairthrough the rock storag® unit. At this time,
T ; ' 1 J ~ the collector fan would sut off. (Se€ Figure 7-3.)
. T T et g I . | Heating with Auxiliary Furnace/AC Unit
" Store Air . o - In most instances, when the ‘temperature
| Coo : Handler . drops ;in the rock storage. and fails to s@tisfy
& , o - space heating néeds,.the space temperatufe will
- . - ) drop 4nd the second stage'of the room thermostat .
,will close to start the auxiliary heating. This unit .
e el . , . : may be a gas, oil or electric furnace or perhaps a
T s ) . T heart pump. Flgure 7-4 tJIustrates the flow- path for'
S . 1 _this mode.
. : ‘ . /

* 7o and From To Rooms _ - - g

AN QN
NN
)

R

¢ : Hot End of ~  Via Furnace . B Storlng Heat N ' N
Storagé e **  When there is no demand for heatlng from
’ ~ the first stag he room thermostat but there is
collectable hi‘the system switches to.the heat Je
'.vsAorage mod igure 7-5 shows the’flow path. In
this mode, dampers J-1dand J-2 are positioned to
route the dlscharge air from the collector through
-the pebble-bed storade TI')e collector fan-is on-
and _the.auxullary furnace fan may be either on or
off, depending on the use of CAC (Continuous Air
- Circulation) or cycle fan operation. ~
Please note that. the flow path for storing
heat is reverse of the path used to remove heat .

, Flrém el

Collector L R . during the hedting from storage operating mode. “
- J I R - 7 S
Fig 7-2. A(Jandl r, single bloy er system des|gn (Sketch S : S ‘
® . above shows use in complete system); [; : S ; o
.’ . i » P ) Damper {-1 g ‘ AV o Ve -
- - ’ N Ry =) { Supply Air® . -
' . PR |- - S . , N
&« - Rock Storage Bin Fumlte//\c . ‘ g of ) 1.
: ' . - A o : . .
G - 0 O g ' it , y B ‘ i
3 . -~ ] ) ' . < . . i O B B N .
. v o v o v | | T (@utside)
. "Bypass 5 . T (Air Space) -
- {Optionkl) _ . . A .
™ * : P . Lo .
—1r.1 3 S . s _,r: . Return Alr ;om
) . . Damper J-3 I - L€
X 1. T e ] . ,f\ K ) K‘ Ou(Slde; ‘ “ : - < ‘
" A e . « Air . .
R a4 Damper J-2 Bypass Damper J-4 . Closed 1 \\5 < ,
e | - | B P xe _
gmenONs : o, N . T r~ Ecorfom rk
' 1. Aitspace requires heat (A). -t . L e . £ o e
Collector temperature (E) is below contro! point. o e " o ./
) Gtorage temperature (G) ts above control point. | ’ o . . :
y . . ' o S '. R . , . ; o e .
- Fig. 7-3. Space healing from storage. .- .l T~
) s . LT Y e .. oLt . . i
P b 2 RS T LA
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Fumg:e/A‘c :
Unit On
¥ N .

.

B paés
(Optionat)’

CONDITIONS: ,
1. Airspace requires heat (A).
2. Collectortemperature (E) is below contrél, point.
3. Storage tefnperature (G) is below controb point.
4. Furnace is gnergized by 2nd thermosta‘t- stage (A).

| | { . L‘ 7(7-4.31,:“& .‘
= B | ..1’;1 _— B

vy

A

T (Air Space) -

' ./
g _?'i : “Return Air - \Qoo
S\ a
" Damper J-3 1] I—a
P "‘Outside ‘e

B , T
.o . "
. . : N ok .
using the auxiliary heating unit. . o
~ : L - " . : .
. /V
5 1] . ) . ‘a . . ' 'o‘
3 ‘ L o
¢ ) t RS
’ N x@: R Ir- e
botr G, feame S
B a | v
s , > Supply Air. -
- | .
., us i L
- Ee' 4 . ~
T ] *On or Off ,
" Furnace/Ac ) . ‘
Unit ¢ Co. ) N v E
. ‘ o - . . ) '/
Bypass VRNt o _
(Optional) *~ * T ‘(_Air Space) A .
A ~ ¥ . .
_Return-air 5 Foom ’
' 2 oL N !

ST

éilgséd 1? { a

+ Economrizer K - .

fan . o .
. . . .
. 7

ONDITIONS .4

L.

. 1."Airspace Joesn't require heat («g’ C
3 Collector temperature qxceeﬁ:&s; orage temp

Q

_ Damper J-2 *

erafure (D).

e .

Aruitoxt provided by Eic:
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' Fig. 7-5. Storing heat’
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Air 1
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. This flow path direction’ is essential to take full " between the aurentenng agl‘d Ieavung the c‘ollector”’
" advantage | oft temperature stratification which ) exceeded 20 degrees, regardless of’a demand fpr =
octurs in the_ r »é .Storage. This permjts the hot- heat from the room thermostat ‘Dampers auto- *
”te air to be | ) when heating from storage.” . . matlcally adjust for the storage mode and heat
‘In a typical Opetration, thé collector fan would storage continues unt|I the room thermostat calls’
be turned on whenever thegemperature dltterence for heat, : . . .
oo ‘1 R U " Domestic Vt{ater Heating ' S
e . o ' ' o Preheating of domestlc .water is pOSSJ»bTE\uJ.
Heated .- N . o : :
ir  Bressure Relief Valve e Goldin~ " an‘all-air solar system by thé addition of &fin-tube.

- from A v
- Col- _quastat'

ldctors

heat ,exchanger in the air stream leaving the'col-
— lector. Figure 7-6 illustrates the congept.’ '

A small circulator pumps water through the -
" Valve coul and into a watet storage tank._Preheated
water from the storage tank is then drawn into the .
conventional DHW, heater The pump is turned on
whenever the collector fan is on and.the tempera-
ture in'the watér storage tank is Iess than about.
140°F,  * \

.

Sunwrer Operation.-Ffgure 7-7 |Ilustrates a

- posslble bperating mode where conventional

cooling coupled to .an economy cycle might be

. _ ~employed. .

Clrculatnanump — ; R If the room thermpstat calls for- cooling, the

.( bypass damper, J4 posmoned tp direct, return

air through the bypa s duct ifto.the turnacelalr
conditioning unit. The collector loop and storage-_‘

circuit are now isolated. Conventional codllng

“r

. SRR Hot Water Coil  giorage Tk Service Hot Water
Air Handter- .~ , S ’ .

* {Research Products)

. -Fig. 7-6. Prehiealing dgmestic hot waler with an air system. ~ can then be accompllshed , Co L SN
. k4 ‘ . ) . v - ' " _‘3
A [— ~
» . _ —f . .
~ . _ P
‘ ) Damper J1 v s
. < T . RS
. : ® R . : .- . - N ‘
- Rock Storage Bin ’ d F Fu”:‘jrfﬁ/Ac - . ) ]
: . . [ n
. . . : iy . 0\ n . '
¢ vaass -t i I T (Air Space) A * T (Outside),
- | (Optional) ¢ " | o . S
kW : . *  Room . .
i i\\ , < . ) L . v AN
: " ‘ 4 ‘ Return Air . X .
b o : ' S . o
ALY \ 4 o SR

Ampewa‘tvh'\t — 3

—~_/ Damper J-2 N Bypass Damper Ja o Open ‘ : \

‘ o v Economizer K

. K R s ‘ L X : . R : : T -
' , CONDITIONS ' . .. R S A\
: 1L Arrspace requrrechoollng (A’) ’ . ) L
2. Qutside_conditions (C} are satisfactory for providing cooling with economizer (K). L K X
3. if load cannot be met with econl;nnzer (K). conventlonal coolmg system will be tanergrzed from (A) *
' N " '- ! ‘e I N . v . . \ .'. . . ‘/
e : . . —_ gﬁ» Fig- 7-7. Summer ‘cooling mode." " AR - | R
., ’ : N Y T L s
: . 7.4 [ Lo Tl S
A . - _‘ . . t(( .. . \.‘..,J ] . . \ - o ’A o , & . - T . R
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. R \ . . 5 . N ) . . A .t s 3
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e thermostatic muxrng valve i

_are low. enough,

Whenever outdoor temperature and. hur‘mdlty
the economizer da"'mpers will

open. Then, outside air will- be uséd to provide

" space cooling rather than the mechanrcal refr| ‘

geration unit.

Also, during summer months, it is possible to
use theiollector loop to provide preheating. of
domestic water if.a second bypass duct is install-

e that the storage Iodp is isolated, Flgure 78
\

ill ratgs this -arrangement.

nthrs mode
thetsummer and a manual damper J-5,.in the stor-
age. loop is closed. At the start of the winter

- heating season,. these dampers must be changed;-

J-6 is c osed and J; 5'is opened. Another design

(not s wn) uses autside air to' supply collectors .
.and,
'drscharged to the qutside. Figure 7-9 showstonep .
- type of air handler used in an afl -air system in-
* cluding the DHW coil.

fter passrng through the water cojl, the airis

domestic hot water line, it { necessary to install a-

Toprevent scalding w{@r from ‘ente'ring the'

water heater. The themostatrc mixing valve iscon-
nected to the cold water’ supp&y piping and the hot

..* . water line (refer to Figure 7- -6). The vaIve S purpose

4

~e

. Solaron
Coﬂector
Array

o,

rs to mix cold water with overheated water to in-
sufe that the hot water tymperature will. remain

‘ .
manual damper J 6, is open in

3
4

-

he pipe frsm the hot ]

nearly .constant at the fau(:et The th mostatrc =

mrxmg valve wilFbe partrcularly rmportarft durlng

the symmer months when solar energy 1s plen-
tl_fUl/‘/ﬂ T 4

v
s

Frg 7-8. VSummer domestrc water heatrng with an all-air
system. . . N . .

-~
- I'd

. 4 . . - ’ ". )
- \]‘& 772728 Air - v ST
ey Handling -
1 Summer Bypass Unit = =
-for Domestic Water : % oy
t . u .
— i ‘Water ) .
1 : .t Preheat*
e J-5 kzzA Coil - .
> p T :
* “Pebbi8 Bed o O
. (Heat i L —
. Storagetg.. . Furnaoe/Ac } Heatﬁd
) L ey LU Spa
) . - Retu
. e L/t‘t Air.
bBackdraft 'Dampers ' L L__.._'J |

In case the water were to,overheat, a_tém.-
perature/pressurg (T/P) safety relief valve is in-"
" stalled at the top of the solar heated water stof
- age tank. A drain line from the JIP valve to-a point
near a floor drain wull prevent escapmg water from
causrng any damage

lMPORTANT DESIGN AND INSTALLATION :

FACTORS . -

"Blower power and air Ieakage are the most
important ﬁactors in the design and |nstaHat|on of
- an air solar heating system. A. weli: ‘designied sys-
tem wull have an equal pressure loss in the collec-
tor and'the storage of approxrmatety 0.3 inch of
water. The addition of ductsrand filters .could-in-
crease the total pressure |oss for the system to as
much as oneinch of water., Because this pressure
*loss is about doublethattfound in a conventional
. forced air heating- system larger blowgrs are ‘re-

quired.» The procees of storlng energy requures .

‘that the blowers run more’ hours per day. There
fore, a one inch of water presstﬂe loss is the m:
mum acceptable from t
operatlons cost .
Loss of heat and pressure due to aur Ieakﬁ\

is more of a probtem in an air. solar heating system

than a conventronat forced a|r heatrng system.
o * ) ~
‘Heated Air from
Collectors ) o

. Mjet”
. Dampers
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" Fig.'7-9. Typical all-air solar air- handler.!
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' s is_dueto four. different factors: (1) air pres- ~
S re in the system is h_igher, (2) there is more duct- .

ing, (3) the system runs'more hours, and (4) there

_may be more ducting through-unheated space. To -

prevent leakage, ducts must be taped well-at all

- joints. Fiberglass board or fiberglass lined sheet

metal ducts should be installed which have an in-

_sulation valve of R-4..This will, reduce ghe heat
" loss through the-ducts to .an acceptable level.

Duct sizung should: be bgsed on an air velo-

in'
‘duce pressure losses.

'“ . Blowers’ should be f0rward -.curved squirrel
Q: . cage type. To achieve quiet operatuon blowers

bIOWers with the motor in the air. stream have.a.

- motars. - .

city of 700 to 1000 feet per minute (fpm). All duct-
bends should be fitted with. turnmg vanes to re-

should'be belt driven at 900"tq 1700 rpm. Flexible:
“. - connections between blowers and ducts will add_
' ‘¢ ‘greatly to the quletness of operation. Direct driven-:

HEATING'
SOLAR HEATING SYSTEM

. Liquid (hydronic) solar heating systems oper
ate baslcally the same‘way as.air solar systems.
The ‘most basic difference is the addition of a
liquid-to-water heat exchanger in closed sysiems.
Klso, some liquid systrems are arranged s¢ that
the modes of operation are simply (1) storing heat
(2) heating from. storage, and (3) heating by auxii- .
iary. Space heating directly from collectors is not
possible. (Figure 7-10 illustrates.one;example.)

One d|sadvantage\of systems that eliminate
i direct collector heatjng is that eollectors must

shorter servuce Ilfe ‘than externally mounted '

" “to. effectively heaty

always opetate above storage tapk témperature.
"and, hence, at a_higher inlet te erature. .This
lowers collector efflciency '
~ 'In systems where heating from the coIIector
is provided, lower mperature vf ter can be used. 3.,
the. space, hus increasing

‘energy -utilization. To take full adva'ntage'how

. ever; the ferminal (space heatlng) device must

Dampersfltted wuth live rubber seaIs are rec- ’

ommended forPositive sgt..off and.smooth op-.

o eration’ AAll damper drive fnotors should be loca-
- " téd on the outslde of ducts.with'lirect coupling to

Py

’ ‘ thg_>damper -shaft through flexible linkage. Addi- -

", tional “safety and reduced. wiring cost' cdn be.

" motors which have spring returns.

. . Back draft dampers may be of the shutter or
“flat type. They mustbe mounted td.provide a pos|-
tive seal agalnst reverse a|r flow @. ,%.ﬂ

[
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Fig 7'106 Ar
’water system withoyt dlrect heating Irom collectors

achieved by |nstallrng low voltage (24) damper -
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P

also he able to utilize. low temperature water to

_ heat'successfully’ Tth sually rules out hydronic ,

baseboard units sized f&r 220° F water and many
~liquid systems use duct coiTs to. transfer héat to

' circﬁlatlng air. (Radiant floor" ‘panels operatihg at -

110°F are another possible.option.)
Figures 7-11 through 713 illustrate a typlcal . -

"hydronlc to:air solar heating'. system ‘with most .

, spepralty items omitted forclarity Accempanying

“ - Hot Water

presentative sotar space and seryice hot

Plgure 7-11 is a table whlch summarizes the con-

" dition- of each pumip and blower rn the system for - -
cedch operatlng mode. - T
Sensprs in. the. collector. and solar ‘heated

‘water: storage tank, "along with a thermostat
located in the space tobe heated, provude the nec-.
essary information to’acentral control unit. Based

on the information u(electncal Signals). received,

the central contfol unit opens or cloges’ vaIves Sy
. and_adtivatees the appropriate pumps and/or
blowers.. This control system makes thel system -,
completely automatic.. '_ e e ‘

Heating fram the Collector -
. In Figufe 711, .space heatlhg as being ac- )
compIushed from ‘the cpllectors «The room thermo- - ..
.stat has |nd|cated a ‘need for heat and the sensor '
in the coIIector is rabqve . some predetermlned
.point, for example R0°F or hjgher The cpllector,
L pump and storage pump are turned 6n and the li--
|dlwater flow is as-indicated through the duct
c il. The Yurnace™or air handler blower is also on
'crrd ate room air over the r)ow hot eoul

¢ - v,oo

g H

~

10, . lf' T e g \ q
N a A ! [P
. - 3 Ly T :
.- %Jaé."w, " “ SN 3 -
RN oy % .
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. .butthe collector terhpera'ture is below the control
P & point while the~sfbrage,,temperatur'e exceeds its
s "bcohfrolpoint,'agajn perhaps 80°F. Both storage~x .
"* - " and collector- pumps are stopped and thé load

*  pump is started to take heat from storage and cir- -
culate it ug‘h the duct coil. .

'
-

sed for Auxiliary : L
in Figures 7-11 and 7:12, if a heat
pump is uged for auxiliary heat, the duCt'co_il
shpuld be laced ahead of the: heat pump refrig-
~This s necessary to avoid higher head
re on the compressor due to higher tem-
ure air moving through the refrigerant coil.
t with the duct coil in the supply system, a
higheri'cut-oft temperature,,, perhaps - 120°F vs.

I 3

90%§, must be used for the return side coil. Rais-
ing“thg imum “draw down" storage tempera-

) s‘th. 'overail ‘ef.hm»encyvof»t,r:)_e 'solar

‘

8.7:43 illustrates thé heat storing mode.
Space conditions are satisfied, but the-tempera-
ture differential-between the collector and stor-
age is high enoGph, 20°F: for example, to initiate
collector and storage bump operation. Diveifihg
valve one is activated ta divert thedischarge from
the heat exchanger into the top of the -storage

1ank.-The storage pump removes cooler water at
thie boftom of the tank and recirculates it th

rough

the heat exchanger to be heated.
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- CONTROLL-'IW THE 'SEQ'UENCE-OI'-"'. :
dPERATION ) C. o B,
ed in greater detail using a‘control schematic
along with a system diagram as shown in Figure
7-14. o

* First Stage Heating from Collector
Thermostat TSI positions valve VS through
R1 to direct flow to the load coil. Collector pump.
P1 and storage pump P2 are enabled to run
through relay R1. o '
" If the collector plate temperature TP is

L

. Cool L

These errating modes wil%'b.w be describ- -

A
g
N . n

greater than 90° F'J_(adjustable), then pump P1:will
operate through' relay R3 (in' series with R1). A
time delay wil) delay pump P1 shutdown to pre-

~ vent short-cycling. Pump: P2 operates only when

"pump-P1-is operating and is c-qntrdlled by'relays

R1 and R3.: o - -

Valve VS is also under the contréi of the high
limit air temperature sensor TA through relay R
1o divert flow from' the coil .if the discharge air
temperature exceeds the set point {make 140°F,
break 120°F).If first stage heating is satisfied,

-valve VS is positioned to divejt flow to the storage -

tank. Relay RF through sensor TF wHl inhibit the

¢

, 151 Stage Heat TS1)

AN

: : 7 ‘ v Room (TS) ~ [~ . ‘ : .
. _ ’ : Fan On Thermostat |~ 2nd Stagé Heat (TS2)
: ' e » Collector Pump S - g Y -
T Collector Limit (T.) - -p—() }— — N — fl
. P! . * o Diverting Valve 1 .V
c . n - h B e . VS’» - N
> o . Heat < 1 N .
- l . . _ T Collect «-- E)fchanger. ) e ] A v »Af. 1N ) :
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fan until the fluid temperature® is at least 85°F
(make 85°F, break 75°F). Thefurnace fan operates
" in first or second stage. v e

'
W

First Stage Heatlng from Storage )

Heating-from storagée’ is accomplished when- -

eyer energy is not available from the ¢ollectors; a

. Storage Tank Charging .
..+ Charging is accomplished by diverting flow

heating demand occurs and' energy‘rs avarlable .

from storage.

On a call for heat; thermostat TSI through‘ '

relay R1 will enable pump P3 to operate. Pu P2
is interlocked with pump P3 such that P3 will

. operate only when (P2 is not operating. -Pump P3

will operate if the stérage tank temperature TT (s
.g&ater than 90°F (adjustable) through relay R2
which is in seFies with R1 , .3

Second Stage Heating % L. ‘
If first stage heating cannot be satisfied, then.

"thermostat TS calls for second stage heating.

First stage heatlng contl‘h'ues durlng second.

1 stage heating: _ S

P

'Co.ollng o

K

-

-.and the co

Conventional cqntrols and sequence are us- -

‘to storage through valve VS. Storage can occur

only when there is no call for heating. When there

" is no call for heating, pump P1 and hence pump

P2 .are under the control of the drfferentlal tem-
perafure sensor Delta T through Relay R4. Pump
P1.can run when TP is' greater than TS by ten

‘degrees Fahrenhe|t (adjustable). The time delay
~ prevents short cycling of pump P1.

In some installations; a purge cycle-is used
to preventeverheatlng .6tthe collectors. A number
of manufacturers include a purge or dump cycle‘
to discharge untvan’fed heat.int® the atmosphere
In Figure 7,15, one possible purge cycle is il-
“lustrated. torage and load pumps are off
v pump is _operatiffg. Diverting
.valve 2 is alctivated “and dlverts heated
through the purge coil to be d|ssrpated into
mosphere '

Domestic Water Heating .,
Preheatlng of domestic hot water involves

ter
ﬁat- g

yet ancther operating- mode/ One example is- .

shown inFigure 7-16. This is actually-a sub-circuits.

. ed ter air cool|ng Ty e of the system shoﬂn prevrously in Frgure 7-10.
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The heat exchanger pump and the preheat
tank pump are operated whenever there is a dif-
ference in temperature between the storage tank

w
.

One current arrangement |ncludes these op-
erating modes: o

-

and the preheat tank. When the preheat tank ' 1. In mllg weather~ soIar'Deated duct coil pro-
reaches a prescribed maximum temperature, the vides heating. . '
pumps are shut down. A conventional gas, elec- 2. As temperature drops - fo or. example to
tric, or oil fired water heater is used to provude ad- 45.50°F, the heat pump supplres hear and
ditional heat whenever required. the solar unlt goes into heat storing mode.
Solar Asslsted Heat Pump. - 3. At heat pump balance point (output of heat
Heatpumps have been widely accepted in re- .pump equals building load), duct coil is sb@/
“¢ent years -as a means:of- reducing-fotal gnergy - plred(heat from’ storage to supplement hea
cost. Conceptually, heat pumps use the refrlgera- a0 pump output, N .
. tion cyclg to function, thus a single installation ﬁ o in the event.of no solar heat at collectors or’

- can provide both heating in the winterand cooling

i >

L} in storage, electri %sustance heaters are
nneatthsu‘?np funz:trsngsutrs;rozic;gu:etaattes how th,e energized to supplement the output of the
. < heatpump L /
) Figure 7-17 illustrates. how the heat pump AN Lo
operates in. the cooling mode. Put simply, the Another approach is to ;ﬁe&aﬁonventlonaﬁ :
basic difference is that, in-the first case, the heat water-to-ait heat” pump with gdlar assist. This is
exchanger inside the _building is used as a con- shown |'n'.F|gure ]“20 There ars three operating
denser and gives off heat. In the second case, the T J e, WS ' Heat Source:
heat exchanger inside the building is used as an S A
evaporater and absorbs’heat. : oo o %anger Water
The installation of a heat pump wrth solar -
-heating system introduces several |nte¢est|ng s Heat o ( >R°°°'V°' | Eafth
possibilities. The simplest installation would be — Exchangers Expansion Valve® ==
touse a conventronal automatlc heat pump as the - . i
auxiliary heat unit’in a hy |c system. This is - —
shown‘!n |gure 7 19 T A ] [Condenser g
\ - s | [(Heat to Load) 4
3 ;9 .“ B . v, 1 S

» -

"Heated Air -
Into-Building -

P t
/ y Fig. 7-17. Heat pump in heatmg mode
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~ pump pe

modes for this system:

",1. B Storage water 80° Fr or above, solar heating

through duct coil.

2. Storage water between 80 F and 45°F, heat, .

pump extracts .heat from storage, boosts
temperature via refrugeratlon cycle and sup-
plies indoor refrigerant coil placed in duct.

3. If storage temperature falls below 45°F, aux
rl|ary heat raises the temperature of the
storage tank to 55°F.

is case, the use of the yvater-to-alr heat.

its greater drawdown of storage tem-

perature which, as noted earlier, improves overall
collector performdhce. Whether the improvgment

-'is .great- enough to_offset .additional op rating

time-and electricity is not yet well established. .
A third combination of heat pump and solar

_heating systems is shown in Figure 7-21. Inthisin-
stance, a liquid-to-air solar systerh supports an
: ans-to air. heat pump. .

. The solar system serves two duct colls, One
is. in the indoor, air-handler for Hirect space
heating; the other heats air supplied to the “‘out-
door” section qf th# heat pump. Descriptions of
the three operating 'rj_tgi’cjes folfow. .

- : T .o . %7
N B

- . - e . .
~ ;- - Solar Collector - . C

Panels

1. Heat Pump Heatlng with Solar Preheat
Assist '

a. room {hermostat demands heat

b.. storage temperature too low for direct heat

supply to indoor duct coll

‘temperature is lower than storage
ure , , '

outsid
tempe
d.” pump from storage and dlverting valve supp-
ly heat to preheat coil for heat pump outdoor'
sectlon @g : -

Asin the water to- a|r temperatuve,gxamp‘te of
Figure 7-19, this preheating of eutdoor air, which

s the heat Source for the heat ‘pump, raises the

-

coefficient of performance of the heat pump. This
permits a greater drawdown of storage tenwera-
ture whrch improves collector pe;formance Since
cold oditdoor air moves over. this coil, freeze pro-
tection may be required. ‘ ® R

2. Heat Spade Directly From- Storage
Whenever storage temperature exceeds con-
trol point, for,example-90°F, heat is pumped di-

rectly from storage to duct coil for direct space

-heatmg

L~

3. Heatlng Space With Heat Pump Only
When putside air temperature is higher than

" Hydronic Solar i N
Indoor Air Handler

. Heatmg Coil
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. storage temperature, the - heat pump operates
¥ alone, extracting heat directly from outside air. In
any of these modes, if the collector temperatudre
exceeds storage temperature, then the differen-
tial controller will start the collector pump and
begin charging storage. ‘
To conclude review of common operat-
‘Ing modes, the cMrging cycle (heat storage) will
be examined in closer detalil. : .
- Figure 7-22 'shows.a graph of collector and

»

“storage tank temperatuse (vertical scale) versus
time of day. At the start of the day, the pump is off_~
.and the tank temperature is higher than the coi- :

lector temperature. Bat as the sun rises, the col-
lector temperature rises sharply and is soon

Whlgher than the tank temperature. Typically, when

" the collector reaches point 1 in the figure, or
perhaps 20 degrees higher than the tank tempera--
ture, the differential thermostat starts the col-
lector pump, .o L

-\ . ’ -

A 4

o

. But, as the pump starts?,’thgre is a drop in col-
lector temperature caused by the inrush of cSof -
-7 quid; this'is point 2. Now, if the on and off set
points for {e:differential thermostat are set too
close (e.g., 10°F on, 5°F off), there Is a chance
-that the pump Will short-cycle. That is, it wlll start
when the coflector temperature is at point 1 an%l
sjop imimediately when the collector temperature™: -
temporarily drops to 2. : ‘k

During the day, collector a@ storage tem-
peratures rise_until late afternoon' y 6 p.m. or so,
the co} ector temperature reaches point 3, and the
collector-to-tank differential Is at the off set point
of 3°F, for example. ° e

When the pump is stopped, the temperature
of. the collector will increase sirfice no heat is be:

"ing carried away and some solar energy is. still
striking thecollector. This rise Is shown a$ point 4.

Again, if the rise In temperature Is sufficiently
high and the .on temperature differential suffi-
v . 7 ‘ . ‘ 1, ) 0

'.‘. . ¥
g A . Solar .
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o
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and begin short cycling. To avoid this, the on dif- -
$ . «  ferential must of course be greater than the
§° ' collector-to tank dlfferential at point 4.
o .
. K [T Storage) | SUMMARY_
5 " .« I this lesson, the more commopn types of
'\ storage | J& sorarliN 2 solar air and Tiquid systems have been’resented
0 N Wy s InsideC2ll £ The relatlonshlp of each of the basic components
_ IE Unit § : and the controlling mechanisms weére discussed
- : w eration dis-
_  outside T (Low - in-some defall The basic modes of operation dis-
‘ : E‘ Unit Temperature) ‘é Cussed are: , , .
75 ' 5 : :
,?, - x 3 ——(r r\g::lslde 1. Heating from the collector.
. 2. Heating from storage. \
Y Outside \ ~ Solar ) (Honeywell) 3. Heating an auxiliary furnace:
: Damper Coil .
_ Recirculating s, 4, Storing heat.
. . Damper )
S °, 5. Preheatlng domestic het. wate[
L m-.r
e Fig. 7-21, Liquid to a!r solar system outfitted with an air In addition, the possibilities of using a heat
<% Io air heal pump.
PN pump In combination with a solar system were
¢ discussed.. - >
'y _ . -5
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. - < i,
p=} N
= ® { Tank ‘f'empwatu"e
‘ 2 . ms—tnan _ : ~
g iy - :
(ol ! *y
’-— .
| .
| e . i i pe
L ¢ KR ’ . - . -1
_ 6 AM. .1fAM(Noon) 16 AM. 12 P.M. (Midni htlePM < .
F -—Pump—Off-‘T—-Pump—On——r-——Pump—Offir_»A MU L .
A - * - e T ! ‘ « -
. N ~\(Rho Slgmn) X : . - i~ *
K Fig 7-22. Pump operalfng cycle in st'orage : ﬁargi'" gy .~ . & ' ~
modq ; o~ 4 .
Palh _.;_&: -
T 4. ¢ 2 L . . -
hooq 3 AN T . . . N
. . "y P , - s _ . " ' <
B R N f “ - b N ’ ) ‘\ ’ r) o . , . o
. B w ‘ . . .- P ’ LIRS .A
* . l . ¥ Q\ i . » ."' .. - : ' _.».'l' ’ & }"‘;‘ c”‘ e .. -
o B : “ y .' ’}”vaa’?‘ °‘J * 5» v - ‘ o T R
IR : i b dl s, ; ) :? : . N SF L o "
e, i \’ - ‘g < ., vos 8D - , ’ . .,'-.‘ o b ".r ;%; o
. ® v ’ S SN X0 L @T e
g , L e e . vo.og e S SNIL T SN w el
p : R T s U L . L
M - 4 e - g ‘ * e . v N e .
: ol T . . L - . .
. - s > v * - R * B “w' y
. 5 . L 714 Some T e el
o .' 9 3 « . - '-" ”?: - ) S . o
Je . : ) . . e . - *
¢ . , = 1 “y . - _,“ .
Q . . S ’ W i
E . . o . , Ty , L . . o i BRI
l: lC T oa uz A" . - . ';' .. LT : v d.’« '{#R "oi‘:

Aruitoxt provided by Eic:

.b - .
.

(e :

HERN

- ciently small, then the pump would start up again
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. .‘-‘a'r heatlng of domestuc water caff be ac-

complished by including the appropriate equip-
mént like those discussed in the two previous .
units in solar heating systems. Also, it js possible -
to ipstall'a solar water heating system; Figure 8-1, -
wuthout a completé heating system. In fact, solar
wat®r heating is the oldes{ dormestic use of solar
enefgy

Heating water wuth solar energy generally
makes more ‘‘sense’ economucally than whole
. house space heating, becguse hot water is re-
quired all year long. The opportunity to obtain a
return on the initial investment in the system each -

and every day of the year is a d|st|nct economic

»

l:"

l\—‘ﬂonun lL? .
LY R y
AT RN oy » TR .

! B i ’ ’ '. {Grumman)

To hea /Jdomestic water requires considerably less
collecto area than for space heatlng .o :

7

~

“DOMESTIC WATER H EAnNG'

v

~ advantage Only moderate collecto‘f temper,atures

- ' Direct Heating

¢
.

- ,  Tables-1. Damwater usage (140°F) for solar systgm; design® .

are required to cause the system to function ef-
fectively. Thus, the heating of domestic water can

- be accomplished durlng less than |deal weather

conditions. - .
This lesson is- organ|zed to provide: () an '
overview of the different types of solar water

- heating systems, {2) an explanation.of how each -

of these systems function, and (3) discuss loca-
tion and sizing of the coll&ctor for a basic’ system.
Some of this discussion' will be similar to the .
infarmation presented about . solar heating
systems in Lesson Seven because a domestic "
water heatrng system is, in effect a small solar
heating system. !

[

. Types of Solar Domestic Water Heating Systems.
There are baslcally three different types of
solar domestic water heating systems: (1) direct
heatlng/thermoslphon (2) direct heating/pump cir-
culating,” and (3) Jndirect heating/pump ¢éir- - ¥
culating. The followung three sections "of this
lesson treat each of these systems indepen-
dently S : -
rmoslphon Clrculatlng System :
This is* ¢he si form of the solar— -
domestic water heating systems because it re-
quires no pumps and very few valves. The flow of
' water through the collector and storage tank is
controlled by the temperature of the water in the “
collector. The warmer the water becomes, the
more rapidly it rises through the collector and
enters the storage tank which is elevated, above -
the collectors. Cool wateris heavier (has greater o
denslty) and flows from the bottom of the storage . -. .
. g ,
. ’ L

v

One and Two Family °* .
Units 17 and Apts.
up to 20 Units

Category

-Apts, of 2/ Apil ot2/ |
20-200 Unjts Over 200’ Unl!l

s . » No.of Pecple 3

6 - -~ C e

& 5 -

-No. of Bedrooms o1 2

- 3.

4 5 - \ it Y

° Hot Water/Unit 40 55 70

-(gal./day) - ) N N

-

100 40 35
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.Panels Supported in 'Accordance
“with Loca‘t Cedes,and Ordlnancds

I

67
N
" Root
Penetration -
4 g . /
Siiannl
1
i
: .~Roof Penetrations . . ‘F
> SRS R
L - l )
.Compression Tank : .
: £l
b ,
. , ' ] ot
.Differential |
Teperature” = & :
- Con roller i )
{ Pump ‘
: s

Drain Point '_-'Acr_targe Point .

-Heat )
Exchanger -
_ Drain :

N
]

" Yank Dram

‘ LEGEND _
.ﬁ 'Automatic Air Vent
- Swing Chec’k'Valve.
porlture Sensor

+>. Efbow

B Tes

= Union

&~ Access valve ';
» o Gauge- o

&> T,

L4

- ca
Moy

(So|ar Energy Proguota, fr\c%

Flg 81, Typ’cal dombatlc solar'ﬁt wdten system ’

~—

- tAnk 1 the, coTecto; w'here M is W

collecto
o This

'rr‘raint,ena-nce free; “however,

82

. =y

flow. .continues. Flgure 8-2 schema icaly depicts
this sYstem Several. condltlens must: be main- -
tained in order for tht? typq of systfem to’ functlbn
First, the.tank Thust be (@kated sllghtly abgve the
collector"abbut 1-2 feet. .

ThippermMs the watertocurculat hthe
reverse circulation which would otherw_lse occur
when the collector temperature is lower than the
stored watgr temperature Typlcally, smgle glazed
40-80 gaIIon tanks arg.used.

b of system is simple ‘and relatively ¢
it possesses ac

nut?nWr ot I|m|tat|ons

1. ater .Temperature varies dependlng “upon
the amount of sunlight available and the rate
" at‘which hot water is consumed. :

2.

v

The requirement that the storage tank be
above the collector poses -some design pro-
blems because the system cannot be read|Iy
f|tted |nte all types of structures )

3. The fact that the' colle aIways ‘con bifts

zrmed and the '

" system without the use of a pump. It al;so prevents

N

water means that the; tem in its simplest.” .

form cannot be used M ‘climates where the
temp.erature drops below freezmg

4

It is poseible for the water lmthe system to .
exceed safe temperatures. Therefore, it is
necessary that safety valvgs be installed to
allow excess ‘pressure to escape

, Cold

’

Flg 8-2. _Schen‘latlc drawmg ol a dlrect heatmg thermo- :

slphon clrcu]atlng solar water. heatlng system.

i
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‘A direst hgéting/théersiphq%' wtating *  can automatically drain’ Figure' 8-4 indicates -
~ 'system -cap, be ‘used in .climates : here the ' where t_be)'/alvges.'should be !,_oca'ted and Figuse 8-5 A
~emperatu _jdr.ops b_équ fregzing,, p'rqv'_‘rde'q j-&,q‘egaifs:a‘t‘yp‘ica},diregtjhe_atlnq,‘drgin-do_v,vninstal.! -
. walves arelindtalied which will autontatically'drain. - lation. . N ;

- tRe collegtor when the fémperature in the collec- " The single tank system in-Figure 8.5 usés an -
v o tor \nedr ! freezing. To prevent the storage ‘tank. . electric heatér inside the tank to provide aufuliaryv

~from dr.ain(ngf,_another th'é’frnoStatiéal.ly a'ctiva_tedv "~ heating of domestic water when no solar energy- *
valve beNveep the collector and Storage ‘tank is ava‘ilablq:i""_. , . o
must close. Because this system of valves is ‘ Because of temperature stratificf‘atior%ithin .
. 'somewhat‘comp'lex, the possibility of malfunction the tank (hot water’at the top and colder, ‘Genser .
.~ makes this type}pfsystem'imp(actical in freezing A $ " Cold v;ater;'nlet. o
. tlimates, v L : - : 3 ,L g o .
. a 3 R o o ;p::—"-; % ° R » Temperature | . m‘ HO! Water .
Direct Heating/Pump Circulating Systems o semsr A ‘;Z;,'é“ <

- The direct heating-purpp circulating system
dilf.fgﬂrs from the preceding system ‘in that a pump

.is used\1o circulate the water through-the collec- .
tor.(See\Figure 8-3)) Because of the installation of e
.. thepump,itis possiblp to Iocgte the_ s'torage t.a'r?k Temperature
> below the collector. For many mstallations, this is « Difference .
a much more prctical arrangement because it g.m'; R

~ allows the collector to be placed on the roof and
‘the gtorage unit can be either on the first floor of

the b‘uildﬂin:g orin the basemen‘t.‘ - Temperaturg
~ The difference in temperature betwéen the T Sensor ’
"y, collector outlet and the water at the base of t 2 Checka—lve —— - RV
storage tank determines when- the circulating - - : < ) oo o
. o S

pump will activate. A preset differenice in temper. . ° ST P C
ature at the’sensors of approximate 10° F causes F?g.. 8-:!4 Schemah.c diagram ,]of a dlrecl‘ he?hng/pump
the pump to begin pumping water through the col- -circulating system. h ‘ '
lector. To prevent reverse flow due to the thermo-, ' '
siphon effect when no solar enérgy is being col- "
lected, a check valve must be ins‘@led in the cir- -,

- culation piping. T : -t

.1t hot water is not used at regular intervals, it,_

'~ is possible that the water in ‘the -collector and
storage tank ma,y,-éii'z‘ie'éd}fs;ic}@a_uempetat'ure. Itis

~ even possible that boiling may décuririthe collec-
tor. To prevent damage to the systerh, a pfessure/

« relief valve must be installed in the'collector loop

. line entering the storage tank. Thisgalve releases . -

. éxcessive' pressure and permits the escape of-

Vent , P

steam.. o . 4 . DAY
- ‘Because this is a direct heating system, the . R A - o Vanos

- . "y s . : i - . mp on and Valv -
watér which is being heated is also girculated - \’/’ 4 7Y admi Water.to Coltector | ™
through the collector, Like the thermo;lphop. , ) When:
" system, this system is subject to freezing. X¥o pre- ~ prain | T.. Abole 32°F Tdok Temp
. vent freeze damage to the system, it is necessary - - o (& 10°F Above 7. ) \ <Relief

' T. Below.180° . Pressure

to drain fhe . collector ‘when freezing weather v Valieo

. threatens. The required freeze DVOtCW- Lo
.. that which was described in the previdus section. -~ - .

