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menlm Sular Heatmg and C‘;u-nlmg \was pmparai bythe Rmn:h and Davejaﬁ- e
g rnenf Branch of the Division of Solar Energy of the Energy. Research and . -
... Development Admigistration (ERDA). The repott was first drafted by
" Energy y Group of the Los s Alamos Scientific Laboratory. It is based.ona thmgugh
. assessment-of the preséent status of solar heating-and ‘cooling: technology: and .
presented ‘with the confiden e that -the emergmg solar. energy industry will-,
continue.to conduct a broad’/range of R&D activities. This plan describes the
Federal R&D program plan for solar heating ané cooling, including those
activities to be funded in whole or in'part by the Federal Government. The
program plan is compatible with, but more detailed than; that described in the
National Plan for Solar Heiting and Cooling, ERDA 23 A, It is intended that this
"interim- report be circulated widely for review and cnmment by all those
'ccncerned with the R&D aspects 6f solarheating and cooling. It is also planned
‘that several groups, such as ASHRAE, ASME, and SEIA, will conduct formal
reviews of this plan and provide ERDA with their recommendations. Comments
received by March 1, 1977 will be considered in thé préparation” of the final
report on.the Prt:grarn Plan for Research and Development in Solar Heating and
Cﬂﬂling Comments should -be sent.to; - . oo ‘ -
Dr. Frederick H. Morse, Chief
Research and Development Branch
Division of Solar Energy
Energy Research and Development Adrmmstratncn ot
Washington, D.C. 20545 '
‘As with most planning documents, it is anticipated that this R&D program
plan will be revised and lmprc:wed asresults from the current research, develop-
ment, and demonstration projects, both Federally and privately supported,
become available. Comments received after March 1 will be cansndered for
incorporation.in future revisions of this plan.
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. R&D PROGRAM PLAN -~ .~ V'

“This report presents the ERDA/Division of Solar
Energy (DSE] program plan for research and develop-
ment in the use of solar energy for heating and cool-

ing buildings and for agriculiura] and industrial proc-
s ) ) -

ess applications. .

The objective of the ERDA solar energy R&D pro-
gram) is to prdvide the solar energy industry and other
- users with the means (information, cornperrents, etc.)
_to produce cost-effective solar engggy systemis. The

application of solar energy for heating and cooling
involves, to"a significant extent, components (such as
heat pumps, air conditioning machines, and controls)
which are used in conventional HVAC systems. The
relatively new and rapidly developing solar energy

industry is also producing many of the required com-

ponents. The ERDA progfam builds on this tethnol-
ogy and attempts to assist the solar enefgy industry to
.develop’ cost-effective compoanents and systems more
rapidly.

As part of the preparation of this program plan,
meetings were held with representatives from indus-
try,- universities, and the Government. The following

conclusions were reached: -
e The major problem to be addressed is the

development of cost-effective components

and systems.

@ The state of the art varies greatly for different
components and applications, with solar
cooling technology being generally less de-
veloped than that for solar heating.

o Applications and climatic zones are so varied
that-careful analysis is necessary to determine
the most cost-effective approaches.

e Cost-effective retrofit systems are not well de-
veloped, and -techniques for optimizing re-

_ trofit design are not readily available.

As a result of these conclusions, an ERDA-directed,
applications-oriented R& D program is being initiated.
The plan for this directed R&D program is the subject
of the present report. The current R&D program is
components-oriented; and, while that approach has
made significant contributions to the present state of
technology, it can be strengthened byﬂihe applica-

EXECUTIVE SUMMARY _ -

uation

O

=

a,,

tia,r"ns strategy. The directed prﬁgrém. then iga contin-" - -

, The main feature of ﬂ\é directed p:agrém is the
focus, on several approaches, called paths, to the
applications of solar energy. Tefv such paths are iden-

of the present program, but with a shift in -

" tified for buildings applications and eleven for agri--

ix

cultural and industrial process applicatioss. A path is

simply the linking of 2 method of energy 'collection qr

rejection with a particular application.

The ten paths identified in the report for.the solar -
~ heating and cooling of buildings are as follows: :

.
collectors. = -

space or structure, solar-assisted heat pump
with various types of collectors, flat plate air-
heating collectors, and flat plate liquid-heat-
~ ing collectors. " - _
Space coqling (4 paths): evaporative cooling
night sky radiation, or cool night air without
additional energy conditioning equipment;
‘concentrating collectors with absorption or
Rankine vapor compression chiller; advanced
non-concentrating collectors with absorption
~or Rankine vapor compression chiller (operat-
ing at moderate temperatures); and flat plate

Servi::e hot water (2 paths): flat plate liquid-
heating collectors and flat plate air-heating -

Space heating (4 paths): direct solar heating of

b

collectors with desiccant machines for air

conditioning or dehumidification.

The report lists the eleven paths for agricultural and
industrial process applications but does not describe
them in detail.

The ten heating and cooling paths differ in charac-
ter. Some require an emphasis on materials develog
ment, some on system analysis, and some on compo-,

nent development and testing. In order to move along .

ary-of the paths, specific tasks must be undertaken,
whether in series orin parallel. Approximately 275
taské have been identified. They occur in five cate-
gories: collectors, storage and heat exchange, air
conditioning and heat pumps, systems and controls,
and non-engineering aspects. Because most of the
tasks occur on more than one path, the paths are



Wmporang o 10 (critical) scale. The tasks for éach
ath are pliced in functional categories and arranged |
BecueEnce; ﬁvmgeadipﬂha logical develapnent

, | , __ﬁftheﬁsksdes:ﬂbed iﬂ'
: heport are already.u study

~pan p:gﬂﬁemsm will be initiateﬂas irfl
,thg o .

The im mplementation aF the directed program wnlr
differ fmm tha} for the present yirogram chiefly in
being based on competitive: sahcutatmns rather than
on unsolicited proposals, Ind
businesses, and Government Iahonturles are ex-
pected to continue to perform R&D tasks, with proj-
ect support coming from the ERDA laboratories.

“Since the R&D program is a pant of ERDA’s total
energy program, it has many points of impact on
other ERDA programs and organizations and on other
federal agencies. Implementation of the.R&D pro-
gram is being coordinated with the appropriate
groups, with 3pecial emphasis being placed on inte-
gration. with the residential and commercial demon-
stration program. . ¥
. The ten solar heating and cooling paths for build-

ings applicatéons will be cost effective if key problems
cah be solved. As technology advances and project

results are analyzed, the paths will .be given periodic-

evaluatlcins and priorities will be adjusted Milestone

by a numbermrg-ed ana D; )

"'is expected that 0N nts and.sys infar- .-
, either fully or in.  mation will be develaped thmughaut the duratian nf
the program. . . ,

|eated in o

, universities, small -

Correspe ,‘mgadjums o .
Atﬁnal point remains to be made cgz‘csrmng the

. -R&D program plan. The plan‘calls for both i
“tign dussemmatmn and cmpanem developt

+

R&D FRQGRAM REPQIIT
. The present report is divided in three pans Plan,

- Paths,-and Tasks. The report is organized to allow a

reader to gain an overview of the R&D program plan .
dw;hcut farcmg him to become involved in. all ofits .
tails .

Part | of the report (the Executive Summary and
Sections | and 1) gives the overview ¢f the program
plan. The second part (Sections IIl and IV) describes
the ten paths to the solar heating and cooling of
buildings and briefly discusses the agricultural and
industrial process applications. The third part (the
appendices) presents detailed information on the
tasks. Appendix A gives flow diagrams for the heating
and. cooling tasks, and Appendix B includes brief
descriptions of these tasks and of the non-engineering. -
tasks. Appendix C lists the tmportance numbers for all
of the solar heating and cooling engineering tasks, .

" and Appendlx D indicates the' imporfance of each

non-engineering task to the overall R&D program.

\
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m"@"“ fesents the ERDA research and devel
. ﬂpﬂgrll@‘@arﬂ p!'arl for ‘solar'heating and cooling of
o tullgi@gf

dgserihs in ditail the ERDA solar heating and_cool-

, mg D plan. It provides the many users of solar -

logy with an msight into.likely advances iri the
mﬁmﬂeﬂs and fnr salar heatmg and cool
'ﬂS
In this plan, itis rer:ggmzed that the application of
solar energy for heatlrig and cooling involves, to a
significant degree, existing components, such as heat
pumps, air conditioning machines, controls, etc.,
, which make up today's HVAC systems. Furthermore
* sinte the relatively new and rapidly developing solar
" energy industry-is prcdur:mg many of the key ‘compo-
nents for solar energy systems, the plan-builds on this
existing ‘technology and, by supporting work on a
- wide rapge of prt)blems seeks to assist the solar
energy industry in developing the cost-effective com-
pcmens and systems that will be essential for the
* widespread use of solar energy for solar heating and

cooling of buildings and for agncultural and indus-

* frial processes. .

in addition to ERDA’ssolar energy activities, rnany .

efforts are underway in other Federal agencies, indus-
try, universities, small busig esses, and state and local
. govemments. Together thede solar energy activities
comprise the national solar energy effort: Under the
provisions of the Energy Reorganization Act,! ERDA
has the central responsibility for the Federal Govemn-
ment’s solar energy program. The ERDA program, the

- largest and most hgavuly funded activity of the solar

energy effort, must give that effort substance, shape,

, and stimulus, . .
In orderto carty out its leadership role as mandated
by’ the Solar Energy Act,? ERDA has prepared a Na-

! Engrgy Eegrgam;a:mn Act of 1974, P.L, 93438, October 11
1974.

2 Solar Envergy Eggaréh; Develﬂprﬁenr and Demonstration Act of

1974, P.L. 91423, October 26, 1974,

'_ tionai Snlar Energy R&D Plil’l;’ Tﬁe

ricultural-and industrial process
an is written for thnse familiar

" applications, ,eennamlcslly campemive ‘and”
....... LW irluhe baics. of sglar heating and cooling, and it . ceptable solar ¢

this'plan is'to work with industry t to devél@;
strate, and introduce, -at- the - possible.

wiam of

) na
has prepareﬂ program plans for

" solar energy to meet the. ﬂrennal fieeds nf buildings
- and’ for agricultural and’ industrial process
76-6 and ERDA 76-88 respectively). The. present

s (ERDA

program plan gives details for R&D activities that are

. only generally outlined in the ather two dﬁr:umrits

,*.

SOLAR HEATING AND ccxmmc; |
PROGRAM: L

The major elements of the ERDA ,Solar Heanng and

. Cooling Program are: ., = . i i ni

L Resean:h and develapmgnt ; Va ’ :

e Development in support of bunldmg demon-
strations. :

Residenhal building demﬁstrauans : o
] Carnrnercral building dernunstratlons

. Agnc;ultural and mdustnal pror:ess dernun
stratujns

The R&D program will prmncle advanced compo-
nents and systemns that will result in Irnprnved perfor-
mance and lower costs. The development,in support
of building demonstrations will provide. the services
necessary to bring these advanced components and
systerns to the market: The three demonstration pro-
grams will indicate ways for available ter:hnology o
be used to meet the thermal requirements of buildings
and of agricultural and industrial processes, .

—

'
*ERDA-48, National Solar Energy RESEEI‘E’T and Development

Plan, October 1975,

1ERDA 766, National Program for Salar Heating and Cﬂahnx
Residential and Commercial Applications, ERDA (DSE), October
1976. ERDA 7688, Program Description, Solar Energy for Agricul-
ture and industrial Process Heat, ERDA(DSE) june 1976,



The overall objectiveof the sola rhe-atingand cool-
ing prograr is to stimulate the deveslopment of an.
industrial, Commercial, and professional capability
for producing and distibuting variouss solar energy
syslems thus reducing the demand on fc:gsﬂ fuel
supsplies. :

- TECHNOLOGY STATLS .

