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INTRODUCTION:

'"This unit was compiled for use in a building trades class
to provide instructional preparation for installation of an
active solar water heating system in Middle Tennessee. The
building trades class is comprised of students in grades 9-12
who are in the class for 2 to 3 hours per day. Omne week
should be sufficient time fcr this study unit.  Hands-on in-
stallation would be integrated with the class project of
building a house ani installation done during the proper
sequence of the project. Evaluation of the completed work

may he done near the end of the building trades class project.

OBJECTIVES:
) Student to understand divect solar energy
2, Student will distinguish between passive and
active solar energy
3. Student will discuss cost considerations
4, Student will determine certain advantages and

disadvantages of solar energy

S Student will analyze flat plate collectors

6. Student will examine solar water heater systems
on site

7. Student will have hands-on experience during

installation of solar water heating system
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ACTIVITIES
lLesson 1
1. Set up experiments (allow one hour).
2.

without these energy products?
3. Discuss topics relative to building projec~:

Solar energy

Active solar water heating system

Cost determinatio;

4, Evaluate experiments

Lesson 2
1. Film (allow about 30 minutes)
Suggestions: "How to Build a Solar Heater"
or "Here Comes the Sun"
2. Discussion:
Flat plate ccllectors
Location of collectors

]
Back-up requirements

3 Students are to draw a similation of the flat

plate collector

4, Discuss materials needed for a flat plate collector

-

|

Have students list energy products they use daily
Discussion: What would student's lifestyle be like



Lesson 3

Lesson 4
1.,

Lesson 5
1.

.Lesson 6

1.
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Field trip; vigsit a llocal home with solar water
heating system (1 1/2 Lour) |

Use resource person for Information and discussion
(Suggestion: 8 local contractor who has installed

solar water heating system.)

Field trip: wvisit a solar home

(Suggestion: solar home built by building trades
class, Cheatham County High School, Ashland City.)

Students to familiarize themselves with drawings

of water heating system., Study the specifications
of one being installed. '
(Suggestion: Solarcraft Autcmatic Sun-Powered
Water Heater by State Industries, Inc., with
manual of installation, operation, and maintenance.

Visit the site of the project

Writteu examination and evaluation of work
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SOLAR ENERGCY

Solar energy, defiuned, is simply energy received by the
earth from the sun.

If you ever stepped barefoot on a hot pavement on a July
afternoon, you might have exclaimed: '"Whew! You could fry an
egg on this pavement!" You indicated then what solar energy
is all about. Heat generated by the sun would melt a sphere
of ice the size of the earth im 16.6 minutes. While only a
small portion of that energy is intercepted by the earth,
there is still enough to provide 646,000 horsepower for every
square mile of surface.l

From earliest history people have been trying to capture
and use the enormous reservoir of free solar power. The Greeks
designed houses around central sun-gathering courtyard-~ 3,000
years ago. Before America became a nation, Indians of the
Southwest built their cliff pueblos to trap the warmth vf the
winter sun. During colonial times, homes were built with stove
warmed kitchens on Zhe north side so that living areas would

o
have sunny south walls.2

ACTIVE AND PASSIVE SOLAR HEATING

There are two basic types of solar heating systems:
active and passive. Active systems use liquid or air to absorb
and transfer the heat to its destinatioa. They require pumps
and piping or fans and ducts to do the job but are relatively
easy to install in existing buildings as well as new ones. An
active system 18 the type most often used when an older home is
being remodeled and upgraded with solar energy feat:ures.3

Passive solar systems are sometimes referred to as the
soft approach because they require little in the way of hard-
ware and let nature do most of the work. The solar features
gre per. o5f the house rather than a collection of accessories.
Passive systems do not need pumps, blowers, or plumbing and .
usuaily have no problems of leakage or winter freeze-up.
Instead, they use large heat-absorbing masses, such as concrete

walls and water~r1illed drums, to trap solar heat as it Lasses
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through south-facing windows. Heat transfer can be by na iral
radiation and convection, or warmed air can be channelef
where it 1s needed with the help of vanes, fans, dampe.s, nd
blowers. Because a passive system is a basic element of the
house itself, it works best when it is planned in advance as
part of a new construction rather than beiug added to an ax-
isting nonsolar home.4

Greenhouses are among the oldest and most familiar solar
heating devices; but because they warm vegetables and flowers
rather than men and women, most people do mot think of them
as replacements for a conventional home heating device. How-_
ever, what warms a plant can also warm a house, and lean-to
greenhouses are baing used more and more as passive solar
collectors in homes with unobstructed south walls.5

Functional solar systems were providing domestic hot
water in 30 percent of the homes in Pasadena, California
before 1900 and by 1940 Miami, Fldrida had 60,000 of them.
Heating water in the family home i; one of the most advanced
applications of solar energy both here and abroad.6' In
Tennessce, as throughout the south, when solar energy is usad,
it i8 generally usaed to heat domestic hot water and as a

secondary source of home heat.