The most reliable‘valves afe mechanically driven -

’ . ~
. : . ]

1)
‘ . . '

K ' s} . :‘ ;’ ,..‘4- .

Coliector Pump ..

+ (by springs or other. m'chéni(:a‘l*.device\?). There- v ARt c |
fore, in the case of a power failure, the collector hE . e L .
T ;; : L Fig. 8-4. Schematic diagram of a drain down system for
' - ‘ S 'a direct heating/pump circulating system.- -
o v SN L o ey \}
a‘ ¢ N . » ‘ . - .. - =~ /

e

co -' 94 A .'_ - a‘w".’.:
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NPV water af bottom), the electrtc element i€ usually\ . . rstorage tank. The conventlonal hdater can be gas-

L InstaUed near the tQp of the tank. This red sthe> ) f%d il-fifed, or electric. T .
¢ on time of the hegter ald takeg fuH.advantage of - Iat:ed in this'configuration, preheated water
the available solahkeheérgy. There)ls of course, Ih- ’ from the solar storage tank enters the conven-
. ternal mixing caused by water entering and leav: "’ tlonalpeater betoreflowlng through the hot water
g ing the tank and this arrangement may not be as -, ., . . Vent i .
- efficient’as a two-tank'system. : ‘L R -
, Figure 86 Is a. schematlc of- the system‘ v .o, ' )
- shown in Figure 8-4 but with the- addition of asec- % : . L
ond tank, typically a conventional water heater. , " Cold « ?;‘::";‘:f'n" ke
. For- SupplY _~ vawve .
. In this arrangement, the conventional heater” \ ~Valve ., . 1o HW. Service .
s connected In series wlth the solar preheat weniicat o
- ' - A * Valves Adrt | 8% 551 *
Drain @ e =a .
11 “water to g ‘X@ fo /
- o el ;’ Collector ‘?/3'— @ . T
.3/ 5 : " R ’
' ® YCollctor ¢ J_' 'i. D" I
\ . Pump :° - TevAbove 40°F Valves in Drain-and
_ Y R T. Below 180° ~ Vent Positions Wher
= T. 1G°F Above T T Below 40°F
Fig. 8-8.,Solar_ water heater In‘urles with conventlonal
, water hoator - - :
4 o ( .- .\ ‘.
. . " . e a

. © et - . _.Cold LT
. ~(gr_ \ : ’ s r-"- a 6 . ... . 5 l
‘ ||ooors | T . 1 v = .

' . Air Bleed |-|[| Hot Distilled water trom Panel R R R S -
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: > _ Sensbr Lead _ R el b - : '
¢ - . ' - '
) ! . N A s ) Lt ki <
Hot Water [ [l B , e : i
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service main. Inthis way, auxiliary heat energy is - .
-+ used to raiseithe water temperature only when °
solar energy is unavailable &r inadequate to'main-

; tain preselected water temperature.

¢ Indirect Heating/Cirgulating Systems = :

. lTO‘E)V rgome the problem of 'draining liquid
coliectors %fgr?ng 'p\e'riocjs,pf subfr'qezing weather,

© indirect helating- solar callectors have been -

, «déveloped. indirecifiBdting systems circulate an .-
antifreeze solution Yi#special heat transfer flui
through the collectors. Air collectors can also. be
used. As a’*.re'sult,_,th‘ere/is'no danger-of freezifig .
and no need to drain the system: Lo ‘

- Liquid Transfer Media. Circulating a solution *
f ethyﬁrge glycol and water throughthe‘COllect'or )
and a heat exchanger is oné feans of eliminating
- ‘the problems of freezing. Figtire 8-7.illustratesa .
- typical liquid system. Note that this system re- - ]
."_.Quires a heat.exchanger and an additional pump. .
The heat exchanger permits the heat in‘the liquid " .
circulating through:t e cdllecfor to be transferred
" to the water in the storage'tank. The extrapump is
' requiredte circulate water from the storage tank
through the heéat exchanger. Mg extra pump can
be eliminated if (1) bpat exchafiger is located .
below the storage tMAand (2) the pipe sizes.and ,
heat exchanger design pérmit themmosiphon ac-
-dion 10 "circulate water *from the storage tank
through the &af e).(c'wer;' or’(3) aheat exi ..
changer. is u that’ actlally. wraps arouhd and -
- contacts the storage tank and t
- rectly through the tank wall. . ;
'Saa[{gy‘ Devices in Liquid Media Systems.
There dre two major problems that might develop
- Rith liquid solar water heaters: (1) excessive hot - -

5"

‘.§; *f"wg?z..f.Cold

fansfers heat.di-. -

—

- - . %t
8 - -
h 6 .
. T o
ce e " o ~r . *e
{0 - . - e e S
[N

darfiage collectors and storage unit. - e
* To elimin&e the first problem, a mixitig valve

is typically installed between the solar storage

tank and conventional water heater as-shown in

Figure 8-8. Gold watér is blended with hot waterin .-

the proper propprtion to avoid excessive supply
temperature. The mixing Qalvc_e_ is.sometimes alsg -
referred to as a tempering'valve. Figure 8-9 details: .
a typical ¢onnection..  * . IR

.~ To avoid excessive:pressure-in the Collector
lodp carrying the antifreeze or heat transfer splu-_ -

.. tion, a pressurexgiief valve.is installed ini the loop.

v

The valye iS'USUW'S‘et’tO discharge at pressure in -

.
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Fig. 8-8. m !
3quipment. for a soiar-waterheating system. ,
! el o Sy

.~ ~water may enter the domestic hot water. service w00 C C T .
; . K T . e : T old, Water )
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c . ;i« - * Supply ~ | - s w . T Sl
¢ : i v TOHW. B .
. Collecfors » - Automatic v V) :
R Mixing Valve . ¢ Service * > .
. -’ z b 4 . . " -
‘ ‘ T l "\_ ' P - ’u_,‘f "
' ) ' . S A Gonnect Tempering - !
. . ‘ . soe oy T .1, Valvewith “Hot" /| -
..@ : : L& . ' ‘Port,at Bokem " |- :
o s. R CHEEE PRI
(3 N ~ “Hot*Fiting | [T\ ] . -
N VR B . from Storage Tank | 4 o
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Fig. 8-7.“Indirect solar, water. heating system. - Flg. B-3~Typical tempering va_lve"a'ssembly.ﬂg e,
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excess of 50 psl. TSe rellef ‘valve‘is plumbed to an*

open drajg, since fluld temperature may ‘exceed
200° F ember, this is unsafe, Contamlnated

fiuld.

To protect the storag’e tank, a temperatufe"

and pressure rellef valve is usuaily.installed on.
‘the' storage tank. Whenever-water in the tank ex-

the hot water In the tank. Cold water automatical-’

" -ly enters the storage tank and provides a “heatmg
load" for the collector loop, thereby cooling down .
the system:. ‘Figure 8-10 shows examples of both‘
safety devices installed in a system., Sl
‘Also shown in Figure 8:10 is the coIIector
loop expansion tank. This device is requrred to
“absorb” “the expansion and contractron of the.
circulating fluid as it is heated and subseguently

! ‘\cooled Any Ioop not vented to the atmosphere

_must be fitted with an expansron tank,- Lo

‘, Heat Exchanger The heat ethanger which ,
acts -as an interface between the sometimes toxic
col ector fluid and the potable water to.be heated
must be double-Walled. That is, if one side of the .

™ heat\exchanger leaks as-a result of rupture or cor-

*.roslor,
water.
A \conventional

-

shell Xand _'tube h'ea{'ex-

Expansion

Temperature and+Press .
. . Relret Valve
. L - v
- [ . “ . m' -
Watgr Drain o L .
(Potable Water) +— Transfer -
B - - - Fluid  — y
; N - *, Drain . E -
R .y {Non-Potable) .
N N Water) - . ‘

! (Lennoxr ’

plus expansion tank. o

Pressure ~
Relief Valve

pg

Y Pumb Eacrto | ,:
\ pen‘Draln ) L. .
N ~ \ '

~will,

-~ cesses about 210° F, the valve opens and purges

changer or simple coil inside the storage tank
most often, .not meet local heaIth code re-

quirements. - T
.4

changer types and mdrcate/those Ilkély to meet

most code requirements. o

Air Transfer Medla Air- heatmgcollectors can
be used to heat domestrc water. (See Figure 8:13. )
The operation of this type system is very similar to'
the indirect liquid circiilating system. !

The primary difference is that a blower, (fan) - |s

N

*+” used to circulate air through the coIIector and -

" heat exchanger rather than a pump crrculatrng a’

v

, the toxic fluid will hot contaminate the ~'

\Itqmd
., The major advantages of the air transfer

medlum aré\(1) freedom from damage due to’

liquid leakage/ip the collector loop, (2)° freedom

from_freezing 'and boiling, and {3) elimination’ of -
the risk of losing the expenslve fluid in the colligc- -
tor loop. - The dlsadvantages as compared to -

liquid media systems, include the (1) larger piping
required between coilector and heat exchanger,
- £2) somewhat more energy required to operate the
‘girculating fan, and (3) the need. for a sllghtly
larger collector.

a

: Operating Cycle

_ the pump shuts off.

.To control the operatron of direct or |nd|rect
water heating systems, a dif

controller is used to measure the temperature dif-

ference between the collector and storage and

thereby control pump operation.

Typically, when there.is more-than a 10° F dif-
ference between storage and collector temper.
"atures, the pump will be started. When the tem-
perature difference drops to less than 3° F, then-

-

_There are several modrfrcattons of th|s opera '

- ting mode, one of which is the use of two-speed or

3

. even mufti- -Speed pumps Quite simply,  wheén -
. $olar intensity is fow, the pump operates on low.

~ speed; as soIar radiation increases, the pump is

f

u_

'

\Flg 8-10. Example of tu/ safety vales on solar heater\

speeded up. This is |ntended to |mprove collec-
.tion effrcr.ency :

«

Sizing Dome tic Water Heating Systems I
As with space heating, the sizing of-a solar
water feater system must begip with an est|mate

~

i of the.Btu load. Table 8-1 is taken from HUD's

Mlnrmum\f’rcperty Standards-.fof Solar Systems..

Figures 8-11 and 8- 12 detail several heat ex- -

rential temperature -

.?. .

.

The minimung datly hot wates requireménts toK '

various fesidence and apartment ogcupancy are
listed. 'For example, a two-bedmoom homeé wrtth
three occypdnts should be provrded with. equip-

ment that can id& 55 galloms per-day of hot

W . LR

. , .
19 7' ‘ o R
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.water. Many designeré-simply assume 20 gallons
per day per person, which results in slightly
higherrequirements than those listed in Table 8-1.

The second important consideration in sizing
solar. domestic hot watel heating systems is the

\re'quired change'in the temperature of'fhe incom-

Iing water. The water supplied by a pubilic water
‘system usuaily varies from 40 fo 75° F, depending

on location-and geason. of the year. A telepfione - -
call to the local water utility will provide the water -

supply temperature in the area. Generally, the de-

sired supply hot water temperature is from 140° F .

to+160° F. Knowing these two temperatures and
thg' volume of water required enables oné to’

calculate the Btu requirement for dorestic hot
water. (See Figure 8_-14.) ' -

~

)

’

portion of this 'Biu ibad can be determined in a
number of ways. :

First of all, a detailed FCHART performance

i . analysis can beperformed. Recall that in this pro-

: cedure, a collector area is-gssumed for a specific

»“-/,locality and monthly performante (fraction_of.en-

-ergy contributed by solar) are determined using
the X and Y coordinates of the FCHART. Then, a
‘seasonal contribution is determined. s

* As with_whole house space heating, a num-

~ber of simplified proqédures have been devel-

. oped. : -
_ One’rule of thumb is: the amount of solar en-
ergy avaifable at mid-latitude in the continental:
United Sta‘teS' is approximately equal to'2OOQ Btu/

The reduire’calléctor‘area to prdvide some

» . . ¢ -
Outer Shell. A L l\(i;ual o < Toxic ' _
. : : Cet ndicator - Heat Transfer -
& d H Hot Water o L L - Medium ,
. ‘- ' . . R . (}f . ) “ N
3. . ' i X i — . .
" ) Quter Shell
b)) - ) . . R
& = = TS ST A
. ) e,
) ‘Heat Transter v
v - Medium - Y ‘ i N
. i I —>
(A} Shell and Tube. This type of heat -'exchanger‘is used to . P
» transfer heat from a circulation transfer medium to another ./ ;
medium used in storage or in distribution. Shell and tube heat Loy " .
exchangers consist of an oufer casing or shell' surrounding a { (E:x;r):n's[on (Itharnbeé' ) . Lnr;eglnost ‘
bundie of tubes. The water to be heated is normally.‘circulated Tro aflnlné.]l_ _nd:arme late Toba e Water
In the tubes and the hot hiquid is cifculated in the shell, Tubes ang e: ut ) u E,’

are usually metal such as steel. copper or, stajnless steel. A . . . o .
single shell ard tube heat exchanger nn ir h R . . .
lrar?s?erlfgrom r‘a loxii quui"?' to po%;‘blgawa(:erzrbgelcj:iggméoug?é ~ - (B) Shell and Double Tube. This (ype of heat exchange( is similar
separati?';n s not provided anq the toxic- liquid may enter the to_ the previous one except that a secondary chamber is located
Y s b . . thin the shell to surround the potable water tube. The heated
.polable water supply in a case of tube failure. ' . wi h A bl ] g
) *. toxic liquid then circulates inside the shell but around this*~
g , . © secand tube. An intermediary non-toxic heat transfer liquid is
- - . : . then located between the two tube’ circuits. As the toxic . heat
N ‘ : . transfer medium circulates through the shell. the' intermediary
; liquid_ Is heated which in turn -heats the potable water supply
circulating through the - innermost tube. This heat ekchanger
can be equipped with a sight glass to detect leaks by a‘change
10, color — toxic liguid often confains a dye > or by a change
. in the. liquid level in th'e_intermediary chamber, which would

indicat‘e) a failure'in either the outer shell or intermediary tube
lining. = )

Heat Transfer
-, - Medium.
‘. §

Hot Water ' - ) 8

‘Brazed
Together

Outer Shell ' .

(C) Double Wall;l Another method of ~Browd|ng a-dpubte separa-

tion between .the transfer medium and the potable water-supply
cons;sts of tubing or a plate coil wrapped around and bonded. *
to a tanpk. The p(‘)}able water is heated as 1t circulates through

the coil or through the tank. When this ‘method is used, the- table for domestic water heating-using toxic fluid in collector
tubtng coil must b‘\:a adeguately. insulated to reduce heat lossss. 3P, oo 3 )

ry L . .

T : Fig. 8-11. Exarpples of % © ;.:hapger‘ désigns. Co ; ’ N ‘,
9 e o R - S
. ‘ . ‘v\ ; o 13. ' o .
Q . . . o . - .
ERI
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square foot/day Assummg Ed _" te- efficienc . .perature s wou = result in excess _apacity mostof
.of 40 percent, this . meaﬁs tha . e »/squa-" ‘the time A more practical azz-2ach is to provide
_foot/day can be collng(ed vmh a.orope v nstalle: nearly 12 percent solar h * water in July which
. .collegtor. Using the exampjalr Figure 8-14, tne might tr= - averzge out t6 = i='zent contribution
collector -should Cor}tam apprcx;r::-:ely 137 ‘\forthe vear. Thus, a collec:~- area of 0.7 x. 137 or
squarefeet(109 956 + 800 % <37). as - .ming 100 about 9¢€ square reet migh more realistic,in-
percent satisfaction of hot wai=r ersgh needs. If stallatiz- -
a collector of this size were .sec rmwever, the _ Tr= "ru1e-o:'-thumt3" s¥ 11 Jrocedures outs
hlgher summer radlatlén Ieve s 38 T uFAmer tem- lined a- ~ve assume that th - ‘h=ctoris installed
. ..-\’? . facingc.2sou-nand:nclir  --anangle equalto
' A -BEREES toff Vai-e it e -3 Madificati '
To Collectors C tutoff Vai-e . the loca atituze plus "0 de! 5. Modlflcatnon of
, = = z\evo‘; ) “these optimu— coi'actor "~ a ation procedures
— T will reduce = effe nvene: (\ the collector. In
w;‘” c#sgth+ ea " ste -ation M-~ ot be.achieved, it
(Ou ;w!fl bt -wcessary t e ne size, of th= col-
' lector J30Mpansats tor >s in effectiveness.
oL TheLpr:)ce:ure\ for -o—z- = -he additional col-
N\ R
- léctor a ars icen&z- , -xse described in
. Lesscm $ix There -z *uemrable to install a
dqme: e “)t water hes - - ~ystem ‘'which faces
’a’ - soutbw@s  or toutrzas o 7 10 the section in_
c ) il'ft). o 3 LM‘ ‘Lesson P ent =D =T Facing the Collec-
or nsic e tank {lef)y may n - e req i ° - R s : :
if to- ¢ Z is used in the cc - Tr  asdition torEz.. 0" Wes =7 _us leeW|se, the
=hel. a:.  .be heat exchange: .= -~ ol mrroFo collec ~r must be et . —zle diffetent Trom
wo_d p .oly sa"sfy«mosi_cof— -'La'htuo: ‘us 10 "~gr== he, :cedurein Lesson
"5 —_— = ————  #ixe~ od“Ef ~fc =i g Solar Collectors
- P at 4 ==+sOther  an .m shouid be used to
7 - e comn~ the s:apE) sieztor. However, a
* ‘ : clos Troxim Mo - - -.ned through the
| }(/1 ‘use - .ure 8- ’
. ' gl -z -ertica. scaiz (F s b -action of the an- . -
M- mostat| - Singte walt nuz w -:=r heating ioad sati> -7 2y solar energy.
o . Th: -ntal scale is AS/L . ~2re A is the col-
o . 4o E::C'!’“‘, lec v <=3, Sis :he average ge«y solar radiation
- Ev-shanger . e or thoii:ontal suriace ir January (from Appendix -
Vé, _ ae ;13\ 5 ' A) and L s the zaily wazer ~eating load in Janu
, T b . r » ar, { ' v
- ¢ . Inn= B ' . . .
L J Exman)ger i , e 1l Surtace . ,
Walj - 2at Exchahqe‘f" ' ,
057 Steel s v '
- rank Wair . Layersot, ", w
- 10 Gauge | - Fiberglass -
Bt ’ th 0.3 K Factor :
S . - ’ )-/\\
’ Heat . Wi
) .~ Exchan ’ Yo, ~
~ | Drain ~ . - .o
’ o .~
© " ) Tank Drain \ -ﬁ; .
i ‘ \;:\;_‘ " "'—
- _ {Solaron)
T o (< inergy'Products) . ectors
é i \ i " - water heat exchanzer with blower
T=-« at right has “wrap around” heat e- - through which - =at storage tank ’
: ad flurd from the collectors flow. He - :nsferred across - .. —ntional water heater
¢ Jouble ‘walf" comprising one side exchanger and S valve (may be required)
l:d storage tank. This meets - imum property » = = -xchanger to storage pump . a
ards, - . v - -
Fiz 8=1{.§Coil inside the storage 'zr< a:= wrap around Fs3 &-3 Schematic diagram of an ai,r-' trensfer medium
heat exchangers. ) ... soim water heating system. _ . .
. : . . |. + - .. 3 /
\ o 88 € ‘ ’
- J3 - o .
o : o . o . L : .
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Cmv;oysly:&

,total @ neat otal, Btu sad 'n winter «- . -

much owersized in sum ter. Ahy? aca_ze the
2ad woulc
while the amou- =¥ cotlectabie s -
3. «allv lare «r

domeg=ic water heatini
‘sligh-
ation
-nears 3nuble.

+ould bBe subsy

Zm=srvations have “‘dcated tra a ¢ lzc- o

systerr designed (o sat:s¢ -

tha =z =dlar wate heating system]shojuld be
des == to provide 7o less than 50 percent of tre

anr. z *7ergy neecs. . - K
v '~ these poir ‘s in mind, Figure 8-15 can be

De

"ance but
- ra.di-
~aps first, as>.oming the dJesired annual contribution
and, tr=~. determin:~3 the value of AS/L from the _

chart. \ = Jes of F frcm 50 to 70 percent appear to

sizet ‘: Jrovide about ~g oercent ¢ th. L -,y be rea«. ‘able assu—ptions. An example of the
hot water load will provl rearly al <h¢ not v »ter applica. n of this ¢ ocedure is given in Figure
.ener-  ~=eds in June. ] 8-16 ' Lo
.~ 3MaCNA Installz :on Standards Late -
A W
Exampie Probleri_;: . :
Given thata family of six r+ e ¥IBrE C ACOM AQ v - --aperatlre s
40°F. and the requiremen vy F Pwidwe caca the 2T Lol cmer
1. Compute: Water require--entc YU w4 DeOpe Alions o zay
Lt ;2C ,
. =2l voe et water -ad per a:.
Because a gallon of we.er weigm~ 8.3. oo ne WTU rec. -ement per for hot ’
y  water can'be found by: :
v
--2., Compute: Heat Required = gz 1 2= 12 - 't 0ar3 e MNss )
N = (° - " 1 :
- - = 1C- STL e - * ,

. 8-14. Calcula‘tmg the B~

‘use: :. =stimate-a 2asonable collector area by,. ~

) Fig e HWhante Yor heating domestic Mot water.
Y
i Service Hot R - ) .
Water System “ef s =.Dpese A cimily ir . Bosto tesired to install a
, ) \ sole- war " ing system.-.L - . 3-14 we {ind that a
R S , : minimumr gaffons »f h- zie. ¢ - required per day.
© o Tilt :,Laytude “From the water _ .ty 2ar “it January service
9t A — Solar Coilectc: Area, F~ water 1s cad at 40 = The zesig ot water service is |
2 0.8l H—Kean January Solar Rz sic- set at 14l qus. we can ¢ ulate -2 8TU requirement:
3 on a Horizontal Surface A S AR () , ' -
S .07  BTU/FTH (Day) ° , . Wmsz - . :

" Cg 06l L — January Ho+ “Yater Loa . ‘ . . '~ Daily hot water requiremer - ‘gallgns) -~ v
@ . BTU/D_ayA / - 1ot wate- service tempera- ;e |t .
3‘:'0.5 - - o=attle Iy { “emperza-ure of cold wate apply ~ .
T8 © © .- . Waswngton - , ; Thus -
§<?> 04fe - Co L7 _?.33 - =3~ 40) f :

&> ! ., l . R faBtuz = . o
33’0.3 ' . From -zoec  x As w= :nd that the -rage “daily January

e o2k v ‘solar - -zatic- 15’506 BiL - sg. ft. / -- Thos '
s - v . £ . 502 8Bt/ sg -/ day _
_ § 0.1} s ’ ® From_~ jure :-16, the 'mewx 'L for & 60% {F) is

g RN o iy 2.9. dete-mine the stz ot the coi.- or:we use the ratio

q 00y . 2 010 - - 10 ,-'/ A8 4o )

& . A S/L ) L

. o
Subs: wuting.trom above

Fig. 8-15. Fraction of annual load supplied by TR A ¥ 506
functian of January conditions (water system, L 75 YT 09
: <R Solvir = for A, , 2 T,
P = : " 64,14 - 09 - '
- g - A= - 114 sq. “t ¢f collector
Y . / ' 50¢ 'Q‘ q Qc.e"'-‘
: S Plezze.nofe that the urves of Fig. 8-16. assume that the | .
g :ollec‘or is tilted at<an angle equal to the local latitudeé. To [.-
. .0 VA cbmpensate for any cciector tilt refer' back to- lesson 6. |
v e A . J kl < . " i ?A ;
. - 8415, Determining e size of the collector for a solar
. ot\water heater.
_ P . b
N a9 b - :

O
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Sizing Other Components o ,
For the most part, solar, domestic wafer o
h=ating 'systems are available as prepackafed - . ; Lo
c omponents. Figure 8-17 illustrates two examples’ : ' )
of prepackaged domestic solar water heaters.. =
~Tnese eliminate the need to size the storage tank,. ' /
er—ansion tank, and pump. For an |nd|V|duaI wish-
'~z to.select individual: ' ponents it will be
-==essary to .make the same tyge. of calcylations o
ac ‘or whole-house heating to determine the sizes
of such components Tank storage would typi-
- ca:ly bg based op -one days supply of energy
based on.the, dany Btu load. -

> Figure 8-18 illustrates a- typlcal p|p|ng “and ~

" . wiring arrangement for a solar water heatlng
System o A e

*  Economic Considerations A

As with space heati g, the prospectlve buyer
o a'solar. assisted dome:tic water system will be -
int erested in the savings accrued for the added in-"
vestment required forasolar system Most manu
_facturers of packaged-solar water‘heating sys-
tems provide some type of economrc analysis to
assist the installing contractors in seII|ng ‘their
customers. For example, payback time for fuel
. savings.to equal total investment may be as Intle
_as six'to nife years at the present time.
) As: w1th space heatlng there. is a computer:
service g:alled SOLCOST that a.contractor can use
" to provide a complete anaIySia’t\ased on the infor-

‘Expansion
T : '
Y, __mk To Hot
E ; Cowm e »-Water
LA, BEIER & oL - Use
Stoda '7 ) . :
Tann ) t *. HOt RN
o CoNe L Water
./ S - Heater *
; . \, ‘ .
<. - * ’
’ +
. e
ot prepackaged solar assisted domesiic water heaters.’
. ) ° ]
. ) . 8-10 e L . )
. , ) R ¥ .
L. , . : R o | % - ~ .
\‘)‘ N ” . . ) ’ " . ., ’
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. - . ¥ o - — . ‘ '
. mation supplied to the computer service. Appen- . thrbugh all-aluminum, panels because of ok
* . dix E includes'a sample of the SOLCOST Solar - sive corrosion. hd
,kServiCe Hot Water Worksheet. Figure 8-19 fllus- Figure 8-20 illustrates botr a manual =. stem
- trate’s a typical economic “print out" for a water and an automatic solar assisted ROOI -l =Yy
‘heating system.. - : , system. .
: Thig 'service<also includes coliector size op- Under natural canditions. coc water'w Jiadt
timization ca¥culation that will provide,the custo- some heat during the day anc -en lose - -
. mer- the ,'optimum savings over the life of the Fa2ai at night. Typically; pool warer may -« ad
" equipment. . T th= average ambient temperature :y up fc le.
For full details contact: 'lhternatidnal Busi-#», gr=es under these cenditions.
ness -Services, Inc., Solar Groug. 1010 Vermont . ‘Outdoor swimmr ng pools los- -eatin s
Avepue, Washington, D.C. 20065 ( ) 628-1450. * - ‘wavs, namely by: ' :
' Swimming quoIs ith &Iar Assist 1. conduction thrcugh the geo “ateralt

. Solar‘c“ollect S can be used to™heat swim- the ground.

ming poois that are both'indoors and outfof-doer_s: " 2. convection at tne pool surfac=.* ~# -
- Collectors used to, heat autdoer poals are s '

usually lel?j'elabota'te'than space heating collec. - 3-  €vaporation at the pool surface.

tors simply’ because they are used ‘in the spring 4. - radiation at-the pool syfface. .
- and summer months. Thus, single glazed or even ' S )
unglazed absorber panels can be used. * Conduction losses’are us}/.rallvyéma
Many,unglazed panels ate made of olastic or . tothe othermoges of heat loss. Thus, to ~ = -

rubber as well as metal, However, in the case of use of any solar assist (natural or witr Sx--
. metal, sIWImml‘ng poql wa!er is ne}ver‘-cwculat-ed . outdoor pools ‘should be provided. wi-
- ' , covers so that convective, e'vapor‘atjye,,a- Py
. - 3 R . tion losses are minfimized. _,, C,
: A VERT vaLYE - One type of ol\cover/c;?pa,rticurar
to the solar teepfician is the tr,-‘éns,qarlen’

This,product aflows considerable solar er-

2 WIRE LOW VOL TAGE

. .. X
Lo : S [etvtanm it

| T g | -+ stnson * pass-throughAuring the day to help heat :-
R : S I - » Water as wéll as migimize pool hedt los .
|
[

;' night. - g , - )
J o , e .| ~vs  Cqpsidering typlcai 'PoQl heat losss-, .
o oo e k : 1. ~~{, usual ruleof-thumb- sizing procedu&e SU 4 g
T . 4 “that, for adequate performaggce, the collect:

ey ‘should eqlal haif the pool‘area-for south
B T 'm_mmmm;w - collectors. For other directions, qdd“ntibnal ¥
navac] , B [erason -7 required. Figure 8-21 lists a typical recomr E T
‘ ) wo « o/ tion forseveral orientations in a mildf:limai .

. COULLECTORm
DAAIN
* - vaive —1

; - )
SOLATION i}~ WATER . . \
L vaves § messute [ TEMPERING  SUPPLY plication.

RELIEF VALVE | VALVE 4 X . .o L,
L, N Proper tilt depends on thé =eason of t-
socan eredteowaten] ot wfor'which poq| heating is desir=4. In north: - 1

. 3 S ! ft mates, pool héating is genera y requireq

.~~\\
)

mr T.E”D[IAYUIE , A K .
N - B summer, thus the preferred-til* is latitude

I
i
)( A TR ¥eemrinarune L 10 degrees. In southern-areas, « nter pool I .
! _
|
|
|
|
|

, | B AEZN e .| - ~might be the-objective. In this .z zse, the pre -
warn | B T - tilt is latifude plus 10 degrees.

ALL NN CRET WATER

. . HEATER + Most manufacturers of cc ectors iny: e

i ‘ .

. . A . . s . .

0 { | R [ Tfrsren fuuo for pool applications offer desit.~ assistance ar
P . L. .~ ~make recommendations on cont-al of the sysian

TEMPERATURE | % ; — ’
S © & —— 3 L .For additional information, corm=Ect the Nationa -y
; Jhexerpnamvae Swimming Pool Institute; 200C X Street, N.W. = —

. TA N VALVE- b
} Tow Tamcomw ve” ¥ [ o, ¢+ (Lenngx) - P

- Washington, D.C: 20006."

-
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Fig. 8-18. Piping "and wiring arraTvg‘em‘ent for indirect
heating with storage. o R .
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soler Cormonents Slzing

Sotar SiC. =48 ank size ¢ % o ector is 84 3allons - , -
“pat Excriscyser: NOne . - '
N i-ymp’ Cnars.~armstics ) srsepower, 1.40 gallons pe rinute.
7@ Dimmetesw!Fiow awer ~ze
_ , —esector Stz Jmiimmsc - 1y SOLCOST ) ‘
/ o : omecte Type — “la Pm't‘le Selective

~oar Sester lowts  doi 400.00, fixed  700.00 Coiector 10£ 20 Stor'sce

wamt SOIAr _umeCIC” S Tilt -ngle of 43 Degrees i 3548q. Ft
~wzallemon Castr dedant iooo

‘nash Flow Sussmaery ' o '

7 ] . ) o . E} (.F) (B
Fusl/ut., -er »ragerty Annusl ax Loan Neot Cesh
[ - e “ax ___Interest Savings Payment - Fiow,
. 6 K 8. 169. 72 363. -205 -3h4
- s R KIS 5C.. 4, 148. 65. 363.° -20%.
‘ z 18 3 52./ . 124. - 58. 363. t-200.
. 2] 3 54/ 9B, 50. 363, -20G.
L <" 56. © 88, 41. 363. -1G8,
58 36. 31. 363. 187
* 24- % 51 0! 20. 0., 16~
Iy 8 83 ‘0. 21. - 0. 18"
7% & 66 - 0. 22. 0., 196"
296, : 68. 0. 23. /0. § 212
s 71. 0. 23. 0. 229.
2 (" ¥} - 74. 0. 24. 0. 240,
ot e & 77. 0. 25. 0. , 268.
! & kT8 b 80. 0. - 26. 0. 290.
T & s LW 83. - | 0. 27. 0. 313. -
5 oy : 87 0. - 29. 0. 339
s St 9c 0. 30. _&J .3
. e 3 L : 94 _ 0 3. - 355.
- 548, z. 97 0. 32. 0., 426
t = 8. z 101. - Q. 33, © 0. 459 -
N —_— — . [euiiy RS
< T als RABJ, 8s 1430. 643. 683. 2178. ] 2837E
. . . .
iwyoack vr 1 for el szv-~gs td eaual total mves‘tmem——.“ 9 years ' /
T Payoack = for ne 837 ‘law to offset down payment — 13.3 years’ - N
. Raze of re - = or rmewcash flow—85 p rcent : .
. E Acaual pr- o0 oOf ioac ~rovided by solar — 35.3 percent 7 ‘ v
v C \ | = 1y saJFWS. it~ solar system — 1.6 million B| Js! . :
Savings = Income Ta> Rate X (C + D) ' '
<% Casn Flow = A-B-C — E-F . /
, . ‘ _ Flig. 8-19. Example of “‘Solcost” analych ‘ s s “
/‘J )
- . - . . \ r : -
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" water ——
1 “rom Pool ‘&
Strai aandal -
i IN=== alve
Return Check Valve
to Pool™ -

# “lows Through Panels
anuat Valve. is Closed

i ’ . .

Solenoid

N

Suction Line .- Valve
From : To
Pooi ‘ Pool
§ V ! 'Aho Sigma)

- * Fig. 8-20. Manual ang automatic solar pool hbten.

.
N
-

a

i3 B
i y V]
. Determine the surface\area ofsthe pool.
2. Select appropriate prop dn as determined by collectog
installation. - .
_50-.70 . .70 - .80
Panels facing south. yvith" Panels facing sowthwest or |
tilt of latitude + 10° southeast - \
. . . or
. y ‘
4 . ) ? Parmis’ not tilted at latitude
. v . - + fo° . ) e
3. Muttiply: . ‘\r R N |
Surface Area x Proportion I s .
to determine the ) - . ,
collector area required . RN P

b LIS

Fig. 8-21, Estlmatlng tﬁe slze of the collector for a swim-
ming pool lnstallation . J - .

o : . =%
- T AN

) : .
LS ‘ o R 8
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- the required safety ¢

8-13

» AU ‘ -
. The nree basic typesyof s. . :. mestic hot
water neating systems have bes~ == -prlbed

1. Zwecthheating/thermosipho~

2. rect heatjﬁg/pump circule.: -

3. ndirect heat'lng/pump circu.. 1g )
»

Trans=2r mediums anc heat exch:=rgers for these
systems were discussed. The v--~us operating
cycles anc controls were consiz==s— along with
vice, T

Sizing of the vario ompon=--3 of comes-
tic hot water heating systems were descnoed in
rélationship to the economic facrors Which affect
the decision tdo/ purchase such . system. Also,

some consumer information regara ~g the use of

solar systems to heat swimminc >ools was pro-
vided.” Finally, suggestldns for obpiaining assis-
tance in preparing sizing and cost analyses for
sola- heated DHW and swjmming >ools were pre-
sented.
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HEATING SYSTEM INSTALLATION’

: Many‘factors l‘nfluene{declsrons about the - _the 100 pe

A feasi_b'llity of installing a solar heating- system.
" Previous lessons havggabilt with the problems of

solar insulation dictated by the geographic loca-

tion of the str cture Problems of air-versus-liquid
colIector loops have been discussed. Various con-
trol

identified. Total .

plamed with the inclusion of domest1c hot water

(DHW) requirements. o
’ At this point, decisions must b
aesthetlc%alues and physical space
of the solar heated structure. How do collectors
affect the outward -appearance of;ﬂhe burld,mg"
‘How can exterlQr .above:ground ‘equipment be
hidden? Where can the heat storage (Figure 9-1),
transfer system and ontrols be placed? How
noisy will fle system be when it is fully opera

made about

tional?" In addition _to all of the spéce require-_
- ments for'the solar heatmg equrpment where can .

v |

S ;

téquirements

’

echa isms have been presented. The'eco- - '
. nomic factors of solar heatlng systems have been-
system operations were ex- -

-ponent (pump, t
_ingtallation?

.theSe must be m

)

ent z_x.. .z heating syster“. fcr the
'occupant comfo- = d hot wate- needs be Ip-
cated°- . - . -

0 all affect the utiliz atron of

Where is the t=z=- valu-

Thege queéstic
space an a buildir
able space or -he -
Cupant have t- rej
gquipment? Can »
Room” be accormu~da =3? Such ecisions as
a?e 1th= jeSign phage o° the s0-
lar heating proje¢t -2ga dless of whet"o the in-
stz lIatlon iS-inarza. st#;:ture or a re--ofit in an
existing building. T ;
Guidelines w: -
comporent mar: 1"zs so that insoection,
mainte~ancénar - S ars 3an be done. Forexam-
Ple,’ how .arge w ' *“'e z*+ic access or ‘he equrp
" ment roomdoor -2c 't 2t accomm. -ate com-'

.