As pat of the preparation of this R& D program -

plam, several meetings weréheld with representatives
florn industry, wniversities, and Government labora-
lori€s ard agendcies. The Db|ECiIVe§ of these rﬁeetmgs
werelo: .

= =

* Alsess the present shte of the art.

¢ ldemtify major prc;:bler‘hs limi ting improved
performance andio r redluced costs .

¢ Recommend shont- and lorgterm R& D tasks
to solve these prob lems.

In these meetings and in othest descussicrns, thes
statws of the national solar energy effortwas defired
The followirg points becarne clear:

L] ThE‘ fnajﬂf fjf(}ljlt}r?i e b‘g addressed 15 Cust
eflectiveness.

¢ The state of the an vanes greatly tor difievent
components and applicaion  Suvla cooling
techrology 15 generally less devel oped than
that for solar healing
¢ The applications g Chivaty s we so
v atie=d that careful anassis bioqurned o Bk

termine the rost (psteffects v approac hes

C ost. effedive retioft tsyslerrss ar € notw ell a
velopred, nor are lechnigues eadily sy aila bl
tes facllitate PNz aallyr 1 of vetr esfit dg;,lgn

L

ITie meelingsy and diastaziv, . al oo s anee
rany proble ms that must be sor lvedd be-fo. e the lei h-

riclagy can ke bignifhdﬂﬂy adv a2

DIRECTELY KA PL AN

ERUA > e unes nl .
st whivh has ciready psade: g s 00 1L
tions 1o the present s fate o tecthralogy, svill e fuibe
sty ghened by the mitiation of o diccten {apsitea
tions-ofiesntect) R AD prograry - Tie spectfic abjective
Df lhtdlrﬁLlE‘ij R-ﬁ[} pILJ§1d| [ AP 1) pe 0 !;Jt the ence By
industry and other wen vaith e heai s G omps

[T T

FTFstpre- and P,
Hesegr ardd Legvele proe-cl 1t .. 40 L . . ,
Pdovertber 1976 ERCJA76 .55 THan epdun, My b Lo alhan
the Suaperies tendest of Destimen, U5 Lo ootnvsent Fra Ing £
fice, VWashirglors U € 20402

nerits, informationy, etc) to develop cost—efective so- ~
lar heating and cooling systems. This ditected R&D
pla n defines promising approsach es for achieving this
objective and. outlines a systematic progfam for pro-
viding materials, comporvents, ard systers designed
o establish the cost effectiveness of each approachas
rapidly as possile.

The dire-cted R&D plar descnbed in thls report is
one of the new initiatives of the ERDA solar heating

~and cooling program. The other initi atives a re:

" o A ditect market stimulus to aid i n creating 2
largze eﬁmgt;{;zrket toensure inCleasing par-
ticipation by industry . This stimu lus s repre-,
sented by a rmajor sdlar service hot water
nitiative ir both the public and private sec-
tors, linked to retrofit applications in commer-
cial and reside ntial buildi ngs .

o A direct manufacturireg stimulus, with possi-
ble approaches ranging from guara nteess to
the design or caonstiuction of pilot productior
faci lities as incentives for the production of
solar emergy sy sterts,

SIRUCTURE O F THE R&D PROG RAM

This R&D program isbased on the development of
specific approaches, called paths, to particular solar
energy applications.Figure L1 gives twio exarmples of
paths to solarheating and woling and several ex.am-
pPles of building applications. from left to tight, this
diagiarn identifies;

e lhe enefly sutiie o shik

o The methoch Of solar eiicg, oslic, . .
hean rejection

« Ener gy L~U“Lji“‘;lllli5 Tl .L,.{ui,rcfu

s e dpp‘lgglluni
b Binks d rnethiod of g gy culle@tion o
ehn wich ar applic lion

g
1 se 210k s wint Plai s cally (o (con i e ent Pdite. th the
Callzadon of sl energ, by tle flFowing spec i
l}llliLj'llS ;lpp“(éllui ;
¢ Bovice Fol st 2 o
& Spas olealiy "R RN A
4 jeaithis

¢ Spay coondiaig

sals .0

p|_; il l;_!
sl wo Wl

i, ﬁ!'\lp‘si ER T
b the auly ca o
[N T Y |f|&, ﬂgli;.ult;ugi sinad i sing Proodvss dpi;)h
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EMERGY SOURCE/SINK ENERGY COLLECTION/REJECT ION EN ERGS Y CONDITIONING APPLICATION
. L3 ) .

DIRECT SOLAR

} fiLA TING OF SPACEOR r SERVICE
‘ i i sTRUCTURE HaT
WA TER
. - EXAMPLE 1 ‘ - - /
FLAT PLA TE SOLAR e - 7

LIQUID HEATERS

FLA TPLATE SOLAR

AR HEAT ERS ' , -
- P ]
- SPACE
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¢ Hot water: 2 paths.
¢ Slearn; 2 paths,
¢ Cooling: 2 praths.

~tach pith hasa single objedive: to develop the
cost-effective technolg y to achieve the specific path
appli cati on & qulick ly a s possible. Paths for the solar
heating and coofing of byuilding s may somelimes lead
to more tharm ore agpli cation. Space heating pat hs,
for instarce, gererally involve hot water heating as
well; and space conlimg genenlly irvolves space
heating and hot water heating_ Agriculural ang in-
dustrial process appl icatjons gererally do morirvo Bve
combinations of paths. ! :

The ten buidi ng path s are listed in Tablel- 1 The
designation symbxwls are s follows -

® Shelter heatiry: H
& [Jryirey L)
® Cooling (

Ihes elesvers agr i Bura Twed s dus enal prostess e e
arelisted in T able! Z Thiese paths vl be Jestpziared
by two letlers 1o st ligetshy them tigns the busildr sy
paths, the hirsslletler will desoib a e g ppl 1oatt o
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ious paths . The irmportance of each task toa given
path hasbeen designated by assigninga number on a

0 (umirrportant) tor 10 (critical) sc dle.

~ The task s pertai ninglo each path were grouped i n
functional <ategories and arangedin sequence. This
allows the pathto developin alogical man ner.
This R&D program plar concenrales on applica-
tions of sodir energy 1 rvieet the themel neects of
buildings. The paths for thez ag ricu fural and i ndu stria|
process applications a reidentified, butthe only task s
disc ussed in detai | are thorse relating 1o the building
applications Results from the buil dingtasks will also
frequently apply to the agricultunl and industia |
ploces tasks, Itisgenerally agreed, howewver, that
addi tioral agricultural and industrial rask s will e ven -
tually be necessiry, betatse of th e unique mature of
the process paths involvesd. Hertify ing  these - news
tasks canbegin when the projects and sy sterm de sigr
> tudfes on whichthrey will e hased are co mp leted.

STRUCTURE OF THE R& D PIAN
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peats THefi i pan (thes Exescutive Sursmary a nd Sec .
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setond Pt (Sexticon, I and V) des ribzey the  teny
paths 1, solar breating and  goolingg of buildirgs 2nd
thie e leven (2ath 5 for ag nculMfral amd 1 edu strial proo
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TABLE 1.2
PATH DESCRIPTIONS FOR AGRICULTURAL

AND INDUSTRIAL PROCESSES ,1

S S —
_APPLICATION [ DESIGNATION. ___ PATHDESCRIPTION .
Shelter Heating S HD 7 ~ Direct Shelter and Greenhouse Heating

HA Air-Heating Collector
HL LiquideHeating;Cnllectnr h

Air-Heating Collector -

quuud -Heating CnIIEEtﬁr Heat Exchanger

Steam
(100°C - 200°C)

ak

Cooling

e D

w

Ll

Hot Witer wWW WateriHeatmg Callectnr !
WA . Air-Héating Callectar Heat Exchanger

Advanced Liquid- Heatlng Eglleﬂar
3

Advanced Air-Heating Collector

Passive Cooling
Collector With a Heat Engine



b ‘o " | TABLE I3 -
: AsK CLASSIFICATIONS . .

MAJOR aLAlech‘nQu _ ' sua.chssmc:A‘nou

i, Sl:lar Collecu:rs ' A. System Studne: Hel,ated 10 Caliectms
Theory and ‘Basic Phenomena’
Solar Liquid-Heating Collectors
Solar Air-Heating Collectars i
Advanced Non-Concentrating Collectars

a) Evacusted Tube Colieciors
o b) Heat Pipes

- ¢ Honeycombs

> \ d) Otpers g

L
o

.
m oo

el

Concentrators .
' T i G. Reflectors for F lat Plate Collector Augman!etmﬁ
Materials 7
. : a) Selective Surfaces
¥ b} Glazing .
' ¢} Glazing Surfac&@:;mngt
dj, Sealants
) &) Coolants

™ ) . / 1l Insulation

\) g) Nan-Metallic Films

| ). Tests and Stand ards .

I

¥ llg Thermal Erergy Stcrage and y A. System Studies rel ated 1o Storage
Heat Transfer B Piping, Ducting, Heat E xchangers i L
Wate/ Tank Storage - J
Rock Bed Storage . .
Phase Chaﬂgg%inragé _

Chermucal Storage

Tests and Standardt . - g

o) ©

oo

4. Solar Air Cunditiuning

System Studies related 1o Air Conditioning, Heat Pumps
and Heat Pumps .

Absarption Chillers
Rankinge C:vr:le Vapor Compressan Chnm*s _
Ewagurahwe and Night-Eftect Chillgrs

- Desnccant Chiliers .
Other Chillers : L
Heat -Pum ps e o

\ﬁ [ T! m 0o om

IV "Systeivis and Lontiuls I tegiatect Active Solar Sy siems

W

System Deugn Methods .

Cantiullers Valves, and A;lua&ﬂ Cogrnpsunien i
Insirumentation and Data Acquisition

Passive and Hybnd Solar Systerms

System Studies i

T Mg

e - [

Ecorvormic ard Fimancal Analysis

Cunsumer Athtudes and Behavia

V' NuisEsmgmge.ting Aapnoa ol
Solar Heating and Cooling

' Matketing Architecture, and Cons Uutsun

Erergy Utilitles

Legal, Regulatory, ard Legnlative Consrderativen

Educatiriand Trainmng .

Scoal and E nvirorm en tal Lgund:mtmns g
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With the report organized in thls way, the reader

can gain an overview of the plan without necessarily

becoring involved in its details. Detailed informa-
: tion on tasks and task sequences, however, ga:aﬂk
ble in the appendices. : \

IMPLEMENTATION

- As previously mentioned, the present components-
- orierted R&D proglam, wivich has made significant
contributions to the present state of technology, will
be reéplaced by an applications-oriented R&D pro-
gram. While theg presnét R&D program, described in
ERDA 76-6, was based on unsolicted proposals, this
directed R&D plan will be based,on public solicita-
tions, such as the Request for Proposal (RFP) or the
Program Research and Development Announcerment
(PRDA). The involvement of industry, universities,
small businesses, and Govetnment organizations in

performing the R&D tasks is expected to continue, *

with project support coming from the national labora-
tc)rie;-;r;. '

This R& [ plan first identifies various paths to major
solar heating and cooling applications and then iden-
tifies tasks that must be completed for each path to be
cost effective. Since the research and developrment
programisa part of ERDA's overall energy program, it
has numeious points of contact with other ERDA
‘organizations and with other Federal agencies. The
implementation of this R&D program will be coordi-
rated with all appropriate groups. Examples of this
coordination include the following:

o All tasks relatiné to solar radiation will be the
responsibility of the Environmental and R&
source Studies Branch of DSE.