CONSIDERING THE COST

Solar powered hot water systems are the most practical
way for the average homeowner to take advantage of the snun's
energy. They are easier to build and less expensive than
complete solar home heating units, Since there is year-round
need for hot water, maximum use can be made of available sun-
light., Various designs are available which have been developed
to accomodate diverse conditions of weather, sunlight, and tne
amount of hot water needed by the user.7

Before investing in solar space lleat or solar heated
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domestic water systems; an analysis of heatlﬁg loads, site
location, fuel consumption, house size, thearmal efficiency,
government tax incentives, and other variables is needed to
make an appraisal to determine if gsolar energy is for you.8

Solar water heaters have long been competitive with
electricity, fuel oil, and natural gas in many parts of the
country. Solar space heat 1s : 1ally competitive wherever
there is moderate to high solar radiation. Even in low
radiation locales, solar home heating can be a money saver
if fuel and utility costs are high.9

Generally, solar heatirig makes godd economical sense if
it pays for itself within 10 years. In other words, your 10~
year savings in home fuel consumption should equal or exceed
the cost of installing a solar system. Usually, solar heatinyg
will provide the biggest savings in homes with high fuel bills:
if the fuel bill runs more than $3,000 a year, a $15,000 solar
system can be paid for, amortized, in 10 years by cutting fuel
bills in half; but if the fuel bill 1s $500, it is doubtful

that solar heating will pay.10

Solar energy is an inflation proof fuel service since the
sun's energy is free., With a solar hot water system, the
annual electric water heating portion of your electriec bill
may be reduced up to 80 percent in the Middle Tennessee area.
This reduction will help to offset the monthly payments on

the solar system and provide a savings in the years ahaad as

electric costs rise.ll

With the rapidly increasing fuel costs for all forms of
conventional energy and our country's recent unwise over-~
dependency on foreign fuel supplies, the solar water heater
has become one practical way to belp reduce long term costs
of heating hot water, A

TVA has encouraged the installation of solar water heating

systems by arranging for low interest loans to be made available
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for purchasing TVA approved solar systems, If ééough solar
water heaters can be used, this will help "hold down" {uture,
electrical rate increases by TVA. Not only would there be
a savings on the monthly electric bills, but“individuals may
claim energy credité on their income tax return based on the
cost of the solar ‘system installed.12

In the past, the cost of installing a solar water
heating gystem das in the $2,000 to $3,000 range.13 Cost of
instellation will depend upon several factors: the size of '
the! collector needed, whether the system is an auxiliary to
the present system, who does the ianstallation, etc.

The two-fold purpose the cursumer has for installing a
solar domestic hot water system is to conserve energy and
reduce utility bills. In addition to the savings on the
monthly electric bills, irdividuals may claim energy credits
on their income tax return.la

Cost to the consumer would be the initial investment of
a system, and its maintenance. 1Initial cost would include
labor, the collector, plumbing and electrical equipment, and
supplies. Many consumers chooaeto‘af:ange a loan to cover the
cost of the initial installation,

ADVANTAGES AND DISADVANTAGES

Although solar energy 1is plentiful, there are certain
disadvantages., One 1s that the sun's energy is spread thinly.
Assuming the solar radiation on a clear day is 100 percent,

a hazy day will allow 60 to ‘80 percent solar radiation, and a
cloudy day will allow 5 to 50 percent solar radiation.l5

Another disadvantage 1s that the sun's energy is inter-
mittent. It can be reduced by clouds, and also 1t 1is only
present for about twelve hours per day depending upon the

geographical location and time of year.16

cvenerally, the advantage of using ss>lar energy 1s that

it 18 free except for the initial investment and maintenance.

10
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The sun's energy will never rum out, Solar energy is environ-
mentally attractive .because little waste is generated in its

use. Also, solar emnergy for residential use does not, need to
be transported to the sitg for consumpgibh.17

N

-

FLAT PLATE COLLECTORS , ' " {

The maiu component of the splar hot wat'er heating system
is the collector, ' Thare are three basic types of collectors:
vacuur,, focusing, and flat. plate. .