Liquid S}slem . )

Air System

Underground

L 4

" Bastment or
- Crxwl Space

e) - .

s

L9

Fig. 9-1. Possible Heat storage unit locations. . |,

1
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Scheduling is reac 32gin when these \ New Constructdon |nsta||at on . ' :
' ¥ .

decisions are finalized 1 - <ctual documents
between the occupant an: .ns: . ter, The occupant
should have informatior zpcL- #hat is being pur-
{ chased and. installed. -z arcentage of the
total heat load demand =z~ -21 water n
“being provided'by the sc = ur - " What ar
eratmg rf,‘qunrements (ur:-tizz -maintenance,
sypplies)? How Iong cdi~ tha system be expecte
. - toMast? Answers to these questlons are forthcom: »
|ng D Vo -

. This section of the Iessonzdeals with_neWw
eonstruction and is divided into two parts ac-
cording to the fluid medium (liquid or_air) being
ustd. Componengs and systems will be 8iscussed

‘as they would normally occur in scheduling con-

struction of the entire structure. Appropriate refer- - .
ence to SMACNA installation- standards, where:

--noted, should be read QSee Tables 91 and '9-2.)

‘ ‘ . ) r e . R ' .
! " : Solat System Installation Scheduling , ST
T ) (Liquid He’ating System} ‘ N .
~ R o7 Table/91 Lo o, 3
N ' ’ ) 1 _ Y L o

Solar Component

_Installation . struction Stage .

I Thermal Storage
. Container

1. Structural pase Durin (oﬁfndation'; con-
- ' - cretd work )
2. Placement 5 'comy, * Following toundation,
- ~ tainer “~ncrete work
+ 3. Piping con- ‘ng rough-in plumblng
tions Jhase

During rough-in plumbing‘ -
phase leak test

. :ak test fillin,

'(Not&May re- —
quird-subsequent

o draining to pre- . - -
e ventyfreezing) Ty ' .-
* 5. 0msulatioh Followinl leak test
~ [ . ~a
*Il._-. Solar Collector - 1\ ° - ’
T °’  Subsystem - , N
e - <
1. Preparation of During framing\phase
¢ .. ' support strutture o o
2\ Placemént on Prior to insufation, dry-
: ! \goof or support walling, agd plumbing
tructure stack-out. Also prior to il
‘- ) Y - 7 ishing roof and oot flash:
- O ing.. *
3. Installation of'plQ- Prior to insulation and dry-
ing to;eg ipment * wall
- room ’
© @ Leak test of col- l‘\ Prior to insulation and dry-
\j\ ) Jdectorloop wall
%, 5. Insulation and in- Prior to drywalt R I
© spection of co): ’ . :
: lector piping—

e

‘ ]
\HI. Heat Transfer

: Subsystem
i/ » . . @
J 1. g%\auation of pip- Prior to insulation and dry-
- 'ing, punips, - wall (Note: Early installa-
"' valves, efc. . tion could provide solar
- - heating for_drywajl work)
> 2. Leak test of During rougr\gg plumbjng ™
‘ - plumbing Ieak test
»
qt J an f " \ ’ . . 4
Q , ' J v._ i
‘ ‘ - P
ERIC % » -« 7 S
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_. Bullding”Con. 3 ,\

L

Solar Componenf
Installation

3. Insuldgpn and in- 7
. p.
spection of pipir{g/;
4: Installation of
-auxiliary furnace ;

Bulldlng Con-
: structlon Stabe

“Prior to drywalt e

Same as ior'E‘onventional
/ system °, ’

i ‘and/or coaling L T .
.AL 1t . . .
. 4
iV. Domestic Hot Water o o
)System Installation N oo -
1. Instaflation ot s Prior to msulatlon ~and dry-
,-heat exchanger wal . R
" and piping to pre- . : -
fh&at . Co .
’ Leak test of » During rough-in plun’b'in,g ,
r . 7 piping leak test - v
M/. 3 Insulatlowand in- «

Prior to drywall
) spectmn of piping |

4, Installation,of , Same as for conventional
‘' . _prehedt and auxil- . DHW systems :

. iary DHW tanks * = * -

* Controls - - ’ )“
RE Sensors - Each segsor. should be in-
. L ‘ Qnsfalled with egch\dom-
GO W +* « " ponentit reprefents\For .

. exampie,~th orage tank
N ’ : temperature sensor should
) be instalied during the faB- -
riation of piping connec-.
: , tions to.the starage unjt,
¢ . ] “the collactgor absorber .

’ ) temperature sensor during
. ‘the finstallation, .
- L .etc. )
Same as-for oonvgntnqnal N
"fhermostathoté Early jn-
*]" . stallation can provide splar
heatihg durln,g construc{
tlon)

4 ’ i, . *)



Liquid Systems ' . : inchgcdncrete slab-is ﬁgr_mally adequate). Foot.
- ." .The first activity in conStructmg the solar ings for the containers:to hold ljquids, especually
heating ‘system involvés the heat storage unit. for heat storage and posszbly domestic hot water *-
The - tank: manufac}urers I|ter%ture will provide storage, hould - be dug, ,and poured when the. N
data concerning'the’ Iogatlons of inlets and out-* basemﬁor regular huilding foundation is under -
lets, sensor fittings, and tayl(anchormg methods. chst tion. Anchor bolts to secure the tan ‘

7 ot b N R T . surface pr undergroundanks outside the buflding
.should be cdnsidered af this tima for scheduling
, Heat Stor,age_,(/fw Heat storage h'ruts for-  efficiency. The size of th footings will hdve to be
space. heatmg are manf¥actured: of stee fiber- - engineered.on the basusjc;j the total tank and lig-
N glass, or eonhcrete in a ctory d deliver he uid weight en filled. Footings must be hlg'h .
"M'_ building site for instaflation. & butyl rubber line enough so that, thefe will be about 6 inches Qf
toncrete block systen erected on-site,is_ anothed\ space under the tank after pouring the ba’ e{:}' ‘
alternative. Footmgs ust-be prgvnded (@ four- or to allow for tank,msulatuon {See Fugure92)
» - . S -} o
; Solar System InstaTlatIon Scheduling * s o .
. # . (Air Heating SYstom)J “/' ' S /\
y Y . Table 9.2 - . DA . RS
r Component B\Uldlpg Constructlen . Solar Component " 3Bullding con. {1-»
thstallation ’ Stago lpstall ‘tlon structlon‘ gq .
). Pebble-Bed Storage- -~ . 3. mstallation-and - Prior to drywz‘I ’
* unit ' I inspection of duct - .. ¢« e T
“1. Structurdl base During foundation, con- o~ | gsulation i ‘ a \)
M , crete work - -~ . 4. “Installation of Same as conventiontl -
2 Fabiicatfon of "During_or immediately af- : auxiliary furnace CsysygmaN : ,
\ " -comtainer ter concrete, foundation ‘IV.  Domestic Hot Water - ‘ k o
' . work , - System Instailation — TN~ ,
3. Rack filling of Prior to roofing over &f : . . S ]
N\ * container basement or space con- . Installat« n of ‘Prior'to insulation and dry-
. E . taining stérage unit » : hea‘t exc angerg ’
o 4. Ducting connec- - During heating distribu- . . & and p‘?'”g topré U os .
ttons tion system ductwork’ . - heat .. ’ g
5. Insulation During fabrication of unit 2. Leak test of pip: During rough m,plumbrpg N
5 . ) KR » ing - - -~ leak test 2‘ :
~_. . -, Sdlar Collector Sub- i . ) ~— . 3. InSulation and in- Prior to drywal|
system . . v L spection of piping . i . .
. Preparation of * \ 4. dnstallgtion of = "Same as for conventiona

1.
&
support’structure

(SMACNQ sectlons 11.%-11.2,11.3; and J14)°

Duriag framing phase -

Sy

can be placéd. at this time. Pouring footings for -

prehéat and auxil-.

DHW tapk & - ‘s
iary DHW tanks } :

-

Ve

2)-Placément an - Prior to insulation, dry- —~ e f
é o roof or port « walling,or plumbj tack. \h/ Con}ols K g o ;
o structu?‘) .~ out Also prier’ﬁghing A _ L . : .
g - roof and roof f ing . 1.; Sensors . > Eaeh sensor should be in-
N} installation of Prior fo insulation and ) a D stalled with the specific
v ducting to equip- drywall : P Y. .y, ' domponent. For example, _
- ment room T . T ‘ \t‘\, - “%he pebble-tfed storage (v -
v 4. Leak tgst of col: Prior 1o msulatlon and dry- N h « ‘ ’ :)Zn?s:tr:ltll;rde::’rr::grt:?;}.;lld
lector loop wall : L N g _ )
5. Insulation and in- Prior to drywal’ - o ' p - ing.?t thte 'erble-ltl)edtgtor!-) L
spection of col- . . age-‘container; collector ab-
% * -lepctér ducting = - & B . " sorber temperature sensor -
. - ° - with the collector lnstalla
> Heat Jranster Sub- / .  tion, etf. - :
system . B <. A /2 Central Congél Same as Yor conventional-
- 1. installation of * \, During normat sheet met- Panel- ~ thernms at (Note: Early in-
~ ductwork, damp- * al work (Note: Early in- o o _stallatién can pfovi r
“ ers, blowers, etc. stallation could provid “ - ,’ solar heatirg durm:(;%\
. . solar\heatmgdor dryw Il, { . stuction) ' - e
. : ( ' work) ' < - 4 ) ’ - -~ A ALY
2. Leak test of duct- Prior fo drywall and insu- hd - f N ? N s
ing : lation - *. L - R . N L.
‘ e ‘) o A L \ : .
“ . . ‘ 83 . " - / ' _K
N ! ' . 7 [t .
\) 7 . ~ ‘ 1 (j 7 . ’ : L]
& f : t ‘ -t 4

v
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- : /\ R i P N4 g
. ' ,Thermigmtgenso'rsTh -.‘ Once the basement walls are erected “the
. Located in Bottom Thir
“ Pt for vla{Return o %ank and Attached . . tank can be pIaced This operatjon will probably
and Vent . Lo arSupport _require a crang. Care must be taken to blug all )
Tl 912 in. of Fibesglass ,nsu,a"% - . opéhnings to _prevent contaminants, from entering~ -
, . . T J _ . the tank. Protect_ron -against lnadverterpt damage.
Watay Return Line . - > ‘whule the bu?ldmg is under constructuons‘ﬁB'uld'be e
- U vent . 3 provnd for the tank, eSpeclaIIy if'it.is glass or.> -,
! v %, - stofte med Impéct dents” may fradture the liffing *
2 a ‘r R ) catat and greatly reduce the life expectancy'{f the stor-;
A - —— A Lok age tanks. Check all glass and plastjc fside-sur- ot
L S sulumma® L ﬂﬁ‘,’ﬁ;ﬂ'fgﬁf,’,'g ‘fates as wéll as the oytside. galvanized coating .
R ! i Water Level | Suction _ for imperfectigns_and delivery damage before
N ©oT :“ - : / g . placing the unit: If flberglasséarrks are used, they.
VL T s - y » must pe rated to’ wuthstan.d desugn storage tem-
. ] - | - o 1
NN = U= :[Grou d cgeratures to 180
.- . AL T N T - Preparations for Collector Insta//atLon Once
- "Support (Bricks or Hlocks) Foundation as per Code /t,he tank(s) dre secured and protel:ed construc-
C . . ' tion-on the structure €an contind€ as normaIIy “

"Seal All Edges with Mastic t Space '°"'"§‘ila“°"

Moisture Oyt of Insulation

S , - ‘ :
NOTE The installer should be cautnoned -that- underground
ingtallation of caoncrete storage tanks Wlll present thé tollowmg
diffi

. ) .
.

.sealfrom moisture.
(2) The tank and pump instaliation w1II be_more dumcult A’
hole must be dug for the tank, and the pumpmould have t6 be
installed in agdry well.
(3) Maintenance or.r&paus wolrld be more c‘"ucult/ E
Whether the storage tank is installed indoors Jor outstde it
should be insulated with1a low-thermal- conducttv:ty typo insula-
tion, such~as 9-12 inch- thick Jfibelglass. If the'storage tank is
installed outside. the: insulation must be waterpggofed with gt
ing cement or en,{:losed in a tool shed or other weat roof
shelter. + - " - v o
. .
Fig. 9- 2.‘|'yplcal non pressyuzédabove ground installation,
M L ? ey ‘ ’ .

“q)' ."

1

“ -

%‘n ’

Radius

inl to .-~
rade

Same Mater
Backfill, tb

W
,Fig. 9- 3. Turnbuckle : hold dov(v straps for undefground
placemant of fiberglass storage tank

- R
. .
£ N~
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ulties:
(11The thermarlnsulatlon will be more dnmc'ult to rnstall and

.94

_scheduled: steet “[*beams can be placed, .floor
qousts can be installed; sub- floorind® can/‘oe«lald ¢
and.exterior walts can b%frame sheathed, and
_eregted.

> Roof rgmlng y$ next. D
pha'se a decifongmust be ma
t@e -collectors an tegral part
have them mou ‘ed above the rgof as in Figtse 9-5. -1
‘Three. pOSSlbl ounting..deAign asrangemants AN
are shown in Figure 9-6. Actual solutiong to thegse
deS1gns approaches vary with the, compone'nt

’?anutecturer,rA few examples are* Htustrated in®
igures 9-7 through QQeCollecﬁar manufactwer
uld provide complete deﬂtalls on maunting col-.

-

to either_
f. the roof.or fo

a

"\1

+*

ec%ors DA . e
J— R . ‘ A
. ! . .. ’ M s s N o
- \
s . I
’ l'd
. .~
1 v
’
- 1 4
T .
) -
- ‘
hubb_er Gasket \

v

-

: e .o
Fig..9-4. Whbkn held conhections must be ade into a tank,

a bulk head\type “eonnection should be d. \‘ ‘
+ -— . - C .
e L ‘ , ~ ¢ .
14 3 ST

RN

o~
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” Solar Panel on

.. Typical ouse

_ S
L : = 4 ‘

.

_Elevatlons B, C. D,.K-and L are probably the ‘most economical
methods of accommoda(ung A steep tilt angle for solar. coliectors.

Elevations E, H. M and O are probably the next ‘most economical,
recognizing ‘that they provide addmonal living area on the
second Moor. * : :

Elevations I. J. M and. possibly O, dependmg on proportlons,

“must be- treated ca’TefuIIy

. : . (NAHB)

. -

-

Elevations G. N, P. Q and S are possibilities but ‘are more costly
than the first group and especially more costly if clearestory
-space and/or fenestratnon are to be provided.

Elevations R and T are of some’ interest in that they provcde a
method of hiding the collectors completely, but their comparative
~cost. needs special analysis.

Elevation F is obviously very expensive and only applicable
under certain conditions. It does movnde a three-story opportunlty

. Fig. 9-5. Collector/rool conhgurathns.

Q
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. In.any’case, the trusses or rafters should be
_set with consideration f securing the collectors
in place and supportlng he total weight of the col-
lector array. The possiblity of damage from high
winds and/or snow. wei§ht must also influenceé
any roff framing, deci ioAn's. There is almost
always a problem of roof supports interfering with
m!et manlfold and o tlet -manifold piping at the
‘eaves and' ridge. This may require lowering the
collectqr array. Keep in mind an important solar
heating system d’esrgn cmerton that piping
should .have.as.few constrictions and directional
c__rz_a\n.ges (elbows,. etc.) as possible to keep head
pressures to axminimum, and to assure complete
drain'down.’ - - - N <

Interior wall’ partltlons should be framed-in
either prior te, durlng, or immediately following -
rqof framing. Elexibility.in scheduling this actnfrty

<t js determirfed bythe need for.these partitions to
pe load-bearing. After these structural members
are in piace, the roof may be installed.

‘The steps in roofing the structure involve

sheathin’g,' laying- down roof felt, and- cutting
openings for piping. Roofing and flashing will be
instailed according to the design decision about
ctor panels being part of the-roof structure-or
whéther they should be attached later. If they are
added later, the panel supports should be in place |
when the roofing is applied. This support may
need to extend down to, and rest on, a typlcally
-non-supporting interior partltlon :

Collector Array Installation. (SMACNA Sec

tion 5.3, Item D) Collectors are the heart of solar
.heating. Determining their placement is probably
the most critical of any .of the activities in the con-
“struction project.
- - First, the tilt angle at whlch collectors are
mounteﬁ is a key factor affectmg the absorption
of solar energy. A good rule-of-thumb is that, for
heating, the tilt angle should be 15° greater than
. the latitude designation for the geographical loca-
tion of the structure. A location of 40° North:
latitude quI .have collector arrays set at approx-
imately 55% from horizontal.. (Precise tilt is not
critical, however, as mentioned previously.)

The drchitect may“esign the roof of the
structure to the prescribed collector tilt angle.
This procedure provides for the mast rigidly
mounted collector. It also means that snow will
probably not ‘interfere with  solar radiation
reaching the cover of the collector because of-the
steep angle. Most collectors (but not all) are in-
*  stalled with flow channels in the vertlcal position.

Collector arrays should be installed facing
south in the northern hemisphere. This is neces-

)

N

2.~ Collectors will need to be hoisted to

sary to obtaln the maxlmum solar,radlatlon The
array' may be on the front, side, or back of build-
_ings depending on the direction that the structure’
" facés. Plumbing stacks, vents ‘and other roof pro-
trusions must be rquted away from the ¢ollector
area. For direct mounting, the collectors*should
‘be installed after the roof felt has been laid, or
after the asphalt shingles are in place if stand-off
mounting Is .plamed“

" Callectors must'be lnspected when they ar-
rive on the site. There cannot be any bent casings,
cracked cover plates (acommon problem), imper-
fections in the surface coating on the absorber
 plate, nar improperly installed rubber. plate
'mounts. These problems will reduce the-efficien-
cy of ithe collector. Also, cheBk for rf‘lssrng p
/before beginning installation.

e roof.
(Panels typically weigh from 150 to 175 pounds so,
without lifting equipment, this is at least a two
person job) Collectors should be secured when

_ they are in place. Then, additional collectors are '

lifted and placed next to (or above) the other col-
lectors with spacing according to the manufac-
turer’s spegificationsto allow for metal expan-
sion and contraction. Installers should. be‘certain' .
that all flashing'is secured as the lnsgallatrryr pro-
gresses. The flashing must be kept from inferfer-
ing with the removal of glass cover plates so that
the flashing ‘will ‘not be disturbed if a glass is
broken. Many manufacturers also recommend that ’
- collector faces be covered during assembly to
dvord high temperatures inside “dry coIIectors
The temperature of the collector array must
be monitored. Figure 9-10 shows'a therrmstor sen-
sor mounted on the absorber plate. It should be at
the outlet of the last collector in the array. An al-,
ternative is to attach the sensor to_the inlet or

- -outlet piping. In either case, the sensor. is placed

on the last unit where the tempetrature is highest

_ according tb the manufacturer’s specifications. It

is Important that sensor lead-in wires be placed’in
conduit Ieadlng from the roof to the differential
thermostat on the control. panel to protect the
- ‘control system from lightening. Usually 18 to 20

" gauge .wire can be used to connect sensors to

cantrollers.
Rough-In Plumbmg (SMACNA Sections 8.1,
8.2, 8.3, and 8.4) The next series of events-in the .

construction schedule involving the solar heating = -

system is-rough-in plumblng During this phase of
construction, the inlet and outlet coflector mani-
folds are fabricated by soldering and/or threading

~.the pipe fittings. into the collector fittings. Figure

9-11 illustrates two of several connecting techni- -

! v
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Siandoffs ' ' - , ' ' . -

Structural o T
Member : '

1. Rack Mounting — Coliectors can be mounted at the prescribed
anglefon;a structural frame located on the.ground or attached
to the building. The structiral cofinection between. the col- .

- lector and the frame and the frame and the building or site

. must he adequate to resist any impact loads such as wind,

N _' " - ‘ﬁ . }'v'::,

Tﬁreaded Rod and Pressure
Plate Assembly

°

LI : .
. . f ~

2 x 6 Spreader
Beam

Large Washer
Two Nuts

NOTE: Roof pitch is the same angle as the
collector tilt. ’ C ..

Fig. 9-7. Stand off mountin‘g.

-

2, Stand-Offt Mounting — Elements- that separate the collector
- from the finished roof surface are known' asstand-offs. They -
¢, allow air .and rain water to pass under the collector thus .
minimizing - problems of mildew and ‘leakage. The stand-offs
must also have adequate -structural properties. Stand-offs
are often used to support collectors at an angle other than

that of the roof to optimize collector tiit. Tilt Brace o

Tie Brace Between

. 5” Stand Off Bracket
’ R : Moungings :

Threaded Rod and Pressure
Plate Assembly. .

Pitch Pan gyt Up Roofing

ANRRNRARRNY
7

Sheathing

/o Joist

Structural
Member

ks

2 x 6 Spreader Beam

Two Nuts .
’ Large Washer C .

Fig. 9;8. Flat roof rack mounting. Note use of pitch pan.

3. Direct Mounting — Collectors can be mounted directly on the : - o
roof surface. Generally the collectors are placed on a water- — - -
proof membrane on top of the roof sheathing. The finished . .
roof surface, together with the necessary coliector structural ’ ) -
attachments and flashing, are then built up around the ) . .

. collector. A weatherproof seal between the collector and the - . .

" roof must be maintained, or leakage, mildew, and rotting = - =
may occur. o . N ' . )

_Fig. 9-6. Collector mbum/ing opﬁ:&ns. - ' . - ’
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" o “Trim ‘Facing (Op:ional) s Trim (Optiopal)
! . Vo . L

- \ Coaver Frame )

Trim-Cowver * Mounting Screws B

(Optional) o ' . _ . i

' ' ' - / 2" x 4" Sleefer
v T . R Lt
Roofing Material Asphalt
* s Shingles
2" x'4” Sleeper '

5
Asphalt
Ve
» . R Felt
.) Roof Truss
N T L % T

. co e - LT .'.'A'TL;]

) N

. —— 14

: - 48" (1219 mm) -—-*--
. . ¥
SECTION A‘A
o . ) : . , '
Fig. 9-9. Wood frame mounting (2 x 4 Sleeper stand offs.)

2" x 4" Sleeper A Truss Rafter

L - {Lennox)

. in!et ,
or ;
E O|uzl_et » Thgrmlstor

- _ S L o

Plate .
/' N

Fluid Tube
T ;

-Self-Tapping . _ J
Screws ¢« .

. 02081 :

) j%o%“?__- -

P . T P‘w > Absorber
. ) _Plate

Thermistor *
_ Wires

} Thermistor ? . e
\ Strap' . '

t ) ’ ' " . Section A-A. A
A Absorber Plate .
: Thermistor Installation ¢ ) ~
. (Above or Below the Plate) )

-
4

Good Metal to Metal Contact

3

Stainless Hose Clamp - - . .
. To Header g ™
Thermistor = .7

T -&—¢-—Flare Nut REEIN o
- R L . 7 . . '
- ) ’ Wires — “ . Collector ’ :

Temperature | ' |
Sensor . : .

Solar Collector

- Header Instaliation

Fig. 9-10. Collector sensor installation,
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Outlet” S

Header

’ 'l .
7%
] ! X
. #——— Collector Outline —h
N . . L . t Al
. Solar \ Solar - o - 7 :
Collector Collector o ) ~ Collector Outlet Assembly .
. - .
Cap r\ ’x
. ~H
-~ ." .'.‘
4 . 'l
. . i ) ‘Outlet
. \\(Lemox) _ o : e g
/ . ) . . .,' LXS .
\ .
\ | :
A \ . ) .
\ ' . ' Cap
’ inlat Union (American Helio Thermal Corp)
‘ ' \
ques. Some installations use high pressure rub- \ .

ber hose to attach the manifold to pipes or to the - {r : i :
collectors, but hoses will deteriorate over time. . _ : ’

From the collector inlet side (near the eave), one ‘ Sweat to Flare

liquid line of the circuit is fabricated to the equip- - » ’ / Connection o N
‘ment room, and piping from the outlet manifold ; = -

ex ends into the attic (near the ridge) where an air
ve~t valve (Figure 9-12) is installed at the highest
r- 1tin the system to remove air from the circuit.
= _Jre 9-13 illustrates several roof penetrating
practices. The..outlet line then returns to the
equipment room. Three possible array circuits-are

* Header

Flare Nut

Flared

k Male Elbow

shown in Figure 9-14. As in ordinary hydronic de- ' Tubing /o

sic” the reverse-return circuit (No. 2) is generally . ' Nut .

pre =rred because of balanced flow paths. ‘ ‘ Solar Collector ..
_ At this point, fabrication practices for the co!- *  “Connecting Collector to Header
‘leczcr loop circuit in aiquid system differ be- -

twe=n the closed- and open-loop design. Ths

closed-loop is a system used where sub-freezing

terroeratures require that a heat transfer fluid or

ant'freeze mixed with water in the co! actor, cir- :

culating pump, and heat exchange C'fCU't as Fig. 9-11. Typical collector assembly ‘procedure (each
shown in Flgure 9- 15 manufacturer may design a unique system).
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" " needed. The expamsiof tank also

.. Centrifugal pumps should be logatec with at
least five feet of water pressyre on the intezie side
of the pumps. This may be difficult to acc= nplish
in some in'stallationgwﬁere'the heat storz je unit
is placed underground. However, i} is impdrtqnt1
that this condition be met se that the pumps can-
operate efficiently.. - ¢ *

Specificay?’o;’ns for the circulating pump are
based on the Nquid flow-rate in the collect
timize the gallection of solar radiation.
siontank/is also installed at this time. |{ may pro-

' vide a handy opening where antifreeze ¢gan be.ad-

ddéd liquid if
rovides a place

ded as well as be a.reservior for

" where “the fluid in the circuit cap expand as it

heats without increasing the pressure of the li-

' quid in the system. The other part of the closed-
-~ loop 'system can include a domestic watqr‘h_gating .

sub system. The key piping and components jn a,

‘typical water heating sub system are shown igf Fig

9-16. Again, there .are any number of variatigns of
this arrang?ﬂent, but thie sub-system in Ffg 9:16
minimizes the - amount of standby fuel input re.

‘quired. One of the advantages to the closed-loop
- system is that only a small amount of antifreeze is

needed in the collector loop. This is a substantial
cost reduction factor, since a thousand .or more =
gallons of water in the heat storage unit do not
have to be treated to be kept from fyeezing. )
. . N

.

Lap

S -atto

H \ i at
Water Shut-off Vaive N ‘ sittimg
o K \ “lare Nut

Heéder

7

.. v “T" Fitting
Fig. 9-12, Olne‘lype of air vent hookup. Locating vents and
valves outdoors does pose the threat of freezeups and the
opportunity for a valve to leak unnoticed. If outdoor loca-
tions are deemed necessary, use best quality vent and
valve, ) ' :

. 910

) ' . T
‘}/ mwhere sub-freezing (emperatures'a\ri

rare, an open-loop system can be used. This type\.* -
of solar heating system design uses water as it,
comes from the dold water supply system for the
structure and is circulated throughout the ¢ntire
circuit as illustrated in Figure 9-17. It is esséntial

that ‘pipirfy and collecfors drain completely to

~ o @ . "? ) ’ ’
AT ; - LY

insulate Inside
of Metaiwork
in Cgld Climates

-

— Base F]ashir;g ~.
‘Material :

-
~ Slope Pipes, - >

Away from Hlood

Solar Collector

“Rubber Hose

Ho.s'?Clam:s

45° Ell

\ent-Pipe Flashing Fitting
Shingles - .

Sheathing

. Ra‘ﬂe‘r_u i

Boot-or V\;e_aghérproo! sheathing must
completely cover fittings, pipe and
seal vent-pipe flashing on top

A

=iashing Fitting
o Pibe‘

Fig. 9-13. Typical roof penetration practices. .
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avp'id_‘fr‘eezir‘s'and boil-outs of liquid trapped in y _  Properly instalted piping is also aoconcerr{.

", &collectors. = - @ . - Copper or high temperatuse plastic} pipe can be
Both systems, open or closed, make.us ' of. used to install the system. In‘eithgg case, the pipe

(1) various_valves to divert the direction of li vicd { must be insulated with code-approved pipe insu-
flow,s (2) ;check”valves, (3) pressuré reduclpg . latian.” Neoprene foam .(a minimur® of one-half
valves, (4) fléw control valves, (5) circuldling | inch thjck) is an example of:an acceptable insula-

" pumps, (6) flow rate valves, (7) expansion tankﬁ', tion material (R-4 to R-7).° y . _

(8) heat exchangers, (9) gettqr columns (for all- At is essential that all horizontal piping

fluminum collectors), and (10) drains and other . ‘should be pitched upward at least ' inch per 10 * i
components. Most of these ‘argl located in the - feet of run to insure adquate drainage. Yhe size of
equipment roomh. = . . .. y the pipe sSlected" shotld be great enough to.in*-

: -~ 7 - ) § ‘. _ sure that thve water velocity does, not exceed five
. . . T > Y N . . n
S ' s Ty geet( per second. Table 9-3 provides information
' ' T o . bout specific flow rates of common size pipes -5
B&gnce Vaive - - h . Subiid o s C
R .o Damper . Hea&gr or Mamfold T . ‘ _A _ _ /
L . < g L?% o - *Consdlt plastic pipe manufacturers for suitability at hig’t‘)
o - ' 8 " temperature and pressure. R <
] [] . . N . o . A . N N .
. 71 C ' o o : T
o i = ~ . » : Table 9-3. Pipe diameters for specific ﬂov: rates.

1. Parallel Flow — Direct Return — A direct return . distribution | * schedule Gallons pe- Velocity Pressure Drop ped® |-
circuit circulates the transter medium from the Bottom of the Pipe Size Minute FPS 100 Feet PSI .

- collector to a return header or manifold at the top._Jrhis arrange- * 3 - ) 2 ’ 3.36 Y. 658 .
ment may cause severe operating problems by- allowing wide g 4 o . 4:22 742 ° '
témperature variations. from collector to collector due to flow Loy, . .8 4.81 " 680
imbalance. Although ‘the pressure drops’ across each collector 1 .45 T 5:57. - - 6.36
are essentially the same and at the same flow rate, high pressure 1Y, .28 537 . 4.22. .

~drops occurring along the supply/return header or manifold * — - - +— =

“will cause flow imbalance. This problem can be reduced by . N .
sizing each header for minimum pressure drop although this . s - K . ’ .
may be. prohibitive because of economic and space limitations. . o - : . AN
Even manual- balancing valves may be -difficult to "adjust, so S - o ) ] o 3
automatic devices or. orifices might be required for efficient . . & o . '
system performance. Provisions must also be made to measure, ' , . s
the pressure.drop in er to adjust the flow rate to prevent : T * N :
collectors closer to the cirtw(ating pump from -exceeding design -’ & L . B B .

. flow rates and 'thosefarther away from receiving less. . : el ) - =

-Ji, S oo TR

T G0
A,

Balance Valve
or Damper

4 - - < - : ’ oo : . ] - .
| g OO
= 1—-‘ :( . . . B
Header or Manifold ’ - A A k x\ ) .
\ . » i T
- > : ) Header or Manifold ,
2. Parallel Flow — Reverse Return — Reverse return pipihg sys- i

lems are coisidered preferable to direct return. for their ease of 3. Series F!ow—f'Serieé flow i$ often.used in large planar arrays,
balancing. Because the total length of supply‘§i‘p@ng and return  to reduce the amount of piping required, by -allowing several . -

piping serving each collector is tne same and' ffie ‘pressure 'drop - collector assemblies to be served by the same supply return
across each collector 'is equal, the pressure. drop across.each -- headers or manifolds. Series flow can ‘also be employed to
manifold ‘are also theoretically equdl. The. major. ‘advantage of increase the output temperature of the collector system or to
reverse return piping is that balancing is seldom required since allow the placement of collectors on non-rectangular- surfaces.
flow through each collector is the same. Provisions for flow Either direct or reverse return distribution circujts can be em-
balancing may still. be required in some reverse return piping  ployed, but unless each collector branch has the same number
systems depending on overall size of the,collector array and of collectors; the reverse return system- has no advantage over
“type of collecfor. R ) L ) direct return — each would require flow balancing. . ,)._
- ‘. . ‘. . . . ) ) e .

: S , ) Fig. 9-14. Collector piping circuits. -
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Fig. 9-16. Domestic water heating sub‘syster'n.
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“To insu:
the followin. = >resented: .
. <«
~ Ten Comr - :xments fer Good Piping Rractices
1. The enc: of all pipe or tubin@ should be -
reamed - t

—

-
Keep bpanches ;s short and as unuform as

\ . possidle.

v
v

’

i B

the .tublng

. o~

6. Aliqw. for expans'on in all long rdns of pipe br
tubing.” Provide ;@ietclearance around all

' pipe or tubing which passes tnrough floors

and.wall=

7. Faste } ing to the joists with either
stap: .. o+ :iraps, leaving sufficient
clear: “e between the ‘ubing and foists té'
perm: -xpansion. ‘ :

8. “Instal sircuits anc mains horizontally and as -
direct zs possible. keeping as cIose to the
wali as is practicail.

9. When more than -one circu : is installed,

4

)

/
. M Use a mlnlmurTLnumber of fittings, and use
ecce tr|c reducers to jOlfl dlfferent .pi.pe

:f/‘" . AN

The use of.soft COpper tubmg’%.leminates the
need. far elbows

&
5. -“Use a bending tggiffor maklng'aii bends in

4,

piace square head cocks in each circuit for

baiancmg s

16, (Keep the insid= of pipes anc ‘ubes clean.

Pipe joints-are =xtremel- mpzrtant to the op-
erating efficiengy o- the ligL 3 system. When us-
ing -galvanized pip ng, the "hreads -nauld be
coatec with-pipa,jc'nt com:-ounc to insure that
they will not Eak wrzn tight=ned. ~or ~opperpip
ing, it is necessary - zlean -oth the p.oe andj
ting-as shown in Figure 9-1¢ with som= abrasive

.paper before making the sotaerea zon—=ction.

Several manufacturers insist that no hand
‘nut-off valves be placed in the coilector loop cir-
Jit. This would eliminate ths chance that a home-
owner (or inexperienced. nstaller) may’

damage "e collectors as = resuit of excessive
-empera .res: Still others’ ‘insist that tamperature
orobes ¢ - sensors be. installed in a Tee fitting

-ather than protrude into the collector loop Circuit
and impede fluid flow,

© Exz.nsion tanks must be adequateiy sized.
xperi=-ce indicates that larger than normaI ex-

PR

- high quality p|p|ng installatlon T

inad--
vertentIv ‘estrict the- flow c¢? liquid and perhaps‘

.L/.‘

pangion tanks may be required in sc artsystems

.

7/
<4

]
K

~relatikve to conv ,ntionai water _filied hydronlc}
heating temgl Most ~ an5|on tank manu-

factf‘;ers rovidg simple 5 Siting! intormation p;
based on Yolum of yatef »a ;:2 the
ﬁystem and temperatare rig . aAsic™ ofAhe li- .

‘quid. - J
the ; - 3bien1s of ,

The installer mu;
‘rapid jecompo

<
an electrolyhc action th :
‘Sition of dissimi r met ially coppes and .
.. =aluminum. (See A Section 18.) For exarn\
pie a dielectric un' n could bé instaliec between
Aron-and copper componerts. Short sections of
rub erglubing t at will withstand pressures of
ov r 15 psi gan also be’ used tol minimize/elec-
trolysis. —Elect Iytic action will cadse erosion of,
thé tai and the burid upofa ca‘*iur‘nwarbonate
depdsit'near the joint that witi restric: liquid flow
rates. For all aluminum collectors. installation »f
a getter ¢ column (Figure 9-19) in the*collector loup
will also help to minimize, the croblem ofjde-
terioration of some compon%n 7S, .

,  Sensors manufactured with pipe threads
must'be made watertight when they are.installed
in tamks and pipe fitti-z=. Bulb wells, where used,
rhust also be watertic~

Once thg rough- - plumbing has|been corn-
pleted, the s§gtém must be systematjcally filled

: and tested fof leaks. Collectors, tank9, pipes. and
‘pumps; are fiNed with water and pressuyrized * <10
the limits that th%component manutactgjers spe-
cifys When testing has been completed, the parts
of the system that must be protected from-.heat
loss are ready to be insulated. Note: *his activity
should not be performed in cold weath=r if there is
no heat in'the building. Also, it may b= necessary
to drain the system after testm§ﬂt i{terd is a poss i
b|l|ty of subfreezing weather before the auxiliary
heating system becomes operational. \n alter-
nate procedure would be to use air to pressu-e
test the system

\

v,

Electr/cal Service. The next phase of con-
‘struttion relative to the solar heating system is
electricai service. The first step i$o rough-in the
service wiring to the location of e main control
panel. The second step.is wrnni:or the senso-s
from their various locations to the control panel. -
| After the rough-in electrical service is in--
i staIied the solar system control panel can be as-

i sembled. (See SMACNA Sections 16.1-16.8) This
| pahel consijsts of (1) differential thermostats, (2)

controls, (3) relays, and (4) other electrical ard
\ electrcnic equiprnent'prescribed by the heatirg
| system manufacturers. Be sure that the cor)-
‘\ ponents on the panel are well ventilated becauvs.e

-

A
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?nerated mté?nally Tust be d|SS|pated The auxmary-fumace should be lnsLalled>)next 4
ugh at sinks. ‘This is lmportan_t so that ere will be ~eatin the _
All sansors “should"be wired to their re‘speg | 8% structuré when dry_walear pla}@ter ss%d if v,
tive cdntrol terminals at this time. constructibr ‘s underway quring cole weather.,

Mext, the structure must bé:weét[aeri_zed. Ex; \ The¥ir -, ph&se of construction fcr the IIQUId
= sferior siding is applie and caulked. Soli# heating _Acir_(‘:uit ole heating system is to compJete the in- _» _
: Stallation = the domestic hot ate'bsy*s.tem This

_invplves connectmg ‘and leak- sting the p eati/\
.ang, aukiliary water, tanks to the co‘tq‘iand

water,supply pipes and the gas, Dil. or electrical, =
u'ﬂlnty used as an auxiliary water heatmg energy -

r

ipes, tapks, and other égmponents areinsdlat‘qd _
And ms‘}ﬁcted Then -he Yefiamdag of the struc-

sulated The amountc msulatmg material usedis
. determme&,by the geﬂgraphlcal area of the bunld

ing site and gost faclors * . r,esburce . 5o N
- ' \/\ ‘e @__ ,/_'\ - '.) ; . \” 9 '
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A U IR - . .
% v { - . C T on
Air Systems!‘ . g ' .
o . sog; assisfed air heating systems are esgen-
f tlally :Ne same in o= eratnorrhl%the Inquld system,
Only the tompdner:s ar= changed. Colléctor de*
_._signs arg different. Pipe: secome ducts.'Fans.re-
"place pumps .and oamp—\rs repJace valves gSéQ ..