® Some of the thermal energy storage tasks may. -
become the FESPDI’ISIb!IIty "of the Thermal En-
‘ergy Starage Branch of ti Dwmmn of Conser-
vation. Some tasks may bejointly supported
: by the Research and Develﬂpment Branch

1- and the Thermal Erergy Storage Branch, and -

other tasks will be the responsibility of the
Research and Deve lopment Branch.

-® The non- eﬁgiﬁeefinggtagks will require more
coordinatjon than the engineering tasks, be-

N

caus@ mé’ny of these tasks are .at least part,nally .

included i n the commercial buildings demon-
stration program and the agncultﬁ andin-
dustrial procéss démonstrations y there-
fore.involve other Federal agencies, such as
HUD, NASA, NBS, GSA, DOD, and USGA!
The Bamgﬁ and Incentives Branch of DSE
will generally be respgnsnblé for the non-engi-
' -neering fasks described in this plan.

ﬁasks rtamlng only to the demonstration pro-
gram are ot included-in th¥% R& D plan. Many tasks,
however, are thé common responsibility of the R&D
and demonstration programs. In those instances, ad-
ntage will be taken of available services-established
art of the demonstration program, with additional
at:tmtles supported -galy as needed to meet the spe-
cial needs of the R&D program.

f:-
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' OBJECTIVE

RIC

The objective of the solar heating and cooling
arch and development program is to assist in
Cﬁaﬂ&g a viable solar industry. The research and
development program is designed to achieve this goal
by lowering costs and improving the efficiency of
solar energy components and systerns. The specific
objective of the directed R&D program is to provide
the emerging solar energy industry and other users
with the materials, components, and information
needed for cost-effective solar heating and cooling
systems. e Y

EMPHASIS .
The R&D plan emphisizes the following program
elements:
& Material : characterization and development.
s Components: development of components,
including their theory of operation, mathe-
matical modeling, performance testing, and
system compatibility.

.. ® Systerns: identification uf the predicied and
actual performance of solar heating and cool-
ing systems for varying climates, building
types, compeling energy types, and system
configurations

o Information. dissénunation of resulls of all
R&D pfajéq*;fwﬂh specidl atention to system
test results As much information as possible
will be put intu handbook form.

The R&D program plan 15 directed at short tens
objectives and designed to provide maximum support
to the developing solar energy indusiry Research and
development related to long term objectives will con-
tinue concurrently Thus, basng or applied research
on new surfaces for, solar ca“E{,ﬁmﬁ or new thermo
dynamic cycles for ¢ lmg will ‘continue 1o be sup
ported within the broader R&D program.

The directed R& D program will micet the needs of s

PROGRAM OBJECTIVE AND EMPHASIS

Lgi(’

develupnng solar heatlng and cooling mdustry by ac-
complishing the follnwmg

Suppgﬂmg “the development of components
having 'i mproved p-erijﬂ'nance and/or lower
cost. ‘ ;

s Conducting tests of systems with advanced
components to provide the full range of data
essential to the development of new solar
heating and cooling systems.

EY )

¢ Providing data, information, and mmputiﬁé

techniques that the potential users of solar
energy may require in order to deterrine
costs and benefits.

¢ [Evaluating various economic, envifonmien
social, institutional, and ‘legal factors wi
could influence the mamner in which solar
thermal energy is used.

In general it is recommended that product develop-
ment be carried out by the industry that will eventu-
ally market the product. This work wi ll' be supporteg

"by the R&D program where it is desirable to obtain &

prototype or pre-prototype for testing. Furthermore,
the R&D program will concentrate on providing the
technology and information required, so that the in-
dustry can develop as quickly and effectively as pos-
sible,

The R&D program will have several major areas of
emphasis, These are discyssed in the following para-
graphs

Malerials Characterization and
Development

Itis oflen Nnecessary (3 detenninme the materials that
ai¢ necessary for Scjlarﬁgau ng and cooling compo-
nents if those components are to funclion properly.
The demands placed on materials jre often stringent.
They usually include long service life, low initial cost,
usefulness in a panticular environment (such as a
home or factory), compatibility within a system, and

Ar
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availability. Materials requirements often present
complex problems. For instance, the current choice
of a liquid coolant is a mixture of ethylene or propyl-
ene glycol and water. This mixture, however, forms
glycolic acids at temperatures that occur in normal
collector operation; and these acids can cause system

_corrosign and breakdown.

. The cost of the R&D necessary to improve compo-
rent materials generally cannot be borne by any
single manufacturer of components or systems, and it
seems essential that the Federal program support the

- necessary research and development and prepare in-

formation on characteristics and requirements for ma-
terials.

Development of Components

In order to prbperly evaluate the potential of a
panticular solar heating system compaonent or config:
uration, il 15 necessary to characterize the perfor
mance of that component or system mathematically
Such mathematical models must account both tor the
steady state operatem of tomponents and for their
dynanic or transient perurmance The models must
be developed where they do not carrently exist and
must be calibrated by comparnson with steady <late
and translent lests made on prolotypes  The entire
operation of a system must then be validated to con-
firrn that the model comectly descnbes componient

tnteraction §

Manutaiturers ()nLnl#nl' N I N T
riudeling described abbve wxh; Pl ey plan o4 new
product ltne The job of vahidating the noder how
ever 15 often bevond the means of any simgle anu
tacturer, and as a iesult this step s asaally Ginitled
o pertoimed soan abbaevisted o b This can
resalt In cofii i gint. that are n.ppiopriate fo. th
sy=terns i which the, were de dgaed Manufactoofs
ot -abnoption chilters Tu tstance are olten T lias
with the steady state mudeling of these uaits but
untarmthiar with thelr Ganstent adeling  because
transient modellog 1s col olten nocessary for conven
tional operation  The tratstend hatacenzation be

CrnEs lripaatant (hu.,;h thie hi”t;l 1% Tiv. st

A5Y ht‘\x
pufated it a salar eatl ol Hon oy st ome bes acne the
':lJt,h A YT S ]
ot l'u;

toprul leaymeralur, Lo [he goiiortatod 1)

rmay a0l be corsean The tanster o L ehiavio,

g'lillij‘l mu] tis Iri”;n:-i s E W iin (_‘l.j” yoslesite s, Taulosn

sl lhereioie be unde.ste sd  The poleniial mang
fac tuieis Pliay K1 ET | \Hlt.’i’jiﬁl:lll\.j 1t woaapretallesn ot all
wlbser o [N R ST R e sy sl sy bie o aatile
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and cooling 5y5tem5 for varying system configura-
tions, climates, buﬂdmgtyp&s and compeling energy
types. System analysis includes system modeling and
testing to vilidate the performance models and to
provide data on system operation, Because building
and energy types, climatic zones, and systerm config-
urations are all subject 1o considerable variation,
complete system analy sis is extremely -complex. For
exarﬁple, solar colleclors can be combined with heat
pumps¥in dozens of ways lo pravide net heat output.
There are at least 1 1 different U.S. climatic zones and

5 differert building types that must be considered,
and fueltypes and prices also vary greatly. As a result,
the entire set of these possibilities has never been
evaluated for even the simplest solar heating system.
It is not necessary ta evaluate every Cdse, bEgau&E
many are clearly inappropriate, but a comprehensive
analysisisnecessary foreven a first order evaluation
of combimations of heat pumps with salar heatmg and
cooling systems.

Disse

{ omponent tests and lﬁiegratéd systern tests will be
carried gut under the proposed solar heating and
couling R&D) prograrm These SYS[E[{I tests will pro
vide inlormation on adual syslerd operating and
mainesance characteristics. They ‘will also provide
data for validating the models developed 1o predict
system perdormmance. There will be relatively few sys.
tem tests, and they will be carefully chosen to provide
information o the types of systems most [ikely to be
SOOIt a”y and u[_;’ﬁfr.;![lui’]ﬂ”y useful (Eéfﬁafkdbly
little nformanior of this type exists at the present
time ) Wherever possible the syslems tested will be
those shieady 1o luded 1 the R& D prograim o in the
denmicasiation program Where suitable arrange
ments carl Be miade  syserns bult privately or by

uther Governmenl msitutions can be \fot’d

A —.L;ghplglwsn;qhi;‘ praf allel pl.;n! g¥|” LIR: :Ji;\tlupﬁsl
L, dissenitnate this information on system testing to
the vartowns user giowps  This will be doive through
gt ts, conterenae proceadings, ad surinriary indle
Hal such as design gutdes handlaooks and Compen
hoss tazshs which speaifically

vllection and systuint analysis

Jia ot the sesalts W

Lujn;t:—;‘. Il sinnat Koo,
Care will be lahen thatthe pubhicatioan are phased 1o
correspund o the RA D plan accomplishments These
Jats o u,“;;i.ljauu and witrnratton disseiningt o activi
ties will he cocsrdinated when possible with the cen:
Ualizeed data « u”m e sis arud LM rnatton Jizsenining
o ayseerie tabslished nide . the Solar heatingrand
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Non-Engineering Aspects

\ The economic, institutional, and social environ-
ment in which solar heating and cooling technology
will be applied must be analyzed. All of the following
are necessary:

® Collection and dissemimation of information
on economics, legislation, market structures,

*  consumer attitudes, etc.

® Analysis of policies that may have an impact
on the commercialization of solar heating and
cooling.

® Research on factors that might affect the ac-

- ceptance of solar heating and cooling systems

and development of acceptance design goals
for thd R&D program.

ERIC
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The information gathered in these steps will serve
several purposes. It can be used in establishing priori-
ties for the R&D program as well as for individual
paths in the program. It can also be used to identify
possible impediments to the widespread use of solar
energy systems. Once the impediments are identified,
policies can be designed to overcome them.

Approximately forty non-engineering tasks have
been identified and grouped according to the seven
classifications in Table -3, The tasks thernselves are
described in the fifth sectigffof Appendix B. Because
these tasks involve queslons common to all solar

 applications, they are nof associated with particular
R
paths. Instead, the importance qof each task to the total

R&D program (including the building and the agricul-
tural and IﬂdUStFIBI process applications) is given in
Table D-1.



Part Il. PATHS
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SECTIDN Hi

R&D PROGRAM STRUCTURE HEATING AND COCSTJNG
OF BUILDINGS

This section describes in detail the ten dlfferent
paths to the solar heating and cooling of buildings.
Table HI-1 lists the paths, their designations, and
features. The table is followed by three illustrations
(Figures 111 to IIl-3). The three figures show the
paths to solar heating of hot water, solar heating of

3 ¥

buildings, and solar cooling of bulldmgs Indjvidual
descriptions of the paths follow in order, Each de-
scription contains a general comment, a discussion of
the recommended R&D strategy, a tabulation of the
principal R&D task groups, and charts which indicate
task sequence and milestones.