Because the flat plate coliector is the most economic,

ve have chosen it to install in the house built by the building .

tiadeg class. Simply stated, a flat plate collector is an
insulated, weathertight, box with a clear cover designed to
trap sunlight and in which is a dark absorber plate,

JA; indicated, there are three basic parts to the~flat
plate collector: (1) an insulated housing, (2) a transparent
cover or covers made of glass, glass fiber or plastic and
(3) an absorber plate made of aluminum, <loth, copper, glass
fiber, 1iromn, plastic, or screening., The absorber soaks ug
heat from sunlight that passes through the éover and then gives
it up to a heat absorber. This fluid, which may be water,
anti-freeze, or air, delivers its heat directly or indirectly

to water stored in an insulated tank.18

"

LOCATION OF THE COLLECTOR

The location of the collector 1is important in that it
must be on the south side so that plenty of sunshine falls onto
its collection surface. True south can be determined by check-
ing the north-south shadow cast at solar noon by a stick set
into the ground. Solar noon occurs exactly midway between
sunrise and sunset and could be at 1:16 P,M, rather than clock-
time. =~ location should be chosen on the south side with the
least possibility of shadiug or obstruction to the sunlight,.

Many solar collectors are mounted onm the rooftop. How~

ever, the thing to remember 1s that the collector is a light

11

\

‘&
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trap, collecting light from the sun. On the roof'itlwill

receive direct radiation and diffuse sky radjation. A col-
lector mounted at ground level will get both ‘the direct.and'
the diffuse inputs that a rooftop will, dbut in addiiion, it

GE_ g am =
) / g\ v, .
\./ s} -

4

will zeceive reflected ehergy from the ground: solar energy

e

that 1s bouncing inte the collector off the grasa. the anow.

neighboring buildings, etc.19 .

3
‘

COMMON TYPES OF SYSTEMS ;o . ,;
All soiar water heating system° can be termed eitheA

divect or iudirect, depending on whether houpehpld water 1s
neated directly in the collector or picks up ghe sun's heat
& indirectly. In direct systems, open-loop, the fluid heated

o oin e am

d

- . in the collectors 1s plain water, which flows directly to the
faucet or washiug machine. . In indirect, clozed-loop, systems,

the heat trangfer fluid is.treated water, air, or some non-

.
Y
-. .

freezing liquid, like anti-freeze liquid or a special'oil.

The heat it picks up from the absorber plate is passed along °
[

to the house water through a heat exchanger such as a coil

inside or wrapped around the storage unit.20

\

BACKUP REQUIREMENTS

Theoretically, it 1s possible to put together a solar
water system that will completely supply your hot water needs
no matter where you live. In practice, however, this would

prove uneconomical because of the amount of solar collector

/

R4

area required to achieve that goal. The solution for most
families, 1s a system which produces a large percentage of
their hot water needs, the rest being supplies by a conventional
hackup heater.2 '

e Also, solar heat probably won't be able to maintain your
‘womé&silc water at required temperatures throughout the day
or throughcut the year. Cloudiness, darknesg. and_domestic

consumptioﬁ of hot water are the variables. ' The storage tank

~

I 2
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compensates for thes? variables by building up a supply of
heated water. But the tank needs backup during long winter
nights and during long cloudy spells in all seasctns. The
support can come from electric or fuel-burning systems that
turn on as needed. Simple on-off controls, actiQated by heat,

turn the backup on wnen the wvater temperature drops below a

preset level and off when solar energy raises the water

22
~sufficiently.
The standard support system works this way:
1, Cold water from the water main enters the storage
tank as needed to replace water tapped for domestic
use. K

2, The solar-collector system heats the water to the
required temperature and maintains that temperature
as best it can.,

3. From che storage tank, water 1is ‘ited to the regular
watér heating equipment. As lon .s the water is ho:
enougl, it merely travels throug!. the tank and into
domestic use.

4, If the water from the solar-heated tank enters the
tank of the backup heater at the temperature below
that required, the heater automatically comes on.
Relatively little fuel 1is used, since the heater
recelives water that 1is at least partly heated at
all times. ’

5., When the demand tapers off or the solar heat increases,

water in the solar storage tank becomes hotter. At
the required temperature, the backup system will
automatically shut off, returning the entire_heating
job to the solar~heated part of the system.



=’ Question
How much holter does a house g t when the
kwmdow-, tace south inStead of north?
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ZAProcess Skills '
‘dentifying and controlling variables,
Mmeasuring, recording and analyzing daia.

N

Q:g?f1n16
One hout J
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#ig Objective

The student will compare the amount of solar
Beat cullucted in south and north windows.

\__ Y
—\ ¥
?@ Materials & Procedure Clues )

I you precut the cardboard, it will eliminate the
need for younger children to use a knife.