= i[gure'QQO) - PR
Schedullng construc:ion for th ‘alrgxszefm is

St:omgaratjle to that for the liquid systsm. The.in- ,
J "staller needs.to know what the physical pecnflca
-tions h{e foreach componeht and where the bu4lder
. - plahs t6'Rave the device located. : P
o Heat gtorage Unit. (SMAGNA Sectlon 1) 5,
11.6 ang 11:7) Réck filled heatstorage units for air é’
Mnrwlatlng so‘lgr heating- systems are normd]ly
-constructed on-site. They can: ade of poured -
cofdrete, concrete blacks, reinfofedwood fram;/~

~ ~ing, or prefabrlcgted stee| ‘boxes. I many in-

\  stacces,’one or'more of tH@ sides of the concrete
storage “b@x’’ may be an integrai_ partof the foun--
dation of the structure.” * ' <

’ Footingsfor the heat storage umt are poured
simultaneously wn}\)the basement fdotings. Keep

L]

in mind thatrock hgs one-fifth of the heat storage

Fig. 9-18. So red joint preparation. . . _ _qapacity"as Wwater nd.that;ockis a]most twice as
) R WL 7. " Heavv as water. Therefore the unit with . jiven:
- o o - storac- capacity will be ar 1t five times zs iafge,
o X A - " by volume, and must su. :ort almost twice as :
. ) - S much weight as a liquid sc ar heating system.
" Flow , . Flow . . The heat storage contz.ner can Be fabricated _
In ’ Ou . -of,concrete blocks witr 3/8 inch reinforcing rods, -,
o { \ “ . '
t ; - - ) >
‘:, Insu.atec Duct . ‘ .
\ / X . . N
) R Circular
Nyton Rod
_Supply
- . Manifold
Clear
Plastic . N/ . .
Container : L . Return
. . Manifold
$
< ¢ ‘
g e B L
7" x 8~ Long e ‘ ]
N Sheets of r . S N .
> Alumioum &= - T Ll
“Gettering” . '*‘f”’"[» B
““Elements - . . w {2
o '\Storage Area
".% , ‘ Auxiliar)'/ Heafihg BT Serwce Hot Watef Coil
Nylon . : . . oL _~ "Air Handler
"Rod .. . , Electronic Air Cleaners ', )
' . L. P ]
. T o X f (Research Products)
Fig. 9-19.7lon “getl};r" éolumh, el " Fig.'9-20. Al air system.” ..

i . B 9';5“' : o o _
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T _ A 3
. pouted-in-place concretg, or V\(Sod framing in af
. oul-of-the way. ocat'jo'n,r.The unft may be designe
horizontaly (see Fjgure .9-21).or cubical (Figur
9_22) F'S f\' 4 . -\" -
Ir wood frame construction is selected, ird .
shuuld"be constructed using a minimumof 2% 4's
ch centers yyvith ¥z.inch plywood’on both

-
- ~
.

4

-

-
’

B - » ’ . r~
_— - - !
can é[)nti'nuﬂeérBecaUsé,of‘ the weight of rdgl: co
crete heat sYorage units should be lifhited so-
;about 6 feetin Height with about 5 feet of rock fill-
f'ng. The insulated and'segded top, no*’nqcess rily;*-“\
made of.concrete, should be air tight~and ppt-in, -, |
"ﬁlace as soon as possjble to prevant rocks from .
etting dusty. ' SR .

-

£ ,

on 1 “ g

_..side of the studd?ng; Full insflation (e.g., fiber-

~gl¥ss or rockwool) should be placed betweén the * -

~ studs. The inside of the plywbod should be. co-

* vered dith fire-rated shegtrock. Inlet and‘outlet

“duct openings myst hg pRovided. for when the
~-framing is being construgted. Algo, jilter;ﬁhould. "

_- beinstalled op gither sidg of the stora )¢ B to re--
,~ ~duce dust accumulation. : 7? #

: . The builder must kegp'in mind thaf an agcess
door'must be provideddn the top to allow g in-

. spection of the rocgg. This is«essential because,
wher socks become coated With dustf they lose -
soine of#their heat absorbiig cap#bilities. s

The hpx can then be filled.with washed rock
.« {up to fist size)\._Fill@g the. box should/de done jn
such a way that dust is mifimized. The system
may be designed for a storage unit heat sensorto” *°
be placed in the center of the unit rather than'the .-
tor or bottom. In this case, filling will have to be
stcpped while the.sensor-and necessary conduit
‘and wire are put in place. (The sens®r is placed
" near the bottom in most cases):Then the filiing

A .

.

¢ e

. Remo‘v'a.ble Top .
(Bs:ﬁ'néjr?;s) on Inspection Door_s .

)
L]

4*- Cross Blocks
12 inches apart to prevent -
“short circuiting” flgw pattern

Wire
’ esh

AN

|

‘Cold
i Air
. Cpng.. |

_ R-11
Insutated Walls
and Top -,

- -

L2

-

. “«—="21nch insulation il base | .
e T et [P e e P
s D YTl A e T / . "
e e e e T A
2 NS T A
L

Fig. 9-21. Horizontal flow pebble-bed.
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.
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N

¢

.7
7S
Hot Air Opng. " i

r w

“Top. Sides and Bottom
-Fully Insulated
to R-11
g

Cold Air Opng. ’

:

Wire s'cree_n‘-‘ Con
Rigy‘d Insutafion’ Bond Beam Block

) .
)

" . Fig, 9-22. Cubical storage.
o . C e s
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Collector
Panel’

Absorber

Plate T%Panel — A/H-Unit

(18 Ga. T'Stat Wire)

_ Seal Airtight «
Clamping Collar
Fle)ﬂDVUct\ seal = -

. Duct/Collec;?r’ ’
Connection’ irtight
Sénsing Bulb T.. — Insert
Min. 6~ into Air Channel
(Solaron)

.Fig'.-9-23.'Ser)sor location in air collectar. -
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. Preparat/ons‘l‘or Callettor /nsta/lat/on Qon to. p;; fgbfrcated |f ‘added’ support s reqﬁJrred,éor,
’ structlon schedulrng ntinues fromt this- point . . " thecollectors. * °- L] Y
with the place'merft of girders, floor joints, and Afterf'the coIIectors are |nspected the abﬁ'
\s.ubfloorlng Exterlorlwalls are thenh- ®amed, = sorber-plate sensor is Installed in the inlet or.

_sheathed, and grected. .Followrng these 'btlvmes . outlet _collector (Fi rolure” 9:23). Then* the cbIIthors
. “the collector supports, roof, rafters or trusses, /\are ready to be hgsted into place. The array of

;heathrng -and feit,are set in place Interior parti- collectors” ‘Wil be mounted on 1he roof. as.
ions that ar typlcally non-igad- bearlng mayneed /. predetetmined-durin ng-the d&as gn phase of the prp, .

. , ! " » ject. A chalk putjae Ofrr'theactual array should be‘

O : ., Mmade oh the roofing felt as well a§ sheathing to="

determine logatror‘hdf -cuts for duct-connectlo

. Co\)(ecfor Array /nstagat/on The colleotors
- are mountedone at a time nthergof. seeFlgure
'9-24). A typical lzyout is shéwn & ngure 9.25. The =
holes in the shé thlng‘a\hplaced so'they will tire
up with the inlet ang outtet duots foreach array.
- Note that the opeplngs for duct manifold- to .
coIIector connections are typlcallyo,n the back of
\ the collector casrng_ Panel-to-panel wseries con-'
nections are Mmade’ directly tol’each other by
means’of. flapged openings wjth,a mat g ggsket.

. ‘As the collector array is put -in place, the

flashing and roofingtcan be ihstalled. If the collec-
. “tors are an integral part of the roof, the fIashrng
will cover the sides and tqQp edges of thé’ collector
panels This procédure will prevent water from en-

of flashing material keep water #om getting be-
tween the collectors. In addi ition, the cap strips hold
the glass cover plate in place (see’ Figure 9-29).

When the entire array has been sealed with flash--

o ' (Soinrona - ¢ ing and cap strips, work on the coiléctors can con-
- ; tinue with the installation of ducts ieading to the
Frg 9-24. Collectors bemg tastened to roof. Note ”pull up eq,uapment room. . - v _
- tool u$ed to draw collectors together for. proper spacrng ‘ .
and to seal mterconnectrng ports. - . Lay Bead of . » : L
Caulking-Under = ke L T
: : : - - Collar Flange for Manifold Section
¢ . T Airtight Seal . v T
A No. 1’ . .Array No. 1 - : . , ) .
_”aDyuCt + Duct o . . /;"ovwaa .mm;
iinlet Outlet / /i ;

L.
Array No. 2
Duct -~
Outlet

Flex Duct and Clamp)

" 'Starter-

Nl

Unused ports are capped to prevent air Teakage. .»

- tering the duct holes in the roof. Narrow cap syips . -

; L/
4” Min. Length (to Slip On -

~ .
. B\anel . * AN
e
-© Starter LT Starting Cpllar SN
_Strip ] ;halk Outline of (w/Flange) for [
. . " Qoilector Artay - Flex. Duct Conn. :
1 4 o Perimeter ) Must,be Insulation ..+ Clamping Ring for
Array No.2 . N ‘ . ‘Guard Type (Collar Secyring Flex Duct
Duct o . . Extends 1” into Panel) . Connectidn to Collar
) Inlet v . : ° A/ ' ' . ! S " (Solaran)

: : ‘v : : I
- "Fig. 9-2@ Roof outline of coliector. array. Fig. 9-26. Collector duct\g'_onnectlon.

' e [
L .
v
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an start in the atti¢ at t
_and outlg}“ducts. The collectofs/ may be con- ”
: néc.ted te each other in a num of: ﬂ‘ownelrcult

e

Num

-

v g
- Duct Work /nsta/\/at/on .This phase of the
construction schedule s extremely important. Its,

~ function .for h_e/arr system compare$ to"the =~ -

. plumbing actiVities’in the liquid sy#fem. (Referto .
-Figure 9- 28 ) Ali-duct W8rikishould be instaljed ac-
COI’dl MACNA Sectién 7.1-7.13 stan8ards.
‘Rough-in duct work activities involve all,
ducts from. t{he collector array to &at.storage to
auxifiary heat,.and to airdistribution systems The
process: colléctor iniet

L 4

X

a0

_ Gasket -

12" .No."8 Screws (Typ.)." -

-

H
{Solaron)

-

. Fig. 9-27. Collector “port” assembly.

iSolaron) \

: Flg '9-28. Gasket is centered on - collector' port" before®

- hoisting and posltron'tng panel alongsrde a compamon
module

[
SR S Y

- rna

_ unit is placed'fhere as shown in

. "",

| o
patterns. See Figure 9-30. Collgctor manuf ctur-
‘ers specify_the humber: of manrfold conhéctions

(mlet@and outlets)~requned for each array patterfi.’ -

There may, be more thah oné array on a roof. Wheh -

: thl is the case, thes€ is a(teed for separate\tnlet
an Uet~mant’fol

may hav\e to be~nstalied to |nsure even flow-rate

througP each. array Remember that proper flow |s

‘eritical to (?Hector-effrclency
Ducts Teading’ from' the (1) golfetor inlet to

the heat storage unit aﬁd (2 cout;gctor,outlet to'the.

"equipment room are instalied pext. Space. for -

&

. thesesducts as~they extend*from thé\roof {6 the
«equipmen} room and the storage unit (probably*m

he basement)-will require one 3rmore square feet
of floor space. The building’ plans should -show
athe size nd Jocation ‘where. the ducts .will pdss
thrOugh the various: cerllngs and floors. Ducts
‘};. made of fibérglass ductboard or of-qsheet ‘)
e-lined on, the inside or covered on the out-
stde with’ frberglass imsulation, Ftbérglass duct~
board should be used in places where it is will pro-
tected because it'can be damaged easily. Fiber-
glass duct joints must be joined and sealed with
the recommended adhesives. Metal ducts may be
jointed with drive ¢lips (Figure 9- 32) and covered
‘with joint tape so they will be air-tight. Bends or

. elbows’in the sheet metal ducts should contain

turntng vanes to minimize reslstance Ducts can

‘be supported by using standard mountrng pro-

cedures.
Connections between ductwork and blowers

“"should be rhade with flexible Tennectors. There

é two reasons for this: practice. One is that any
‘npise from the blower wili be dampened by this
ric-type connection. (SMACNA Sections 15. 3
and7. 8) The other reasqn'is that the blower can bé
easier for servrcrng because these fiexi-
ble fabric-type connectors are held in place with
screws.

v The collector |nlet duct extends from the roof
to the heat storage unit which is usually in the

-basement,’in a crawl space,.or pdssibly under a -

garage floor. The collector outiet extends from -
the roof ta the equipment room.

Equipment Room Systems and Contro/s The
space: used within a structure'to house the neces-
sary- equipment for an air system may be ‘exten-

-sive. This-is particularly true if. the heat storage |
igure 9:33. °

_ In the equipment room, the duet from the col-
“lector is attached to the*air handling modute. See
Figure 9-35. Thits-omit functions in a manner simi-
lar to" the electrically cantrolled valves in the li-
Qumd system(j’\he rqodule automatlcaHy direct air -

- ;
- . B _/ T
pe . i X . -
.LA?"‘ e .
v iy : '?._ -t

! N . . o L

'

Manually operated dampers 5 -

7

¢



ERIC

Aruitoxt provided by Eic:

Type -Corners

Field-Drill Matching - . . L
Holes (Cover and . “L" Cover Plate . toe
Wood Frame) ’ i . .

Cap Strip . v
Typical Short Member )

{ ' ' ’

S
. . .
v . ~
»

. ’ o
. | . ~\ .

L

~
hd \ ‘\
. S

"‘gr.oss"- Cover Plate 4 7\ ~ ~

. . //
Double Bead of Sealant
(Dow Corning No. 781 to

" Form Weatherproof Seal

at Joint When Cover Plates
are Installed (Typical)
1/

/

Typical Long Member

“T" Cover Plate . // : g
_ L ) SR *
/ . -
7V . N~
Reliet Tube Sealed and S : -

Replaced Under Gasket - o
7} . .7
A
// 112 x 7%';-: Y4 Nailer Frame (Entire’
; . —Perimeter of Collector
/ Array) Installed to Insure
" a Solid, Weathertight Base

) for Installation of Cap
* / Strip and Flashing

~

Fig. 9-29. Capstrip inStaliation, -
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(t
. R
- . . . -
N v Connectiong . - '
. to Collector _/
\\5 L Manifold Duct
. s . N Air 10 the
- : Solar-Heated Air from - . —~——
the Collector Array - T Collector
) / Typical Colle_ctor l;\stallation
» Y s . IR )
Y Fig. 9-30. Collector array details.
s .
‘ Drive Clip : ‘ = * ‘
in Place ‘ /,,
. .
- .
-
Duct A
Section
Duct .
* Section Tab Bent
- Drive g Over
Clip ~Connector :
]
.~ Fig. 9-32. Slip and drive duct connections should be taped : \3 ' ‘ .
to reduce leakage. . : Fig. 9-31. Exterior view of collector array.
x o v R .
a 9.20
- { « .
Q - T 1 64

ERIC

Aruitoxt provided by Eic:

{Solaron)
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To Collectors : o ' flow throughout the following operational modes:

. Basrebraft _ (1) space heating from the collectors, (2) space heat-
(2Req'd) - - / Heat ing from the pebble-bed heat storage unit, (3)-space

o "heating from the auxiliary heating unit, and (4) heat-
ing the rocks in the heat storage unit. Internal -

components of this module include: (1) a blower
operated by a motor with the proper horsepower
rating to control a specified air flow rate, (2) four
Top Plenum motorized dampers, (3) a 24-volt controller to
which heat sensors are connected to regulate

- various operational modes, and (4) an optional

Air

: ’ re-heat domestic hot water heating coil which
Handler ~ - t PI P . : L :
T Boltom Plenum may be attached to the hot air inlet on the module.
! _ The unit is designed to operate in a horizop-
Supply : ' tal or vertical position. See Figurg 9-36.
: . . Afilteri essential to the ent operation
S e ] L : B of an air solpr heating system revents dust,
Fig. 9-33. Equipment installed indoors. . picked up'in{the air duct system, Yrom coating the
7, - . ' collector surface ‘and reducing collector output.
Domestic . . Hot Air from o
\graet:erat‘ i Collectors
- Damper
Tow)rage
EPR
Damper
\_ .
_Motor and Belt -
- Service Area Supply Air -
: " to Auxiliary
' - Furnace
’»':: ' . . (Solaron)

Fig. 9- 35 Explodedview of gnr handier -and damper sys-- '
tem used to divert heated air from collectors to storage
\or to the space to be heated

| é\

Fig. 9-36, Most air handlers can be mounted in a variety
of posmons. v .

“Fig. 9-34. Air handler (left): and auxiliary gas furnace
L (right) are shown before drywall was installed to close
in equnpment room. ° T . e

o . » . .‘.9.2'1 . 1‘?5 | | - »




The filter should be installed in the return air duct
supplying air to the inlet side of the collector and
the heat storage bin. If an electronic air cleaner is
desired, it should be installed in the return air
duct mentioned above. Do not install it on the jn-
let of the auxiliary furnace, as the air tempera-
tures at this location may exceed the electronic
air cleaner's maxlmum operatlng temperature
(usuaily 125°F).

A pair of back draft dampers are also needed.

'They prevent air from being circulated in the

wrong direction during the heat-from-collector or
heat-from-storage operational modes.
- Most of the necessary electrical controls for

" the air-solar heating. system are in Qr on the air

‘handling module. Electrical service requirements

re determined by the voltage and amperage
needs of blower motors. :

.Conventional electronic air cleaners can be used in solar
systems provided they are installed in a duct where air',
temperatures do not exceed the operating limits of the air
cleamer.

f . . 3 7
.’ P v 3 Temp’ereture' 18 g'a.' (Typical) : Co-
» [ Tco] Seasor in ) : - o Coe
ollector ' L '~Fi"eJd Wiring to _
. ‘ Air'Handling, . Lot
. L . Unit — Typical - . .
| _ ‘Solar ; 6 Conductor ~Thermostat o
Collector ~ HW Coil 18 ga. Therm. Wire | . \

--and Pump [N S S S

> Irs . -t I
supply |
LY s ’ ‘A' :. b
_ Heat Auxi.l'iary | Heated = * |
. Storage Heat Unit . | Space o -
Unit - : ' ﬁ |
“ Air | .
. Handling ' l
Unit :
: . l Return |
. Air N
. ; c:] Temperature Sensor — —_———— -

in Return Duct

Legend: First Stage Heating
: Second Stage Heating

Power Supply

Fig. 9-37. Example of low voltage field wiring connections required fer' an air system. : -

ERIC

Aruitoxt provided by Eic:

s
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Electrical Service. Electricity for the air heat-

ing system is used to operate blowers, motorized
dampers, and various controls. Normal 120 or 240
volt electrical service is needed at the control

" pahel for the solar heating system. The size and

- pumber of the wires installed between the control

panel and the disconnect system for the structure
are determined by amperage and voltages require-
“ments of the electrical controls. and circulatjng
fans (120 or 240 VAC single phase). For additional
information, see SMACNA Sections 16.1—16.8.
The control panel should be mounted In a
convenient location that allows easy access for
electrical switch operation. Generally;, the mech-
anical room.is the best location. Electrical service
consisting of one 120 VAC circuit is ample to
power the 100 VA, 120 VAC/24 VAC transformer
blower unit,and the auxiliary heating unit (refer to

- local and national building codes).

- Low voltage wiring is needed to connect the
room thermostat to the control panel as well as’
between the. auxiliary heating unit, damper

Ty
o PewerSuppl

A/H mt

“motors, and the control panel. Damiper motors are

typlcally low voltage. .

Figure 9-37 illustrates the various low voltage
field wired circuits for the system.

Figure 9-38 shows the various control panel

-connectors for the various controls. This particu-

lar panel may be located on the air handllng unit.

Plumbing. Very little plumbing is associated
with the air system. The only connections are for
the hot water heating system where it is attached_
to the heat exchanger. :

Plumbing Leak-Testing. -A leak-test for the
plumbing system is performed by filling the .
heat and domestic hot water tanks and chec |ng
for leaks.*The system must be drained after
test if freezing temperatures are expected before

" the auxiliary heating system is installed. An alter-

native to draining the system would be to delay

- the leak-test of the plumbing until there is heat in

the structure. .

Air Syslem Leak-Testing. Testing for Ieaks in
the alr system is more difficult than in a liquid =
system Water dripping from an improperly solder-
ed joint or loose threads is easy to find. Air seep-
age from a duct joint is more difficult to locate.

Leak-testing will have to be accomplished by

" blowing air throubh the ducts. Leakage may be

difficult to Iocate as the tester’s hands pass over

- joints and seams Another practice.could be to in-

troduce a non-toxic scented gaseous material

- b} Bla:“k — — -
‘sz Whlte — .::_' ‘_. - -‘ . o : ‘j_ .

. .8>T‘

Collecfor
Outlet -

v -—Dl" Offset 45"-16" .

>T.| Colklactor 7 ! - . 04 v ) _
Inlet i .
- © g 'Hot Water < +O. 0‘5 Spares 111558\::;
O . . Pump O - O 6 'S amp
>T Storage . _
10 O
‘ 2 : . Status
i g >T_, Storage Ref spares | 20 . O Calibi, - | gl
90°-120° 30. o] Rt o .
Temperature Probes ] | 16vdc/24 vacRetay Coiis 11 Thermostat

AJ

Fig. 9-38. Inside a typical control panel. A
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‘(room deodorizer) and use the sense of smell, as
well as touch, to locate air leaks.

When all leaks have been sealed, umnsulated
componeg}s of the entire air duct system can be

‘insulated according to specifications. Once this

has been completed, the constru%tlon schedule
for the structure can proceed. Drywall can be

“hung. The intgrior and exterior can be finished.

After final mspectlon the structure is ready for
occupancy.
Auxiliary Hehiing System )

The auxiliary heating system used in con-
junction with a.solar heating system is of the
same type that is traditionally installed in homes.
Itis connected tothe solar heat system with pipes

.or ducts. Electrical and plumbing services to

these systems would be standardized and the. pro-
per installation procedures should be followed.

Humidifiers may also be a desired element in

the system: Horizontally mounted humidifiers are
recommended. Locating the humidifiec in a hori-
‘zontal supply duct coming off of the auxiliary
heating unit is ideal. Utilizing a sail-switch- ac-
tivated duct humidistat will simplify the wmng re-
quirements of most installations. .

¢

%

' Some single-stage thermostats will have to .
be replaceQwrth two-stage models, although they -
would be | ed very much like they have been in
the past. The multi-element thermostat should be
located on an interior wall free from cold and
warm .drafts. Be sure adequate rogm air move-
ment is present so the thermdstat will provrde a
comfortable buifding.temperatu

Do not Jocate the th stat near .lamps,
heat outlets, stoves, fireplaces, refrigerators, tele-
vision sets, etc. The heat given off by these ap-
pliances will not allow the thermostat to properly

- control the building temperature.

Fig. 9-39. Conventional heatmg units such as this electnc

firnace can be used as auxifiary heat.

.

9.24

The duct work is also standardized to some
extent. Installation of heat ducts and air returns is
not part of this course but the procedures to fol-
low are reviewed in Appendix C. :

9

Domestic Water Heating _

Guidelines for - installing’ domestic water.
heating systems parallel space. heating systems.
Because of the interfacing of the solar system
with potable water, there are frequently strict
local codes that may require -double safety mea-

-sures to, assure the. protection of the occupants

from any health hazard. X _
Recognizing that local codes can and do
vary, some of the typical installation details for

Fig. 9-40. Conventional duct fabrication techniques are
used byt seams and joints made air tight..

128
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standard domestic water héating systems are pre-

_sented in this section. * :
- Closed-Loop.
“ through 19.6) The following recommendations are
typical of the system (See Figure 9-41): _ .
~ Collectors. Mount at determined angle and
" pitch, as ciosed to tank as possible. If lines can-
" not pitch to. drain properly, install drains and
vents to alleviate air. Be'sure that.piping isrunin a
reverselreturn mode. Collectors -are rated 50 psi
maximum. . s '
Tank. Support tank off floor Using concrete
blocks if possible to allow for draining off and cor-

- : s ©

(SMACNA  Sections 191

* Collectors

-
rosiog p tection if basémént'floodihg_shou‘ld oc-
cur. The tank should be near the existing hot

. water heater since the feed {supply line) to this.

tank'is interrupting the supply line to the existing

~ System. This will-allow the solar system to actina -

“preheat” mode as well as supply 100% capacity.
Using a conventional water heater without a fuel
system is a practical solution.

Pump. A cast iron cifculating pump is suit-,

"“able for this closed loop system. This pump is

connected to the supply side of the collector. The
maintenance of pressure in the system (12 psi)
and the use of as few fitting as possible, will de-

1
i

Balance
Vaive

e

c
o, -
o 2c -
=] @ ©
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- @ o
22> w,
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o

w

Fig. 9-41. Typical closgd':lppp'domes'lic water heating pPiping. ' [
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crease the load on the pump

Air Scbop/Expansron Tank. This allows the
water/glycol in the system to thermally expand
within the limits of maximum pressure rating of
the system (pressure relief valve set at 30 psi). An
air scoop and vent can be placed at this point in
the system if desired or.if not venting can take

- place, at the top of the system. ¢

Vent. This vent in the top of the air scoop
vents the air trapped there.

Pressure. A temperature |nd|cator is Q‘sed to
indicate system pressure and temperature Pres-
sure regulation is important in a closed system to

~ avoid leaks of the glycol.

Relief vdive. A 30 psi relief valve, pIaced
“either in the side of the air- scoop or a tee in thé
return line next to the expansion tank, ajlows the
water and glycol to escape if maximum pressure
is exceeded. )

" Flow Control. The number of panels will de-
termine the proper flow rate. Balancing valves are.
adjustable over the range required for any number
of panels. L|m|t|ng flow assures proper ‘control of
velocity through the collectors and maintains op-
timum collector efficiency. This valve must be

' copper or bronze, not castiron.

-

Check Valve. A check valve must be mserted

to stop thermosiphoning-when tank temperatures’

are higher than, collector temperatures.

o Temperature Pressure Relief. A temperature,
. pressure relief valve limited {0 125 psi should be
installed above the hot water outlet sid& -t the
tank. 125 psi is used be‘éxuse of limit'imposed by
the edmponents in the system. The temperature/
pressure relief drain must not be valved in any
*way and must run dawn to the side of the tank to
avoid scaldlng and water damags. :

Mixing Valve. The upper temperature limit of

the tank is controlled by the temperature and K

pressure relief valve—usually 210°E# Although
tank tempetatures this high are unlikely, the need
to cantrol outlet temperature for economy and

. safety is provided for by a mixing valve. The com-

mon setting for this valve is 140°F.
Vacuum Relief. A vacuum relief valve, mgall-

" ed above the cold water inlet of the tank, alle-

viates a vacuum condition which can’ coIIapse the

tank.
Air Vent, An air vent is necéssary at the

highest point in the system (thé collectors) tog

allow trapped air to escape.

Copper Water Lines. All piping runs can be

~made in %" copper. Certain fittings and valves

will need to be adapted up to %" or 1”. If runs are
long, %" lines can be used to reduce head loss

‘lector pipin

- 9-26.

.

(see pump section). Use 95/5 solder for sweat con-

nections. Keep elbows to a minimum. Use 125 psi
rated gate valves for shut-off of cold water supply
or tank drain. Dielectric unions should be install-
ed-between any ferrous and copper lines. All coi-
must be run reverse/return, supply

and return at opposite ends of the arfdy. The fol-

- lowing list of valves and fittings may be required

by local code or desired by customer or installer:

1. check valve and shut-offwvalve for cold water -

supply. R
2. drain valve for system,

Fill Valve. A fill yalve at the top of the system |

is used. te.manually fill thelines with antifreeze.
The line fill valve is used to introduce a small
amount of water to pressurize the system. .

Antifreeze. Propylene or ethylene glycol is in-
troduced into the system through the fill valve.’

The mixturerof water to antifreeze should be deter-
mined by the chart applied wittt the materials. The.

.total volume of the system is found by fillingyand

pressurizing the system to 12 psi with water,

_ draining the water into a container and meas’}rlng'
total system capacity. Determine water to glycol

mix according to this total. The water introduced
to brlng the system up to pressure must be taken
into account when making the glycol/water mix-
ture. Be sure all Imesere vented when system is

(tlled

Drain-Down System
(SMACNA Sectuons 19. Tthrough 19.6) Typical
recommendations dn installing drain down

/

/
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systems as shBwn, in Figure 9-44 7= as follows: , -

.- Fig. 9-42. Fastening treated 2 x 4 standoffs prior to mouht-
ing collectors for domestic water heating. SN -
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. Collectogs. Mount at detérminéd angle and . Check Valve. Stops “short- -circuiting" flow
pitch, as cigfe to tank as possible..Pitch collec: thru the drain loop. Installed so drain-back of the
torsand s ty and'retUrn piping'so that lines will return line from collector wull flow thru motorized
drain. : - drain valve. ' ,

.Tank. Support tank off floor using concrete 2-Way Zone Va/ve Actsnas a check valve bet
blocks if posslble to allow for dramlng off and cor-  ween pump and drain valve. Stops\flow from tank
rosion protection if basement flooding should oc- thru drain.
cur. The tank should be near the exnstlng“’f}ot' F/ow Control. The number of panels will de-

water heater since the feed (supply line) ,toothls_ ‘termine the proper flow rate. Balancing valves are
tank is interupting the supply lineto the ex+st|ng “adjustable over the range required for any number
system This will allow the solar system<o act iR a of panels. Limiting flow assures proper captrol of

“preheat” mode as well as supply 100% capacrty. * " velocity through the collectors and maintalin op-
Aconventlorzal water heater witQout a fuel system “tkmum collector efficiency. This valve must be
IS a very practical solution. - ~ coppevy-or bronze, not cast iron. o

(Note: A tankiess coil water heating system Check Valve. Installed between. flow comyol
maintains boiler water heat independent of coil a%k Stops flow from tank through drain.
heat! This will allow only-a small decreasein oil or mperature & Pressure Relief. A tempera-

gas usage. Consult the boiler manufacturer as to ture, pressure relief valve limited to 125 psi should ~

modifications which will allow sensing of COLL% be-installed above the hot water outlet side of the
“temperature not minimum boiler water tempeg tank. 125 psi is used because of limit imposed by

_ature¥ - the components in the system. The temperasure/
Pump. A branze or stainless steel, not a,cast pressure relief drain-must not be valved in any
iron ,pump, has to be/used on a potable'water Sys- way and must run.down to the side of the tank to
- tem. These pumps are connected to.the supply’ - avoid scalding and water damage.
side of the collector system. The maintenance of Mixing Valve. The upper temperature limit of .
pressure in the system and the use of as few fit- the tank is controlled by the temperature and -

tings as possible will decrease the load on the -~ 'pressure relief valve—usually 210°F. Although
pump. The low gpm of solar systems will allow the - tank temperatures this high are unlikely, the need
use of 1/12th to 1/25th horsepower pumps in most-  to control outlet temperature for economy and

installations. ~ * . ’ - safety is provided for by a mixing valve. The com-
2-Way Solenoid Drain Valve. This is aho mal- mon setting forﬁhls valve is 140° Fﬁ

ly. open valve which -will allow the "supp and Vacuum Relief. A vacuum relief valve installed

return lines of the coMector loop to drain whem . above the cold water inlet of the tank, alleviates a

frost sensor shuts aff power to the vilve. Follow: vacuum cbndition which’ can collapse the tank.

instructions supplled with the valve forproperin- - - Vacuum Relief. {Co/{eclors) Used-to allow
> stallation. ll : posmve venting through e ‘collector - piping
when in the, dram down mode. ‘j

"Air Vent. In this drain- down system, a float
type air vent serves two functions.

1.. . The vent, when placed at the hlghest point of
the systeém, el|m|nates the air from the
system.

2. The unit allows air to escape while the
system|sreflllrng .

Be sure that the. vent capis loosened accordlng to
instructions.

_ Copper Waler Lines; All‘ piping runs can be
@made in 2" copper. Certain fittings and valves
will need to be adapted up to"% " or 1" If runs are
long " lines can be used to reduce & head loss -
& (see pump section). Use 95/5 solder for sweat con- -
: nections. Keep elbows to a minirnum Use 195 psi
*ig. 9-43. Three, panels for water heatmg are mounted on  rated gate valves for shut-off of cgld water s\glﬂv
;tand offs over existing roof. . . or tank drain. Dielectric unions shou' ! be . oIl

w
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ed between any ferrous énd'copper lines. All_col- stalled "in a fna?m‘er similar to liquid to, liquid
lector piping must be run“reverselreturn " supply ‘systems. '
and return at opposite ends of. array.- The follow- Figure 9-46 ho‘s the assembly of the air fo
_. ing.list of valves and fittings may be required by  water heat exchahger. Large insulated ductgon-
Jlocal code or desired by customer or installer, ' nect the heat exchanger to the solar collectyrs.

1. Check)valve and shut off'valve for cold water While thee is no danger.of freezeup.in the collec-

supply ' tor loop circuit, there is a possibility of, freezeup”.
.o . within the heat exchanger if it is installed in un-

2 Dralnvalve forsystem ) ' : heated $pces or if cold™air from co'ltgcto'rs (on
-sunless, colhdays) is moved across the heat-ex-

Air Systems :
. (SMACNA Sections 19.1 thr0ug§3 19.6) Figure . changer without the water curculatlng pump in
9. 45 shows the plumbing- arrangement for an air- -operatlon ' , : :
to-luquud solar water systems e water loopis in- . ‘
- id b \.\
<, . " Air Collectors
~ Vent g
L4
!
x c N
g ° E]
[ : ]
= o
. [
E -
Q
c
‘@
.=
£ .
. .o Vacuum . . . .
i Shut Off Relief ﬂ . L 2-Way .
e N : ' L)/ Solenoid _ - »
d Cold A i . . Drain Valye S
I Relief Flow : Lt e
h . . ‘Balancing R S W e s R .
Valve Seope o n 7T Draine : . o
3 L : . : v . . -
% Mixing . ' i ' . 2-waly Zonge
2 " Valve hr _ _ . ' : . Valve
N M P . Check Valve o _ ,' - &
@ 2 :I, - . e ‘.
2.., E: ¢ Supply . . - ™ - X
T T N ' o S i (Sunearth)
o g I ;; N . . . . ] ' . X ' N .. .
g :l s : T s
3 Tank ‘; < . . ) . L
s v X . ,
» , 1‘> .
~ ’/ .
L 4 1 .
(_LL.. ) ) . s .
Drains - L_: : ' ‘ h ,:
Fig. 9-44. Typical drain down water heating piping.
‘ . .
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l _ Although itis a remote ossnblllty, here are
-some guidelines to* further reduce the danger of.
freezeup when a DHW. unit cannot be placed m a .
warm area: :

IR K Ansulate the exterior of' unit with 1" thick
_rigid insulation, 2 Ibs. densnty per square foot
(Ft 4 to R- 7 - .

lnsulate all prpmg "

. .
%
]

Install a "freeze stat” so that sensing bulb is
on bottom row of copper’tublng inside of the -
"~heat exchanger' unit.»Freeze stat-can ener-

, - . .
' . .
.

% Hot Water’Ser\;i'ce_,y
to House Fixtures

‘3 ng‘Mlxmg " B e,
Valve (if Req'd. B N .
by Local Code) -

te oo
- Pressure -
Relief Vaive

N ize Thesé
Pées Same . _
’ ! id Water :

- ) ‘Supply Header|

) Exi.sting, }
. Water . .
Heater . .

New
Water
Storage
Tank

;

%

9.29
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ERIC

Aruitoxt provided by Eic:

_ . » “Water Circ.
e e . T Pump

. N .. “1/20HP .
115V,
6071

»

grze -either the cnrculatrng pump or heater
tapes when- the temperature drops

,

4. - lnstall a. dram down system usrng solenond

‘valves that “will .be “Fail-Safe” in an opén

mode for s¥stem drarnmg

5. lnstall draln pan directly under unit and pro-
vide drain-accordin to local burldlng codes

6. Unit and attached piping must be tected

from drafts or cold ambient air.

<+
. . . P
Water Coil in* <
Heat Exchanger - i :

Unit .

© o To ¥
"' Controller

: Gate Valve with
_ Bléed Cap (for

Purging Air During

- ' System Startup) -

"Existing-Cold -

- “Water Supp!y
" Header .

. k) . '
Piping Runs Should

be Insulated

Gﬁq\’_ Tank Drain M

\/ ) . ) . v 'H.
i . {Solaromy :

-

» Fig. 9-45. Air system domestic water heating piping 'arrangement.
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_ outlet-ducts where penetrators between cold
. and warm areas are made. L(

A oo o
RETROFITTING ..~ j = ~~

" _Retrofit Is a ter_fn,used' to describe the prac-
“ticefof adding ‘solar heat to an existing heating

bl
o

?

-T. "Insiall béckdréft";démpers in both iniet and

system. The decision to retrofit must be made on:

the basis of economics. What will the cost be for
ins‘talllng,gn—eff!cle'nt heating system? Can heat
loads be calculated and.reduced as necessary?
Will the structure support the anticipated addi-
tional weight? Is there space for the various com-
ponents? ‘ o B

3

L

-dential . application -
~sightly: Ope solution is to accept the angle pro- -

" collector area.needed
- cy..

PR >
» . s : . .
~ Collector Array. Most existing strdctures - "
have been designed with roof pitches that are less °
than the ideal angle required for flat plate collec-
tors to optimize collection of solar energy. The
very common 4/12 pitch. roof for example, pro-
vides abou an' 18-%: degree inclination. While-
racks and stand offs can be used, it's ponceivable'
that the collector.area.required would make a resi-
impractical=-certainly un-

vide by the roof slope andincrease the amount of
as a result of lost efficien-

Another approach is to use a south vertical

“ collector aiong a wall. Ground locations are possi-
_ble when ffe problems of breakage, shadows and
' _ ~ ducting are solved. N o L
L l/ ' p'°‘f’¢'f8 Places I Stili another solution is the erection of adja-
Ta_p:igg ,Sé:__rew \,<T'x1j'x24" Channel — - cent struatures that may serve not only as a -
eq'd: \ e BarSize 2Rea’d. .. mounting platform for gollectors but other needs.
> . o ‘as well; porch, gcarport, etc. . . - :

‘ ' As with new construction, the addition.of in:
sulation to the structure to minimize the collector
area required is quite obviously the first step.’