TAELE -1

PATHS TO SOLAR HEATING AND COOLING OF EUILDINGS

APPLICATION JDESIGNATION ENERGY’ GQLLECTIQL! QR ECTIDN ENERGY CQNDITIDNING
Service Wi Lnﬂutd-Hgating Collectors None
Hot 3} Conventional Flat Plate
Water b) Advanced Non-Concentratings
] W? Air-Heating Collectors Nome
‘ al  Conventional Flat Plate J
b) Advanced Non-Concentrating
Space H1 Solar- A;slsted Heat Pump Heat Pump
Healing al  Environment Heat Pump
bl Direct Solar Heaung of Space or Structure Heat Pump
¢)  Liguid-Heating Collectors Heat Pump
d)  Air-Heating Colleciwrs Heat Pump
e} Advanced, Non-Concentrating Solar Collectors
H 2 Direct Solar Heating of Space or Structure Nore
HJ Air-Heating Collectors None
4)  Conventional Flat Plate
‘ b} Advanced, Non-Concentiating
t4 Liguid Heating Collectors Nore
al Canventional Flat Plate
bl Advariced Non Cuncentiating
——— ,-,—..-s,iL . E 3 B e e e S ———in 1 e ,_,—,;#;—" = ;l, —
Space ¢l Concentrating Collecturs Absorption Chiller
Cooling Rankine Cycle Chillgr
Lo Bdvanwed, N Gutivenu allig Ledllssiin z iﬁ_bsﬂfijtiﬁn Chiller
Rankine Cycle Chiller
. 3 Flat Flate Collectuis Desiceant Chiller
al - An vHesung Colle.......
L Liguid Heating Collect....
ca cvaporative and Night-Effect Couling Mone
e ] - k e e e - — e O - — - I —
(R ;‘"l 2 6
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' ENERGY CONDITIONING = ASPLICATION .

EIVIL‘E

LN

"~ LIQLIIBHEATINE
EQLLEF.‘TH.HS ;

. SOLAR :
.+ AIR-HEATING
COLLECTORS

¥
ADVANCED . -
NON.CONCENTRATING ,
\\_SOLAR HEATERS L .
ABSORPTION OIS |
— RANKINE CYCLE
CONCENTRATING CHILLER -
NON-TRACKING —
\ SOLAR HEATERS .
' L o CONCENTRATING .
' TRACKING ,
] : SOLAR HEATERS -
NIGHT EFFECT ‘ . - _ B
N COOLING : DESICCANT
{ NVIHONMENT : CHILLER R
EVAPORATIVE .
COOLING )
FIGURE I11-1
PATHS TO SOLAR HEATING OF SERVICE HOT WATER
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. LIOUID HEATING

COLLECTORS

SPACE
HEATING

NON-CONCENTRATING
SOLAR HEATERS

ABSORPTION OR D
RANKINECYCLE |* : ’
- CHILLER- ; ol =

CONCENTRATING
NON-TRACKING
SOLAR HEATERS

CONCENTRATING
TRACKING
SOLAR HEATERS

NIGHT EFFECT —] \
COOLING DESICCANT _
R CHILLER ,

EVAPORATIVE
COOLING

FIGURE NI-2
PATHS TO SOLAR SPACE HEATING
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AWK ENERGY GOLLECTIONMEJECTION - ENERGY CONDITIONING ~ “APPLICATION

LIQUID-HEATING
.COLLECTORS

=" SOLAR .
. --AIRHEATING -
COLLECTORS

CHILLER

NON-CONCENTRATING
SOLAR HEATERS

ABSORPTION OR
RANKINE CYCLE
CHILLER  °

“CONCENTRATING
NON.-TRACKING
SOLARHEATERS

e o
i

CONCENTRATING
TRACKING
SOLAR HEATERS

NIGHT EFFECT
COOLING

I EVAPORATIVE
COOLING

S - FIGURE 1113
- ~ PATHS TO SOLAR SPACE COOLING
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I.IQUID-HEATING coLLECToRs Dol
“FOR S PR

~ SERVICE HOT WATER
7 PATHWT.

;GENERAL Lo S - 0 Navel de5|gn nfapprupriate heatexchangers
‘ In thls system water or annther Ilqund passes ‘terriperature droa E takeﬁ gf ;

eating " collectors- (flat plate and/or .- . - :
advanced non-concentrating) and transfers heat to a * :::lfact thatthe o
ifater storage tank, either directly or thmugh a heat - e
cchanger. Thermal storage will usually be in either ©~ @ Finding the apprcpnate methcd cfcannectmg
Pihe normal domestic hot water tank or in a separate - collectors. . - . L= :
preheater tank. Freeze protection is a major design . : L SRR
" consideration in most climates. Hot water heating is ' ..
« more- economical than space heating because the ~ R&D EMPHASIS e

- equipment can be used all year, thus achieving a high Materials Cha
| the col- rials racterization and
__total energy yield from the col lectors. Since the col Develo prnent : v )

“ lechipe area needed is small (from 5 to 200 sq. ft.), \
ample rooftop space is usually available for mounting -~ v CQIIEttcrs glazings, surface ccnatlngs, sealants
the collectors, even in a retrofit situation. Since the
investment for hot water heating systems is small,

. many people are able to install them. A special prob- - "Heat exchange materials
lem arises in that the system must interact with the
potable water supply without danger to the health of :
the users. _ Liquid/multi- metalhc corrosion effects

-Coolants: emphasis on non-toxic coolants
’ Plumbing materials

. Freeze protecfion techniques
Insulation materiak

R&D STRATEGY ‘ ‘

The objective af this path is fossist a small but Camponent Deyéigpme“t and Testing .

- viable and developing solar water heater industry. To c ] ’

accomplish this objective, the basic characteristics of

the many approaches to service hot water heating ., Storage tanks: including. stratification and auxil-
will be identified. The emphasis will be on determin- ~*  jary heater configuration -

ing basic climate/perforrnance characteristics for
these approaches. This will be accompanied by mate- Heat exchangers: fluid to fluid and dll’ECt contact’

Collectors: including method of connecting .

e

rials charagwerization, testing, and evaluation. A sur- Rgﬂecturs . , e,

* vey will made of various approaches to freeze ’ ' ( - <y
prcﬂeﬂiﬁﬁ “methéds of integration with existing hot System Analyms - : e
water systems, and cost-performance characteristics : : ‘,‘
of existing marketed syst_ems Several points will be Market 'd.Emlf'CE“D" o T

.emphdsized: Performapce |denqggaudn energy yield as a
e The question of stratification in the storage function of climate;system configuration and >
tank and how stratification is affected by the design, COIIEC‘? performance characteristics,
shape, type, and location of the auxlhary domestic hot wilter use pattern and temperature
heaters. - requirement, and collector shading

¢

§ . . .
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MATERIALS STUDIES ' —————

."

© ©

‘ B . ? i . 2 B .
. COMPONENT MODELING et ..

WATER TANK STORAGE-STUDIES

s

" PRELIMINARY SYSTEM STUDIES, .
HANDBOOK '

® 6

C .
NATIONAL CLIMATIC AND SOLAR | _ oy
DATA | — |

o

VALIDATE MODELS FOR VARIOUS PR . ‘ —
CLIMATIC REGIONS J/ — ' é

FINAL CALCULATIONS OF COST &

®

PERFORMANCE FOR VARIOUS | '
CLIMATIC ZONES,. HANDBOOK L e o

b

1/18 A@mpﬁm system studies identifying of system simulation
~ perfarmance and cost characteristics for { on improved system
systems chosen for various climatic agd collectors), validate mathematical
regicns. This will be done assuming - mpdels, and certify that the final phase
validity of current simulation tech- should proceed.
N and the characteristics of existing 6/79 /3\ Repeat above system analysis based on
ardware, Publish preliminary o - A o
handbook. == validated mddels and improved compo-
I -t ' nents, Publish revised handbook.

\

L1

IGURE IlI-4 -

LIQUID-HEATING COLLECTORS FOR SERVICE HOT WATER
PATH WTYACTIVITY SCHEDULE




MATERIALS -

STUDIES . _ -

. com iﬂNEN’T

@

-

VALIDATE MODELS
FOR.VARIOUS -
CLIMATIC REGIONS

¥

TIONS OF COST
PERFORMANCE
FOR VARIOUS
CLIMATIC ZONES,
HANDBOOK ,

N

- PR

ELIMINARY
SYSTEM STUDIES,
HANDBOOK

1778

NATIONAL CLIMATIC

AND SOLAR DATA

FIGURE 1116 o
LIQUID-HEATING COLLECTORS FOR SERVICE HOT WATER
PATH W1 FLOW CHART



_ ﬂswillpnerallybeaﬂ’nerﬂie,f

."i_f_;. !;_AIR-HEATING CQI.!.ECTQRS
_FOR

SERVICE HOT WATER o -‘f _ o

ot AW

’ _'_R&D EM?HASIS Y
Mateﬁals Chaadenzaﬁonand

Thl u!e-vf airshealing c@lleﬁnfs for semce hot

water tank ur\a\separale prehealer tan

‘R&D STRATEGY

The objective of this path is to determme the eco-

- nomic vigbility of the air-heating approach. The pro-
grim will emphasize identification of the’ perfor-
mance characteristics for various collectors and cli-
mates. Materials work will be directed prineipally
toward jmproved collector durability and perfor-
‘mance. Systems will be packaged so as to reduce
costs and a few systems will be evaluated. Higher
temperature callectors will be emphasized in order to

compensaté for the heat-exchange temperature drops

ehewhere in the system. Storage tanks and auxiliary
hedters will be designed to maximize stratification.
The best pattern of collector connection will be deter-
mined:- '

o Anr—heaﬁng eﬂlleclnrs
Heat exchangers: air to water and dlrect contact

Tanks: emphasis on stratification and proper ge-
umetry and location of auxiliary heahrs

- ":t:nllecbr g.l;.zing, “irface cgaﬁng, sgalanu e
*"‘:mqlshmﬂmw convection

Insulatlan matgﬂal s (5' } e P

.-.ﬁ.,}ﬁ-n; .

System Analysls

Performance identification: energy yields as a
function of collector performance, system design
characteristics, climate, storage size and config-

grétian, and water use characteristics
Cost identification: emphasis on existing equip-

ment and pre-packaging
Retrofit installation compatibility

System | Té-fstir'lg

Conduct a number of identical system tests in _
various Icn:ations to validate theury “and models
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‘_

A_

STEDY OF. EKH‘TIHB @I,LEG‘I’ERS
CcosT. AHB IEI‘EHE‘V :

GOMPONENT MODELING

mj;n TANK STORAGE STUDIES

" PRELIMINARY svs*reu s*rumes. B
HANBEQOK -

NATIGNAL GUMATIE AND SDLAH
DATA

Ty
VALIDATE MODELS FOR vamc:us
CLIMATIC REGIONS ° ~

- FINAL CALCULATIONS OF COST
"AND PERFORMANCE FOR VARIOUS ' .

CLIMATIC ZONES, HANDBOOK

1/78 Aﬁﬂmﬂﬂe system studies dentifying

performance and cost charactéristics *
for systems chosen for vaious climatic’
r-glnnz This will be done ssiming

e E

MI'LESTDNES

1/79

v;hﬂlty of current silfjulation techniquet and

characteristics of existing hardware.
Publish preliminary handbook.

aﬁs- /.

FIGURE Ill6

Gamphm a raview of system simulation
tachniques (based on improved
“and collectors), validate mathemitical -
‘models, and Er’tifv that i:hq finad hhlﬂ
;hauld proceed, -

Repaat sbove :y:i-m lﬂllvm bl:ld
validated modeis and mpfoﬂd Eam
Publish revised hmdbaok |

AIR-HEATING COLLECTORS FOR SERVICE HOT WATER
PATH W2 ACTIVITY SCHEDULE T
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VALIDATE MODELS |
FOR VARIOUS w—— L T
cunaTic recions. |, FOR VARIOUS .
CLIMATIC REGIONS .| cumariczones, |
stomagestuoes [ A f 0 G oL

| eRecminary |/ SN oy | o
: SVSTEMSTUI;}SS., g |
- HANDBOOK : ) -

PERFORMANCE

- | NATIONAL CLIMATIC
AND SOLAR DATA

~ A

C FIGURE 1117
AIR-HEATING COLLECTORS FOR SERVICE HOT WATER
PATH W2 FLOW CHART




SPACE ,EATING

"-GENEEAL
“The objective of this path is the introduction of |

vsalar*assisted heat pumps mm the market in a cost-

at _tivity analysis will be carried out for vanms climatic
" zones and

energy to gener-
energy. Solars
the spreadiﬁg of

Thg low temperature energy source fnr the heat
‘pump could be supplemented by various types of
collector:

\i

@ Direct solar heating of a space or s tructure

(e.g;, a solarium or a pmperly constructed
- south wall).