L\.C," -

I{@@}Baakground

of they huyse
e

on the lot and the use of windows can hel
7 nhat the length runs east and west. Most
v windows should be placed on the other

SR PR TETIA

:' ettt

x N Shi
- wainerlime, but not too far so the suniight

! DISTYNRIR Jroants

I'sce ol the overhang has 1o be adjusted tor the chimate

. the house 1o the summer and to allow the sun to heat t

I

\;f o= - J \‘ J
{ ) ot )
. . ioned correctly, it can be used as a passiye solar coliector, w
e e e

Whiun building nr buying a home, taking advantage of solar energy through the proper placement

walls. A roof overhang, which controls the
tooned, should extend far enough to keep the sun fiom shiring in the windows

can enter the house in the winter.

- wldows will help the house retain the absorbed heat. The number of windows and the

p keep down utility bills. The house should
windows should be placed on the south

Deciduous tress can be used to snade
he house when they lose their leaves in winter.

y

{
’&Tprecautions

A knity has to be used to cut ths boxes.

J— :

wé; Hesulits
l The box with the wingow facing south will t»
U )

R AR et than the Otaer box

(xgtrategies

tiefore: Ask the students to predict which box

After:

~

will get hotter.

Discuss the summary question.

AsSK the students to predict what would
happen tf the activity wetre tned at other
times of the day or on a cloudy day.

24 )

[ —— _ JL
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~limay DOES A %/
HO JSE GET WHEN THE WINDOWS
FACE SOUTH INSTEAD OF NORTH?

S : —
MATERIALS:

- 2 Cardboard boxes

(same size) /

. White paint or paper
' 2 Thermometers

" stic wrap; knife <ER

vesKing tape l

Cut 2 1arge hoie in 1 side of
oot iy es,

9. ..les with plastic wrap.
Tape the wrap tightly over

tne hioles.

| SO

plastic
wrap

Paint both boxes white, or

= cover them both with white
N paper.
wingdow window
facing sun tacing away trom .
Place a thermometer in

-+, lemperature in each box,

Z each box. Record the
i and put them in the sun.

Huluiu e temperatures Time: Start|{10mn | 20mn |30,
atter 10 minutes, 20 ;7[ L= ' ' ;

: T
Ponutos and 30 minutes,

=
]
) — | |
Vi LT a1 I facing away |
M redly Sugn i 1(
Ve LT e T e e L

facing sun I
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Does it work faster with the paper o:;

Would you get the same - .+ thetop or on the bottom?
results if the paper were on
top of the ice cubes?

Suinmary question:

- Would a house with a
white roof be cooler
than a house with a
dark roof?

Wit a house with a dark
roof be more or less
expensive to air-condition in
the summertime?

24

)

H.ience Activities in Energy

16
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PR ?lerocess Skills

Identifying and controlling variables,
measutng, and inferring.

?.-K Question

Whal color absorbs the sun's heat best?

y

\_
7'@ Materials & Procedure Clues

™\
' ~_J | Other colors of construction paner can be used.
(i‘. N Be sure you have both light and dark colors for

ax Objective the students to try.

Ihe student will compare different colors’ ability
i 10 absorb hoat.

ﬁ'\rﬁme

Lity-Hive minutes

BN JL

rcept

i\f\nun~nl colors ahsorb different amounts of solar energy.

e

~3A Background

Dark colors absorb heat much better than light colors, but they also tend to reradiate the heat.
Tius tsct has a practical application—choosing a roof or house color. For example, «n warm
Lhimaies, d hght colored root can keep houses cooler.

! ..+ reason black absorbs heatl best is that it soaks up most of the sun's rays. White reflects most
b tigal that strikes it.

Ji__JL

r Precautions R n;zx Strategies
I None Before: Ask students to predict which coulor

! will melt an ice cube first.

geo
.6, Results

\ ce s are it tpaet@er an f e b oG

Atter: Discuss the summary question.

Students may get varying resuits. Ask
them to try to give reasons tor this.

24

R A

_J
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COLOR“‘ "ABSORBS THE o)
SUN’S HEAT BEST? fUtR

" MATERIALS:

|
I White, black, green, red, and blue construction paper, all
'l the same size

|

I

Timer

Umformly sized ice cubes
"ta tic bags (sandwich size)
e measurmg cup

~ut an ice cube in a bag.
Plane a separate cube on
ten ot each sheet of

construction paper. Which
cube melts first?

e e

At ¢0 minutes, measure
the aimount of water
collected in each bag.

———

( colors of amount of water
paper coilected

! B
}___ TS —:‘ﬂ
A ‘- / |
N J R
Does — %M:T"w —

! ! : 24
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Summary question:

If you were designinng a house in Alaska, on which
side wnuld you have the most windows? What
about a house in Arizona?