Pipes and Ducts. Heat transfer mediums will

'
‘-
.

“ .
o ry V ,&;yer. Double Nuts
le%" LongA - J

T Mason Vibration
@~ Isolator R-x-50

. _Anglé Brace 4 Req'd,

4 Req'd.\ : — force the loss of some useable space in thetruc-
. ;13 : . ture..A-corner of a room or closetgnay-be the alea . -
-z Y HP S - ; - . ;
P -—— 115V . . .
Yar x 2"
Long Lag
Bolt, 4 Req'd. E ‘
e s - e, “Water C
LT o & u o e T Qutlet (% 0.D)
Do S G T e L
e o o (Solaron)

Fig. 9-46. Mounting ait to liquid heat exhanger.

-

[

(Research Products)

Fig. 9-48. Adjacent structure used to mount collectors.

—e -y
e B D s
B = 1
L y . o o ) © 7. Solar .
¢ . Fig. 9-47. Collectors retrofitted on existing roof using Collectors \

existing slope even though. it is less than ideal. Additional
collector ‘rrea makes up for the reduced pedormance.

N \. . . . ) \ .
Fig. 9-49. Verti}:al porch wall used to mount collectors. .
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where pipes or ducts from the -roof to the‘base_—
ment can be placed, insulated, cavered with dry
“wall, and redecorated. Existing joists; studs,
sewer lines, and other strUctural features may
result in additional duct bends and pipe elbows
- that restrict fluid flow and ultimately reduce the
efficiency of the system.

Heat Storage Units. In néw COnstructlon
heat storage units are set durlng or lmmedlately
‘following basement constructlon
cfeates a different set of problems How can the
water tank or pebble-bed. be placed in- the base-.

ment? What are the alternatlves if interior place v

ment is not feasible?’ L
Pebblebeds .could be located underground
_beside the.basement of the structyre. Forms
could be placed and footings and
eoncrete blocks used. Then, openings in the base-
ment wall would have to be made for conpection
to the collectors and . auxiliary heat urce.
Pebble-beds could be  fabricated with wall studs
~ and-plywood in the basement. After pouring a pad
* for a foundation, the walls could be'made of % inch
plywood on each side of 2 x 4's about six feet
. long=Fiberglass batt insulation can be- placed be-*
“tween-the studs. After setting the wooden storage
'unlt m place, several metal relnforcmg bands

P K
..

Solar Collectors o

N g
- r

1 |

v

== == =

\(' B ‘ "‘

g
(Sun Unlimited Research Corp)

‘ig. 9-51. Maxlmum msulatnon must be installed in a solar
ipplication to assure economical . operation as weéll as.
ractical component sizing.

Retrofitting .

’

a

. L ’

" should be placed across the entire assembly for

added strength. A top can be made and attached
after the rocks and sensor(s) are put inside. -

o Heat storage -units for'liquids ¢an be placed
~on the ground in mild climates, buried, or Set in a

B S

covered concrete pit beslde the structure. Here -

again, insulation is a'problem. Another pOSSlblllty
would be to remove a-portion of the basement
wall and place the tank lnslde on pre-poured foot
lngs Still &nother alt;?atlve would be to bolt
Il sheet steel secti s-together to fabricate: a
t inside the basement

Using an attached garaée could bé an equtt
*able and the’ least expensive solution to heat stor:,
age unit place nent. This would be particularly
true’if the space was relatively c&/e to the co,llec

Is poured or / tors'and the auxiliary heating system
"Heat ‘exchangers and air hand||ng rho’dules -

be less of a problem to get into the butldlng
Bl? it s notéworthy that they will occu'py a con-
siderabile amount of space. The air-handler will re-
_quire some customized sheet metal ductwork for
connectlng the solar heat unlt to the auxullary
heat unit.” » =\

The other phases of solar heating lnstallatlon
arg the same for retrofitting as they are for new

construction. These would include, placing sen-

‘lNSULATlON -

‘sors, controls, -and insulation in_the ‘appropriate

. locations accordlng to approved practlces

¢

lnsulatlon is a critical factor in an efflslent

. h atmg system for any stricture: Arfy discussion of

insulatipn must include the system used by,tbe\
~manufacturers to measure the heat transfer/quar

ties of their products. This refers to the conductivity.
in Btu's per hour for each square foot [Btu/(ft2:h)] of
the insulating per degree temperature difference
for each inch of insulation thickness. The higher
the K value, the /ess effective the insulation.
It is recognlzed that the designgand geogra-

* phic location of a structure will determine the ac-

931

tual insulation demands.

*‘A point from which to beg¥n estlmatlng the
amount of insulation needed in currently design-
ed structures is as follows:

R-20 to R-30.

Attic:
- Sidewalls: * 32" (or full thickness)
Windows: Double .pane (thermopane or storm
o windows). - .
‘Deors: 12" ‘woéod with storm door.
Eisewhere: Vapor barrier, weatherstripping,
-and caulking to minimize air

leakage.

o
c
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It should be. .
tions are minimal and they. will vary depending on
geographrcal Iocatlon and.construction design.

The whole concept of adequate insulation is
based on's 2ps which be taken to counteract

g mm,a structure is one of
|gn|f|cant factors: used when determ|n|ng the
atdge of the average tptal heat Ioad that can

f|replace chlmneys However ther re
itional -areas of concern for a solar

‘heatlng system. For'example, the back and sides

of the sol r collector must be weII |nsuIated This

“task is a com'pllshed during-the manufacture of

the component. In addition, |glated heat trans- -
- fer pipes’and ducts must traps
“to weli insulated heat storhge and distribution

equipment. Materlals used lo insulate the solar

- heating system should -have: (1) low thermal con-

ductance; (2) high resilience; (3) resistance to fire,

linsects, weather, mildew, etc.; (4) a high melting
~ point; (5) low bulk-density; and (8) a surface that is. -

resistant to abrasion. Also, insulation- materials

- ‘should be economical. to install.
|s one of the °

Fiberglass, for example,
materials that meets these criteria. The extent to

' -which flberglass meets - a specific criteria will

vary;. however, -this insulating material has“many
uses. L/qwd storage. tanks (space and :water

-heating) should have 6" or more of insulation. All
* heat transfer mediums- (liquid and air)’ “should be
“insulation (R-4 to R-7). .

covered with at#east 1.
In some special cases, p| . duct, and tank insula-
tion can be reduced or ellmlnated when the trdns-
fer mediums are within the Space designed to be
heated.

The pipes for liquids and’ round ducts for air
should be insylated with pre-formed -materials

" which can be sI|pped over the round pipes and

sealed. Pre-formed or miolded coverings for él-
bows_.and bends should also be used. Some soft
flat mater,[als such as fiberglass could be shaped

.-

cognized that'these specifica-

to flt around a pipe but thls is not an acceptable ’

insulating practlce The reason is that the effec-
tiveness of the insulation is reduced when the air_

: ceIIs are crushed wherever TFte material is creas-
- ed. The same mefflClency results from squeezing

four inches.insulation info a narrower space. Insu-’
lation shou\\d also cover.pipes and ducts' where:

they pass throughfloors walls, and ceilings. Duct

and piffhchanger straps should.be placed dfter

the insylation has béen ingtalled. .
Insulation is an extrentely important factor to

the solar heating system. Economics would dic-

“tate that it is more important to design and install

t heat efficiently

_' sUMMAnv

a 50% heat ‘load splar heating system thdt ap-
proaches 100% efficiency rather than a:100% sys; -
tem that is 50% efficient. (For more information
on insulation, refer to SMACNA' Section 1.1-1.7
and 9.1-9.6). ‘ ' W o

- »
Dl

’

It is quite obvuous that there are factors to
consider when installing a golar assisted heating
system in new construction or!'/retrofrt’tlng it into -
an existing building. Afdequate msulatron wull
hdve to be-provided. Space wnll’have to be allo-

- 'cated to housing the necessary parts of the sys-.

tem. There age problems of supporting the collec
tors on the roof regardless of the:pitch. Choices
must be made between the liquid or air system
and-what percentage of the total heat load can be”
effectwely planned for.a glven geographrcal Ioca- .
tion.

Regardless of the decrsuons about how the

“system ‘is to be usedrTf must be installed and

maintained properly or the life of the system will
be significantly reduced. Specific steps required -
to properly balance and gtune' the system when it
is installed are ‘very simiiar to.troubleshooting, re-

paiging, and “retuning’’ services. These activities

\

Wresented in the next lesson on servicing.



“SERVICING

A solar heating system must be serviced to -
operate efficiently and effectively. The architect,
heating engineer, heating system installer, angd
the owner of the structure must have an under-
standing of -the- operational principles of solar

- f

.-heating systems. . : o
' Them,afegthree kinds of services performed

_on a solar 'haning system. First is the installation

~ start-up, during which the system becomes opera- _ -

+

tional and is tuned for optimum efficiency..The sec- , '

ond phase of servicing involves periodic mainten-
ance of the system throughout the lifetime of
-equipment “and, third, troubleshooting\ or emer-
. gency service. . '

All servicing .must be done safely.
working around solar heating systems, care ust
be taken to guard against burns and electrical
shock. Collectors are capable of reaching heat "~
levels of up to 400°F. The possibility Wr[cal;
shock is the greatest when contact ig'thade with
electrical terminals or the wiring, particularly if
the area underfoot is wet as a result of a liquid

‘leak or othér causes. One of the reasons forusing
- 24 volt circuity for sensors, relays, and- themr(',

stats is that the low voltage is safer.

'INSTALLATION START-UP

. General Information .
. The responsibilities of the in'stal_ler and de-
~signer for the efficient operation of the solar heat-
ing system are closely related. Theoretically, the
designer shouyld take e‘nough.,,time to plan and
specify every part of the system down tothe loca-
tion and size of the last screw. In actual practice,
however, the designer passes'a good dead of de-
sign responsibility on o the person who does the
installation work. It is assumed that the installer
is a skilled mechanic who recognizes -and prac- -
tices standard detail work that results in a good
installation. he . designer usually es the re-
sponsibility for selecting the proger size collec-
tors and equipment, -Sizing pipgs and ductwork,
selecting and locating supply segisters and return

: méde~to fit the app}i
' sumed that the o

A e
P

sufficient capacity in the first place. However, it is
sometimes possible for the installer to reduce build-
ing head load demands and solve the problem.
Duct systems that aré too small can often be
corrected by adding a branch or two. Distribution
-wWhich does not provide satisfaction because of
draftspr uneven heating may often be improved
by‘relocating.a supply register or return grille,
Controls may .fail to. fungtion properly be-
‘cause of poor choice, location, or lack of owner

understanding of their purpose. These are design

faults which can usually be corrected on site.
Solar equipment is manufactured within very
narrow aperational tolerances. There are many
models, types, and sizes of units to meet prac-
tically every applicatidmrequirqmem, However,
from the service viewpoint, one.cannot always as-
-.Sume that the proper “equipment selection was’
ion. Neither can it be as-
ting conditions, as one

design conditions. : ;

It is important that customers are questioned ,
regarding a.change of operating conditions. Also,” -.
it would be helpfu

views the installation, are the same as the original

v

’

M

L if they uhderstood the effects -

10

' Fig. 10-1. Don't touch anything inside a master control
:panel or wiring compartment of a solar heating system
until you -have checked across.every power terminal and
each terminal to. ground to be positive all power is off,
Use'test meters and test lamps with. well insulated probes
and. leads to test circuits .and components. And use
JUMPERS - with great discretion. Components can be
‘readily damaged by misconnected jumper leads: Be alert
and cautious at all times. . :

grilles, and designing the control system. The in-
staller assuines all other workin connection with
the system. S . -
Trouble which cannot be traced to a defec.
live,part, m'aladjus.tment, or installation fault may
Jltimately be the responsibility of the designrier.
No field correctiogewifl add output to the collector .
r othercampon hich were selected without .

ts
. -
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.
of these changes on the operation of the equ'tp
ment to tacilitate service and operatlon :

M,ahufa_cturers have added safety devices to -
protect equipment from operating beyond desigrg . .

limitations as well as providing protection whéh a
component fails. Since the prime source of power
is electricity, safety devices are incorporated in
the electrlcal circuits to interrupt the flow of cur-
rent should danger threaten. the system. For ex-

ample; an- electrical device may wear out or an -
electrical component may break down because

~its, limits- have been exceeded. Either problem
- would cause the equipment to stop operating thus
preventing more serAious damage to the'system.
; LS . i A

Start -Up quuud System

Start-up beglns;a}t,er the vanouskomponents '

have been set in place,'thé system leaktested and
. electrical controls connected. Start-up involes
charging the system, testing control modes, and
taking measurepnents of fluid'flow rates, tempera-
“tures, electrical power, input, etc.

Most collector manufacturérs provide are

commended fill procedure. It usually involves the
use of an auxnllary “chargmg pump, hose con-
nections, and perhaps a’ special container if a
heat transfer liquid is in{oived. One example is
shown in Figure 10-4.

_Astuthe system is fillgd, various drain vaives

\ must ‘be closed and the air vents checked re-

peatedly throughout the’ flllmg process to insure
they are functlomng and not jammed b& some: for-

Fig. 10-2. Desngner ;akes respoqsnbullty tor snzmg and-

selecting equipment and related cd’mponems :
Te g .

” - . . ¢

' D)

eign materials. (Remember, the systemdas already

been leak tested and flushed durifg installation.)

All the air will not be vented on the initial fill
since some air remains “in suspension” in the heat’
transfer fluid and will not separate until the liquid

. is heated. This is typical for even ordinary hydronic

Containger of

Anyﬂreeze

1

WHO NEEDS THOSE 7
HE ONLY MAKES
THIS THING/

{Hydronics Institute}

Fig. 10-3. Following manufacturers’ instructions is abso-
lutely essential tor proper installation.- and start up.
“ v
From Collectors 1
"To Co||ectors ]

o

‘Expansion Tank
30 psi Reliet Valve = .-

Watts Dual Control Valve =~ ™~

To
Drain

Flow Contro! Valve . :
From Tanky __Pump_
. - 1

Branc\ Line e l [ t

I~ To Tank
~ Boiler Drains

for Filling and
Purging System

Elec. Pump

(Daystar Corp.)
EA

Fig. 10-4. A fill system fo "‘t_:harge" a collector loop.

¢
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If circulating
cohditions indica

heating systems. However, to insure all air is re-

. moved, the serviqeperson.can.?'nanually open all
fir

bleed valves every day for the first several days of
operation. Late afternoon purges are to be prefer-
red since any air in the system will rise to the up-
per part of the system near the collector dis-
chdge‘piping. - , - ‘

After all of the airhas been vented, it is desir-
able to cap any drain valves to prevent Bccidental
draindewn of the system.

Many differential controllers have a three po-
si-(ioh switch—on, off, and automatic. The on
position. can be used for test purposes to deter-
mine if the pump as well as varioys control valves
are operating. Upon completion &f this basic test,
the switch must be placed in the automatic posi-
tion. Controller ,manufactljrers usually provide
testout procedures. One exampie is shown in Fig-
ure 10-5. . ‘

' Se°n_sors are the components from which the
controller receives an electrical signal. Therefore,

malfunctions may not be the fault of the control- -

»
"

120° @ ——* T0 120 V.A.C.
V. A.C;@____\:, Power Supply -

Sor\_/ice‘@~\'—'/
Swutch)@ ‘ :
A :
pumpz@_m Pump

Optional
Service Switch

T
Open on -
Over Temp.
Collector &’ Collector
Sensor P Sensor ~
X @ Storage * Storage .
: Sensor . B Sensor

‘(Penn Controls)
Typicél‘;V:Viring Diagram . ’

d‘e’ﬁe (pump or bloye‘r) fails to energize when

tial does exist.

2. Check for proper voltage (120’V. A.C.) supply to terminals

5 and 6.

energize. Another way to test this function would be' to re-
connect the collector sensor and short circuit the/étorage
sensor. This stmulates an extremely low storage temperature
and the pump (blower) should energize. - v
If this step energizes the pump, a defective collector sensor
and/or storage sensor Is indicated. Refer to sensor checkout
instructions. (See figurer 19-6). . :

. if the sensorsygre opetationdl per Step 3, short circuit

terminals 3 and™3 fég the: manual/override and if the pump-

{blower) energizes. :a defective Tanual override switch is

indicated. Check %ﬁring to switch. Replace the switch. if bad.
; - .’ v
Fig. 10-5. Checking differential controtler.
'g 1 N _." o .Jg e P .
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RIC

Aruitoxt provided by Eic:

it should be--running, proceed as follows: -
1. Use a thermonieter and check to be sure the proper differen-

ler but of the sensor. Correction of the problem
can be accomplished by checking the sensor as
recommended in Figure 10-6

Once the collector temperature increases to
the controller set point and pump operation in the °
automatic mode has begun, an operational check
should be completed to record the necessary data _
for a given system. This list should be developed
by the contractor and_his component suppliers to
meet the specific characteristics of the propri-
etary design for future servicing points of refer-

= ence. Figure 10-7 is a sample of such a checklist.

3. If Steps 1 and 2 check all right, disconnect the collector B
sensor leads from the controller. This stimulates a very high"
coliector panel temperature and the pump (blower) (should-‘

.
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Temperature vs. Resistance Graph -

If 1aulty sensor(s) is suspected proceed as follows:
1.

2:

3

.

4.

5.

© 103

Disconnect sensor wires.
Measure temperature at sensor,

Measure resistance of sensor with an ohmmeter. An open or
short measurement indicates a bad sensor.

Check temperature measured in Step 2 and resistance
measured in Step 3 against the curve above. .

Replace sensor if it is defective.

Fig. 10-6. Sensor checkout,



1. Date of recording
2. Atmospheric conditions

3. Ambient temperature
4. Thermostat settings

Start-Up—Air Systems ;
Generally, speaking, the start-up of air sys-
tems. is considerably easier than tiquid systems
since the filllventing procedure is unnecessary. In
all other respects, control checks, and temperature
and power measurements are essentially the same.
Before actual start-up, foJlow.these precautions:

1. Check for proper mountmg of beltdnve

motor.

~ - . . N
2. ‘Check belt tension. S ‘
3. Check pulleys for tightness on'shafts.
4. Remove all tools, materlals etc. from msrde
the unit. . v . ‘
5. Check auxiliary heating unit per manufac-
turers’ recommendations. .
- 6. Activate electrical power to air handlmg unit

* and controller

-, In the operational checklls/of Figure 10-7,

Check rotation of air handler blower..
Activate electrical power to auxiliary heating
unit. _
Securé all .access doors.

10. Checl( operation of all components and sys-

tems per control instructions.

.

Once the system is operating and there are
no immediately obvious emergencies, the opera- -
tional checklist as outlined in Figure 10-7 can be
completed

System Balancing

balancing of both air and liquid flows is essential
to the proper operation of the solar assisted heat-

-ing system. While many conventional residential

9.

(sunny, éloudy. etc.)
°F.

4.1 'Heated space
4.2 DHW heater

5. Collector:

Absorber plate temperature
"Collector Outlet temperature
Collector Inlet temperature
Condition of transparent .covers
Condition of cover mountings _
Condition ‘of absorber plate
Condition of flashing

Evidence of leakage
. 5.9 Balance of manifold

5.10 Emergency purging components
. 5.11 Pressure drop (manometer reading)

51
5.2

6. Plpes and Ducts

6.1 Condition of insulation
6.2 Evidence of leakage

7. Heat storage unit

°F
—°F

7.1

7.2
7.3
7.4
7.5

Top .temperature
Middie temperature
.Bottom temperature
Evidence of leakage
Condition of insulation

" 8. Fluids -

E\.

Aruitoxt provided by Eic:

RIC

Cleanliness
8.1.1 Filters in liquid System

"+ 8.1.2 -Filters in air system
Antifreeze (hydrometer test)
Acidity ‘
Evidence of corrosion . Y

8.1

°F

™ oo
P YANN]

12.

hydronic and warm air systems are not thoroughly
and accurately balanced, it is necessary that com-

-

OPERATIONAL CHECKLIST DATA

Heat exchanger (liquid closed loop or air handler) .

9.1 Collector inlet .

9.2 Storage outlet « —_ _°F

9.3 Auxiliary heater outlet T

9.4 DHW preheat __ __°F

9.5 DHW cold water supply S

9.6 Pool preheat ____ °F ’

9.7 Pool water-return °F
. Dampers .

10.1 Cleanliness ————

10.2 Condition of weatherstnppmg ——

10.3 Evidence of leakage — e
+.10.4 Motor(s) operation . S
. Valves v

11.1 Evidence of leakage e - R

11.2 Evidence of corrosion
-11.3 Solenoid effectiveness
1l.4 Cleanliness of filter screens (if present)

Auxiliary heating systems =,

12.1 Evidence of leakage

12.2 “Electric heat
12.2.1 Condition of lead-in wire
12.2.2 Condition of-heat element
Liquid or gaseous fuel
12.3.1 Evidence of leakage
12.3.2 Condition of upper limit switch
~12.3.3 Condition of lower limit switch
12.3.4 Condition of automatic valve
12.3.5 Condition-of pilot flame .
12.3.6 Condition of burner flame
12.3.7 Condition of electrical controls
12.3.8 Condition of blower

. 12.3.9 Condition of air-return filter
12.3.10 Condition of sediment filter (oul) . —_—

12.3

Fig. 10-7. Sample operatiohal check list.

10-4
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plete balancing procedures be followed using ac-
. curate testing and balancing. instruments. Each -
system should, therefore, be planned from the
very outset to ease the balancing task by provid-
ing for pressure and temperature measurement
stations. Before any attempt is made to balance a
system, time should be spent to prepare. Here are
several items whrch should conslder before star-
,trng the job:

Inspect the entire job pIans and decrde on a

specific approach to balance the system. By
reviewing the plans and specifications, -a
contractor can determine'a definite step-by-

step procedure. At tids time, it can also be’
determined if thefe are ‘any variations be-.

tween design d awings-and shop. fabricated

drawings,

2. Makeupa complete set of work sheets in ad- -,

vance. Properly qrganized, these data sheets

can produce a time-saving record of all mea-
- surements made as thé system is being bal-
. anced.

3. Have available register manufacturers’ rec-
ommendations for measuring air quantities
at the diffusers and registers. Then prepare a
list of..needed air flow measurement factors
(K values).

4. Have avallable pump and fan p&rformance

.data as well as collector pressure drop

information as supplied by component
manufacturers,

5. Plan balancing procedures so that the back
dampers provided with the diffusers or regis-
ters will be used only as the final trimming of
the air distribution system. Do not do this for

5. Thermometer for temperature measure-
~ ments at various duct locations.

6. Tachometer for measuring fan rpm. °

7. \Q)Tl*t-amp meter forichecking the fan motor
. vottage and amperage o :

The importance of an- rnstrument that is pro-
perly calibrated cannot be overemphasrzed The
instrument should always be checked before bal-
ancing a job. With this in mind, these precautions
should be followed:

1. Always follow the instrument manufacturer’s
' recommendations for checking the calibra-
tion of the instrument. Most instruments are

very delicate and if they are dropped or
bumped excessively, calibration can be
changed. Using an out-of-calibration instru-
ment can only result in a poorly balanced

system.
2. When posslble the same rnstrumentshould
" be used for the entire job. More instruments
- multiply the danger of calrbratlon errors.
3., Ifmore than one |nstrument has to be used, a

check should be made to compare how close
they read. Variations between instruments
should not be greater than plus or minus 5
percent

' -+
. For a thorough explanation of balancing proce-

initjal system balance since it often leads to (

complaints of excessive whistling noise and
possibie poor arr distribution.

Instruments for System Balancing
There are many air balancing instruments

" available and the question is often asked, “Which -

ones are needed to.do a good job?'. Experience

suggests that the following instruments are needed:

1. - A deflecting vane anemometer, such as the
Alnor "“Velometer,"
ty. _ .

2. A rotating’ vane anemometer and stop
watch—also for measuring velocity.

for measuring air veloci-

3. A Pitot tube .and connecting hose to sense A

static or total pressufe.

4. Various pressure gauges such as a manom
eter. U-fube: slope gauge, and magnehelrc
gaune for indicating pressures.

10-5

. dures, refer to SMACNA's Testing, Ba/ancmg, and.

Adjusting of Enwronmenta/ Systems manual.

PERIODIC MAINTENANCE ‘
Correct maintenance is perhaps even more
critical for solar systems than for conventional

_systems, and the owner must be aware of this.

Contractorg might offer’ a yearly “service pack:
age” for those consumers who do not wish to as-
sume maintenance responsibilities. The items of
maintenance which must be emphasized are:

1. Arrfllters~changemonthlyforthefrrstthree
‘months and quarterly thereafter.

2. Liquid filters—change after the first month

~and annually thereafter.

3. Antlfreezesolutron—check annually, change

when color indicator changes color.

4.A Blower drive belts—check - annually and
change’ If worn, ot

5. Pumps—lubricate at fixed |nterva|s suggest-,
- ed by manufacturer.

&

Lrﬁurd level—check weekly for first ‘month

147 -
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and quarterly thereafter If liquid level %ps :

'.check for leaks. Also, check any time the ‘
electrical power has gone off during the day.
If low, refill with proper antifreeze solution.

Component Maintenace - :

Hereare specific maintenance Steps for each
solar component:

Cotlectors. Collectors are- the heart of the
solar heating system. Servicing involves trouble-
shooting and repair of various elements in the col- '

. Iectort,

.Transparent Covers. Outer covers shouId be
free of dust and dirt, chips, cracks, condensatlon
etc., and the rubber mounts should not be cracked

from the effect of weather and heat. Inner covers - : : o N \

should be inspected for the same kinds of physical ' ' ’

deterioratlon ) Fig. 10-8. A visual mspection is an |mportant part of sys-
Absorber Plates. leferent inspection prac- tem maintenance.

tices will'be utllized for "air or liquid absorber
plates. The fluid transfer tubings and ducts for
each type of collector should show a -similar pres- ‘ .
sure drop between the inlet and outlet fittings. .+ ‘ ’ .
Pressure drop across each collector is measured , o ‘\ -
wrtha manometer (Figure 10-9) or by temperature : -
rise.* The fluid levels in the two sides of the loop
will be even when the collector is not operﬂg
When fluid is passing through, there will be a dif-

" ference in the height of the liquidin each tube. An
efficiently operating collector will have about 2"
to.1” difference in liquid levels in the tubes:

The temperature at the top of each collector ar--
ray-should be the same. A heat flow meter, fhermo-
meter, or surface pyrometer can be used to measure
this characteristic. Differences in temperature
can be balanced by opening or closing the flow
rate valves at the top (out|et manifold) of each col-
lector or array. 'If adjustments do not correct out-
let tentperature differences, there may be corro- -
.sion constricting the tube which will have to be
removed. - ‘ -

- Inspect the absorber sensor. it should be at- '
- tached firmly to the plate and a small amount of
‘tﬁ"moconductung compound should be present C
‘between the plate and sensor to increase sen- . -
sitivity. ' p
N Absorber plafes are coated with flat black
paint or special heat-absorbent selected coat-
ings. The manufacturer’s literature should iden- .
tify the proper touch-up faterial if the surface

Safety Reservoirs (V = Liquid
Volume When Using Mercury)

‘

R '
[}

U Tube {Usually Glass for Mercury
/ and Plastic for Tinted Water)

-
9

Measurement Scale (U Tube and Scale

|~ Vertically Moveable with Respect to
Ll ~ Each Other for Zero Adjustment)

Coa,n

Fluid (Mercury for Water'A P,

i / Tinted Water for Air A P)

peels or gets scratched. P " : . ‘ /
. . o ! N ’
“On a clear sunny day (all day), around noon, ‘a temperature . o
rise from 15 to 25 degrees for a liquid loop and g8.{0 75 degrees ! . .
. - for an air.collector would indicate effective ofjgration. » Fig. 10-9. Details of a “U” tube manometer.

T - ) : _ . 108 .
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Tubing. Tubing on the absorber plat[e may be
loose. or have pulled away from the plate. If this
happens, heat transfer cement will make the tube
stationary and.fill in any voids.between the tube
-and the plate. -Poor tube-to-plate contact reduces
collector efficiency. '

Pipes. Liquid transfer pipes should be well in- .

sulated. They should be mounted solidly. There
should be no visible signs of leakage either from

especially iron and-aluminum, can be costly. Cor-
rosion.inhibitors should be added to thé system
as needed. The iron neutralizing material in the
getter column should be checked and replaced
‘when it decomposes.

Fluid (Air). Contamination of air can be con-
. trolled by filtering. Filters located near the pebble-

- bed in the air return from the heated space need

the water-in a drain down system or antifreezeina

closed system collector loop.

Ducts. Air ducts should be sealed to prevent -

leaks. Passing a heat flow meter sensor or simply
your hand across the surfaces of each duct sec-’
tion should reveal any hot area thus indicating
that the insulation inside has loosened. Disas.
sembly will be necessary to correct the problem.

' Heaf Storage Units. Storing heat in a pebble-,
bed or liquid tank.should be a rather maintenance-
free proposition. Using concrete for a pebble-bed

the same kind of attention as those in a conven-
tional heating system. o 7 _
Air Handler (Air System Heat Exchanger). -
This units contains electrical controls, plumbing
connections (for, DHW), air diverting dampers

(gravity and/or motorized), a blower and a blower -

.motor. Removal of a side panel allows access to

the blower and- motor for oiling. Damper adjust-

.. ments, as well as the.rubber seals on the louvers,
can be inspected and repaired or adjusted as )

or liquid container poses maintenance problems

if it cracks because of pcor quality control in the
“batch of concrete or inadequate footings upon
which it is placed. Water backing up from a clogg-
-ed sewer or inadequate surface water handling
systems (resulting fron¥ a hard rain) could flood
the pebblg;bed and cause a difficult rock cleaning
problem.4f the lower opening in the concrete con-
taineris level with the bottom of the pebble-bed,
drainage of water when, cleaning the rocks can be
handled easily. - ' .

‘There are problems with' making water tight
concrete-to-pipe seals for liquid systems. Silicon
can be used under a pipe flange when it is bolted
to the confainer. _

Fewer problems exist with glass or stone lin-
ed steel tanks for water storage. The unit is
maintenance-free unless the water can make con-
tact with the steel and cause harmful rusting.

A totally fiberglass tank would be as near
maintenance-free as could be expected. (Remem:-

- ber temperature limitations, however.) o

Inspection of the steel or fiberglass water
tank il}lsulation will reveal h
covering is split ot IoosKThis.problem can be cor-
rected with special tapes and adhesive materials
manufactured for that purpose.

Fluid (Liquid).. Maintaining the liquids to the
pro’ber specifications has two very important
functions.. Unless-an adequate amount of anti-
freeze is used, éxtensive damage™o the heating

.system and structure can result from freezing.
Care must bé taken to check the antifreeze con-
centration regularly. i '
' Corrosigg,which causes metal deterioration,

needed. Water leaks from the DHW coil can be lo-

cated easily, but additional disassembly may be -

nNecessary to make repairs. .

A discussion of the electronic controls will
be taken Up in the controls section of this lesson..

Dampers. Dampers located elsewher%”in the
air system should be m.aintaine'd witrhi_hs fctiop")
and repairs as noted for the air handler. L

Valves. Valves are subject to leakage and
corrosion {from* electrolysis the same as other
components). The bali .in .the back-flow check
valve must be free to move. A valve replacement

A

must be made if the stainless steel. ball inside is -

1ot free to move. Solenoids or automatically con-
trolted valves will short out, especially if they get
wet, and must be replaced. Valves containing

~ Screen filters must be disassembled and their fil-

ters cleaned periodically. Air-vent valves must be

replaced if the float becomes inoperative. Other -

valves which are installed to prevent over-
pressurizing and/or overheating should be check-

" ed to determine if they are operational.

at loss sources if the

Auxiliary Heating System. It is not withih_the

- objectives of this lesson to describe maintenance

procedures for auxiliary heating system: The op-
erational checklist presénted in this lesson
should be adequate to describe the maintenance
demands of the system. . ’
Domestic Hot Water Heating. Figure 10-10
prowides a simple maintenance checklist for both
open and closed, water heating systems, includ-
ing maintenance the homeowner can do. ‘
sSensors. Sensors are generally found to be
identicaj as far as their function is concerned.
They are all nickel wire wound resistors with a
sensitivity to heat that varies their internal elec-
trical resistance. For example, a,sensor may have
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a resistance of 1000 ohms at 72°F. As the sensor
‘warms or cools, the internal resistance will
change 3 ohms per °F. A temperature drop of 20°F
‘that would ‘cause a pump to energize will change
the resistance of the sensor to 940 ohms.

~ Sensor ‘mounting is accomplished by differ-
ent methods. Some are held in place with screws.

Others slide into bulb wells. Pipe threads are on"

still other models which screw directly into the li-
quid where temperatures are being monitored.

. Sensors are easy to. replace unless they are,
"~ immersed in a liquid. Then,.the system must be,
drained until the water level is below the sensor

mounting hole.

All systems should be checked at least once a year.

A.

.

B.

’

]

Draingiown .and Antifreeze Systems

1 -Pufnp — Check any lubrication points and lubricate as

Y necessary.

L axr Vent — Check for clean fioat and seal. The air nent

ill “sputter” it there is any debris; caught in the .unit. *

(O Collectors ~— Clean the outer glazing. All acrylic should

~ be cleaned with m;ld soap and water followed by a water
only rinse.

3 Tank — Drain the tank and flush to remove sediment.

- [0 Check all fittings and insulation for leaks.

1 Re-balance the system with the flow control fi’tting9

Drain-down System Only

[0 Check system pressure. and its relation to the setting on
the pressure switch. Adjust if necessary.

(J-Remove a fitting if possuble ‘to check for scaling. If any
exists, lnstall a water hlter-—soft water system such
Calgon’s ''Season Treat

O Check for clean operatlon of the solenoid valves by un-
plugging the line from the auxiliary  outlet. Be. sure that
the drain runs freely.

Antifreeze System Only

. C.

-«D Refill with antlfreeze according to lnstructlons

Fi

Q

E

Aruitoxt provided by Eic:

(1 Drain and flush the collector Ioop and re-balance the_w

system.
Check

“antifreeze once a year for ph and.scale. If scale is visible

or ph is not between 8 to 9.6, replace.
] Check system pressure and.reliet valve in collector loop
for proper pressure range.

. Homeowner 'Responsibility

1. Keep all debris from collector array (such as leaves,

- branches, etc.). *

2."Allow the system to run if you only plan to be away from
the house a few days. If you plan to stay away for a perod
of a month or longer, turn the s off at the control or
breaker panel. ystem\l_

3. If a leak develops, shut down the system lmmedlately Cail
your installer.

4. Penodlcally check the system pressure, fittin and pipe
insulation. !f no hot water is circufating from t %"‘ollectors.
check the following before calling a serviceman: (1) Be
sure all electrical cords are plugged in; (2) Check low
voltage wire connection to face plate on control; (3) Check
fuse Or circuit breaker which services the system; (4) Be
sure valves are open (do not tamper with balancing valve).

5. Conserve water! Install flow controls on shower heads,

use the dishwasher only when completely full db not run

water unnecessarlly

. . : _&r

{Sunearth)

ig.
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* scribed in aprevious sectio

Electronic Controls. The. solid’ state elec-
tronic controls for a solar heatlng system are op-
erated by-the line voltage (120 VAQ) which ser-
vices'them the sénsors which detect temper-
ature differeépces and cause the pumps or blowers
‘to be energized. The controls are att-factory ad-
justed to the specifications required for the vari-
ous modes of operation. If a ¢ustomer needs dif-
ferent temperature settings than those which are:
established for standard stock controls, the
_ manufacturer will prove the alternate settlngs
wuthm the.control.

One of the principal electronic contr&ls is the .
differential thermostat. It's\ operation was de-

.. This control uses
two sensors. One can be_loca Tﬁ‘TF&gollector :
and the other in the heat storage unit. Updon com- -
mand, the thermostat will energize a pump con-
nected to the relay terminal and/cause the fluid to
circulate through the collectof circuit. A pump
with a maximum operating curgent of up to 10 amps
may be used with this unit. Another model of a dif-
ferential thermostat has two sets of réray con-
“tacts. One set operates as indicated above and
the other set may be used to energize the . .pump to
protect the open loop circuit from freeze damage.
When this condltlon occurs, warm water from

orage is circulated in the collector to keep it
from freezing. Another option would be to use the
second set of terminals. to cause a solenoid op-
erateghdrain to purge the collector of water in the
event tf near-freezing temperatures. Still another

" option would be to switch on the auxiliary heat

source if there were not sufficient heat available

_from the storage unit or developed from the col-

lectors. )

A proportional control operates much like the
differential thermostat. The capability that this
control has is to be able to operate a pump or
blower at either of two speeds whenever the load
demand is high or low. Obviously, a two speed
electrical motor must be used with this control.
By operating a pump or blower &t two different
speeds, the need for balance valves to?djust flow
rate may be eliminated.

. A control, called_an activator, may serve
many purposes. It.can drain a collector, power a
small heating element added to a collector to pre-
vent freezing, ohange operatlons from grie stor-
age tank to anpthgr activate-the auxifiary T
source, or perform any other functign that is
deslred.