" ® ‘Solar hquld;heatmg collectors.
® Solar air-heating collectors.
& Advanced non-concentrating calle::tnrs‘

. Improved performance heat pumps will be developed o

.be made through computer snmulauan of thase con- .

PATH H'I

R&D STRATEGY
A comprehensive analysus of symmsensmvny will -

design pararmhrs. Performance prec i(;ﬁng S
will be done both for currently available heat pumps -
and for improved performance heat ’
second phase, a few operating systems will be builtto -

validate the model and obtain operating. experience. ..

~ and cost tradeoffs studied. The technology base for -

the required collectors, storage, heat” pumps, and_‘

cher subsystems must bégstabhslﬁd

. unnesessary duplu:atlnn Df effort.

Extensive system analysis will be necessary to iden-
tify those configurations that will be most cost effec-

tive in different cllmatn: zZones.

Thermal starage can be used on both sides of the
heat pump. Low temperature storage smoothes the
mismatch between solar input and load demand.
High temperature storage can level or even invert the

" The solar heatirig and cooling R&D program of the :

“Electric Power Research institute (EPR]) emphasizes

the development of solar-assisted heat pumps for
space heating with the purpose of providing energy
load management flexibility for electric utilities. Co-
operation between the EPRI and ERDA programs has -
been established and will be maintained to avoid

="

SYSTEM TESTS

The R&D program will probably sponsor_several

full operating system tests. These will be carefully

electrical load profile. Low temperature storage de- -

vices will vary with the source, while high tempera-
“ture storage will generally be by means of a water
tank.

The economic attractiveness of this approach is
increased by the fact that the heat pump can be used
for space cooling during the summer, transferring
heat from inside the space to the environment.

]

ca}

o,

29

designed to correspond to configurations which have -
been identified as optimum for the. several different
climatic zones. The systems will be thoroughly instru-

‘mented, and their performance monitored and evalu- -

ated. The primary purpose is to validate the computer
models used to choose the optimum systems and to
identify appropriate design mprnvements .

R&D EMPHASIS

Materials Characterization and
Development

Since most of the applications are low tempera-

e, o the-



I.md pmﬁle d:ﬁnniniﬁnn and utillly lnﬁri:-

Cm Idnnﬂﬂ;itlon ; ',‘f::;af ‘cogs usin;cxinlngz L
~ equipment and technology, cost allocation due - -
' -to. summer use af hgat pump far t:oallng

Amhimal Inmﬁgn S

lAsgssmts of domestic hot water add-on. an
* retrofit potential . ‘

System Te.lting

l’brfui'm léarliﬁﬁman energy yield as a Dah gathering on existing systerns
~ “function wﬁmeaaﬁguﬂﬁonandde;ign,:ol- - m tesis _
~ “factor performance, climate; storage characteris- - New syste

d’a, an:l heat ﬂlﬁ diaraclzﬁsﬁes : Model and theﬂry valldation

- A B S T ORI =

il i e

Cr

30

48




eaumum-m :%umss

ERR @ | ;@TEB!@LSSTBBIES

. _ @L;Egmn EVAFUAT!?ﬁ" n

OB _ COMPONENT DEVELOPMENT

:(8) " CONSTRUCTION OF
. - TEST SYSTEMS

/= EVALUATION, MODEL ° =
! VALIDATION, & HANDBOOK

- 4/78 Publication of the rasults of solar-assisted
— . heat pump configuration studies, identi- ¢
fying the most sffective design approsches
for each climatic zoi+.

v:liﬂitim_ ‘of computer simulation madals
= of solar-assistad hast pump systams, .
Publication of results in a handbook, . -

- 1/79 A Salection of several designs of solar-sisisted .
heat pump systems from among those
tubmitted in response 1o a design compsti-
tion. Awarding of contracts for construe-
tion.

FIE&HE n-8
Dl SOLAR-ASSISTED HEAT PUMP FOR SPACE HEATING
PATH H1 ACTIVITY SCHEDULE |

-

3
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1 L { @ ) ;_) -

DESIGN" | | CONSTRUCTIONOF [__
COMPETITION - ="} TEST sv‘sfems \ B

EVALUATIQN;
MODEL

‘VALIDATION,

s, Y

_— FIGURE I11-9

. SOLAR-ASSISWED HEAT PUMP FOR SPACE HEATING ’

PATH H1 FLOW CHART

32
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DIRECT SOLAR HEATING OF SPACE OR STRUCTURE
PATH H2

GENERAL

For most buildings, normally incident sunshine
provides up to 30 percent of the heat requirement that
the building would have without direct solar gains. If
the structures are improved, however, that figure can

be raised to 50 percent. Design techniques for ac-

.complishing this include improving windows and

walls, adding skylights and clerestery windows. and
modifying roofing sections.

Thermal storage is usually necessary o vbtalin sola
heating fractions greater than 50 percent Energy will
usually be stored in portions of the structure with
large thermal capacities (walls, floor), in specially
designed storage units located in or adjacent to the
heated space, or in separate thermal storage units
coupled to the heated space by forced or natural
circulation.

In some building Jdesigns sevable vodauon
used to decrease heat losses at night. Such insulation
used with a conventiunal heating system keeps tem
perature variations in the building within acceptable
limits

K&L SIKA0Ls.y

Emphasis will Le
storage, and heat rle. 2 cha e 20 o
system designs. Therma, sunulation comg e 1 <dels
of these systems will be generated. validat.d, and
used to determine system design parameters and ef
fective geographical ranges The energy yields that
can be expected in cach climatic zone will also be
determined. Architectural integration and cost effec-
tiveness are of paramount concern in the evolution of
each design, and information disseinination is pef-
haps more important for this task than for any other

[his L;‘!ltgul}f Inebonde s Lo ieadl !gahhlfid L
passive solar heating conc. pts

I

R&D EMPHASIS
Materials Characterization and
Development
Structural or coating materials for storing water
in containers in sunlight
Phase-change materials with containers for heat
storage at or slightly above room temperature ¢
High transmissivity glazings
Heat transport fluids which expand on cooling,
providing a reverse thermosiphon
Component Development and Testing
Thermic diode wall or roof structure

Light and heat flow-control devices

system Modeling
identify basic characteristics of cach type of sy»
tem

Validate systein Models

3, stem Analysis

Pedurmance Identificalion. concigy ylehds as a
function of system type, sola: load ratio, cliinauc
cone. and design parameters

¢ ust 1dentification, cost chaiacteilslics clallive
o syslem type

(st diSU!bUtiUH wlosi ‘uu!pgllélllé lig. o s slil
bined functions (a wai, for instance thut has
structural and heat storage fugctions)

Architeclural integratiun

Retrofit potential

L, -tenm ieﬂing
[Jata gathering v ., . ... 4

mModel and theory validauor



TASK GROUPS
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FY 1978

FY 1979

FY 1980
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SYSTEM STUDIES OF EXISTING
BUILDINGS

VARIANTS OF EXISTING BUILDINGS

MATERIALS STUDIES
CONTROL STUDIES
HYBRID SYSTEMS

SECOND GENERA I 1uN FASSIVE
HEATED 5YSTEMS

H

[ e
desty 1z for Gal boogs oo,
pace o/ shoucture.
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SYSTEM STUDJES
OF EXISTING
BUILDINGS

: VARIANTS OF
A ) EXISTING
4/78 BUILDINGS

10/79

MATERIALS
STUDIES

CONTROL
S5TUDIES
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SYSTEM:

A
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AIR‘HEARING COLLECTORS

: FOR
; SPACE HEATING
- PATH H3 :

GENERAL

In a space heating system employing an air-heating
collector (flat plate or non-concentrating), air passes
through channels in the collector and is heated. The
heat is transferred to a storage system, usually a bin of
rocks under or within the heated space. Where space
or weight limitations require it, other storage media,
such as containers of water or a phase-change mate-
rial (paraffin or a hydrated salt), may be considered.

gh air has a low heat transfer coefficient, the
system can ke designed for performance comparable
to that for a Wstem using liquid-heating collectors
and water tank storage. In addition, the air system
offers potential advantages in cost, ease of installa-
tion, maintainability, convenience, and durability.
The system lends itself to a combined space heating
and domestic hot water heating application. Its pri-
mary disadvantage is that the volume required for
thermal storage and ductwork may argue against us-
ing the concept in retrofit applications.

Altho

R&D STRATEGY

Emphasis will be placca ... - e
state of the art up 10 the luvel achieveu fo. Niquid
systems. This can be done through collector de velop-
ment stressing performance, cost optimization, mate-
rials, and testing and through system development
stressing design and layout configurations that mini-
mize system costs. Hybrid systems that use direct
solar gains will also be extensively investigated

!u!..n.‘,a et i

/
/R&D EMPHASIS

Materials Characterization and

Development '
Collectors: glazings, surface coatings, sealants
Phase-change materials for storage

Component Development and Testing
Collectors: general
Improved heat transfer in collectors
Rock beds
Tube bundles: including phase change
Model and theory validation

System Analysis
Performance identification: energy yield as a
function of system configuration and design, col-
lector performance, solar load ratio, climate, air
leakage, and storage characteristics
Cost identification: survey of costs in existing
systems and breakdown of costs by major cate-
gories
Architectural integration
Assessment of domestic hot water add-on and
retrofit pdtential

system Testing
Data gathering on existing systems
Model and theory validation: emphasis on stor-
age behavior and various energy loss mecha-

- nisms '
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TASK GROUPS

Fy1977 |

EY 1979

® ©

a/7i

1/78

PRELIMINARY SYSTEM SQUDIES, —

HANDBOOK

MATERIALS STUDIES

COLLECTOR AND HEAT TRANSFER
STUDIES AND DEVELOPMENT

THERMAL STORAGE STUDIES AND e

DEVELOPMENT

SIMPLIFIED DESIGN METHODS,
CONFIGURATION STUDIES

VALIDATION OF SYSTEMS ANLD

MODELS

Foglboon o

-

‘.

of best syst.ins fuy various Wlim

Publish handbook

A

As aresuit of systs

T LT

oo dsl EurHe

LI EE P

" development materias study and con

struction of tinal simuiavions, finel

systems are confirmed tur various

chimatic Zones

R

CVEGUONS

Madels chosen are assambled and simulations
are validated based on data from operating
systems. Results are published.

“*‘”:’& Handbook surmmdarizes system cost and

performanca characteristics.

0y b AL LB A §iss..