OTHER IDEAS TO EXPLORE:

Try this experiment at different times
duting the day.

= fnhe time make any difference?

Add an overhang to both boxes.

Aitach roofs to the
boxes with

';O ": O,

Ovethang

g .8 the window "
under

the overhang. l u }
' Try ditterent sizes

of overhangs to see
it it-makes a difference.

Dces this make any difference?
How would the overhang affect the experiment at

~different times of the year?

24

Sclance Activities .n Enargy

18
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Identilying and controliing variubles,
i measuring, and ivterring.

[
Q’A'Queslion

> .ch miaterial stoies solar energy best?

a\
C Time 17 Materials & Procedure Clues

One howr

¥ ) _ 1 A warm, sunny day will yield best results—too
nw Objective much heat is lost on a cold day.

[he student will compare the heat storage
abrhities of difterent substances.

__/ | Painting the box beforehand will save time.
\

‘ |
~ A

=
» Soncept
woeain witl retain heat ditferently based on their specific heat values.

AN

)\?Background

One: of the biggest problems of making widespread usc of solar energy is finding ways to store it
when the direct sunhghl 1s not presant. Different substances hold heat more efficiently than others.
Hessdes wdler, substances such as pebbles, air, and Glauber’s salt (phase-change) are used to store
het collected trom the sun. Storing solar heat is one of the more expensive aspecls oi a solar
ri g systam for a home. This 1s the reason why a combination sc.ar and conventional heating
. vvotemos olten more economical and practical. Solar healing systems for swimming pools are exiremely
| vrachical since the swimming pool acts as 1ts own storage system. The material with the highest specific
neat will retamn the most heat. Water which has a high specific heat compared to most materials, is the
standard The specihic heat of water1s 1, whiie the specific hear of sand 15 0.2, This means that water will
retann Yo times (1/0.2) as much heat as an equal weight of sand.

‘ ! ug i h
Precautions , W& Strategies
Thermometers are bioken edsily, so urge careful i Before: Ask the students to predict which
Landhing | matenal wilt hold heat longest.

Atter: Discuss the summary question.

Discuss the applicatron of this concept

\..

AN

o - e J to huilding a solar energy collector.
2 R
l.;(, Results H |
o
CoVvater should retain hedl longest  then sand l i
N T E S R EA T AN FPTTO T ' .
T
L -

\:zkprocess Skills )

I
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WHICH MATERIAL 7, e
STORES SOLAR ENERGY AW%Q«\
BEST 2 Q £ <§ S

Fill each can with a different material.

' MATERIALS:

Cardboard box

Black paint

4 Small metal cans

. 4 Thermometers
Cand, salt, water,

and torn-up par -

Place the box in
the sun.

Paint the box black. QJ> |

Put the cans in the box, close it,
and leave it for 2 hour.

Now ramove the cans, u ;]'}t @ '
e :HF .
- . T f 18
Place a thermometer in each can. éf ’; g f’
SIS}
SALT  SAND
21
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Watch the temperatures fall, and rrcord them below.
Stir occasionally. Which temperature falls the slowest?

F(@"?
— AL _1‘ﬁ

T
Emm 4 min 6 min | 8 min 10 min ;
( Halt . o
'L sand —1
Lwa(ér [
o aver | 1 | J

summary question:

Whizh material stores solar heat best ?

OTHER IDEAS TO EXPLORE.

Try some other materials like Jello, oil, milk, colored
water, dirt, gravel, or styrofoam chips. Before you test
the:i, can you predict which one will hold heat best?
Can vou think of other materials, to try?
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gDirect (Open-Loop) Systems \

Thermosiphoning. The simplest
direct system is the thermosiphoning .
water heater. Water circulates y
by natural convection and e
" gravity, rising and falling in
response to solar heat, just as
air would. As long as the
absorber keeps collecting heat,
water warmed in the collector
rises into a storage tank placed
slightly above, while cooler tank
water runs down to take.its place.

7 INSVLATED

STOIRRG E
TANK

'S

In a thermosiphoning systen,
cold water flows from the
bottom of the tank to the ‘
bottom of the collector, and

!':.:-! - e ALY =i BF [

Y
returns to the tank when .L.é.._.._..-.,_,_ . HEATER
warmed. :

————t o hoige Wt - ——

THERMOS | PRHoON IN G
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Solar,

Thes2 drawinjs siow the basic ‘structurs of a solar collnﬂrur using a liquid. The tuk=s, bordad to a blazk plate
pizk up tie heat and transfer it to the liguil.