Pump-operating ampera es. and voltages may
be required that exceed’the t. naﬁofvanous con-_ .
trollers for heavy duty dirculation systems. There-

! gulators described above can be used, but an-

-
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other relay must'fae added- for the extra current
and voltage rqquj_renfents of the heavy duty pump.
- Maintaining motors, or other devices with solid

state electronic control -equipment is relatively -

- . simple. For example, if a pump does not start
. when it should, use a thermometer first to verify
that the necessary temperature differential exists
to activate the unit. Second, check for adequate
service voltage (for example 120 VAC). Third, dis-

connect the collector lead from the control. This
simulates a very high collector temperature énd,
as a re8ult, the pump or blower should operate. A
simifat theck by shorting out the storage sensor
will simulate an extremely cold condition and sig-
nal for the pump to start. If the pump does operate

at this time, the collector or storage sensor is de-

fective and must be replaced. The fourth theck is'

to short out the service switch. Merely wiri‘nb*aeround
- the switch is sufficient. If the pump operafes, re-
place the switch. Fpfth, if after all of these trouble-
shooting procedurgs the pump still.does not func-
tion, the electronjc control unit must be replaced.
Proper installation and maintenance servic-

ing will.optimize the operation of a-solar heating
system. Rkgper maintenance will extend the-effi.
cient and
for the greatest length of time. A much greater re-
turn can be realized on the money invested if the
proper.servicing steps are taken at regular inter-

“vals. , ‘ S

- TROUBLESHOOTING - *. ,
The quality of service can made the differ-
ence between suceess and failure in the heatirfg
business. The custo ~er/e)<pects not only a good
installation, but also prompt and efficient service
in the event of trouble. any successful contrac-
tors sell their customer on the practical aspects
oN preventative maintenance. This mean$ an an-
nual inspection of the heating equipment, made
- during the summer to insure that the system is'in
good working order at the start of the following
winter. This willreduce the grobability of an emer-
gency service call in the middle &f the winter.

There is no substitute for-experience when it
comes to efficient servicing. No text could pos-
sibly cover all service problems.

By adhering to the rules, procedures, and
techniques outlined in this lesson, service pro-
blems can be isolategwto specific faulty com-

" ponents (or faulty des®§n) in a minimum amount

o

" Unless an individual is %n_ extremely experi--
enced serviceperson, the basic approach to trou}le-

~ 'shooting has simply gotto be by means of-a pro-
cess of eliminatien. Four basic steps are recom-

1

mended:
1. The complaint is noted. .
The symptoms are determined.

’

2
3.. The cause for each symbtom is checked.
4.  The trouble is remedied. ’

Avoid guesswork. Instead rely on a syéfem
atic approach to the problem. Of course, not all

' -guesswork can be avoided. ‘The so-called “edu-

ective life of a solar heating system 3

of trouble shooting time. Obviously, the impor--

tance of understanding and using detailed service
i'nstru‘ctions provided by the manufacturer of spe-
cific makes and models of controls .and com-
ponents cannot be overemphasized.
. - ,
S ‘ ’ :

Q g ' -

ERIC

IToxt Provided by ERI

10-9

. v - ’ ‘ \

cated guess’ of an experienced service techni-
cian can often save time and money. Past expe-
rience greatly assists the .organized trouble
shooting approach. )

When a solar heating system fails to perform
properly, the underlying cause- will usually fal

[ in)
to ene of four categories: part failure, impropér v"_":y_,:?!‘

adjustment, poor construction, er poor des"lgn.

&

Fig. 10-11. Providing emergenicy service is a ‘very impor-

tant parl of the overall success of a solar—installation

e
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“Part Failurg .
' - A part-tailure is, perhaps the easiest mal-
function to correct since, ence detected, a simple
replacement puts the system back into satisfac-
tory operation. Many part failures are quite ab-
vious; for example, a broken belt, a wornout bear-:
ing, or &n open circuit breaker. Some, however, re-
quire considerable skill-to detect. -In between,
there are failures such as a leaking pipe joint, a
burned out motor capacitor, or a defective con-
trol. Followung the “process,of elimination” pro-
dedures may.be negessary in order to pin- pount
_the “cause” of these problems. :
Parts fail for several reasons, all of which can be
summarized as follows: (1) defective in manufac-
ture, (2) subjected to conditions beyond their rated

- capacity, (3) not properly maintained, and (4) worn- -

out from usage.

Modern factory quality control methods used
by the leading manufacturers prevent most parts
of defective manufacture from getting beyond the-.
:factory. To protect the owner from the few that do,
one to five year guarantees are often offered. Any
part which functions’satisfactorily forayearhasa
good chance ofrremaining’in good operating con-
dition for many more years of service. :

Parts which+*fail due to application beyond
their rated capacity include mostly electrical
items_such as motors and controls. it is possible
~to o?er load fan motors.by imposing cond|t|ons i

the field whichare beyond their intended servrce
"A fan motor can easily be overloaded by small in-
. creases in fan speed since brake horsepower re-
quirements increase ds the cube of the speed
ratio. Thus, for example, a fan requiring 1 hp at
500 rpm wou*‘g\ need 8 hp at 1000 rpm. )

_ Electrical\contrdls are all rated by, their re-

spective manufacturers for maximum ampere draw

at.each operating voltage: When thes& conditions .

are’ exceeded, the life of the electrical com-
ponents in the control is shortened considerably.
-~ Parts which fail due to imprgper mainten-
ance can be eithe! mechan|caI or electrical. Any
system having components exposed to outside
weathers is subject to rust and othér types of
deterioration due to rain and prolonged sunlight.
This latter is particularly hard on parts made of
plastics and on electrical insulation. g

Any part which requires perlodlc{ubrlcatlon
is subject to premature failure when regular lubri:
cation maintenance is ignored. Motor and fan
bearlngs fall into this classification.

The fourth classification Yf parts fa|lure is
‘wear and tear. Every system will be subject to this
type of problem. The most vuln'erable items are

M . -
J" , .

-electrical
" components with moving parts, such as bearings

w

A0-10 1?8 , . .

components. However, mechanical
and pump,care not far behind.. Scheduled lubrica-

tion will prolong their. Jlfe

Ad]ustments
A second majdr reason why a solar system
fail's to perform properly is, as noted previously,

' improper adjustment; As compared to a system

which does not funct;?on .at all because of a part.
failure, a system that.is not in proper adjustment
may cause the owner. great d|ssat|sfact|on The
reason is that in the former case, the owner is
sure sorusthl,ng is wrong so the service person is
called and the condition is corrected. When a sys-
tem is out of adjustment, however, the condition.
may develop so gradually that the owner may not
be certain that something is wrong
period of considerable annoyance.

A system which is out of adjustmient
sult in an owner complaint because the:

2. Heat|ng is. uneven and drafty

Oberating cost is rising. -

w

4. Noise level is risings

Qne adjustment that is required by the jass-
ing of time is the reduction in capacity due todirt.
umulation on the air filter. Every 5 percent\le-
duction in air-flow rate results in a capacity reduc-
tion of about 1 percent. Dirt which is allowed to-ac-
cumulate on the blades of the fan, dampers which
restrict air flow unnecessarily,.and rugs or fur-
‘niture placed so that air .cannot move freely
- through a supply outlet or return grill will all have
the same effect upon capacity as the d|rty filter.

Even though collectors check out as gperating
properly, it is quite possible for the owner to com-

. plain .of improper operatlon due to poor air distri-
‘bution. This is a matter of ‘damper adjustment. The -
dealer- contractor can heIp ease this problem by
making branch dampers accessible and by marking
the var|ous required damper positions.

‘To avoid drafts, registers with adjustable
blades are preferable. A system cannot always be
designed with outlets located so they may serve
with a single setting. For this reason, compromise
outlet Iothwions'must be fitted with types of re-
gisters which have the necessary flexibility sgthat
they may be adjusted svezs to throw the condi-,
tioned air in a pattern which wifl not cause. discorgp-
fort. , e

Increased operating cost is not always the re:
sult of a malfunctioning system. Sometimes it is



~-whole house space hedting included these observa- .

»

‘duetoa change in the owner’s operating schedule.
Complaints “about noise result from: (1) ad-

“justments to air flow, (2) changes in damper posi-

tions, (3) wornout equipment isolators, (4) wornout
pump bearings and belts, and (5) loosened fas-
teners. Generally, a noise which develops with
system use is not as difficult to correct as an
original noise. St '
. COMMON PROBLEMS , . . -
. ﬁeports on. solar demonstration projects’ in-
volving both solar- domestic water heating and

tions:

" 1. Large heat losses from inadequately insulated -

, Pipes and ducts. .

5

‘2. Malfunctioning controls. | .

"3, Failurg of drain-down systems to drain CO}p\_ .

pletely (thereby causing freezeups).

4. Noise from solenoid Gontrol valve's.

5. FreeZeup"i inadequatelyypr;Jtected pipes lead-
ing tQ closedscycle freezeable collectors.

+ 6. @akage in antifreeze loops. '

7. High power consumption from oversized fans
or inadequate ductwork.

’

8. Leaky valves and dampers.

9. Leaks in closed'-loop circuits diluting anti-

»,

- freeze solutions. - :

heat transfer fluids when sizing'expansi\

er connections to §torage tanks (not
taking full advantage of temperature sfratifica-
tion inside tank). .

' 12".(' Plastic/covers on some collectors fluttering in

high wipds.

eep holes in collectors Becoming plugged
d causing pressure ‘buildup behind glass
cavers., ) )

)

15. Overheated collected causing damage to col-
lector and nearby building material‘s or com-
ponents. . '

16. Out gassing of materials inside collector and
‘depositing a film on the inside of the collector
(solid materials vaporize). C

10. Not taking“into account different propertiesc;i
0
,

nks'and pumps. g
e

v
Finally, twp of the most important errdr§ contri-
buting to solar’keating problems were the inade-
quate calculation of building heat loss and the use

of inaccurate weather data.

'

WARRANTIES L

- The types of warranties offered by manufac-
turers of solar heating equipment vary consider-
ably. At the present time, if-a supplier provides
any warranty, it is of the “limited” type. Under its
terms, the equipment is warranted to be free of

- defects in materials.and workmanship, and that, if

such defects are found within a’ceftain period of
time after initial use, gorrection or replacement
will be made without cost to tr@user. Most of the_
suppliers of solar equipment not currently ofs
fer ahy type of warranty. A few larger companies
i:nv_olved in solar equipment manufacture are of-
fering one-year limited warranties. One company
marketing an air system offers a 10-year limited
warranty. .

There a'ppears to be no manufacturei's guar-

~anty as to thermal efficiency or heat delivery

capability of solar equipment. Although manufac-
turers are providing that type of information in
their sales literature, they are not guaranteeing
the performance in the field..To a certain degree,

B this .omission is'«due to the inability of the

manufacturer to control the quality of the installa-
tion. In addition, manufacturers supplying only
certain components of a system, such as the col--
lector, cannot be assured that the other com-
ponents in the system are correctly selected or in-
tegrated with their own product. Thus, inferior per-
formance might well be due to factors other than
those controlled by the collector manufacturer. A

performance warranty would thus be difficult to e
_establish and maintain. '

Still another problem in prdviding a mean-.
ingful'performance warranty is the great variation
in climate’engpunte're'd and the practical difficulty
in accurately measuring the output of,the install-
ed equipment. Instrumentation is usually not pro--

vided, so measuremegnt of performance i;)xfe'&to
be an expensive irdestigat®n by an ‘experienced

engineer. Disputes litigation, and other problems -

are inevitable. C _
Practical performance warranties should

-becorhe available for complete solar heating"

systems provided by a single manufacturer when

~assembled and installed by a-single responsible

manufacturer has sufficient control of the system

individual or firm. un?{:r such conditions, the
design and the quality of the installation to have

assurance of performance. The manufacturer

/



could then guarantee the System to the installing .
firm which, in turn, would guarantee it to the pur-
chaser. In case of dispute,
measure system performance in the presence of
the owner and a third party, if demanded for deter-
mination of conformance. If inadequacjes are de-

termined, corrections would be made in com- "

pliance with the warranty, and the installer and
.. manufacturer would establish respons|b|||ty for
! the departure from specifications. : .

' Such developments as the Home Owners -
~ Warranty (HOW) program, sponsored by the Na-
tiona! Association of Home Builders, can be ex-
pected to have an influence on solar heating
equipment guarantees. Under the’ HOW program,
all defects in a residential structure ‘will be cor-
rected at no cost to the ownet during the f|rst

" three years of-use. It may be expected that solar*.

heating equipment will have warranties conform-
ing with such a program. Manufacturers ‘will then
be requnred to guarantee to the dealer and i
staller the necessary support for compllance wit
this program. )

The solar equrpment manufacturmg mdustry
unfortunately includes several small suppliers
having practically no experlence with solar equip-
ment and offering no warranties ©f any kind. Pur-
chasers of such equiprent have very little chance
of reimbursement for costly failures. Even if a
small, marginal manufacturer offers some sort of
warranty, a purchaser does not have much assur-
ance tmat the manufacttrer will remain in busi-
ness long enough to make good on its guaranty.
In the event of equipment-defect or failure, the

.owner (or contractor -if an installation guaranty
" wds pr6V|ded) would suffer the loss. These and
. other topics are discussed in the governmerl,t
report, “Buying Solar,” published June 1976 by
the Federal Energy Admmrstratron and HUD.

N

ONSUMER INFORMATION
v Many homeowners are nat interested in the
mechanlcal operation of a solar system any more
than they are about the nechanical operation of a
car. However, some homeowners will be mterested
in complete details of the system The cgntractor
will have to decide, perhaps from the questions
asked, just homeuch explanation of the system is
necessary. v
Also, the Consumer Product Safety Act of 1972

in addition to emphasis on the design and-market-

ing of unsafe products, also stresses that essen-
tially hazardou} products must be properly labeled
and full and compléte instructions provided. The
Consumer Products Safety Commission has stated

3

» 1,. .
. . L A
X -
.

i

the installer’ could -

4

must be in a position to advise the buyer com-

petently on how'to use and how to maintain and
> repair the product (sold).” '

Here are a few suggestions.:

1. After the system has been
quakfied person who is familiar with the
operation of the system should place the
equipment unden all modes of operation to

insure that it is functioning properly. The .

owners should be shown the location of the
fuse disconnect switch and the thermgqstat,
and be instructed in how to start, operate,

and stop the units and adjust temperature,

settings. The manufacturer’s installation and

‘operating ipstructions should then be de- -

« livered to the owners and reviewed with
them. v ..

2. Al related component installation and ser-
vice instructions should be placed in an at-
tractive binder with your compank’'s 10go,
name, address and phone number placed on
the cover; together with:.a brief letter of
welcome in the case of-a new building pur-
chase, reference to your guaranty or'other
similar introductory statement on quality of
materials; workmanship, etc. This binder
should be stored in a prominent, space in the
equipment room. . - .

- 3. Whether or not a service contract is written,

or if the equipment is under ‘warranty, the
owner should obtain the dealer's name and
service department ‘telephone number. A
.copy should also be permanently placed on
“the unit.

. -4. - To avoid un?ecessary calls and extensrve in-

terruptions in comfort heating, it is often
“convenient to provide a check list in case

failure. Things to do before calling for. ser-
* vice might include cheeking for: blown fuses

or open circuit breakers, dirty filters, broken .

fan belt, open dampers, a thermostat that.is
set too high, etc. Both the owner and the con-
tractor benefit from such a srmple check-out
routine. : 4 o

: _ /

-OPERATIONAL PROBLEMS o )
A report‘on the operation otzvarious HUD de-

monstration programs was preffared’for The.Na-

ter by Dubin-Bloone Asspciates in July, 1977. That
report identified the many areas qf inadequacies
or insufficient detail for var/)us HUD projects.
From an analysis of this report, the following data

are presented . - ~_

tional Solar Heating an?oolihg Information-Cen-

S
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HUD Solar'Heating Projects

Problem Areas

Sy’stem—'/r' 1,

3.

»
»

" Description

building heat load calcula--
tion errors by designer
and/or contractor

rule-of-thumb estimating is.

totally inadequate -
failure to seek help from
the system component
manufacturers

4. ﬂlack of technical informa-

Collector 1.

Storage -

" poor quality control
shipping practices ' by:
. manufacturers
broken components‘bemg '

-tion fexample: flam@ty

and- -

to transfer fluids)

(example

delivered)

1
E

¥vo- e
. ¢
poor packaging practices
to prevent damage -
out ga8sing — breakdown

. of- material that results in a

film on the inside of cower
‘plates
unable.

to withstand

- 300° -400° F. staf;natlon

temperatures
broken tubing due to ship-
ment in cold weather when

_ testing water remained in-

side”— should have been
totdlly drained’
‘weep holes plugged that

T8,

Fluids

5

4

Piping, Pumps'

and Valves

allows pressure buildup in -

collector that results in
cover' plate pop-out or
breakage ‘
. unstable selective

coatings: whjeh are. often
experimental materials

. moisture ‘collection and

roof -rotting—prevent with
above roof
design

leakage from cracks,

breaks or faulty clamps in"~

10% .of
evaluated

the systems

f&er -problems with . lc@‘{‘

3

mounting

SUMMARY

o2

3.

8

5.

>

1.

27

1.

~

‘2.

(atmospherlc) pressure
tank installations
temperatures exceedijng

the 160°F rating for. flber e
glass tanks e
underestimating - l|q d_'
thermal expansion (1%£5:

multiplier foLglycols)
mlsunderstandlng
-stratification

better out-of-the-way place-

of

ment was feasible ' .

corrosion dye to lack of ia-
hibitor additives

glycol solution (50%) cli-,
lut8d by automatic fill
which only adds water

/

corrosion caused by fallme/

to use 'getter column’ i
aluminum collector |s in-
stalled o T,

V

inadequate_ insulation re-
Sulting .inNlower system ef-
ficigncy or freeze-up es--
pecially in uninsulated

/parts of the structure and
" when pipes pass through

the walls, floors, and ceil-
ings ’ -~

. heat loss due to fallure to
© insulate duct joints

freeze-up of lack of drain-

.down because piping was

not pitched praperly

poor quality material used
that caused early compo ‘
nen} failure £

gaskets dissolved by some .,

r

fluids -

As the Dublin- Boor report sugéests the solar

heating system is in its infancy
still experlencmg developmental problems. The»e- :

he industry is

fore/It is rlecessary that designers, architects, e
gmeers manufacturers,- ‘installersrand even con--

sumers continue toikeep up-to-date on the latest
-developments in the field. Technologlcal ad-

vances are being made and introduced to the. in-
dustry almfost on a daily basis. Efficient and effec-

tive means of utilizing this natural energy source v
will soon be reallzed
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LEGAL RESPONSIBILITIES'.’,A | {\jﬁ’m

AS‘the supply of fossil fuels becomes more.

critical in the future, alternative engrgy sources
‘will have to be‘developed. Solar energy is one of

the ahernatives that is gradually becoming more,

adaptable to heating-purposes. The technolegy is
in-its infancy Rut steady growth is anticipated.
The concern of this lesson is not with identifying

< the technology of solar heating but with tife im-
- pact that technological development has on peo-

“ple and property. The lives of people are affected
where their health and safety are concerned. The
value of solar heated property is affected by such
cctors as taxes, easements, covenants, and zon-

g.-People must be protected (1) by the installa-

tion of reliable equlpment made as hazard-free as
possible by.the manufacturer, arti (2) by being ih-
formed by the builder or.contractor as* to oper-
ating and maintaining procedures to be- followed
when usmg\the equipment. JUstlfucatlon forain-
centives to -install, and rights and privileges of
ownershlp is contlnulrfg

ACONSJDERATION FOR EOPL
A There are some aspects of the solar heating
-system in which the .consumer has invested and
must be informed concerning those aspects that
relate to health and safety, because certain opera-
- tional and' maintenance problems may be dele-
"gated to the owner or occupaht of the structure.

Equupment placement is important since various °

monitoring and maintenance -procedures must be

followed. For example: the aif*filters, need to be

changed'regularly, liquid filters must be cleaned
or replaced regularly, liquid levels as well as anti-
freeze concentrations must be maintained, pumps
'and blowers should be lubricated at certain inter-
vaIs and fluid leaks must be stopped as. they oc-
cur and are located.

Therefore, the occupant should be informed
about: (1) turning off electrical service before pio-
ceeding with certain service tasks (Z)Mhich com-
- ponents may be excessively hot and.cause burns,
(3) slippery conditions caused by spillage or1eak

~age of antAfreeze solutions, (4) the "presence of

guardm%raround moving parts, (5) any problems of

toxicity'ar probable skin irritation ffo chemicals
used in adhesives, (6) heat transfer materials and
compodents, and (7) any othgf related matters.

Unfamiliar sounds Jnay have to be explalned ’
The occupant may. be concerned about” what.
nouis are transmitted during the cycling of.oper-

-~
s

v

atlonal modes De_geQdmg on the placement of.
(L equipment and the Ddise tolerance limit of the.oc-
cupant, a decision may\be necessary to add some
acoustical materlal to Yhe equipment area.
- ‘Water contammatlo could be a problem. In-
troducmg non-carrosive itives ‘into potable "
water (that which is used for cooking, bathing, -
drinking) must be prevented. Therefore, some la-
beling procedures-may be good msurance for the-
system desagners~ and ;installers to warn .oc-
. cupants.about possible contamlnants

4

. CONSIDERATION FOR PROPERTY
The knowledge and ‘ﬁractlces of solar heat
ing as applied to structural heating comprise a\
relatlvely new, technology. In many communities,
this alternative fuel source has been recognlzed
In others; no efforts have'been made to,accommo-
date this form of heating system: andﬂo special
considerations for rights and responsibilities con-
' cernlng solar heated property havé been addressed
- Right to Light ’
' Reégardless af the percentage of the heat
load. desugned into solar heating equipment, the
most critical ingredient to the'function of the sys- -
tem is solar energy. When structures are con-

structed, there is an obllgatlon to maintain,solar . o

exposure indefinitely. This' means that space
above and to the sides of a salar home must be
free of obstructlons Thele is little difficulty in
~ guarding against this problem in low- densuty
building areas. The problems exist for high defsi-.
ty mutluple -story areas. See Figure 11-1
, ‘Problems atise from both structural interfer-
ence and vegetatlon shading. A tall building plac
ed where a projected shadow is &ast on the col-
lectors greatly reduces the efficiency of the solar.
heating system. The same problem éxists where
- trefs grow to tall and shade the gollectors. There
. must be some legal procedures-for zoning and

5 . Hills, Buildings *And Trees Can

_ ! ‘. Shade Collector At Low Sun
; . " Angles . :

Fig. 11- 1 Right to light may pose new problems with
neighbors. o -,

mi_, L . . .
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"+ topping the vegetation even when it is not on the

same property as the golar home. Some states
. (e.g., Florida, Colorado, and New Mexico) have
. proposed legislation to prevent neighbors from
planting trees and shrubs that could intetfere with
collector insolation. Similar measures are being
consrdered in other parts of the United States as
well as Australla Brazil, Canada and Sweden.
Fnaedom From Glare _

Not only must ‘the occupant of solar heated
property have rights. to light, but ‘protection of

- others from glaré is-another issue. Neighbors and

passerbys, either walking or riding -in a vehicle,

should not be exposed to glare .from a solar
.collector. This problem may be handled by a less-,

than-latitude tilt which reduces collector efficien-

¢y, a solution which could interfere with the need

for heat ithhe winter,

Zonlng S ' o

- One ‘way to prevent collector inetficiency .

could’be the development of appropriate zoning

“ fegulations. Placement of buildings on -the lot

‘'must be done properly to minimize any nuisances

_caused by light reflection on adjacent property.-
Landscaping arnd street orientation, when laying .

.out areas for nejvyonstructlon may require sofne
~ different considerations. Probleims wi

to be-resolved regarding building: heightso that

- shadows do not effect-the function of nearby col-
" lectors especially when the solar heated structure

s

is already in use.
‘ . C e
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. Bulldlng Cod

ventllatlng glazrng ma

The intent'of building codes Is to provide con-

sistant ‘guidelines for construction. In most.com- .

munities, building codes - do nothddress the pro-
blefis of solar heating installation as such. How-
ever, they dp providedirection for the use of con--

. ventional heating components, forexample pumps, *
blowers and air ducts. Permits to install solar.

heating: systems may have to be obtained based

- Some of the-prob
characteristics,
Cwritten,

. on vague mterpr:%rons of existing regulations.

ent
specific wordlpg, attitudes of
~aliernative testing procedures. Many of these re-
gulatrons deal with structural sqpndness to with-
stand loads and resnstance te natural phenomena
-suchas hurncanes earthquakes, of violent winds..
Allernatlve roofrng, plg}r:brng, eleé}rcal heating,*

SRR
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also have.

s ¢o be addressed are: design
t the time that codes weére
local”
authorities, and costssof ‘providing criteria for an,

_,-—/L

may have to be'negotiated with local authorities —

before permits can be issued and construetion or
retrofitting started. ' o

As. governmental agencies update
codes, problems of solar heating systems wull
have fo be included. Some of the areas of concern
will include: health and safety of the occupants;
fire protection; potable water supplies; pressures
within collectors, tanks, and other solar compon-
ents; temperature ranges particularly as they af-
fect thermal expansion transfer mediumsy win-
dow and-door gia@s; roof loads; mechanical de--
vices; and _non- tradrtlonal constructron methods

nd materials.
The SMACNA publjcation, /nsta//atron Stan

. dards, included with L‘ms training package is a

good example of an useful installation guide for
planning and installing solar systems for one and .
two family dwellings. _

Another document, HUD Intermediate Mini-
‘mum Property. Standards’ Supp/ement 1977. Edi-
tion,” Solar Heating and Domestic dot Water Sys-
tems, presents minimum dwellrn?sfandards for
(1) one family (2) two family, (3) multi-family, and

.(4) care-type. (nursing) facilities. The publlcatlon is-
. too- comprehensive for summ@rlzatlon in this_
| course, However, it is an extremely valuablé¥

reference book fortesigners, installers, and sers
vrcepersons Chapters included in the HUD Sup
plement deal with (]) general use of the docu

. -ment, (2) site desrgn (3) building design, (4) pro
7~ duct and construction materials, and (5Y Tonstruc-

tion practices. References in the appendices re-

late to (1) calculation procedurgs for hot water j" ’
and space heaters thermal performances;-{2) stan-

dards for various. materials; (3).system and com-
ponent illustrations; (4) definition of terminology;

(5) reference standards;-and (6) ldentificat'ion of *.
abbreviations for various code groups, associa- = .
inthe -

tions, and governmental agencies involv
publication of the document.

their

v

One very comprehensive effort todeal wrth S

codlng problems resulted in the publication
Yniform Solar Energy Code (USEC) by the

tional Association of Plumbing and Mechanica)

" Officials (IAPMO). The purpose of the document is

to provide minimum standards and requirements’

" for the protection of the public-health, safety, and

welfare. Architects and engineers can use this
publication when preparing drawings and speclfl

- «cations for sdlar heating installations. It deals

with the administration of the cods, definition of
terms, and also addresses other specrfrc issues.
Details from(the various chapters of the USEC are

summarized\ i the -following -section of" this . -
ials, and work practlces, N Iesson o . . Y
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Quality and Weights-Alternate Materials.-

- Alternate Methods of Construction

' This particular chapter in the IAMPO publlca
tion presents a brief description of standards that

have been prepared_through’ the cooperatlon of -

varlous organizations.

GENERAL REGULATIONS—.,GENERAL ‘
_ INSTRUCTIONS AND REQUIREMENTS ,
This section deals with (1) the requrrement for
plans; (2) amproper locatjon of equipment; (3) pro-
hibited fittings and practices (use of dissimilar
metals); (4) retrofitting; .(5) protection of piping,
. Materials, and structures; (6) hangers and sup-

ports for horizontal'and Vertlcal piping; (7)-trenche

ing, excavating, and backfill; (8) changes in di-
rection (appropriate use of flttmgs) (9) inspecting
and testing; (10)’ maintenance; (11) existing con-

. struction (only if a building is dangerous and a
menace to life, health, and property must it be al-
tered when installing the solar system); (12) health
ang safety; (13) abandonment (14) other-systems
(DHW, swimming pools, etc.); and (15) detailed re-
quirements (e.g., safety requlrements controls,
and welding). :

' P/p/ng Such topics as: (1) unlawful connec
tions; (2) cross-connection control (requirement
for devices to prevent back-flow when common pot-
able water, non-potable water, and/or sewer connec-
tions may occur, | (3) materials (identifies approv-
ed materials); (4) valves (sizing and placement);

- (5) water pressure, pressure regulators, and pres-
sure relief valves (us,e and capacuty), and (6) auto-
matic air vents are reviewed:

Joints and Connections. In this Chapter, re-

quirements for the following practices are identi-
fied: (1) tightness (gas and watertight); (2) types of .

. goints (threaded, soldered; flared, and compression,
fittingsk and (3) special joints (tube to threaded

Ppipe, brazing or welding, expansion joints, unlons ‘

ground joints, flared, or ferrule connections).
_ » Tanks. Specmcatlons for construction and use
. of tanks are in the section. They deal with: (1) stor-

age or heat exchanger tank constructlon (general .

specifications related t use of concrete and
steel, and (2) expansion tanks (open or closed sys-
tems and. mlnlmum capacity for closed system),

Collectors! Only’ the general construction
- specifications and location requirements are de-*
scribed in the chapter. (They have been presented
_in Lesson Three.) .

Insulation. Specmcatlons for insulation-as
they relate to general requirements for Ppipes,
-ducts, and tanks are discussed in the section.

v:Ductwork. The chapter merely recognizes

. EO SR

e
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_contact the loc
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_that duct installation is a part of the solar heating

system. It states that the Mechanical Code is the
regulatory refefence for suzung and Iocatlng duct
work. ot

This has been only a brief. summary of the
Uniform Solar Energy Code. The major purpose -
forincluding it is to provide installing and servic-
ing technlcaans with the areas of concern iden-

‘tified’ by IAPMO for efficient and reliable solar

heatlng systems.

As a general rule, ‘an owner or contractor
planning to install a solar heating system should
building inspector prior to the
expenditure of major effort on thé project inorder
that any questions which may relate to com-
pliance with the code could be resolved in ad-
vance. If a particular solar heating system or com-
ponent clearly- violates a code requirement, a
change to some other type of hardware could be
made prior to expenditure of sugmflcant funds on
a system which would not be acceptable.

Components that comprise a solar heating

. system must meet acceptable standards of quali-

ty. These standards are established by extensive -
research and development activities. Various or-
ganizations are involved in developing specrflca-
tions for the quality of products that are used.
Material standards for solar heating components
are.created by the American National Standards
Institute, American Saciety for Testing and
Materials, International Association of Pluntblng
and Mechanical Officials, Underwriters” Labora:

- torles, SMACNA, ASHRAE and the federal gov-

ernment which contracts with other R&D organi-

-zations and then publlshes the results of their

decrslons

‘Installation '

AIOng with quality components there is also
a need for competent mechanics to install the

_equipment. The need for qualified electricians to

install electrical and electronic controls.generally

.is not questioned. However, jurisdiction over the

erection and rigging ot:@ollectors has bec me a
negotrable problem. ~
The problem of who should install collectors

“has recently been raised in negotiating construc-

tion, contrag€ls. Two groups have been involved. g
They are-the United Association of Journeyman '

. and Apprentices of the Plumbing and Pipe Fitting

Industry of the U.S. and Canada (USJAPPFI)-and
the Sheet Metal Worker's Internatlonal Associa®
tiori (SWMIA).

The jurlsdlction.ag;eement which these two
organizations have reached is that the supporting -

; e .
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Appraisal

«

and rigging of solar collectors with tubing and/or
piping for liquid fluids will be instatled by a com-
posite, crew equal in size to the nimbers of mem-
bers of the respectlve unions. For air fluid sys-

stalled by SMWIA. For the liquid fluid systems, all
pipes and valves.will be installed by UAJAPPFI.

Appraisal
heating system during the planning phases:is dif-
ficult. The market has not been developed suffi-
ciently to provide guidelines for establishing a

- market value. Appraisers may choose to ignor&

the system, treat it as a hot water system, or limit

“"their assessment to the installation cost, On the
other hand, the entire system may be consudered.
a liability by some individual appraisers.

~ Appraising for tax purposes is another mat-
ter. This is'especially true if the construction loan
appraiser chose to ignore the system. Then the
borrower pays separately for a heating system
that has been ignored but then pays taxes based
on the total pacckage—structure plus system.
~ Equitable solutions to problems of financing

‘and taxing solar heated structures -are being '
state, and local legi- .

discussed. Many federal,

the ‘gollector array as well as all ducts’
throughout the fluid transfer system, will be in- .

practice;! ﬁ financing', a solar’

s

tax .for a given number of years is being con-

sidered if the owner invests in solar heating when

building or retrofitting a structure. - 5.
Some tax incentives that have been assessed

by ERDA and presented for consrderatuon are

“
y

1. Ptjrchaser tax credit of 40% on first $1,000 of -

system. cost, 256% on next $6,400 of system
cost, with up to a maximum of $2,000 tax credit,
effective 1978-1982.

2. Installer investment tax credit of 20%, effective

1978-1982. (Because thjs incentive showed lit-
tle 'promise. early in the calculations, it was
omitted from detailed consideration.)

3. Builder/developer ‘tax credit of 20% of total
solar heating and air conditioning system
(SHAC) cost or Incentive I, effective 1978-1982.

4 Loans of 5% for 20.years: for resudentral retrofit
.. applications, effective 1978-1985.

5. Purchaser tax credit of 25% of the first $2,000;
and 15% of the next $6,000 of system cost up tg -
a maximum of $1,400 tax credit,
1978-1982. : p

6. Purchaser tax credit of 40% of the first $1- 000

slative bodies have introduced and/or passedacts ‘

“which. relate to problems. of construction loans
< and taxation ds |ncent|ves to |nvest in salar

heating systems.
Incentives '

Legislation to provide incentives for invest-
ments in solar heating systems could be con-

sidered regulat'ory_or compensatory. Legislated:
regulations deal with such matters as estab-

lishing solar epergy policy agencies that would
respond to problems such ds right to light, free-
dom from glare, nuisance matters and building
standards or codes. * . ‘
Compensatory legislation would ‘deal with
low cost construction loans and tax breaks to

those who invest in solar heatung systems Low

. cost loans are being proposed for both private

citizens and industries. Some copnsiderations are
being given to investment tax credits and amorti-
zation procedures. Tax reducing factors are being

" proposed for.income, sales, and real estate.

Federal, state, county, or city income and/or pro-
perty taxes may be reduced if a large amount of
money is invested in an entire solar heating

system or-one merely insulates a structure. Sales
and use taxes may be discounted or eliminated on

solar heating systems. Lowering the real estate

PRt

of system cost and 25% of the next $6,400 of
system cost for 1978 and 1979, 30% of the frrst
$.,000 and 20% of the next $6,400 for 1980 and
1981, and 25% of the first $1.000 and 15% of
the next $6,400 for 1982 and 1383.
insurance .
Insurance companies have not been reluc-
tant to provide insurance for solar heated struc-
tures Comprehensrve insurance has not yet
become ayhigh risk factor since glass breakage
has not been extessive. Fire insurance should not
be affected since the required additional insula-

. tion is fireresistant and the energy requurements

o114

‘consumer and manufacturet protectron

(electricity for controls, etc. ) are simitar to those’

used in-conventional heating components. There ' '

may be a need to have fire stops placed in the

‘roof-to- equrpment room spGEe where pipes are
located. These air columns could act as a flue and -

effectrve .

o

cause a draft that would draw flames from the _

basement to the attic. Also, heat, and smoke de-
tectors\ihould be installed as recommended by

Underwriter’'s Laboratorles
Warranties
Warranties have tong been used as a form of

Many
have -been written in terms swhich caused much
confusion especraIIy to those who attempt their

| ) ,‘ :'{L"v
1 ju ) ) v ) ﬂv"‘
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interpretation'.’ As a result, an effort has been - This full warranty may covef the entire pro-
made by the federal government to give directions duct.or only parts of it. It will also contain the
- for writing and .interpreting warranties. This ac- duration of time that the warranty is in effect.
. tion has resulted in the passage of_'the-Magnuson- A lilmited warranty: :

Moss Warranty-Federal Trade Commission Act -
(FTC) of 1975. ' B
There ared three -types of warranties: full, . ‘ . : , )
limited, and implied. A full warranty as now 2. Arranges pro-rate r&fund or credit to allow pur-
v regulated by the FTC stipulates that: T chaser to get some percentage of the purchase
. ’ rice refunded. < . . .

1. Covers parts and none or iny a part of the
labgr expenses. o

. 1.The product must be repaired at no cost to . ’ .
. customer. ' .~ 3 States that the purchaser must-pay for and be

. ' s . rgsponsible for the return of the product. -
21 The prodbict must be repaired within a reason- Gasp ' : : P

able amount of time. 4. Provides that only the original purchaser Is pro-
g o . ,

3. The purchaser is required only to satisfy the lected. . ‘ ‘ = .
-, manufacturer that service is requested except Within the framework of limited warganties,
Cif t'he. warrantor can establish that 'there is. manufacturers are required to identify the warran-
cause to suspect the proper use of the product . ty duration period=gmitatns, and exclusions.
by the purchaser. « : v Animplied warranty is the result of state legi-
. - _ o lation to protect the customer. The most com=i .
4 The warranty applies to anyone who owns the - implied warranty is that the produc will pers., -
'+ product during the duration'of the warranty. & form the ordinary purpose for which it was design-.. -
.5. If the product is not repaired within a reason- ed."When a manufacturer does not prepare a writ- .
able time, the manufacturer must offer a re-  ten warranty or is not explicit about its content, -
placement or refund. If “cash is paid to the the implied warranty provides legal recourse on

- customer; the product must.be returned to the . the part of the purchaser. .
manufacturer. . .. Warranties must accompany the product and .
: CE ' ] be prominently displayed on of near the product
: . oo , : and/or. its packaging. In the case of a solar
' . - . : o . assisted heating system, different warranties may

cover different componénts.,.Therefore.'-the pur-
chaser should be given a packet containing the
warranties when the system has been installed. .