LS ACVIVITY SCHEDULL



PRELIMINARY ’
SYSTEM STUDIES, ¥

——s

COLLECTOR AND
HEAT TRANSFER
STUDIES AND
DEVELOPMENT

|

. _ " PREDICTION OF
COSTS AND
-PERFORMANCES

VALIDATION OF
i‘;‘SE,ng%ELS IN VARIOUS

AN CDELS CLIMATIC ZONES,
- - e s o HANDBQQR

MATERIALS
.. .STUDIES

©_

f & | A

THERMAL STORAGE
STUDIES AND
DEVELOPMENT

. , ,

SIMPLIFIED DESIGN
METHODS, CONFIG-
URATION STUDIES

1778

T T IR
LRI R Iy & 'OKS FOR SPACE HEATING
HATH H3 FLOW CHART
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LIQUID-HEATING COLLECTORS

" FOR
SPACE HEATING |
PATH H4 ’

GENERAL

This is the most familiar of the solar heating.paths.
Solar liquid-heating collectors for space heating have
received extensive development, but they have
proved expensive to ﬁurchase and install. Extensive
research and development is necessary in order to
determine the best techniques for operating them in
various. climates. For instance, where space heating
determines the collector array size or where a net
space cooling requirement cannot be met by night-
effect or evaporative codling, a chiller coupled to the
liquid system might provide a small cooling capacity.
Thermal storage will usually be in an insulated water
tank,

This path will likely be developed regardless of the
early results from this directed R&D program. It is
appropriate to stimulate its development by providing
the best possible materials and information.

R&D STRATEGY

"The vigorous national industry i1n this area will be
supported by collector R&D that stresses materials
characterization and devélopment Installation costs
will be reduced by simplifying manifolding, connec-
tions, and thermal storage assemblies. Resuits of nu-
merous system tests'will bg made available, computer
simulation c:cxie;}swill be|validated, and simplified

methods of system desngn will be determined and
described.

R&D EMPHASIS
Materials Characterization and
Development
Collectors: glazings and coatings, sealants, se-
lective surfaces, coolants, and insulation

Componént Development and Testmg
Collectors: general
Thermal storage tanks

System Analysis
Validation of detailed computer simulation
models using test results for existing systems
Evaluation of simplified handbook methods for
predicting system performance -
Cost identification: survey of costs of existing

systems with breakdown of costs as to equip-
ment and labor for the various subsystems

system Testing
Continued compilation of data from adequately
instrumented system tests
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PRELIMINARY SYSTEM STUDIES,
HANDEOGK

coL

DLLECTOR STUDY AND |
DEV

ELOPMENT
¥

mr

MATERIALS STUDIES

SIMPLIFIED DESIGN METHODS,
CONFIGURATION STUDIES

VA
MCJ
PREDICTION OF COSTS AND

CLIMATIC EDNESi HANDEQDR

1 [ETN S LTl

of best svstarns for vavicus tllm =
Pubinh handbuok

o+
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deveropmeaat miatefiais study and

Cor

structiun of tindl siMmulaticns fronal

systems are confirmied Tur va. wus

chimatic sunes

i

iiia ’}35 Dy ststis aie wuiatiutlsd o chotenh from
— Demonstration Program, and codes are

validated

ty ié@ Publication of results.

Handbook sum-

marizes system costs and performances.
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PRELIMINARY
SYSTEM STUDIES

COLLECTOR
STUDY AND
DEVELOPMENT

MATERIALS
STUDIES

VALIDATION OF
SYSTEMS

PREDICTION OF
COSTs AND .
PERFORMANCES

AND MODELS

THERMAL STORAGE
STUDIES AND
DEVELOPMENT

SIMPLIFIED DESIGN
METHQDS, CONFIG-
URATION STUDIES

Auure il 15

A eaTH
4 . o

H4 FLOW CHART
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IR VARIOUS
CLIMATIC ZONES,
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CONCENTRATING COLLECTORS WITH ABSORPTION OR
RANKINE CYCLE CHILLER
f FOR
SPACE COOLING

PATH C1

¥
GENERAL

Heat driven chillers can be of various types: ab-
sorption, Rankine cycle, desiccant, etc. The perfor-
mance of these heat engines is markedly influenced
by the temperature of the available heat. Their use
should be especially considered in thase areas of the
country where high humidity keeps night-effect and
evaporative cooling from being effective.

Absorption chillers normally operate at tempera-
tures over 230° F, though they can be made to oper-
ate at lower temperatures. They have been designed
to operate in the temperature range required by the
air conditioning device. This makes possible the use
of an air-cooled condenser. Cancentrating collectors
are likely to be the most cost-effective types of collec-
tor in this temperature range. In high humidity cli-
mates, space heating is usually best accomplished by
the same collector and storage system that is used for
cooling. The collectors operate at very high efficiency
at the lower temperétgres required for space heating,
and the thermal storage capacity will be increased
because of the wide temperature range available.
Collector concentration ratios will generally be less
than 10:1. The area of the absorber will be reduced
by the concentration ratio, thereby reducing the heat
loss from radiation and convection. Concentrating
heaters will generally use either refraction (through a
lens such as a Fresnel lens) or reflection (from curved

*or flat surfaces) to achieve concentration. Concentra-
tion will usually be two dimensional, such as is
achieved in a cylindrical parabolic trough. However,
three dimensional concentration, such as is achieved
with a small mirror tower, should also be considered.
At a 10:1 concentration ratio, the concentrator must
be able to track the sun on a daily basis. Single-axis
tracking has not proved as difficult or as costly as was
originally anticipated. A 5.1 concentration may be
obtained with fixed east-west mounting.

Thermal storage is a major problem at ternperatuies
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above the boiling point of water. The use of pressur-
izegd water would probably be the most cost-effective

fution, but other approaches should also be consid-
efed—e.g., the use of collector coolant for storage.
Hot storage may be as brief as two or three hours,
providing only enough time to smoothe out variations
in solar input and to accommodate the load’s natural
timing lag. Cold water storage will probably be more
cost effective for long terpy thermal storage. Large
quantities of cold water will be required, however,
because the working AT is small. High and low tem-
perature phase-change stdrage materials may be very
desirable,

R&D STRATEGY

Two areas must be emphasized: high temperature
collectors and n-off cycling. Simple and reliable
concentrating collectors, both tracking and fixed,
must be developed. They must be capable of a daily
efficiency greater than 50 percent at average fluid
temperatures around 260° F. Since the chiller will be
a major cost item in the system, it must be operated at
nearly maximum output. This ®ll require generator
temperatures of approximately 230°F and continu-
ous operation. Current data indicates that the average
Coefficient of Performance (COP) may be decreased
from a rated value of 0.6 to 0.3 through cyclic opera-
tion. The chillers may have to be partially redesigned
for the solar application, but manufacturers of absorp-
non umts have shown a wnllmgness to do whatever

wa rram their mvestment

The Rankine cycle/vapor compression effort will
emphasize the development of models of varying
size. These devices offer costs potentially lower than
those for absorption chillers, and their efficiency in-
creases with input temperature. R&D systems must
also be designed and constructed. These systems can
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be used to identify operating characteristics in
field and to validate detailed system models.

R&D EMPHASIS

Materials Characterization and
Development

the

Lens and mirror materials and selective surfaces
resistant to exposure must be designed; and
liquid coolants must be developed. Questions
regarding cost, fabrication, availability, and op-

eration must be settled.

.

Component Development and Testing

Develop models for heat loss mechanisms for
various absorber/container configurations and

materials

Validate models and theory of operation in the

following areas:
® Fresnel lens concentrators
® Parabolic trough concentrators

Compound-parabolic concentrators

Mirror tower reflectors and collectors

A

® Absorption chillers operating under design,
off-design, and transient conditions
® Rankine chillers operating under design,
off-design, and transient conditions
.

System Analysis

Performance identification: net energy vields as
a function of system configuration, collector per-
formance, chiller performance, storage size and
configuration, and climatic zone

Cost identification: cost characteristics for var-
ious collector and system options

Architectural integration: methods of mounting
movable hardware on buildings

Integration with service hot water (or process hot
water, as in laundries) and space heating

System Testing

Construct one R&D system test for each ap-
proach considered attractive'in a given climate
Detailed data gathering on above tests

Model and theory validation

Detailed cost and performance calculations in
various climatic zones, summarized in a hand-

book



TASK GROUPS FY1977 | Fy1e78 | FY 1979 | Fv 19680 | FY 1981

DEVELOPMENT OF CONCENTRAT: _ ————
ING GOLLECTORS S )

MATERIALS STUDIES L —
STORAGE DEVEL@PMENT — N

CHILLER DEVELOPMENT: FIRST S
GENERATION

PRELIMINARY SYSTEM STUDIES ————— 1 .

SIMULATION DEVELOPMENT =

BUILD AND TEST VARIOUS CON-
" CENTRATING COLLECTORS AND I S —
STORAGE SUBSYSTEMS é

MODIFICATION, FABRICATION,
AND SYSTEM TESTS WITH AVAIL
ABLE COLLECTORS, VALIDATE
SIMULATIONS

© 0OOOOO O

SYSTEM STUDIESFUH vAHILLS
CLIMATIC ZONES, HANDBQOK

SYSTEM TESTS. CHILLEHSWIIh
ADVANCED COMPONENTS, VALI
DATE SIMULATIONS

)

ﬁ) FINAL SYSTEM S1uLes =
) FINAL HANDBOOK EE

i I —
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/
4;75{ E Feoliier, o, et . s3: Currently available absorption and

T developmeit [2ad Ly mm._ 3ot vuile Rankine cycle chillers tested (separately
and side by side). System studies per-
formed and pretiminary handbooks
generated for pertinent climatic zones

tors for fist gengration absu.piion tes,
and vanous lypes OF Most pramising
LLnLenirating coilevers Tor turthe:

development
f\ N /4\ Tests cunipieted with advanced components
N m-ézé Advarced cotnvitian e == and uriginal absorption units of varying
evaluated i SIMuldtions sl sre 72 4, sizes (SEéﬁﬁd ?ﬁifﬁ'iﬁn tests.) 5
foi secony generalion ab usibtiun ana/ i -
Rankine tests Stgfagr;- sys(8img Ji€ oo ! Systemn studies completed for vanci;;
evaluated et climatic ranges for adyanced-eoti®Giors

and second generation absorption
chiliers. Handbaok. i
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C s H’n‘lf.:;, i ELidRa wii i
et s duh OH RANRINE CYCLE CHILLER FOR SFAaCE COUI iNG
PATH C1 ACTIVITY SCHEDULE
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s DEVELOPMENT ) .
TRATING
' ] COLLECTORS
MATERIALS
STUDIES
e BUILD AND
\ TEST VARIOUS .
STORAGE CONCENTRATING . P
DEVELOPMENT COLLECTORS &
STORAGE
e T—— SUBSYSTEMS -
CHILLER
DEVEFOPMENT: « = - -
FIRST e
GENERATION SYSTEM TESTS:
= CHILLERS WITH | | ¢ )naL sYSTEM
ADVANCED STUDIES, FINAL
> COMPONENTS; HANDBOOK
— VALIDATE A It
PRELIMINARY SIMULATIONS A
SYSTEM. ' , /5
STUDIES . éﬂ% 6/8
= 1
A\ (e ©
e MODIFICATION, ©YSTEM
FABRICATION. STUDIES FOR,
SIMULATION AND TESTING | | VARIOUS
DEVELOPMENT WITH AVAILABLE CLIMATIC
COLLECTORS: ZONES,
VALIDATE HANDBOOK .
SIMULATIONS e R |
4/79
FIGURE 111117
CONCENTRATING COLLECTORS WITH
ABSORPTION OR RANKINE CYCLE CHILLER FOR SPACE COOLING
PATH C2 FLOW CHART
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ADVANCED NON-CONCENTRATING COLLECTORS WITH.
ABSORPTION OR RANKINE CYCLE CHILLER -

FOR

" SPACE COOLING
PATH C2
GENERAL ' . Higher temperatures will be achieved through the use

Low-loss, fixed-mount, solar liquid-heating collec-
tors will. be used to provide'suitable inlet termpera-
tures for gbsorption or Rankine cycle devices The
collectors wilt include advanced, non-concentrating
collectors such as evacuated tubes, honeycomb type
collectors, selective surface collectors, heat pipes,
and various combinations of these. These collectors
have the potential for operating at reasonable (40
percent) efficiencies at temperatures up to 300°F,
. and they may therefore be suitable heat sources for
chillers operating at generator inlet water tempera-
tures up to 230°F. This path will include standard
selective-surface collectors suitable for a generator
inlet temperature of 195°F. (This path differs from
Path C1 in including only thuse generators with tem-
peratures of 230° F or lower ),

The most cost-effective appruach 10 ac npliching
thermal storage above the boiling point of water is
probably pressurized water Other approaches, how-
ever, might also be investigated—e.g., using the col-
lector coolant for storage Hot stofage may be used
for short periods, perhaps as little as two or three
hours This will be sufficient only to smoathe out
variations in solar input and to a.comnmodate the
natural time lag of the cooling load Cold storage of
water or phase-change material may be more cost
effective fc:r“%ﬂﬁg term thermal siorage. Large quan:
tities of cold water or coolant will be required how
ever, because the working AT is small. Phase-change
hot storage should be consideied, because itis highly
desirable that the chillers have a constant tempera-
ture source

R&D STRAIELY

Three areas must Lo .. .
lure, hlgh efficienc, non coneer ve D ¢ i
low temperature generators, and un-ort cycling.

of high performance collectors. Collectors must be
developed that are simple, reliable, and capable of
daily efficiencies over 30 percent at fluid tempera-
tures averaging near 260° F. Since the absorption
chiller will be one of the most expensive items in the
system, it must be operated at nearly maximum out-
put.