,

The tubes ars laid out in A pattern that alleows tne liquid to flow in, acrcss the black plate, and out of the

collector into service, thereby heating space or water.
At I]‘)
5™ }
\ :
/ i e em —
r'—-"‘ - "* :‘ ———— ”“""""-""_“‘—"":"‘-'_"*-- —————— -—‘""-_:— —-q, -
| T
| E
 —O0—0—0—0C ~
i / ) [l
! '
! ; TAC 2 )/) i i
o Linz” glate ’ | j
N . ) | o | ;
| | \‘\\ ' I‘ﬁ)SJ
' -\\\_ —/ : .
| . \
i \ 1
] ——— - .
!
A
>
Mt Section  Thies Snlpg collac?eR
~ ax collector ;
' f) AN b':e.d 2+ S A *
op
o .
~ j
e
/ i

2’

’ .



Pumped. A direct pumped system is often
used when more flexibility in system
I layout is needed. With forced cir-
culation, the tank need not be
o located above or even near the
collectors. A direct pumped
szstem typically relies on
__ B "drain-down" for protection
gagainst freezing. The pump
moves water through the
collectors unly when there is
enough solar radiation to ‘
produce useful heat.
When the pump shuts off-
whether by automatic control
or due to power failure- the
collectors are drained by
gravity flow.

“—— CoLl ETEX

H

——— —— e - -—-‘r-—-—-—--————-—r—-—-'

In a pumped draindoawn unit, solar
heated water flows to the storage
tank for direct use by the house-
hold. When the pump shuts off, what-

, .
. L b -— ..‘ f.
‘ . ever water remains in the collector

¢ . . b drains away by gravity flow.

08 23
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2 Indirect (Closed-Loop) Systems

* The best s¢hoice for hard-water
W :
® areas is an indirect, closed-
loop system. The heat-transfer
* £luid never comes in direct
contact with household water,
so a corrosion-inhibiting
~solution can be circulated in
the collector loop. Where
there is a risk of freezing,
an antifreeze solution
or other nonfreezing £fluid
is often used.
In general, closed-loop
systems permit the most
flexible layouts and
installations, but they are
the more expensive to purchase
_and install than open-loop
systems ,

ol

S

In an indirect (or closed-loop)
system, an anti-freeze
solution is pumped through a
heat exchanger, where it gives
up its heat to the house water

supply.
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w.Tr Pep? eszrsirgel When there is danger of freezing, a system such as this permits “res

the use of anti-freeze liguid. The liquid is purped through

the collector and into a heat exhanger in the storage tark.

There it heats the water, w»hich circulates through the residential
heating system or through another heat exchanger to transfer the liquid .

Q 33 to an air system. 34
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Conventional
ELECTRIC
WATER HEATER

Annual kWh Usage

Typical

SOLAR

WATER HEATER
With Electnc Backup

Annual kWh Usage

Estimated Annual kWh Savings . ...

37
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Solar Installer's Checklist

New construction mounting to unfinished roof surface
Collectors mounted to sheathing or rolled roofing: always remember to:

~

@ Be aware of Hashing requirements (i.e., spacing of tank, pump, fan, or controls (some boilding codes reqoire
collectors from other roof penctrations, spacing separate cireoits for powering solur system componeits)
between collectors). temmember to:

® wilre ¢ ri ipatability, avoid dissimik . . :

Be aware of inaterial compatability. avoid dissirailar ® Check oot coitrols before installution.
inetals. :
R ® nstull controller in proximity to pownp,
2 )
N . . ® Wire ponip und controller.
£ Plumbing connections
o1 ® Wire sensors to controller (alter sensors are in
T ] .
(.‘. . Plumbing details vary with manofactorery, so rmnvnﬂwr place). .
- i - ® Wire any solenvid or vontrol valves, or heating
; ) o _ clements required. ;
2 Folluw pusdelnes in installation manuals to deter- !
P mine necessary fittings and other supplies. ® lustull und wire any monitoring devices.
[ - .
* ®  Mauke proper counections and run lines to storage
o tank an/or heat exchanger. . -
o .5 Installation pressure test
Vo ® lusulate all hnes—assore protection from UV deg-
o " 0 211 . . .
?II'I: ' railation, and weathering, : Install ull components excopt those onsoituble for high
Inst.dl control sensur and ron wire with pipe run. pressure (wir vents, expansion tanks, temperatore and

. wessore relief valves),
Seal feed and return penetrations with suggested l )

waterial (roof flashing, silicone caolking, other

® Pressure test system at 80-100 psi for one howr.
tooltng sealunts).