‘  FULL WARRANTY '

This. product is guaranteed against . " REACTION . :

all defects in éonstruction.and against . . A lesson about the legal responsibilities con-

corrosion for a period. of § years. ' cerning people and. property should be open-

Manufacturer will pay for all labor ‘ended and never summarized. The technology -of

and parts costs to correct problems. . R . ~ N 2 .
: ( - solar heating is in a state of evolution. Inforgna- -

tion regarding new and improved materials and- -

‘processing create different problems requiring

negotiable resolutions. These .problems have to

- ; . be dealt with individually as they affect the lives
-~ M%W}MM . of people, their property, and the/enviro'nment. '
© LIMITED WARRANTY : ' ' :

% This product is guaranteed 'to be g
=D one of the finest solar systems ever

= =
[y

manufactured. Manutacturer will -pay *
for costs of parts to .correct any
problem. -

22

o 'Fig. 11-2. Plain laﬁgba‘gq wérranty informaﬁon prominently
- displayed is now covered by Federal law.
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| APPENDIX A |
2 Climatological Characteristics for Selected . '
Locations in the Unl,!fd States and Eluwhoro' ' \
o T . Jan. '
. ’ S Jan. - Solar e .
. B L‘('.'"';')d.. B ::.!:on, ‘ _Tom;zoFr.nuro ~(daB 1).(lf’t"‘) , am(:a':)y(d"A‘l)muah &
State and City. o () m . 4] )
. J N -
ALASKA " S T |
Annette Island s 10 32.0° A . 236 949 7,192
_Barrow . 2 - -13~ ¢ . 13 , R
Bethel - 81 125 - 6,8 136 1,903 13,196
( Fairbanks 7 85 . 43 412 70 2,359 14,279
Matanuska 62 180 122 747 1,846 10,849
- . ARIZONA S : : I
Page 37 " 4,270" 32.0 1,105 1,063 5380
Phoenlx 33 1,112 - 500 1,003 474 1,765 .
Tucson o 2 - 2558 50.0 S 1152 47 1,800
Yuma .- (32 - 199 536 . 1124 308 1,006
ARKANSAS — g ' : | S
Little Rock / .38 - 25 410 729 756 3,219
' CALIFORNIA 3 | SR » o
. Davis .39 51 . 448 581 583 . 2502
.- Fresno 37 . WS vaa6 . 605 605, 2611
~ Inyokern 36 T s 24407% wh 44871, o fyT48 0 - 546 - 2122
La Jolla A 800 .
Los Angeles 34 99 536 - 948 372 2,061
Pasadena 34 864 . .. 536 . 925 343 4,794
Riverside 34 1,020 - 518 11,013 406 1,874
San Diego 32, 19 5386+ o716 314 . 1,507
" Santa Maria 35 238 - ' 500 " 975 459 . 2,967
~ Soda Springs 39 - 672 . 20 * - 83 |
* COLORADO - S T
_ Boulder 40 %6385 320 740 992 5,540
Grand Junction 39 4849 266 - "854 1209 5641
Grand Lake | 49 . 838 - 158 781 1556 10,802
FLORIDA o : _— o | e
- Apalachiccola 3 .3 .+ . 537 1078 347 1,308
- Belle Iste. - ar 3 71.0 1096 98 .
Gainesville . - 30 . 185 554 1023 332 1239
Jacksonvlile 30 24 536 . 984 348 1327
s K Ad : : Ty
» 156+ o
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... APPENDIXA )
Climatologicai Characteristics for Selected
4 ‘ v Locatlons Iq th? United States and(EIséwhe
' ' Jan. . Solar
o » ' Elevation Temperature " BTU®
S Latitude - feet  ~  °F, . (day)ft) .
State and City °N) - " (®. . - (M .(8) .
. ' | ‘\
“Key West L 24 6 698 ° 1,205
Miami ~ - . 26 ), .9 .. 662 1,263
Pensacola . 30 13 518 921 427 1,578
Tallghassee . ~°° 30 58 51.8 909 375 1,485
 1dmpa 2. - 11 e08 ¢ 1,204 ¥ 2024 683
ogeomaa - Ty - .
Atlanta’ ‘ 34 976 428 834 - 636 2,961 -
Griffin 33 - 980 - . 428 876 505 2,136
HAWAI L o o |
Honolulu 21 | 7 750 1339 0 .0
Mauna‘Loa 21 . 20 400 . 1,926 o
. Pearl Harbor , - ‘ o 1,325
IDAHO | . S o _ |
Boise 44 2,844 802 . 52 1,113 5809
~ Pocatello , . 248 608 1,296 . - 6,603
Twin Falls - 42 - 4,148 28.4 600 1,159 . 6,324
ILLINOIS = : L | ) -
~ Chicago | a1 610 - 248 353 1,265 6,639 .
~ Lemont - a2 - 595 248 620 1,265 6,639 .’
INDIANA R ' , ST
_ ‘Ipdianapolis .40 . 793 . 284 © 541 1,113 5699
|osA"'lv EI Y A N e &
C Ames - 42 1004 0 194 . e40 1370 6,588
KANSAS T : o ' I
. . Dodge City " 38 2,592 30.2 953 1,051 5,086
Manhattan ., = . 39 ~ 1076 . 302 - 17 1,122 5,232
- KENTUCKY o o B S :
Lexington . ST 320 629. 946 4,686
Lodjsville 38 ¢ 474 T .320 604 983 4,640
LOUISIANA - - - | B R
Lake Charles - 3 12 ¥ o518 880 - 363 1,459
New Orleans < - 30" .. 3 ) 517 788 363 1,385
+-Shieveport. ‘32 o 27 ee4 - 832 552 2,184
E ) e _ Lo A'2.‘ . _— - i
:: T I o 1 57 < I .__\'
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" APPENDIXA

Climatojoglcal Characteristics for Selected v SN
. Locatlod® In the United States and Elsewhere

. : Jan. oo
o ~ Jan. - . Solar :
. Elevation Temperature BTU ' - (°F) (days).
Latitude - . feet " {;% '\,(day)(lt’) - January Annual —
eNd e | B @ @
P S o ‘ > _ ' _ ..
. | ,
\.
| - 248 7,469
47 - 628 104 504 1,690 9,767
44 3 23.0° 578 1,339 7,1;1“
Annapolis - . 65 : 33.8 ~ 645 946 - 4,548
Silverhif. © ~* - 73g 291 386 670 871 4,224
MASSACHUSETTS: i S S -
Amherst 42 - - 750- 200 428 - 1,136.
" Blue Hill 42 629 280 3 555 ,
Boston a2 .29 302 511 1,088 5,634
Cambridge 42 80 - 565 -
~ €hurchill S - 1658 239 .2,558 16,728
EastWareham ~ ° 42 . . 18 - @0 504 . . e
Lynn . - : 30.2 434 - 1,088 5634
Natick' T . 1266 559 1,271 = 6,969
- Pittsfied . 42 1,170 -- | 1,339 7,678
MICHIGAN L - : Y 5
East Lansing \ : 43 ’ 856’ . 23.0 423 1,262 §,909 :
Sault Ste. Marie 46 724 - 158 . 489 1,525 9,048
MINNESOTA | S | |
St.Cloud . 48 . 1,034 - 104 625 1,702 8,876 .
" MISSOURI - - | . B - -
~ Columbia 39 785 302 662 1,076 - 5046
‘MONTANA . T o ;.
. Glasgow 48, 2277 104 . 567 1,711
Great Falls . 47 3ee4. 212 . 508 1349 7,750
~ Summit 48 5213 15.8 . 449 1,538 10,625
" NEBRASKA ' | B o R
" Lincoln Y 1,189 . 248 699 1237 5867,
N. Omaha . 4 978 230 - - 752 1,355 6612
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State and Cltyv'

- z

NEVA&] .

Ely
"~ Las Vegas .
Rena

' NEW HAMPSHIRE

Mt. Washington
_#DEW MEXiCO
Albuquerque
- NEW JERSEY
Seabrook
“.Trenton
NEW YORK
Albany
Ithaca
New York
Sayville
Schenectady

~ Upton g )
NORTH CAROLINA

"= - Cape Hatteras
Greensboro
Hatteras
Raleigh

~ NORTH DAKOTA

~ Bismark '

"OHIO :
Cleveland
Columbus

Put-In-Bay
OKLAHOMA
Oklahoma City
Stillwater

‘

. APPENDIXA
Climatological Characteristics for Selected

Locations In the Un’ltedS

e .

Pevation
Latitude | feet
(°N). ()
39 6,262
36 2,162 .
3of . 4,404
. 44 g - 6262
35 ‘ 5,314
40 100
40 144
u
42 950
" 41 . 52.
41. .20 -
43 217
41 ~ 75
Y ) .
35 . 7
36 891
35 7
35 433,
a7 '1,660
M 805
.40 - - 833
42 575
35 1,304
~ 36 e . 910"
13

‘A4

CoJan, '

. Temperature
‘- °F.
m:

N

[y

248
42.8

a%o

90
34.0

400
232.6

23.0

1230 .

L 320
'1/::.0
0

35

46.4

37.4
50

410

86
28.4
- .-90‘2- [ |
35.6
356

155
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tates and Elsewhere

)
Jan.
Solar
. BTU -(°F) (days) .
(dayXft?) - -January Annuali
~ (8) (dp ()
!
876 - 13@ 7,730
1,027 688 2,709
862 1,027 6,022
432 1,809 ' 7,866
1,134 930 4,348
592
637 1,020 4,947
456 1,311 6,875
449 12711 . .6,624
537 - ' 973 . 4,811
. 603 ' o
478 ~ 1,283 s 6,650
583 S
-898 580 - 2,612
754 784 3,805
'892. 580 - 2,612
+ 876 :\ 725 3,393«
.' ‘: . N ..
581 1,708 8851 -
456 * 1,159 6,351 .
475 1,088 . 5660
441 1,159 7,211
939 g8 3,725
- 762 893 3,860
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| APPENDIX A ) |
. Climatological Charactefistics for Selected , ‘ '
Locations in the United States and Eisewhere _ .
. Lo o o Jem. _
: ’ . o Jan. - Solar _
, ‘ -. Elevation TFemperature BTU (°F) (days)
' Latitude foet °F. , (dayXft?) January Annual
StateandCity  (*N) ©® m . el @ -
OREGON -~ - . | : L | _
Astodla L D 8 . 410 338 * 753 5186
Corvallis . -3 37.4 Toan 803 , 4,408
- Medfdrd ) 42 1329 374 438~ g 5,008F -
PENNSYLVANIA ) S S :
Philadelphia . 3 e 320 . 645 1014 - 4565 -
Pittsburgh . 40 749 284 T« 346 “1,119 5,087
State College 41 11757 " 28.4 511 1,122 5934 -
RHODE ISLAND - B
Newport | I - 284 570 © 1,020 5,804
.. SOUTH CAROLINA . S S .
- Charleston. . -, 33 46. . 500 . 931 487 2,033
SOUTH DAKOTA e R L | _
RapidCity 44 3,218 - 280 684 1,333 7345
_TEXAS ‘ n oo ST ' g & .
Big Spring )l 428 ;0 988 651 2,591
Brownsville” 26 . 20 Y- 590 N 1,056 205 4600 -
. ' Corpus Christi - - 27 + 43 554 965 304 930
Daltas : 2 481 . 446 - 851 608 2,030
€l Paso’ ' 32 3916 448 1,218 e85. . /100 -
Fortworth - 38 54 Ph . 8271 614 2,405
~Midland @2 2,854 428 (1034 - 651 2601 -
" SanAntonio- 30 & 794 ¢ 518 L. 1020 428 1546 .
TENNESSEE = '« . = ‘e R T :
.Nashvite . 3% v 605 - 374 600 - 828 ., 3,696 .
OakRidge ~~ 3 905 . 374 - e 778 2817
UTAH | 4 _ | | P -
~ Flaming Gorge AN J : .. 88 . . |
Salt Lake City 41 4,227 284 T e 1072 6052
" VIRGINIA : ) o | S
Norfolk -, 38 26 (392 766 . 760 - 3,488
Mt.weather Y. 39 * 1725 0302 .. ° 634 1,107 . 5668
WASHINGTON, D.C. 39 ~ 64 - 358 . 585 . 871 4,224
o _ : R
LI | ’ _AS - 2 a "~
: . 160,




. ~ APPENDIX A

d- ' ‘Climatological Characteristics for Selected
! C ~ Locations in the United States and Elsewheie
\\ ‘ ., Jan. .
Jan. " . Solar - . ,
. ) - Elevation = Temperature BTU .. (°F)(days)
_ - Latitude feet = . °F. " (dayXft) . Jaguary Arinual
StateandCity & (°N). ® . ™ . e @

| ]

- .. , ) & . . .
N B . . X .

. WASHINGTON

North Head T 194 .40 R oy
Friday Harbor 49 . 100 . ’ 321 . ~
Prossér = . 46 - 675 302 431 1,123. - 4597, 7
- Pullman a7 2,550 28.4 452 . 986" 3,995
Richland . . : 320 316 1,163 5941
Seattle - a7 386 410 - 287 738 4,424
Spokane .~ . 48 1,968 28.4 43¢ 1231 6
University of h 7 ' i ) -
Washington = . s : 247 "
. WISCONSIN . - ' - . ,
Madison . © - 43 - - 866 ., 17.6 564 4473 CC 7,863
'WYOMING o A | | | o o
Lander 43 5,370 19.4 846 1,417 7,870
Laramie 41 7,266 212 . 824 1,212 7,381
* CANADA | S . | . o, -
|, Edmonton, Alberta 54 2219 . 68 ¥ 37 1810 . 10268 °
Kapuskasing, : A , ' o
* Ontario ‘ o . ’ 0.4 405 2,037 11,512
" Montreal, Quebec ., ) - o , 158 405 1,566 8,203
Ottawa, Ontario . 45 339 14.0 ) 530 1,624 8,735
Toronto, Ontario 44 . 379 - 266 445 1,233 6,827
-Vancouver, British - o | o . '
Columbia - 356 279 862 5, 5379
Winnipeg, Manitoba 50 786 S 14 482 2,008 10,679 , -
ISLAND STATIONS | S : : o |
_ Gantop.lsland”- ~ + " e ' - 2179 B
s’arfJ’uan P. R ~ - B - 1491 -
* Swan Island T - 1831
Wake Island ) ' ' : ' : 1 616
OTHERS P “ o
.+ Albrook, A. B. | . R I .
‘ Panama , . . : , . 1,446 "
~/ Taipei, Taiwan : . - © 686 '
! ) . L.




In"most small applications, tr{n}n is an in-
’ tqgral part of the manufacturer's unitary equip-
ment. -Thus, once 'the equipment has been
~‘selected, the fan capacnty at various static
_pressures will. be known. and. the dﬁ:t system
" must be sized to- match the fan performance.

In all-air systems, the total system CFM
(ft Imin) is usually determined by tr\g' Wstalled

¥ 4

fWhen collector Ioo&and conventional air flow __
ra

collector area and the manufacturer's recom- -

mended. flow rate, Wthh is usually stated in CFM
.per- sguare foot of collector area. For example,
flow rates aenerally range from 2 to 3 CFM per
square foot. If 400 square feet of collector is in-

- stalled, the total system CFM might range from,

"800 to 1200 CFM (2 x 400 or 3 x 400).

In single fan. arrangements, this collec?&)r
flow rate must\be compatibte with the auxiliary™
heating system. Thus if gas or oil fired furnaces
are used as auxiliary -heat, the collector CFM
should provide the rec&mmended temperature
« rise through the furnace.:If electric heaters adre
used, then the collector CFM shéuld equal or ex-
- ceed the minimum flow specified for the heaters.
-t m%chamcal cooling or-a heat pump is part of the
system, then the collector CFM must be- cbmpatv
ble with flow requirements that range from 300 to

420 CFM perton If air flow is not compatible, then .

multi-speed fans might be employed.

All-air systems may aiso be\desugned usmg -

two-fans—one for the.cofiector loop and another®
for the conventional backup heating system.

—_—

v

tes are not the same, a bypass duct,-ds shown in”’

Ejgure B-1, ,can be used to balance the flow.
Sizing standards are* listed in the SMACNA"
Installation Standards that are a part of your train-
ing materlals Please refer.to Section 3 in these
Standards for design criteria. For specific sizing .
procedurés refer to the SMACNA Duct Sizing

" Guide, NESCA's Manuals K and O or the ASHRAE

Handbogk.

The' problem with so many praetlcal duct siz- |

ing mathods is that they have been so sumplmed
streamlined, and p?actlcallzed that fundamentals
are very often obscured. “Cook book” methods
also frequently destroy the feel of (he design, and

the user is seldom fully aware of all the aSéump- ,

tions made and qualifications built into the shdrt-

‘cut tables and charts intended to save time. .

Going back to'funda"mentals can, for most
people, help obtain a better prespe@tlve of the

‘design problem. In this course then, let's review

the three basic design methods—velocity reduc--
tion, equal friction, and static regain, noting their
advantages and disadvantages. But first, let's
really get fundamental and consider several
essential relationships. . ’ '

Flow Rate and Pressure Affect Fan Hp -

. A duct system has to be sized firsttto fit the
space available, minimize air noise (by controlling
air velocity), and move air with a minimum of fan

~ .

y—
. .
c . On
800 cfm [
- ' ( - l o W Supply Air
‘ ' 1 . e 1200 cfm
‘ Rock Storage'Bin | | ' :
T (Storage) | : Furnace, Ac
G - s *Unit
\ ET | SO : (Outside)
S| | Bypass . . T (Air Space) A c .
S :
IS Y . Roar
N : S . .| .Return Air oom
“'1200 cfm
. .
: ]
’ 1200 cfm - - -~

B.1

| } .','I.'Fig.B-t-"."' y ‘ SER

t



A

power rg'qulrements Tt;"s Ias( factor is often

_ overlooked.

- 'The t@_rsepower needed to move air at stan-
dard conditions is equal to ‘the product of the. -
system air flow rate times the total pre¥sure dif-"
ference created in the system. More precisely:

| amp = 0.000157 (0) (TPd).
where - o -

= airfjorsepower (divided by fan
efficiency this yields brake
horsepower at fan shaft)

systemt air flow rate in cfm

total pressure difference between
supply and return system inches -

of water - ;
A IS v

o
=

O
1

—
o

.Q
i

From the formula, an increase in system flow

éaSejmn heating -

rate (Q), brought about By an in
and cooling loads, duct heat. ,‘or.heat gains;
increases fan hp and operating costs An |ncrease .
in TPd brought about by higher duct resistance on
the supply or return side also increases fan hp re-
Gquirements..

Total pressure (TP) in generaI |s the sum-of

- the static (SP) and velocity (VP) | pressures at any

- point in the system. The TP at the fan on the supp- -
ly (or return) side is the sum of all the losses of the
fittings, lengths of duct, dampers etc. starting at
the' grille in the /ongest run and leading back to
the fan. The loss throdgh dny otl‘\er run will by

" necessity be the same. (Since *all branches ter-.

. minate at atmospheric pressure ang-.are con-

" nected in parallel to the same fan, the dr'op inall

runs is from fan pressure to atmospheric
-pressure.) o
While TP is perhaps madre desirable to work

".with since its value always decreases in the diréc-
tion of flow, SP is in fact normally used as a basis
for design. SP can increase or decrease in ‘the
direction of flow, and in tracing SP ¢ ges from
grille to fan to establish system pressure at the
fan, the designer must be cognlzant of SP regain
as well as SP loss (More on this later.)

Friction Chart Relates-the Variables

One of the basic working tools in all design
methods is the standard friction chart. (An ex-
cerpt is shown in 'Figure B-2)) This chart was

- developed back in 1945 based on research con-

ducted at the .old ASHRAE [|aboratory in "
“Cleveland, Ohio in which ductwork was actually
subject to test. - o »
The chart relatés the frlctlon Ioss or SP drop
per 100 feet of stralght duct (hornzontal scale) to

$ ? v

.
.. a - . .

cfm fiowing (vertical scale), to round duct sized
(slant line moving up from left to rlght)and finally *
to duct velocity (slant line mov‘lng up from right to
left). -

Values obtalqed strlctly, speaking, appIy to
air between 50°-and 90°F for smooth galvanized
'duct. Correction factors for other t'emrp(ir%ture

-
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Fig. B- 2. Stan‘dard friction chart relates all the variabtes
for flow in straight ducts — pressure drop (horizontal,
- scale), flow rate (vertical scale), duct size (slant line
moving up L to r.) and aif velocity (slant line up from.
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conditions are aval;lable. Precise corrections for
lined metal or for glass fiber duct have not been
rigorously established as yet..(Consult manufac-
turers’ literature.) ST . '
" It's impOrtant to note that the horizontal
-scale indicating SP loss also.ihdicates TP loss
since in a constant size duct, velocity, or velocity
pressure, i$ Constant. o
.Besides the loss im’straight duct,'the losses
caused by transition fittings, elbows, takeoffs,
dampers, filfers, coils, and grilles must akso be in-
cluded. Loss€s for transition fittings and elbow$
are usually diven in terms of equivalent feet of
straight duct and added to the agtial duct.
Jengths. Takeoff fittings are ma 'omple'x,'and
charts or tagbles list |osses hased on percent of
flow diverted- Losses for dampers, driltes, etc. are
normally provided by the manufacturer.
The loss®s of fittings is seen to depend on

duct sizes, and as mentioned at the outset, there, -

are tfiree methods to size ductwork.
The veloCTty redtrction method is almosteho
jnethod, for it relys heavily on the designer’s
perience. Thug we have the paradox that- the
easikst method is really the most difficult method
+forthe inexperiented designer. The method is fur-
ther restrictéd to relatively uncomplicated
layouts. I
The method is merely one.of assigning duct
velocities throughout the system in decreasing -
order from fan to furtherst branch. The duct sizes
needed to acChieve these assigned values are
selected from the friction chart. The chart .also -
. provides the Pressure drop in each run of duct.
The method iS fast and noise control is relatively
assured sinCe the designer picks\ his own
velocities. ! o
" The second procedure is the equal friction
method. In this case the idea is to establish a con-

- stant pressure loss factor (pressure drop pér foot)
and.use it throughout the'system. If the system is
symmeticatl—all runs’ essentially the same
length—the Method makes the system almost
self-balancing- The equal friction method‘is also
the most popular procedure.- -

" To size @ trunk.duct for instance, the pro-
cedure is as follows: Consider that 2000 cfmis
delivered by a fan into a main. First of all, an initial
velocity must be selected. With the aid of, the

~ standard friction chart, this establishes the
design pressure drop per 100 ft. If we choose 1000

" fpm, the presSure drop is 0.07 in. WG/100 ft. (s‘ég ’
Figure B-2)) - . L .

. Also, the main size at the fan will be approximate-

“ly a 19 inch round. - c ‘

-

B3 '

‘

Now as succCegiing. voluMes of air - are
. diverted into the brafch from the main, it is only
necessary to enter at the top of the frictign chart

at a loss 0f 0.07 and mQqve down vertically until the .

horizontal -line*corresponding to the cfm remain-
‘ing in the main is'reached to determine the new
main size that maintains the_Sag“E loss per foot.
Thus if 1000 cfm were diverted out the first
~-takeoff—leaving a 1000 cfm in'the main—the duct
ize afterjthe takeotf would be @ 15 inch rodnd.
(Intersection of 1000 cfm apd 0.07 in. WG in Figure
B-2). If after the second takeoff, 500 ¢cfm remained.-
then moving further down along the same 0.07 in:
WG loss line, the main-after the second takegfl
should be reduced toa 11.5:inch round. This pro-
cedure is followed until the main.is completely-
sized. o : LT
- When available fan SPis known at th& outset,
say where unijtary equipment is Used, designers
Sometimes use this figure divided by the length of
the longest run on the plans (including something
" for equivalent length of fittings) as a trial pressure
loss’factor. |- - '
~
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Fig. B-3. Equal friction duct sizing method .is one of three
basic design procedures, A constant pressuré |gss factor
per.foot of duct is estabjished and the:system ig sized o
Provide this co
duct area for equa

. ) ay by.assuming ap initial supply
Velpcﬂ*, ‘then' ink-duct -red.u_c}lonspénd branches
can be sized based on'the percent §f the total.cfm that.is

ried by each run.'If after a branch takeoff, the trunk

arries only 46 percent.of the fetal air supply (follow *

arrows) then the main ghould bge reduced to 54 pefcent
of the initial area ‘ S R

.

.
‘v

v

tant loss. Curve at left relates cim to

)
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Percent Clm Determines Percent Duct "Area

A variation of this method can be developed
from fundamental floW equations that show that-
the ratio of duct areas is’ approxramtery equal to -

" the ratio of air.flow rates in each duct area raised_

- of duct Thus:s R

Y

Q

to the 0.8 power for equal pressure drop per foot -

a

AlAs = (d/Qf)O'e

where As is the duct area at the fan and Qs is the
system flow rate. A and Q represent duct areas

" and flow rates at any other point in the system. :

Figure B-3is a plot of this relationship. Know-
ing the initial duct area, the duct area for any part
of a main or branch can be determined from the
chart. ¥

To start the deS|gn it's again necessary to .
assume a duct velocity at the fan. From Figure B-2
or the fact that cfm divided by velocity yields area,
the initial duct area A¢ can be determined. Let's”
say 4000 cfm ijs flowing; for a 1400 fpm initial
velocity, 4000/1400 or 2.85 square foot of duct-area

entering the base at 46 percént and followmg the
arrows, the branch area must be.54 percent of the
initial duct area for equal friction'loss/ft: Hehoe
the branch duct area must be.0.54 times 2.85 or
1.48 square fgot. Successive branches and, mains

are sized in a similar manner based soLely on the

percent-of the total air volume carried.
Once’ sized, the actual losses through the
system should be computed *and compared. to

available fan SP, using the friction chart and

~available fitting loss data If the loss is greater

drawbacks.
".pressure drop per foot for both tong and very short

than the available, assume a new, larger initial
duct area and repeat the procedure.

Regain Important in Big Systems
But even the equal friction method has its
For one thing, having the same

' runs causes ynbalange—similarly for the case of

‘ed based on ‘awigher dr

runs of equal length but with one having many
turns and fittings.”One -solution is to use different
friction loss rates. Branches near the fan, for in-
stance, where systeém SP.is still high could b¥ siz-
per foot than branches
near the end of the main C-

Another drawback™in the normal use of the
equal friction method is that any static pressure
regain is typically ignored. While this is of little
consequence in small' low  velocity systems
(ignoring regain merely provides a small safety
factor) in larger, high pressure systems, ignoring.
regain can resultin higher than necessary-fans

; design procedure exrsts—the static

v

’

. 195 |nch round) then the static regain wd'ul

fects the- downstream
is required. Now ‘if 46 percent of the total air flow~— 4value o
is diverted at the first branch, then from Figure B-3 °

o

sizes -and power requirements. Thus, a third .
regain
method. N

Whenever .some air is turned from the main
rnto a branch, there i is a decrease in the velocity of |
alr< emalnlng in the main trunk. In theory, were ’
ther nofrrctlon the decrease in veIocrty pressure

 would be’ exaotly offset by a rise in static

pressure, since SP plus VP équals TP, and. TP
‘would be a conitant value throughout the system.
In reallty there is friction, so fegain is not 100
" percent and he rise in SP may be only half, three-
quarters.or ninety percent of the’ decrease in VP.
In a well designed system, 75 pertent regarn is
considered likely, thus - e L

_SPjige = 0.75 (vpa-_\/pb)'__' :

where VP, and VPb'are the respective velc‘c"it)"/'_ .

. pressures. npst;&m ‘and downstream of the

takeoff junctlon

Since: the size . cf the downstream duct af-
crty hentce VPb-—the
galn canjbe increased or-

decreased ing on the LelectlonWhe
downstréam duct diameter. v
~ Figure B-4 shows a somewhat idealized plof
of:SP vs Mstance alorg-a duct ‘before and after a
ﬁSlde -mounted register has’ d|scharged some arr» _

frorﬁ the main. In this illustration the SP regain
(dashed line) is exactly equal to the SP loss.
throygh the next duct section. The'SP,behind both

- registers A and B is therefore identical. in a 16ng:

(run of duct; where registers or branches of equal
size and capacrty are—+equired it is'advantageous
to system balance:
available at each junction. And in eonventional SP
regain design, the SP gainisin faét made’ equal to
the SP loss of the following duct sectiQn. This is
accompllshed by carefully srzmg the reduced sec-
tron that follows.

t As an example, if 4000 cfm is flowmg ahead
_of regrster A in Figure B-4, from the standard fric-
tion chart a 23 inch round duct would be usefd
upstream qf A. At A, 2000 cfm is discharg out
the register so that 2000 tfm continues in% the
nextduct section. If that new duct section is'sized
so that there's a 1000 fpm»yelocrty (say bywusing a

1400 2 =

Sprise = 0.25 5 p
4

0.045 in WG

or - anse _
Now if the equrvalent length between A and B
is 100 feet (actual length plu¥ equivalent length of

if the: same SP is made .-



fittings) then from the standard friction chart we

would find that the loss per 100 feet for a 19.5'inch

- N - ‘_‘ \\ . e '.
-required, and again from the friction chart the loss

per 140 feet is,new 0.05 or approximately equal to

;the regain. A 20 iggh duct is thergfore the desired
reduction in the main. To speed up the design and
avoid the trial and error approach ittustrated here, .
‘pre-calculated sizing tables are avaitable.

round with 2000 cfm. flowmg is 0.07 inch
WG —which is greater than the computed value of
* the static regain of 0. 045,.
Repeatrngﬁhe procedure onrly this tlme as- .
. suming a.lower duct velocity'in section A-B, say For large 'systems then, a combinatlon of.
900 fpm, then the static regain would be . .~ - ~static regain and equal friction sizing methods .
: : " might be emp'.loye'd—stati.c regain to size the

1 Y .
2 ' 2 mains and equal friction in the branch runs. )
SPrise =|0-76 1400 < 00 < _ The intention_here has been to. present the .
s y ' 4003 4005 fundgmental concepts behind the three commén -
' : - gn methods and to acquaint the student with
or - SPrige = 0.052 '” WG he thre€” general design objectives—size to fit

space available, .control noise by regulatirig air
Fora 900 fpm velocuty a 20 inch { nd.du trs - velocity, and minimize fan power requirements.
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Jteristics of supply outlets (Figure C-

LN .

\ —_n . e ""

AIR HANDLING SYSTEMS o

COTA, good air handt g system is the result of a
careful study of fdgtors\elating to the placement
of the heatrng eq pmenr hesupply outlets, and

the return aif grill
The first step |n any desrgn is obvrously to

study the building plans very carefully-and be cer-’

- tain that the plans accurately describe the actual
building— “whether it is new or old. The designer -
should also confer with the buildef or owner, if

" possible,

to learn of any special needs or de-
mands of,the conditioning system.

../ )
- ryear-round residential system is not a haphazard

Before planning the duct system, the best loca:

tions for the equipment apd the supply outlets’ must
be determined. A central location helps to keep
variations in delivered air temperature to a mini-
mum, and simplifies the air balancing problem.. .

Locating Heating Outlets
When speaking of the performance charac-

‘to. the several etfects they have upon he stream
of air passing through them from the duct into the

_room is made. One such characteristic is caled

throw.'With a knowledge of throw, selection of an
outtet which can deliver the volume of air required
without causing a high velocity~{et stréam to
strike a wall and deflect down into the occupled

' space can ‘be accompllshed Conversely, an air
flow pattern which will provide. adequate cover-.

agefora space and not leave stagnant pockets or
stratified layers of air to cause dlscomforx can
thus be made

-
<-’ ‘

, reference.

Other characterlstros |nclude air stream drop
~at the throw distance (dlstance at which _air

stream velacity falls to 50: fpm), spreag sound
mCN : . S -

Fig. C-1.

C1

level, and air pressurg dg)p ‘With-the varlety of air
distributing devices available today and with a

working knowledge of their- characf€nstics, air .

can be successfully |ntroduced into a room from

any point desired. — K
The choosing of éupply outlet locatlons for a

procedure Rather, the choice is dictated by sev-
eral factors which-must be considered simuita-

' .neously These might be 'statgd as questro,({s

Wlll the Ioca'ron chosen serve for both hegﬁlng
and cooling with minimum adjustment?

.

. WIU the location allow mixing of condrtroned
and room air to take place in a way that will not
disturb room occupants? .

. Will the location result in unl%ro

" tions and not short cycling of the air to a odja
cent return grille?,

.Is the Iocatton likely * to, prove vmpractlcal
~relative to drapes or furn|ture placement?

5.'Can the locati
“ Peasonable lenyth as compared w1th other
branches in the ystem? _ _ :

Performance Guidelines .

Generally speakingMhe-upward prolectron of
conditioned air along anoutside wall is the best
distribution *pattern for ear-round s@em al-
4
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though other Iocatlon can be used However, sea-
sonal adjustments in the direction of -flow from
such other locations will probably be needed. For

.example, a supply outlet located low on an inside

wall and d|scharg|ng horlzontally may perfom
‘well on heating because of the natural tendency
of the wanﬁ air rise and mix with room air. Such

.an outtet would be designed for a relatively short
" blow so.that the jet strw

would not-normally be

noticed by anyone infthe room. However, this

~ same location would not be satisfactory if the

outlet were discharging cool air, since this air

would not rise .naturally to mix- with room air. A
-seasonal adJustment of the outlet vanes would -

improve summer-performance by establrshrng an

-upward angular pro;ectlon that would resu«tt in

rapid mlxmg with room air.

supply outlet located h on an inside wall
and 'bl wing. horizontally. fowdrd an outside wat&
will perform very: satrsfactorlly for coolmg pro
vided the throw is less than the room width. If the
throw s greater than'the room width, the air

stream will splash against the opposite wall and '

deflect downward as an undesirable draft |n the

occupred zone.. Cool air blown into the room..

‘above head:level will diffuse gently down into the
room dué to its greater density as compared with

the room air. On the other hand, warm air dis-

Two. adjacent — select each so that throw equals
ceiling outlets 2
- _design cfm and pressure Ilmtta

v

tions. ' 3

Y

High sidewall — select for throw equal to % of.-
-owtlets

distance  'to nearest wall at
design cfm and pressure limita-
tions. If drop -excessive, use
.several smaller outlets
than one large outIet to reduce
drop '
Placmg Returns

Perhaps the niost frequently asked questlon

concerning systems design is *Where shquld the
returns go?” This question seems to persist year .

, after year desplte the fact that there is nothing

.charging from the same location will tend to stay
“high due to.its lighter-than-room-air density. The

result will be poor mixing and stratification during
"the. heating cycle and no counter-aetion to cold
wall down drafts (as we have with low perimeter
‘outlets). The ceiling dlffuser has the same ad-
" vantage for cooling and disadvantage for heatrng
as has the high sidewall register. Here are some
good rules of thumb for selecting outlets.

Floor diffusers, baseboard and Iow sidewall
outiets: ' N “

Heating only —select for 4 ft throw at design
s 4 cfm and pressure limitations:

Forcooling  —select for 6 ft throw as design
oo cfm and pressure I:mrtatnons
Cellrng outlets: = . ‘
~ 360-or wide ,—select to throw equal7to

distance from outlet to,nearest
wal at design cfm and pressure
||m|tatrons .

spread type

:_LNarr'Qw spread —select for throw_equal to % of

typ&” distance from outiet to nearest
L wall at design cfm and pressure
Ilmltatlons

EKCM

-

~o

magical or mysterious about return air intakes. It
may well be that the influence of returns’in the

overall room air distribution picture is conster

_ably overestimated.
Essentlally,t a return air intake
more than a relief valve that bleeds off unwanted

air from a conditioned space. And, like all well- -

desrgned relief valves, except within the im-
mediate vicinity of the inlet, the device causes lit-
tle or no disturbance to the main stream—in our
case,-air’in the occupied area of a room.

(Note: The occupied area of a room is con
sidered to be the inner core of the space. physical
ly extending 6 ft above the floor and to wnthln 1 ft
of altwalls.) ‘

Actually, for all practical purposes, it’s the !

characterrstrcs number and placement of the
supply .outlets that determine whether room air

distribution—that is, temperature uniformity and -

air. motion—is good or bad. Generally, money
spent on the supply system does far more good

Xthan €qual dollars spent on the return side. (We.

assume that both srdes of the system are properly”
.Sized))
.. But since a return is a relief valve, it shouId
be installed so that the unwanted air is drawn off
first, say air that is too hot or too cold. In this way,
returns .can ease the burden.on the sugﬁlyoutlets
which must mix conditioned air and room air to-
gethex into a homogenous, draftless ‘Mmixture.
Now in every room there existsaa region refer-
red to as the stagnant zorle or stagnant layer. In'
this region, the supply ai

distance between them at

rather -,

nothlng '

discharge ceases to -

3

\

have an influence .or exgrt agitating action on . -

room air. Room air merg¢ly stratifies in layers of N

descendmg temperaturg. We have all seen ciga-

rette%moke "hang''in gne spot in a room (at the,'

floor, or ne




of the existence of a stagnan ; ‘ . :
The general ruie for the pIacement of returns
is to locate intake grilles within this stagniant

-zone. In this way, the least hoMpgenous air will be¥

drawn ‘out of the room. During heating, the stag
. nant zone is near the floor, so returns- $hould be
placed /ow for both high-and low supply outlet ar-
rangement During cooling, the stagnant zone is
near 'the ceiling, and again, irrespective of the

A

supply locations, returns should now be placed_ :

_high. ., -

In the case of asingle system that must both
‘heat and cool, returns should be located to serve
the most critical season—the period when the
most disturbing stagnant zone exists. Thus, with
perimeter (low) supply, the larger stagnant zone
occurs during cooling operation, so returns

should be placed high. With high supply loca- .

tions, the poorer year 'round performance é6ccurs

during heating, so returns should'be placed low to -

bleed off air near the floor

»
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PUMP SELECTION.. '~ .. |

ST general, pumps are u'sec,f‘f_ih s.glar_heatin'g't,o '

produce fluid flow and therefore serve the same

basic funtion as fans—to transfer or move a fluid
from dne point to another. The main difference
between the two is that pumps are intended to
move a liquid—usuaHy water or antifreeze—fans
‘move air. And just as there are. many kinds of fans
there are many pump designs too. Reciprocating
and centrifugal pumps are the most cofnmgn but
-there are .also gear pumps (used-in oil. Sﬁrn'ers),
turbine. pumps, and other special purpose de-
‘vices. In this review we shall discuss, specifically,
the centrifugal pump and its application to solar
assisted heating systems, and provide answers to

" common pumping problems. However, an é‘naly-.._v. ’
_sis such as this requires an understanding of the :

characteristics of the system and the pump. There-
fore, a review of these points is in ordgr. ‘
The rotating wheel (impeller) of the centri-
fuga!l pump (see Figure D-1) causes water to flow
from the pump inlet—which is open to the center
of the wheel—to the pump outlet—which is open
to the wheel periphery: The flow of water through
the wheel at-a given wheel HSpeed i dependent
upon the restriction to flow imposed on the wheel

: tiohs_'to flow are imposed in the water pa’:%,sfages

]

“flow will diminish. These restrictions—the sum of
- which’ are called pump (or total).iead—fall into
[four categories: static head, friction head, pres-
- sure head, and velocity head. Thus we can say:

‘x‘ «Ht ="hg * hf + hy + hy
2N ere ‘ : ‘

~ Hi = Total head 2
hg = statichead ~ ‘\ °~
h¢ = friction head
hp = pressure head
hy = velocity head

SYSTEM FLOW RESTRICTIONS
Static head (hg) occurs when the pump must
lift Water against the force of gravity. To correctly

~ estimate the amount of static tiead, a measuse-

inlet and olitlet. Quite logically, the wheel can -

handle the mokt water when no attachments are

magesither to tle pump inlet or outlet_.-As restric-

Impeller

K:/asing
Pump 4
discharge |

{

D1

, ment must be made from the Ieve! at which water
stands in the system when the pump is not runn-
in
lifted. Using thé& view of the cobling tower in Fig-
ure D-2 as an',examrﬁﬁ; we would measure frgm

’.

to the highest point that the water must be °

the water level jn the tank (the level at which water

.'stands-in the system when the pump ig not ruhn-
ing) to the spray nozzle above the fowere (the
highest point to which the water
which would give us a measurement Ot7 feet. The

temptation to ignore these levels and Masure, in-,

stead, the height of piping must be resisted..Such

~-a practice would have resulted in an incosrect mea-

'surement of 24 feet instead of 7 feet in the exam-
ple cited above. In a drain-down type of solar sys-
tem (see Lesson 9), the lift would again be the dif-
-ference between the level that the water stands in
- the system and the highest point to which the water
must be lifted. In the arrangement in Figure D-3 this
difference would be 18 feet—from the water level
iy storage to the top of the collector. .
{  Friction head(hs) is a measure of the. restric-
tion to flow caused by the friction of water as it

flows through the system. Unlike static head, fric-

tion head is directly related to flow rate and varies

as the square of .the flow ratio—(new flow/old *

flow)2. Thus, if the flow is doubled, the friction
head will be four times as great. The method of
determining friction head is essentially the same
-as that used-in determining pressure losses

counting the-number of fittings, valves, etc. and
consulting.charts in the ASHRAE Guide and other

ust-fe lifted),..