Advanced systems must be designed and con-
structed. These systems can be used to identify aper-
ating characteristics in the field and.to validate de-
tailed system models. Because this path includes gen-
erators with temperatures of 230° F or lower, it will be
necessary to redesign the absorption generator or
Rankine unit to maintain adequate performance. The
absorption machines may also require condensers
cooled by water towers. (This will be a problem in
domestic applications and in areas where make-up
water is expensive.)

R&D EMPHASIS
Materials Characierization and
Development

Glazing and glaztng coatings, sealantd selecuve
surfaces, coulants, insulation, and absurbantre-
frigerant pairs

f

« amponent Development and Téstilg
Develop models for heat loss mechanisms for
various collector absorber/container configura-
tions and materiafs
validate models and develop chillers optimized
fur solar applications
Study and model transient pettonance of chill-
ers
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. CHILLER DEVELOPMENT: - N . . | N
oy FIRST GENEHATIC}N , B : . 1 co
. PRELIMINARY SYSTEM STUDIES S - : N
@) SIMULATIGﬁBEVEl@FMENT  p— | o L
~TRATING COLLECTORS AND e e S S . '
STORAGE SUBSYSTEMS - 2\ |
- ’ . . ! v ‘g
CHILLER MODIFICATION, FABR|-
o CATION, AND SYSTEM TESTSWITH R _ ]
AVAILABLE COLLECTORS; ) o ) - ®
VALIDATE SIMULATIONS
SYSTEM STUDIES FOR VARIOUS | 1
CLIMATIC ZONES, HANDBOOK - 2
~,  SYSTEM TESTS: CHILLERSWITH : -
(18) ADVANCED COMPONENTS; VALI- e S
~  DATE SIMULATIONS | Y/
® FINAL SYSTEM STUDIES, FINAL ’ RN S A
1) HaNDBOOK v, _ : —'1 A\
MILESTONES " '
4/78 A Preliminary system studies and collector 4/,’79& Absorption T‘éﬂ‘ﬁlﬂkiﬂi l:yﬁf chillers
development lead to chaices of collectors ) tested with currently availabls collectors.
for first generation absorption tests and ) System studivs parformad snd preliminary
various types of most promising col lectors ' harvdbooks generated for p-nlmrn
for further development, " climatic zores. : ..
4/79 Advanced collectors are evaluated in- lﬂlﬂﬂé Tests completed with advanced colisctors
" simulations and are ready for second " and wcond ganeration muan unitt )
generation absorption test and/or ) ‘of varylng sizs. o
second generation Rankine test. Storage ’ A
b crctare s 5/&1 A Systam studies complited for various
subsystams are evaluated. == climutic ranges Tor sclvanced collscions
and swcond ganarstion sbsorption chillers,
Handbook.
\\5 - FIGURE I1I-18 7 7
= ADVANCED NON-CONCENTRATING COLLECTORSWITH "

ABSORPTION OR RANKINE CYCLE CHILLER FOR SPACE CQGLING
PATH c2 ACTIVITY SCHEDULE




| MATERIALS
1. ~STUDIES

BUILD AND TEST
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SUBSYSTEMS
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CHILLER XN
DEVELOPMENT:L
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GENERATION SYSTEM TESTS:

: : - CHILLERS WITH
ADVANCED

FINAL SYSTEM |’

COMPONENTS;
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SYSTEM |
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SYSTEM
STUDIESFOR
VARIOUS
CLIMATIC

Al CHILLER-
, MODIFICATION,
A FABRICATION,
SIMULATION | N AND TESTING
DEVELOPMENT [ WITH AVAILABLE
COLLECTORS; ZONES,
VALIDATE HANDBOOK
SIMULATIONS _—
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: FIGURE I11i-19 o
“ADVANCED NON-CONCENTRATING COLLECTORS WITH

STUDIES, FINAL| -
HANDBOOK |-

4
678

ABSORFTION OR RANKINE CYCLE CHILLER FOR SPACE CQOLING

PATHC1 FLOW CHART |

A
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FLAT PLATE EDL E

SPACE [ele

RS)WITH DESICCANT CHILLER

LINC. o

PATHC3 "~

)

GENERAL

Desiccant chilling mvnlves the dehydration of air
by contact with a hygroscopic material. The air is
either kept at a constant temperature or cooled after
dehydration; it is thed chilled by the evaporation of
“water into the air. Sdlar heat is used to redry the
desiccant. This process has a potential advantage in
that it can be carried out at temperatures as low as
160°F, though this lowers the performance coeffi-
cient significantly. The path is most attractive where
the solar collector requirement is governed by the
space heating load. This allows the same collectors to
be used during the summer for space cooling. Combi-
natl s with solar air heaters are effective, because
esiccant is usually most easily reconstituted by
Ci.!nm:t with hot air (which carries off the moisture).
Solar liquid heaters could also be u?ed with a desic-
cant chiller; but this approach has’a lower priority,
because it requires more equipment and is therefare
likely to be more expensive.

As is normal with this type of collector, thermal
storage will be accomplished by means of a rock bed
for an air-heating collector and a water tank for a
liquid-heating collector.

"R&D STRATEGY
. This path requires considerable research and de-
velopment. Solid desiccants capable of being recon-
stituted at low operating temperatures (1
are needed. Methods of desiccant support and air
handling must be developed, with emphasis being
placed on subsysterns that require a minimum of

) to 160° F).

. comes advantageous to gperate desiccants at higher =
témperatures, this appraath will also be explored.

" R&D EMPHASJS

Materials Characterization and
Development
Desiccants: thermodynamic properties and op-
eratmg temperatures

Support structures: simple, rugged matrix struc-
ture to support desiccant, with adeﬁuate air sur-
face contact and low pressure drop
Component De—ve!apment and Testing
* Humidification/dehumidification process
Desiccant wheels
Model and theory validation
Air handling equipment
Support structures
System Analysis
Performance identification: energy yield as a
function of collector and desiccant subsystem

performance, climate, and system design. Air
~ pumping requirements.

Cost identification: overall evaluation of add-on
cost characteristics of desiccant subsysterns in an
-air-heating-only systern- ,

" electrical input energy: These slibsystéms muist be System Testing

derable, mechanically simple, and suitable for inte-

gration into an air-heating col lector/rock bed storage £,

space heating system . Methods that use low operating

temperatures will be investigated first, but if it be-

U -
% "

Construction of suitable system tests in appropri-
ate_ chmatlc zones \

Model and theary vahdam:m
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T~ ADVANCED DESICCANT STUDY. |
(5) PRELIMINARY DESIGN OF SECOND NS S———
GENERATION TYPes _ '

o

* SIMULATION DEVELOPMENT AND Y SR DY R .
SYSTEM STUDIES , "

" SECOND GENERATION DESICCANT C .
K —: SYSTEMS FABRICATED AND : Co
-TESTED,SIMULATIONS VALIDATED N I N SR | NN
FOR VARIOUS CLIMATIC ZONES, KN &
FINAL HANDBOOK . ° , \ (4

MILESTONES

mﬂgécumplman of desicca) rvsv and
== study of theli possibilltjes, problems,

and preliminary designs, construct those
sacond generation :yﬂsrm that show

Most promise. o

4/78 Camplenun of desiccant experiments
~ and syitem studies, publish preliminary
handbook 16 show cost and performance
potential in various national climatic zones.

6/80 A Publish handbook shamng applications 'y b
and potential in vtinu: climatic zonaes, .~ - -

FIGURE I1i-20
FLAT PLATE COLLECTORS WITH o
'DESICCANT CHILLER FOR SPACE COOLING
PATH C3 ACTIVITY SCHEDULE
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ADVANCED DESIC:
_ CANTSTUDY, PRE:
e LIMINARY DESIGN
OF SECONID GEN-
ERATION TYPES.

STUDIES FOR
- VARIOUS
CLIMATIC ZONES

SECOND GENERA-
TION DESICCANT
SYSTEMS
FABRICATED AND
L TESTED, SIMULA. .
TIONS VALIDATED
FOR VARIOUS
CLIMATIC ZONES, |.
FINAL HANDBOOK. § ~ "

SIMULATION

DEVELOPMENT _
ANDSYSTEM  °
STUDIES

T

COLLECTOR AND .
-|rReFLECTOR sTUDIES

MATERIALS - -
STUDIES

STORAGE v
DEVELOPMENT

t

FIGURE 111-21 :
FLAT PLATE COLLECTORS WITH
DESICCANT CHILLER FOR SPACE COOLING
PATH C3 FLOWCHART
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EVAPORATI-VE AN D NIGHT —EFFECT CDOLING

GENERAL i

A building can be cooled through inigneidn with
_the environment even when temperatures are high
»provided thé”_dew point is low enough. Climates

- where this occurs.usually have large diurnal temmpera-
twre variations. In such climates, evaporation, night-
"sky radiation, and cool night air can be combined
' mtherrnal storage to offset almost completely the
' for active f:a-olmg The purpose of R&D in this
. 3:23 is the expansion of the g@grapﬁn: arka where
1 am:ﬁ is workable. -

{ One method . which - has already bEeﬁ develn;;ed-
uses passive roof ponds, radiators, and evaporative
, Jbeds. The ponds act as solar collectors: (for héating).
Thermal storage is usually in portions af the strucfure
having large thermal capacity (walls, floor), $pecially
designed storage units (roof ponds) that are adjacent
to the conditioned space, or separated thermal stor-
age units (rock bins) that are coupled to the space by
natural ot forced circulation. Movable insulatign
. panels are used to provide control of thermal varia-
tions.

A second method uses an active air blower and
rock bed thermat storage. The system can store cool:
ness at night, when the dew “point is lower, for use
during the day. This method works well with solar
space heating systems, especially air systems, be-
cause the same thermal storage unit can be used for
heating and cooling, increasing the cost effectiveness
of the storage and blowers.