Lustall all components

, 3 Provide any components necessary for air elimina-
K twn ur entry to the system. ® Pressore test system ut 30 psi lor 24 hours,
® Try for the most direct 1oute available with as fow Check with manufactorers for test and working pressures
y turns as pussible lor all components.
Ve i an—iu usslite proper drainage and to

. el anmation,

H . I ¥, AN IR "W Tor oat: TIIaEUR
Sooosuptort prepang or docty as per trade practices, and DI?('I&II”,L’ pressure test afte .suhsl'_vuu, re
Lo N .

_)"' ' tude sequirvienty, quirements
N » ) . .
L A ®  Pipe components s dinccted by wwnufacturer’s e Install al
. : . q . ISs Ny ¢ .
¥ ’ Kudehnes and systewn schenatic, hstall all missing coinponents.
13
W ® Support all components. . ® Flosh sy:..twn prior to final charge, and drain to
VO remove dirt and flux,
,”, \ ® Be aware of sensithle wistallation layoot to avoud X A _ . .
(A mterderence of space. _ ® Charge systen w:_l 1 'wu! transfer Huic (lf_aumlreca‘.
w _ assure proper ratio for designed protection).
[ ® He awarc of vase for future mantenunce. _
‘e _ Pressorize to manulacturers suggested operating pressure
X When locating storage tank aned heat exchanger alwiys ain andd then remember to:
N tur closest .
A1)
N _ . . ® Operate circulator (either automatically or by di-
o ®  Vionnnts e feed wid et ol heat transler fluid. rectly plogging pomp nto electrical source),
4 .
' .. - Shit ol e o) o
Py o ! er) ®  Bleed air from venting lecations as installed.
- @ Foanaity touny exsting water heating viinpnent ®  Assore final working pressure.
o be placcd wosenes wath solar water heater. i 7
: ® Hes + all controls for automatie uperation,
A ]
Electrics ® Labelall relevant vglvvs with simple explination of
hunction and operating posiion (eold foed to collee-
Whe o den - van Sae Do el ool Look-up o storage tors. leave open),
.

38
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Basic tools and materials needed- -

TOOLS

Pipe wrenches (2) 14" or 18"

Sk Wrench

. Box or Open End Wrenches

Wue Sinipper or Knife

wiie: Culters

Philhps Head Screw Driver
Hegular Screw Driver

Adjustable Wrenches (2) 10"

. Eilectric Orill w. v2" and ¥ Wood Bits

Sew

)

Solar, p. 31

MATERIALS

Pl;txe Jc;lnt Compound (for galvanized, iron pipe sys-

ems) :

Wite Nuts or suitable wire connectors and plastic tape

Miscellanecus pipe and fittings (copper and galvanized
iron pipe systems) : .

" Propane Torch
-Solder, Flux

Emery Paper
Silico?ve ggglk or cold roof tay

‘Pipe clamps or hangers (ane for every three feet of pipe

Wood (2 x 6 or 2 x 8 for spreader beams inside roof)

insulation (for all piping in Solar System)

Solar collector panel installation kit for parallel mounting
or tilted mounting

v

UKIIMW

e}

Sp.e_cifiéati,ohs

“Basec ul sianaard 080 C Leppot wie I distance from fuse box to water heater is more than 90 teet,

(e

roter to your local slectncal code ior correct wite size

39

MODELS STORAGE TANK
| & e ____Jr 120 Gal. Tank Storage Capacity
| 9 wal Appiox. |9 Gal. Appicz | Feat Exchanger Capacity (Distilled Water)
TR 64" Height/without Reservoir Tank
24 28" Diameter
NEEEE 13%" Height (Reservoir Tank)
235 Ibs [ 367 Ibs Tank Weight (Empty) T
948 o | 1367 los. J. Tank Weight (Full)
&5 1 tebiku. Resarvoir Tank (Empty)
133 1o T 1331bs. | Reservoir Tank (Full)
4500 14500 Booster Element Wattage
240 Voits | 240 Volts Boosler Elgment Voitage :
184 GPH | 184 GPH Booster Element Recovery (G.P.H. = Callons Per Hour)
| 30 Amps 30 Amps Booster Element Maximum Fuse Size
10 Ga 10 Ga. Booster Eilement .Ainimum Wire Size*
185 _.18s Heal Exchanger Pump Wattage (Single)
370 370 Heal Exchanger Pump Wattage (Double)
18° 18’ Heat Exchanger Pump Maximum Head (Single)
36’ 136 Heat Exchanger Pump Maximum Head (Double)
. 120 Voits 4120 Volts Heat Exchanger Pump Voltage
15 Amps | 15 Amps Heat Exchanger Pump Maximum Fuse Size (Single)
15 Amps 1 15 Amnps Heal Exchanger Pump Maximum Fuse Size (Double)
RER T I Heat Exchanger Pump Minimum Wire Size*
T~ 'COLLECTOR PANEL (EACH)
123 I Length
51 ____Width
i 100 s Waight

32



The installation

@
’

Typical Installation

Solar, p. 32

"

diagram is designed only to show location of the basic system comporients in an over all view.