'

duct systems, i.e., totaling the: lengths of pipe /.

&



references for pressure loss or-equivalent length
values. In a.closed solar system such- as that
shown in. Figure D-4, friction head would be the
only restrictionto flow. - - o
. Pressure head (hp) is a measure-of the restric-
" tion'of flow due‘to pressure maintained in the pipe
system. Such a head would be present if it were

required topump water from a lower tank, which -

is open, to a closed tank#fhaintained at a pressure
above atmospheric by the use of compressed air.

. Pressure head,like static, is independent of flow.

Velocity head’(h} is analogous to velocity.

" pressure in a duct system. HoweVer, the value of ,
the velocjty head is usually very small in relation;
to the other components comprising the total head.”
As a result, it gan usually be neglected in gom-

puting the total head against which a pump must

‘operate. ‘ , : ‘

~

C_urves Represent’'System ‘Characteristics

* cap determine their val

/ . | '

" per. minute, is plotted on the horizontal axis.

Head, in feet of water, is plotted on the vertical ax-
is. (It should be noted here that a column of water

.- 2.31 feet high exerts.a pressure at its base of 1 1b

per square inche Thus, while we talk(abdut pump

. .head as feet of water, we should remember that
~ this’ is merely a convenient way of expressing.

Pregpure.) . oo
_<In the first curve diagram (Figure D-5) we can
see how static, friction and pressure heads of a

system are related to flow. Remembering that"

static pressure heads are indepehdent of flow we
&, say 25 feet, which stpys
constant as they remain the sgme regardless of *
flow” In the graph, this value is ifidicated as line X,

" Friction head—related to flow ds’ the square of

the:flow ratio—appears as cyrve A: Note that at
no flow the total system head éonsists. of the
static and pressure heads. At.a flow. pf-100 gpm
'the friction head is say, 15 feet; making thetgial

fhead 40 feet (25 + 15At twice the flow or 200 gpm,

Graphical representation of pressure-flow in: '
" the_friction-head is (200/1G0)? or four times the .

“terrelationship is an'important toolin the analysis
"y Of pumping probiems. Flow, in galions of water

¢ Pump
Center Line . -

Pump

To Condense’

Fig. D-2.

D2

e at(100 gpm, thus 60 feet. Total head is 85 feet
+g0). If the piping system were such that
were no static or pressure heads, line X
e ccincident with the 0 feet head line and
the friction curve A would start at 0 instead of at
the 25 feet head leyel. If the friction' head at 100 gpm
were more or 1€s3 than the 15 feet assumed in the

- above example, ctirve A would fall above or below”

its ;plotted position in the illustration. It would,”
vertheless, follow the relationship that the«fric-

.tion heat varies as the square of the flow ratio.

~

R

) { Downcomer
4 Return

P ‘ N
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The curves in Figure D-5 represent system on system characterlstlcs curves X and Y (such as
characteristics only-and have nothing to do with the one shown in the first curve diagram). By do-.
any pump. All they\ show is how much-+head (or ing this we can readily see the results of changes
‘pressure) is requnred to force water through the in pump speed andlor: system charaeteristics.
system at various rdtes of flow. To be expected, "\ From the pump characteristic curves we can see
greater flow rates require greater pressures. that the maximum head a;ump can develop is

read at the zero flow line, Ngturally it would be in-

Comblnatlon Curves Ald Analysis : adv:sable to operate a p,pmp very long with its dis-.
in the set of curves in Figure D, pumgl» - charge valve closed—churning water would de-
B characterlstlcs curves A and B are superimpqsed’ velop heat which might eventually damage the
’ : pump casing. However, in some instances, a
7 - ) : pump -is requ:red to fill a high system and the
S pamp head must be kept at near shut:off until the

V : o ‘ system is filled. In'such cases, pump head at near
: ff is of 'significance. As the head or restric-

: t|o to flow is reduced we can see from pump *
curves A and B that a pump.can handle an in-

. creasmg q(Janttty of water Pump Curve A, which

S C \ /
' ‘ . 9 - . . =
Roof C . FE 11 %
Penetration 0
: ’ . A © & . /
€ to /
= v LA
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this representative question: A certain p

. - ) N -

~

faIIs Qff sharply, is known as a steep curve com-

pared to flat curve B which tends to be more hori-

zontal. The steep curve, which'is characteristic of -

a pump having an impelier with backwardly inclin-

.ed vanes, is preferable for air conditioning work. .
By using this type of pump, flow—which is of ,

-primary conc’:gn—ls not, affected as much by
: head variatio .

" To Find System Flow Potential

When: weﬂsuperlmpose a pump curve on
system curve we can determine how much water
will flow. through 4 systefn by obtaining their
poants o.f intersectian. For example, at the inter-
section of system ¢haracteristic curve X and
~ pump characteristics curve A (Point 1) we reada
flow of F 1 and a pump head of H 1. The, balance -

2

c >

.9

“point of .a pump and system will always lie on ’

both the pump and system curves since the two
curves only intersect at one point.

) er way.
me.we) have designed a piping systeln for a
1"and have determined the total restriction
to flow tobe H 1. Usi the relationships that have
been ¥iscussed, alculate the head for several
other flow rates and establish ﬂ'stem curve X
From a pump cafalog we find two pumps that can

o

eet the requirement for flow F.1 and head M 1,

d then plot through th|s point, pump curves A
and B.
As is often the case, suppose weé had incor-
rectly estimated the system head at flow F 1. To
show.what would happen let’ s assume wd under-

o estlmated and that instead of the head being H 1

it was' actually H 2 at F.1 and the higher systém
characterlstlc curve Y resulted. It can be read||y
‘seen that neither pump A nor pump B.can " provide
- wager at the Poirit 2 conditions of floy. -Head-
) p A bdlances system Y at flow F
balances. system Y ab flow F: 3. Notice that the
prSlbte error in .head calculation makes &
smaller difference in flow with tHe steeper pump
-curve A than with the flattercurve B—bearing out
our eatlier statewy eyt This uld also be true had
“we overestlmate system ad ’

Two Pumps vs One Pump
" r&Figure D-7 sh wing
“assumed cBnditions can provide ipe a

swet %o

nd pump B

e

pump- system balanc%for

P will -

.. deliver 105 gpm through a plpmg system. How~
muc)i water will be delivered jf a sétond |dent|ca| .

pumpris installed to operate’ parallel wuth the ori-
- ginal pump”

.

Two Other Curves to Consider

r

In thusiduagram curve M represents t~he char-

acterlstlc of a single pump. The capacity of two '
: paraIIeI running pumps is represented by the pump

characteristic curve N. Points on this curve repre-
sent twice the flow for a given head as do*the points
on curve M. Thus, at a head of 30 feet, pump M can
handlée 150 gpm whereas the two pumps can handle
300 gpm,

.~ Cuyrve S represents
of the: system to whitg

e characterlstlc curve
'the pumps are -applie&d.f

Since the system curvg/shows a value of 30 feet at

" "no flow, we know that'this is the sum of tke static

and.pressure heads. Curve 8 intersects turves M
and N at Points 1 and 2. The value of flow at these
two points are 105 and 135 gpm respectively.’

‘. .

Thus far we have discussed only one of the
characteristic curves of a pump, the curve of flow
Vs, head“ There are two others—horsepower and
effucuency curves. -

-

-
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Several things should be said about horse-

~ power. One is that the actual horsepower required

is always more than the theoretical amount due to
frictional and other unavoidable losses. Brake horse-
power can only be determined by®an actual test of

the pump. Another point of interest is the fact that -

pumps are ‘usually designed with a self-limiting
Horsepower curve. As illustrated in Figure D-8, the

‘horsepower requirement for a given pump at a

- flow increasps. If the motor is selected to handle

given spéedgis‘es to a peak and then falls off as

this peak requirement, it cannot be overloaded by
the increased flow that would result should the.
actual head be less than estimated when the pump-
was selected. - '

The second curve in Figure®-8 (placed there
for convenience and having no relationship to the
horseppwer curve.above it) is a typical efficiency

~Ccurve. Note that it toorises, then falls. Efficiency

A /biency ran_ges‘gver 60 percent. Pumps'hﬁng an

[
g

v

Pressure Drop —P.S..

is calculated by divviding theoretical horsepower
by dctual test horsepower values. Thus:
\ N .
3 H.= t
.. ®7 . ahg
where - - . ,
He= Ho’fsepower efficiency
ht = theoretical horsepower
ha = actual test horsepower .

»

In our graphic.exampleé the.‘effici’ency“curve '
< shows that this'partigular pumg would be satis- :

factory for use from 125 to 250 gprh where its effi: )

-
=

1.6

125

~  Collectgr Flow GPM
Fig. D-9. -

.
N L]

y “ .

[ "t . PO

-

. device (see

D5

" press

]

efficievncy lower than 60 percent in a given flow
range can be used, but pump efficiency is a factor

.

in operating cost and should be considered when _

thete is a choice of.pumps for a specific applica-
“tion. s

_SOME ADDITIONAL FACTS ABOUT PUMPS

Although pumps can be.applied to disgharge .

-water at almost any desired head, care must be
-given to limitations which.exist on the suction

side of the pump when the water source is bejow’

the level of the pump. In this type of system, if a

completé vacuum were drawn in a vertical pipe

with its lower end in the water supply tank, the
water would rise approximately 34 feet due to the
weight. of air on the surface of the water in the
“tank. If the pump céuld produce a petfect vacuum
“and if there were np losses, 34 feet is the maxi-

mum distance water could be lifted in the suctiom_ ’

line. L
When normal pipe lo?&es and the necessary

- Pressures needed to get water into the pump are

considered, usual pump applications require that

the sgtion 1§t be limited to" 15 feet. g
When hot water is to be handled, it is neces-

sary to limit the negative pressure to a value

above the pressure of vaporization. Otherwise the |

vapor formed will produce erratic pump operation.
In order for a centrifugal pump to deliver, its
casing. must be full of water. A number of methods

‘o

can’be used to. asdure this. The simplest isto in.

" stall the pump below the Towest level of water
entering the suction’ line. Another method is to
employ a check valve in the suction line to prevent
the initial prime from draining eut when the Np

is shut down. If neither of these methods is prat--

tical, it is necessary to provide an available water -

supply or to use a small hand pump. A vacuum
pump is sometimes used to draws water upinto a
casing for priming. \ ' 3
. e ' . *

_Pipe Sizing ' .

The resistance to flow, termed friction head
(hy), Jis made up' of the resistance in straight
lengths of pipes, elbows, tees, couplings, karious
hand valves and control valv\es, plus the solar panels,
heat exchangers, and any ‘other device Yhrough
~hich liquid must be pumpegd. . . 1

Collector manufacturers. usually p
loss (or resistance to flow) imposed by
the collector Tor various flow rates through the
Figure D-9). In addition, collector
‘manufactyrers usually specific flow rate through
panels (approximately .02 gpm per square foot).

Other. component man_u'factugrs provide similar = -

data. - , . ’
N ‘.(1{ . ) . -

-y

'17'4

f

rovide the -
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(a) Slngle Pump ¢
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The resistance or pressure drop in straight
lengths of pipe can be obtained from basic fric-
tion charts in the ASHRAE Handbook. Pressure
loss through elbows is listed in terms of the
“equivalent length" of section of straight pipe; for
example, a flow velocity of 5 feet per second, a

four inch ?Ibow imposes the same resistance to
1

flow as 11 feet of pipe. In turn, other fittings. are
related to “equivalent elbows' in terms of pres-
sure'loss. Again, for example, an open globe valve
is equwalent to twelve 4-inch elpows. Thus a four-
inch globe valve impgses the same resistance as

12 x 11 or 132 feet of pipe.

&

the lengest run is measured—both hofizontal and
_vertical distances; the number of elbows and
other fittings are counted and converted to equi-
valent feet of pipe, and then the measured- and
equuvalent feet of pipe are added together fo find
the “effecfive” pipe length. Knowing the flow and -

" t&¥al effective length, it is possible to find the

- pressure loss for any common pipe size by use of

To estimate "the total (and greatest)-resis-, -

tance.of a piping circuit,"usually (but not always).

the ASHRAE friction charts. As in tHe case of
ductwork, there are a number of .simplified pro-
cedures to ease the work of desugn Table D-1-pro-
.vides one example.

Table D-1 assumes a.standard number of
fittings ina cnrcuat, and includes the logses in the
tabulated data so that the designer merely mea-

o . , ] l’
‘ L - ' TABLE D-1 ;
. PIP'E SIZING- HEAD PRESSURE TABLE .
h"{‘,‘;};‘f TOTAL'LENGTH OF CIRCUIT (AS MEASURED ON PIPING LAYOUT) S
3'.':', 'y b c d e .| 9 h i | Kk ) m n o | 8 q r
4 [ 35 ] as | sof 6o 65 70 75| eof 9 | 100 { 110 [-130 [ 150 [ 180 | 220 | 290 | 400 | s20.|-
5 7| 45 60 | 65| *70 | 80 | 90 | 100 | 100 | 120, | 130 | 140 '[ 460 } 190 | 230"} 290 | 360 | 510 | 790
« 6| 55 { 70| 80| 90 [-100 | 110} 120 | 130 | 140 | 160 | 180 |+ 200 | 240 | 290 | 350 | 450 | 620 | 950
7 65 | 90 100 [ 110 | 120 | 130 | 140 | 150 [170 | 190 | 210 | 240 | 290 | 340 | 420 | 540 | 730 | 1120
8 | 75 [100 {110 130 | 140 150 | 160 | 180 [200 | 220 [.250 | 290 | 330 | 400 | 490.| 620 | 850
9 85 {110 [ 1307 150 | 160 | 170 | 190 |.200 [ 230 | 250 | 290 | 33b-|.380 [ 450 | 560 | 710 | 950 °|"
- 10 | 100 | 130 | 140 | 170 | 180 190 | 210 | 230 {260 | 290 | 320 | 370 | 430 | 510 [ 620 [ 790 | 1060 ¥
“ 10 [ 110 1140 [ 160 190 | 200 %o 240 | 260 [ 290 | 320 | 360 | 410 | 480 | 570 | 690 | 880 | 1170 -
2L /120 ) 160_| {80y | 200 | 220 | 240 | 260 .| 290 |20 | 350, | 400 | 450 | 530 | 620 | 760 | 960
14 150 | 190 7| 2101 | 250 | 260 | 290 | 310 [ 340 [ 380 | 420 [ 470 | 540 | 620 | 730 | 900 | 1120
16 [170 | 220 | 250 | 290 | 310 { 330 | 360.[ 4%. 440 | 490 | 550 | 620 | 720 | 850 {1020
18 | 190 | 250 290|I 330 | 358, | 380 | 420 | 4 s? 560 | 620 | ‘710 | 830 | 950 [ 1150
20 | 220 | 290 -| 320, 370 ¢ | 430 | 470 | 510 |*s€0 | 620 | 700 W90 [ 910 | 1060
PIPE ; 1. L T -
SIZE . ) : GALLON PER MINUTE CABACITIES - _ n
#‘" 09| 08 0.,7:, 070606 06| 06.] 05] 051 0 05 {04 [ 04| 03] 03 [ od7| 02’
Vo | 23 | 20 | 19| 18 jﬁ""” 1611515 { 14| 13 ] 12 12| 11| 0s] 08 [Fo7 | 06
Ve | 5.0 |43 | 41| 38 36| 34|32 31| 2% | 28 (26| 24 | 22| 20 18 [ 16 [ 13
G lssd 83 7] 7a] 70(.68]65 63|59 57 55| 50 [%6 |43 ] 38 34] 29 23
T =718 Tiv~ [16 |155 |15 [145°[140 [13.0 [120 | 145 (110 | 97 | 90 [ 83 | 737 63 | 48
e |~ [27 |25 |24 |23 |22 |21 [20 19 |18 |17 {6y [15 |13 |12 pn 9# | 75
oo |~ J= = = [=#}— [42 Jao |39 [36 [34 [a2¥[29 [27 ~[2a [21 [18 |14
v |~ |— .= |— I— |— {— |- — | 57 54 52 |47 [.44 . J%38 | 3 29 |. 24
* 3%™Copper Tubing only. T oy K . T T
'NOTE: Do.nét go b‘eyond‘me maximum:;'o_r below th'pimihimum figures (sho_v»'/n‘in the table, . , N
S N SR ‘ ' d <
VAR

4

.

head pressdre of

Enter the upper portion of the Table at t
re closest to the

the pump selected. Read across to the A

“total length of circuit. Read down to theflower portion of the
Table to the gpim figure “equal to or

eater than the gpm
required- for_gthe dircuit. Read to the left-hand. coj'u‘mrr to
determine ‘tHe pipe sjze required. Repeat for each circuit.

. Staying in the same column established by the circuit with

the Iongef\? 2l Ieng.h,,yepeat the last step for the gpm
requnreme f fhe trunk and dlstrlbutlorf p|p|ng 3

PO

S SRR o bl
*lOW TO USE THIS TABLE FOFLF(IN'AL PIPE SIZE SELECTION
/ . (b) ‘Multiple Pumps

"-Enter the upper portiqn of the 'yable at the hedd: pl:!ssure of
the pump selected. Retd across to the figure closest to the ..
total length of the Ionge t circuit served by the ?ump Read
down to the lower porfon of the Taple to pm f;gure

‘equal to or greater fthan the gpm réquiregd tor the. circiit. -
Read to the left-hand “column. = determine e plpe size -
,required. For.a two-pipe circuit, size all piping .in the’ circuit
‘from the same column in the Table establlshed above. J

Size the trunk and agy distribution piping using the totdl

- gpm_of the system, the lowest head pressure of the pumps

selgacted and the Iongest total length of circuit.
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, sure the length of pipe—say from'the pumpté the . - ' B _
collectors and back; then knowing the available - | ' -
‘pump head .and gpm flow rate, a proper pipe size : : » '

L is determined. For example, assuming a pump has
"a 12 foot head, enter the table atthe row showing = . » . ' . _
12 foot head. If the measured length of the circyit S ' - .
was 180 feet, move right and stop at the number, t ) .- B
. then move dowh until the flow rate, let's say 7- . " ' ;
i gpm, in the circuit-is reached (or exceeded). « roor o, _ o
Follow the line to the left and note that a 1 .inch - : . ’
pipe size is 'rﬁq/uoired. (Broken lines and arrows ' S ‘ - . ;om—
. . trace the pattérn.j. L Lo v =
- _ Again, as with any'simp([ified sizing.charts or _ o o
._tables, be certain you _unaerstand the assump- ' e
" tions used to dévelop the procedur.,e;"-and.‘the limits g 0 .
r—of its ‘applicaﬁ*lon to.yaur piping arrange'menta. ;J e

. For additignal pipe sizing information, con{ . L - R
tact: Hydronics'Institute, 35 Russo-®lace,Berkeley . L. e "
Heights, New Jersey 07922, A . . _
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lTefer to Default Tab): 'on back page of form for default va:lues .0 o
s ’ Be L . lmportant ~ Refer tq Handbook‘for Guidance ** T, '
/ . e, X S PR
. . i 4 / , © < . — . s ./v , . : . "‘
Name : ‘ MY - Phone Number e T Dat ..
R S : : . L > C ] . ‘.
. Address i _ _ ” Contractor/Estimator /D), signer Name g
g R . " : N
; X 2 > ' "/ - .
v TN Zip Phone Number
\..—/ . * o A B R °. L. ‘
. M ] . ' : . R . N .y
A SDLCOSJ Analysxs Descnptlon ‘ . 4 . e, e ﬁ( -
ThlS SOLCOST analySIs is for 3 __owner occupied residentiaj bujlding o . o e
) buslness related, rental building, or commercnal building . ! et T
, N non profn organization owner (i.e., quhc bu:ldmgs schools ‘btcd A . - :
b .
2 SOLCOST determines the ophmum solar collector area which maximizes ‘the rate of relu rn cor present worth) of the solar investm
Q you want SOLCOST to oprlmlze your collecror 3ize? o« yes —no .- . ‘ “ b _.
i 3 the previous answer is no. you must enter collector areain square feet \L ©t .
4. SOLCOST also determlnes the optimum sizé for heat exchangers pumps d‘r‘blowers/an_dlp_ipes or dulting. - / K
= - - - ) ¢ - "» @«
B Solar and Conventxonal System Descnptlon S ( . . VL '
[« BuxldlngJocahpn - . — "\x . . <
{ . city, state S ) "-(, T Ny g
b B.‘}ildin&\)'Pe one or two- fam{ly residential e - ! N .
multi-family residential = . - . ; . ) '}f
. commercial - " ’ S A
. ) - A ) . < s ) ’ PR . \' }
* 3. Application retrofit S - - . . o, v o, » A -
—— new construction ¢ . _' . . < e ‘ P Ty . _
4 . Energy’: source for a convenuonal serV|ce hot water system which would be mstalled - . . N o
C, it solar were riot feasible: , : S B P ‘ S . Code
—— naturalgas _ |, | o fuel oil(’“ L prgpane . = <" . P v C " ;
- —_— eleclrjclty . __ coal LY . . b, See ' , K 4 . . . ‘,_ . .
, - Ay 4 . Lo L. . g A -2 o L N . P
5. Auxiliary fuel for service hot water system-tfuel type to be used \Wsadditionh to solar) K . . .
- . : . . . . f - o ﬂ
~—_ natural gas C L el oil propa . , ')" - - Ny .
; ‘e1eclr|c:ty ~goal . K é T T o, . ; .
» .b It more than One fuel lype is to be consrdered enlerxi(Z) or the alterhafe fu&—-ﬂ%omp]ete SOI.CO ana.lysis'wilI'Qe mage for,edch fuel. .
. — - O ; —=% ' .
v - R lmportant — Refer to H:!adbook forCuxdance MY coa,
3 . T yo-
y A =

Tassnstance in com_plehng this form.

. ,. e

e ) ‘Appendle \ , " ; .
S _ SR b
v Term SOLCOST L ) o -
T § -ﬂ_ Solar Servn(‘e Hot Water Form o s :
o J\_,.f : -
e Refer to the sougbsr Solaf Mater Handbook for instructions. . -
K4 \
If you do not have the necessary expenence 'Q heating, plumbmg, and/or hot water systems,
consult your contractor, engineer, solar systéms manufacturer supbher, or uhllty company for
% . N - .

@ The completed form should be mailed to: g L . .
~ Solar Environmental Engmeenng Co., Inc. é Lo . . : p -
'SOLCOST Service Center o } ‘ \\) : N A , '
P.O.Box 1914 ' R I ‘ ' -/
Fort Collms Colorado 80522 (393) 221-4370 ~ ' L 2 o T
Serv:ce é’ﬁarges and SOLCOST sales information m{be obtained fromthe - - co R
, SOLCOST Serv1ce Center listed above. ‘ o )

’

Y
v . . DR

. ltems on this form ma ked "have‘values that will aqtomatneally be used if the user,,déei not make anh entry.
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’ ’ - lmporta‘nt —oRefer to Handbook for Guidance ** = - t SR
C. Solar Collector Subsystem Description : .
. 1. Collector O'lentatloh

o ! . t

.. a3 Azimuthi Angle® degrees \
o, (0 is South: East = (+) degrees, West = (-) degrees) Lo
The aznmu'h angle represents the direction the solar collector Eaces usually

- * due South. o e - R .
, ’ b) Tilt Anglc \__degrees * e e . ot
. (Ois izontal, 90 is vemcal) . / . _ A
R 2. Co orTyPe . ] v ) ' .
‘J, ' -aif ‘ N liquid . - . . | ¥ - “
3. Coltdéror Efficiency X Co- L L. .
"~ * Thissection Must be compléted with data Obla"‘Ed from the solar systems mahufacturer‘ suPPller or comractor underfonslderanon
Fill in one of the following: ' . D v ) T
X # o FRPRIME-UL product* BTU/Hr- Ft2.9F and FRPRIME Tau-Alpha product —— ST E

ore Efficifncyat (T, T p11=00y . (efficiency)and . s : -, .

Efficiency at(T ;7T amb M1 =035 . (efficiency) ' g :
© " ore Manufacturer : i by U< - 3 AR v . 7
R Addre55 A N 2 L —_— ’ . o~ B
1 N - . -
' e Model NUm_berg - -‘~ M o, - + L L
" 4. Expected life of solar collector *" / ' ’ '

- - 2 a .
L SOLCOSTUSCS‘;he/semsasa "‘model’ When calculaung ophmum sizes and costs . . : ey, , /- & ,' . _’ Pl
A . ' L
- ]

/ \«‘ For one and 163 family residential appllcanons calculanons will be based on the tonbguranon A. RIS
9 . For multi-family and commercial appllCatlons SOLCOST. Wlll auwmahcally“select configuration B or C. dependlng on Ophmal .
. . performanc€ and gost, ‘ ) o . ] 4 )

LT The followmg information is quulde regmdless Of/appllcanon - ~ , > oo . - - .

. " "7 1. Soarstora8Ctank o ! o ka3 S : . e " o

' at is-the Size of the solar storage tank. if known . (gallons) s, , : . I

" 1f solarstorage tapk size is aot-known. SOLCOST will p;ovxde a reasonable sizé estimate.] . ST R
/ o 2 Solar hot wiler piping (ductms) description - : *\ . ’ ’ St
SN— ‘Length of piPe (or ducting) required between collector and solar stotage tank _ (feet, total length of supp!v.and,return !

) . . : v S

3 Solar hot water{reeze protection (lxquldcolleuors only chec one) - : i P ,
Anti-freeze —.__ ain‘down " None (Tropical climate onlyr ¢ : S s e

‘.
)

4- E Hﬁt wateb[_oadss X . ‘v » - . ) o -t ._ o 5 - ’ . g ‘

v "1.R ential ?ipllcatwn -.. : . - 2. Commercial Application,” -~ -~ T
. . . Hin gneo t e.lollOng: Lo . e o KN St ) : LY
t / - e ill in one of the following : . ) &
. rda t t R S B f X - ‘ )
- * BIUs pe’ ,y.'equ'”e‘_i or Ho -“.'ate L ' . BTUs pet day equired for hot water :
=) or e Gallons of hoi_“;am used.per day : (gallons Aday) s . (Include’losses for c»’CuIanon loop if aPPllCab el
Yy Number of occupas: ' : . w ¥ v or o.Momhl)‘fuel bill for hot water pnly for lhe'PaSl 2 anths
] B . HOLWa[Cr Sé[ tempqrature M(OF) () i - . A . : ’ ) ‘ ;——"_\; :—/-‘— :’-\._," W
= . . - Ce Ve P Ve P )
or.e Estlmated Consumpnon us.pgfuelbllkfol'Summer water hq,mng P . s\ S L S S s o
s . 4 - . . B . T
Hot water delivery temPeraNfellfil‘mW"l - Ol’l " - Fuel ype—— I \
\ ¥ Quantity °f fuel consumed_,_;.zf\"__.-\.__,__‘_,_hg . Fuelpriceperunitactual st _— © . ?
. 8 o (kwh, gallons, o, 10G3 - imj/ gy Cllns Ofh°”w°*”””dpe’day/\»‘83“0"5 day!
e . blalfuel bill.for pe‘ﬁoaofcomumpuo,n$ R Z > 'W Hothtenheatersez temperafur?/-\—,~l Fl .
. . .. " ‘
. v  Number of days'in consumption penod : R -Wate main tem tu!e (OFl
L (period when furnace was turned off) | v - r . et esur T
FEEEN . R T " Ifcirculation loop ,;mvolved, esnrﬂale losses :
Note: Not applicable for electnowater heaters ~ . . th BTUS r daj C
« unless on sepayate;meter. O . - per day — . e
- '» ) . R R . . N - ™~ . ° . .
F Reference’SYStem CoSt N T oL ) I R
¥ [ 1 Referenc'e (C°nvemmnal)$)'stem initial installed cost *$___ — SR e ' y : .
‘2 Reference (C°nvenhon81) system annual maintenance cost $- (a""age annual mamtenanF c}fom) ' )
. ‘ " Annual malmenance may bc o(pressed as pefcent of injtial in2talled: Cost * %,.(Do notyge trofit Sutuanons)» 0t )
‘ AR - o, lmpor!amyRefer'O Handbook forGuldance ’ \ At ) .
. . B . . . E . ' t '
. . . - Co Poob E 2 i S [ . . ,
y { - 4 ke ) . > [ '.. . . . N U .
, . - . . ) . ) oo . . - A NS - “

Aruitoxt provided by Eic: N - i - .



) ) : ¢ ) { . . o
G. Solar Systen\Cost -t . ** Important — Refer to Handbook for Guidance® * * -
SR B Solar Com ent Cost information :
e a) Collettor cost/square foot ) ‘e - . $ /sq.ft. ) ; ’
x . b) Solar storage tank.cost/gallon A s /gallon : .
. &3 o Controls - . - s C '
“7 d) Other ~ ~ i . - S, : ‘.
N BPILEN ’ . ~ ' -4 R v, o
+ Z_ Installation Costs of Solar System . s o _ e o
. Y .Design/engineering costs h — L 4 $____ ) !
* b) Modifications to building and existing system ' T . R
, - labor costs $___ )
.- = chlinstalldtion labor costs $ R ’ |
° A d) Misp ‘materials cost (paint; wallboard shingles, etc.) . .«,. S N
S _Tgi.-.l Inktallation . - ’ . : \\ $_ . .
A Ve ﬁrgystem Maintenance’ Cost ) - : o 10 ' )
[EEP A hﬁb}al% Aperage annual maintenance cost over hfe of syslem)‘ $ -
"f \"-" B a" mamtenqnce may be entered as percent of solar system cost® % Lo ., S
RSN 3 g @ : ) . N i N N )
N Fmancfand T& Data ! T CL T s %
. L Resldemlal "'.' o N ; K s : Co2. Commeréiai J ' » . /\. .
‘a) Lg4n interest rate? .7 - 7._?*-% ' a). Loan interest rate ® - . L S ™~
- .b) Loan term* L. Tt L years b) Loan tegmr ® e e .o years - . "
c} Loan down payment ® A TR S ¢) Loandown payment * - TP '
.. - . d) Property insurance rate ®, - % d) .Property.infurance rate * - % r~ . .
- e) P‘roperty;tairale ; r  — % k"e* e} :Prbperty-tax rate- ™ - % . . "
. f) Personal ipéeme'taxrate Z“ L % g f) Corporatetax rateor ~ ' ts .
T . \’y : P ’ - owher income tax rate . _ % <
- . . Looe 3k
a4 business application (commercnal or residential rental, for example) check S mq fill out the following . Y
o . a).’“Depreaauon method (Options. are stra|ght line or declmmg balance)’ . L o . ,‘7 ] .
b) 'Mulupller used in declining balance deprecxauqn _ . o _.'%‘ St . IR <o
b N ‘ (hmlted tal’ forcom mercla} buildings and 2.0for nety, residential property) s o K R
' Sy;tam useful life fpr deprecnanon purposes ® b o~ o
i ?C!r;ently'lo years is allowéd for building heatmg air cqﬁdmonmgq%ﬁd service hol R '
- ‘ - water systems, except stoyage tanks, which are allowed 22'years) o ‘- years ..., T
d) Salvage value of the solar systcm at lbe end of its useful life* ) ; e W __'_ % of total cost . ) '
: — - —_ L
- 4 - . - ¥ . . . N . W )
Ia Fuel and Electncnty Cost and Pnce Escalatlon Data o L : ST . S i
"~ 'Enter current costforfuel mcludmg }oéal sales tax aad fuel costad'uslment faglors : " \ S e,
o 1. Natufal Gas Cost Schedule ’ " ' 3. Fuel Oil Cost Schedule ~ '« - .. - oot
D . . .
o _BTU content percub;q,foot ‘,_'_ o Fuel oil grade * . -,
Rt Fuel Cost $/cub|c fi)e Quarimy (np of qmts%;: - Fuel Cos?(s/gﬂlon) Quanmy (no. of tinits) X N
N Step. 1 i for hrst____ ’ Stepl._____ for first __ - oot N
- Stepz . v fof next 5“7 \Step 2' ‘for-next _»“‘.f-: - v
. Step 3 for™ next S0 Step 3 “ for next ‘A B , b )
»." Step 4 for next. - © 'Step4- . fornext E L C
R AS't‘ep,S. L for next . _ o . Step Ex:_.i._ . for new. L :
Ja Fjecmcny Coq Schedulc \ » s 4. Pmp.ne Co,( Schedul: v e . L R §
o 7‘_ “*Fuel Cost (S/kwh) Qudnmy ((10 of umts) -0 o ¥ 'Fuel Cost ($/gallon) ‘Q antity*(no. of umts) . » -
R .' Step 1 “ . forfivst - ' e Slepl *iqr first « S : N
J 7 Stepdi " for ne “s. o Ste 2 t r next ' .
o p L__a : i S Péar : “i , el " )
.- wStep 3 ‘ " tor negt . "% ' Step3 SN 4 Y. - o . -
- . Stepd.____ - \ for o . t_'_- 6 T ~ Step4_’__l..., .. f@r next °2 P' . - T
A ﬁtcp‘!»_.,__. Jfor next b, . -Steps_, . f : o
" “Stepb .. _ . for ekt __ - R o SRR - s s N
“ ' ': Step 7 “for next R Y. e 'ﬂ": _ e Y s R
S, o . o .t
. E’s "‘9 'y :1. . o h ) : \r B *
T ,\!,_a.a. | ’79 S G
. v ST .



. ° -
- i . * .
" ’ T ~** Important —* Refer to Handbook for Guidane ** \ 5 - "‘
Coal Cost Schedhle . . oo R
. htent per ton * - . . ’ . v
% Quantity (no of uriits) : . ) " ... t M
forfirst ______ e . . o
for next ' " .
for riext _« . : . ' ! -
» Y . - : . . . - - b
) . For the fucl(s) priced in 1through 5 abovb 'you may estimate the annual price escalatlon over the lfe of the solar system (collector life).
et Default values are shown in the Default Table. ' o o . .
. . a) Estlmated average annual escalation rate % for conventional (reference fuel) r) v
i ’ - b) Estﬁnated average annual esgalatlon rate % for a_uxil;ary fuel S ST -

L DefaultValues S S B

Whenever data in thistorm s ailensked (), 1t means users etthet accept the data alfeady 1in SOLCOST, e the Default Value by not enlerlng any information. or enleyﬁ er

[ value of their choosing  Lis ow by section. are the SOLCOST Default Values - S N
. R R e o
Sccl:uh( ‘Solar Collection Subsystem Description . - . P :. ,
I a2 Anmuth Angle 0 , v ) ~k - ”_-
by Tilt Angle " Lattude .- , : }
4 Expected hfe'torsolar (ulle(lpr 20 ye;rs ' o o LA
© ° Sestion F — Reference System Cost > . a ,
% 1 Initial Installed Cost - $0.00 (asgumes retrotit. wnh cost already 3 absorbed) . - -
L . .- . .
> ! 2. Maintenance Cost Q1 (1% of the inital msl.:lled cost per year) ' . T 1
. L} 4 .
Section G —"Solar System Cosl - - L ‘ - . v . ' o
. P : . _ : .
- ‘ J Malnlehancr LO“& oL ll% ot mmal mslelled Cost per ye\arj o . Ly ' 7 5 “ . . . Co-
T : SeclumH - qunce and Tax Data . N L ’ M . . - ’
. . ' . . . .
L 1.,Resid¢nlial . , ’ * ‘New Construction \f T, Retrofit . o L
! a) Loaningerestrate e ‘ 099%) . o 11{11%) . ‘ " .
’ ., . b Loanterm ~ . . s A 20 yea;sw A : : . 7 years . * . .
) Loandowp payment . & . - 10 (10.5 of mml loar . & (ﬂ% of lolal loan} )
di Properlynﬂ'surané rate : I 005! yeary ' . . 005 ( 5% per yearlp °
’ R R . R
! 12 Commercial : P : New Con@lmn Y ’ ’ - Retrofit o
A a) Loan'interest rate . T LA 0R9%) T, W . ll‘ﬁll%) .
! . b) Loanterm « ' - i Soyears T [ L T years NN
* o loan down payment ¢ ) L 1(21 10 % of%otal loany - 20({0‘5 nI total Iuan) - '
-, di Property insurance rate > : ' 005 f, 5% per year! . .-t 0054 5% per yrar) - '
. - - : : o e R : A 3 c
. -3) Business only L o >
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