In some locations, cool night air. can be used di-
rectly, without evaporative cooling. -

R&D STRATEGY

R&D emphasis will be on determining heat rejec-
tion, storage, and absorption characteristics of var-
ious designs and on generating and validating ther-
mal simulation computer models for designs. The
models will be used to determine the most effective
parameters for each design, the effective geographi-
cal range for each design, and the energy savings that

PATH C4

" could be exper:ted for gach desngn in various climatic -

zones, Archjtectural integration and cost effective-
ness will be stressed, and information dissemination
is, also extremely important for this. path. Agfivities ..
must be'closely coordinated with those carried pn for
path§ H1, H2, and H3. In path H1, for instance,
cooling may be possible by a heat pump re;ectmg
heat ta a mnftap radiator.
I

R&DEM[-HASIS

: ;Materlals Characterization and
: Develapment

~ Structural or coating materials for stgnng watgr
- . in containers in sunlight -

F'has&chmge materials and cantalnéri fr.:r ‘heat
storage at or slightly below room temperature

High transmissivity infrared glazings

Component Development and Testing
Thermic diode or roof structures
Light and heat flow-control devices

Rock bin thermal storage

System Modeling
Identify basic characteristics of each type of sys-
tem : o
Validate system models

System Analysis
Performance identification: energy yield as a
function of system type, climatic zone, and de-
sign

Cost identification: cost characteristics relative
to system type. Cost distribution when compo-
nents have combined functions (a wall for in-
stance, that has structural and heat storage func-
tions). .
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| @ M STUDIES FOR CURRENT
@ BASIC STUDIES '
v Hyaﬁmeépugs SYSTEMS — m —

.7\ 'SECOND GENERATIONCOOLING; | ¥ - —p
() HYBRID APPROACHES . A 1. &

’nmn‘ En-dm?mm trom batic and.

TA!K enm

- i g - '77
: L

. PAS AHDAETNEA!PMES

VARIANTSOF CURRENT = -
PASSIVE APPROACHES

(@) wateriaLssTUGIEs

%

2 ; - #

SECOND GENERATION COOLING: * . L , .

v, FY.1900

PASSIVE APPROACHES - o — = é

L ’ ' “ . . B

, COMBINEDFEATING AND COOL- N S

ING PASSINESYFREMS , — A -

ot s =

il

MILESTONES

o . | o
Each milestone refers to the proparstion and distribution of a handbook on current detigns
for buildings that will be mhd predominantly by evaporative and right-etfect techniques.

: IHEABM on first round system stﬁdm dd e&ﬂﬂul'ﬂ from hybrid system tasts.

passive and active m;hmqm

4@8&& on sacond generation passive
nhtmal: studies. - o TR e eaﬁllﬁg systams, hybrid cooling
- YA .. . teystems, and combined heating

;;79 ' Based on variants and improve. . - . " C "iﬁd cooling patsive systems.

maents of correct pasive ¢ooling
techniques.

FIGURE 11-22 ,
EVAPORATIVE AND NIGHT-EFFECT COOLING
PATH C4 ACTIVITY SCHEDULE
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FIGURE l11-23
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SECTION |v o

AGRICUI.TURA[ AND |NDUSTR!AL PRQCESSES

PATH CHEMCTEIISTICS ~ ' than one apph(:atiori Thls will help amortize -

" The R&D effort- required for the agrieultural and- the cost of the systesrs. : :

" industrial’ process paths will be similar to that e~ @ Industrial and agricultural systems should be-. . .

quired for the: haaung arld cooling’ paths. There are dirable, because they will be requﬂ'ed wop-

mm er, which set the agricultural. =~ eratein hostile environments, Systems should -
and industrial procéss , paths apart Thesg points are as be capable’ +"of beiig @adll m e

follows: . /' e Industries.connected with agricultural and i
. e Agricultural and industrial process systems dustrial processes are generally less willing.

500 7 are usually very large and consume substan- - than those connected Wwith heating and caol- -

- tial amounts of energy. Energy uses are more . . ing to carry on the nec ,_;ryfR&D As a'fesult, .

varied than in the building applications, and , - certain crucial tasks: may rzqunre more ERDA_ 7

tailoting the systems to meet perticular appli- - . - support, - ol

cations is @ major challenge. At the same time,
industrial process heat loads are ugually pre- PATH REQUIREMENTS
-« dictable and canstant : :
Additiondl R&D: is necessary for the agn:uhural
-y Industry may ﬁeed relatively short: Iife ‘cysle. i and industrial process paths, and it can be carriedon
costing for the:systéms, with pay-back périods-  in- -parallel with: the*building applications R&D pro- *
- of less than five years being required for proc-'~ gram. Systems must be tailored to the needs of indi- -
- ess improvements. Because industrial con- -vidual users. When systems are shown: 16 e cost
cemns have trained maintenance personnel. ' effective, thie princinlas'behind theit operation must
available, solar energy systems with lower, ~ be made, vailable to other users. Those users-can :-
initial costs but higher maintenance, costs ** then de:ugn similar systems, riodifying them to suit
might be the most cost-effective approach. their own pamcular needs. . i, <

_ @ Since the farmér will probably build and will R&D tasks unigue to the agrl:ultural and gdustnal -
cel rta;nernamtam many agricultural solar en-  process paths are éurrently being identified. They will
o ergy systerms, the systemns should consist of , be described in the revision.of this report. Work on “#
‘ materials that are readily<obtained and easily  such tasks will be coordinated with work on the .
worked. The systems should also be relatively ~ building applications tasks that pertain to the agncul-__
portable, 1§¢:ptlgiat they can be used for more  tural and mdustnal processes.

"
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" APPENDIX

The third portion of-this report consists of four appendices. Appendix A gives task
flow charts for the ten paths; Appendix B contains brief descriptions of the building
program tasks; Appendix C.lists the.impartance numbers for the engineering tasks;
and Appendix D gives the importance df each of the non-engineering tasks to the
total R&D program. T SR v
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. | 'AFIPEND,}SXB e |
5 PROGRAM TASKS FOR THE SOLAR HEATING AND
=" COOLING OF BUILDINGS

This appendix describes the tasks that make up the R&LY program for the solar heating and cooling of
buildings. Both engineering and non-engineering tasks are included. Task descriptio ysare detailed enough to
define the work required but broad enough to make the pspgram flexible andr%spaﬁswemm changes gy
technology. All engineering tasks are identified according tngf#?,ajar category and sub-category. The paths on
which the tasks occur develop in parallel, and particular tasks may occur onsmore than one path. Alipaths on
which each task occurs are listed, however; and the importance of the task to each path is indicated.

The following is an example of a listing of priorities for an engineering task: e

¥ ‘

- ; SERVICE—~_ SPACE HEATING o AFE CAAT NG
¢ " eATH HOT WATER ACEHEATING SPACE COOLING

e &

— — P

g | wr | w2z | oM | K2 3 . c1 | c2 e | ca
" IMPORTANCE =T 1 11 - 1T 1. 1.
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Tiv thiis :agliiplé; the [FEN TP ETELY L

o Mol A0 e ot oopeeetare s uf e task to e paadd under which the
numbers appear. A U te 10 scale 1spused. v

ith a Lok ndicating o importance, | indicating the lowest
importance, andgd0 indicating the highesti.aportance
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v LY
S I. Solar Collectors &
g ' : . X .
- OBJECTIVE ¥
) - The objective of the tasks in this category is the deyelcpmént of the technology necessary for a variety of
cost-¥ffective air- and liquid-heating solar collectors. The following temperature range classification will be
- Low temperature: befow 140°F (60° C). -
e ¢ Medium temperature: 120 tg-200° F (49 to 93° Q).
* High temperature: 180 to 500° F (82 to 260° Q).
EMPHASIS
The solar collector element of the R&D program emphasizes the following points: !
e Development of durable materials f(j?_ glazings, surface coatings, sealants, compatible absorber-
plate/coolant combinations, insulation, etc. : .
. * Modeling and testing of various means of increasing solar input (reflecjors, tracking) and reducing
’ energy loss (reducing IR emittance, suppressing or eliminating convection, and concentration).

® Optimization of collector design for cost-effective energy collection for each system application.

t

TASKS
I-A. System Studies fue « e

¥

LN

LA-1 Peform a cost Licakdown tur cati o a0 Leing produced or developel]. Investigate the
following major cost categuries. raw .nalerals arts lab. 1 for .ssembly, equipment amortization, plant
operation and overhead, sales, disiribution, and installation. Determine whether the major competing collector
types (such as liquid-heating flat plate aii-heating flat plate, evacuated tube reflecting concentrating, and
refracting concerftrating) differ significantly in cost and whether regional (geographic) differences will influence
collector cost appreciably T

. ) senviCE L i i ’7 N E )
- 3 £l = 0 dbs SPACE COOLING
A HOT WATEn SFALE hio e CECD €

Wi W Ve HZ 113 i ' Cz

'MPGSEANiE 10 10 14 £ 10 10 10 10
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LA~2. Study collector sensitivity by determining’tHe effect of changes.in collector design on system
mance; Use weather data and solar radiation data in a computer simulation of the systern, analyzing Systermn
pefformance for all seasons. Study collector sensitivity with varying surfaces, heat transfer characteristics, heat
loss méchanisms (such as radiation and convection and the use of honeycombs), and changes in collector heat
capacities. Make the sensitivity studies for various system configurations,and various ¢limates and applications.

=

i

perfor-

PATH

SERVICE
HOT WATER

W1 ,

H4

SPACE COOLING

c1 | c2 [ c3

IMPORTANCE
NO.

10

10 | 10 | 10#*

g

3

‘ W (
I-A-3. Develop a method for determining which solar collectors are most appropriate in given situagpns of
climatic zones. Determine whether special procedures such as double glazing and the use of selective surfaces. .
are particularly appropriate in certain climatic zones. Evaluate the effect of varying tilt angle, shape, and”other
collector parameters on collector performance for various climatic zones.

PATH

"~ IMPORTANCE
'NO

e —— .=

=13

[AEEY

a4 Study the penr.

"SERVICE
HOT WATER
wi| w2 |

10 1 10 10

i u“tﬂ v

(S PO

-Hz

SPACE COOLING

%

—— _d

10 10

‘10

Jich e angements of wollector rows best balance

the eftucts of shading a.,u huital,ons i Mow. i, space [hisis pardcularly important for retrofit applicationsin
urban areas Determine optimum plumbing configurations (series parallel, and series-parallel) to maximize
collected encrgy fur vanous fluid vutlet tempetature ranges Analyze the effects of plumbing and manifolding
on flow distribution and Hud pressuie Jdiop thicugh the collector arrays
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gA—s Dlwelop a snandard.zed method tﬁfecmdmg :QJ
anilysls or test data to maﬂufacturers

"“!F

bl

leclﬂf dgta tg redl}e ihe

IfA—G Evaluate fully instrumented ¢

qllecmr or system te-sts in the fi eld to determine whether or m:t t@lléc‘mr
- arrdy ‘performance can be predtcted with. suffujent afcuracy from_ mdwnduaL callecmr tést data or cc:llectnr
slmulahgﬁ rmdzls - .
s SN T D
* SERVICE ACE HEATING ~ SPACE COOLING
", PATH HOT WATER ' N R A
. o w | w2 (@] w2 "H3 | m | o [c2 | c3|.ca
MG NCE s | s [6 | ] | 2| 8. | 2 | s
§ i—-& '

. : #e
I-A_7 Conduct control strategy studies, based on system analysis, to determine how cnllecmr and 5ystem
perfgrmances are affected by various control grategles aﬁd‘transneﬁt parameters.

i
; v w
= . ol e f 3 i}. .
WW SERVICE | coare vearme : -
: S e SPACE HEATIN