Detailed information shouid be taken from specific sections in this manua..

Remember: inlet and outlet connections must be d'iagonally opposite corners and sensor must be on outiet end.

. WATEM JQ PANEL -

PG °
L WIIH . HEDULEH

HEMOTE PANLE S0 NSOH

¢ TEE WITH
'« REDUCER

R . ELBUW

7 ‘ SENSOH WIRE

ViR UILTRLED

1

BTS2
PANEL ' ._) AIR TRANSFER LINE "+

“o SIHERT L BOW W NPI

#HE SSUL * e SWEAT JRASS ADAPTER

RE1IEF VALVE

HOL WALLH OUILE T ol

| SSASAN
e

)
TRMEL LAl FHL YL e T =
MELILy VALVE

DWFFERGNTIAL THERMOSTA|
!

¢

Lot asiu bl walp — M)S;YER ELEMENT

101 PANELS '—*" INONICATOR LIGHT
UUUSTEH Lt MENT W THE HMOSTAT r, .
WErND ACLESS PANEL)

¢

f
. % CONNECTING | INE BETWEEN
+ RESERVOIR TANK AND PUMY

URAIN UINE e

T S AN O MG A
AN FANR S 7 R
<br b AGCESS PANEL,

L—., CHACULATING PUMP

OIF TLLO WA TFH DHAIN yA1 VI
AN (AN VAL VL
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RESOURCE MATERIALS

L}

. S. Department of Housing and Urban Development,
Office of Policy Development and Research
Ts Solar Water Hearing Right for You?
Washington, D. D., 1980

U. S. Department of Housing and Urban Development,

-National Solar Heating and Coolina Information Center

Soqu IFact Sheet
Rockville, MD 20850, May 1980

Superintendent of Documents,

1. 8. Government Printing Cffice
ot Water From the Sun

Stock #023-000-00620-1, $4.75
wushington, L. C. 20402

U. S. Department of Housing and Urban Development
National Solar Heating and Cooling Information Center
Solar Water Heaters ’

Rockville, MD 20850

Handle Films

llow to Build a Solar Heater
Nashville Public Library

20 min. 1977

Tennessee Lnergy Authority
Here Comes the Sun
15 min. color

41
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FOOTNOTES

Back _to Basics,ed., The Reader's Digest Association,
New York, 1981, p. 110

Ibid,
Ibid., p. 112
Ibid,
Ibid,
Ibid., p. 110
Ibid., p. 118
Ibid.,, p. 111
Ibid.
Ibid.

Tennessee Valley Authority, Solar Nashville
TN, 1981, p. 1

Ibid.

U. S. Department of Housing and Urban Development,
National Solar Heating and Cooling Information
Center, Solar Fact Sheet, Rockville, MD, May 1980,
p. 1 ‘

Department cf the Tﬁéasury, Internal Revenue Service,
Energy Credits for Individuals, Washington, D. C.

903, 1979, p. 1

'

Schwaller, Anthony E., FEner Y_Technology, Sources of

. 34

Inc,

Pub.

Power, "Mass., Davis Publ cations,"ITnc. 7 I980, p. 185

Ibid., p. 186

Keyes, John H., Consumer Handbook of Solar Energy, New

—— et . S e v i wE

York, Morgan & Morgan, 1979, p. 6

Ibid., p. 17
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20. U. S. Department of Housing and Development,
National Solar Heating & Cooling Information Center,
Solar Faat Sheet, Rockville, MD 20850, May 1980, p. 2

21. Basics, p. 118

22. Hand, Jackson, Home Guide to Solar Heating & Cooling,
New York, Harper & Row, 1978, p. 83

23. Ibid., p. 84 o

24. Oak Ridge Associated Universities for the U. S. Depart-
ment of Energy, Solar I Teachers Guide, Oak Ridge, TN
Feb. 1980, Experiments #7, §, & 11

25. Basiecs, p. 111

26. Fact Sheet, p. 1

27. Ibid., p. 2
28. Ibid., p. 3
29. Ibid., p. 3

30. Solar Nashville, p. 2

31. Solar Age Resource Book, ed., Solar Age Magazine, New
York, Everett House, 1979, p. 73

32 Manual: Installation, Operation, Maintenance-Solar Water
lleater, Solarcraft Water Heaters, State Industries, Inc.

‘\——.~/"‘-~qi
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