
 

 

 

 

N O T I C E 

 

THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 

CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 

INFORMATION AS POSSIBLE 



; 
, 

. 
-
I
 

o :>
 

x - o z w
 

a.. 
a.. 
~
 

(N
A

S
A

-T
M

-B
2365) 

EN
EB

G
Y

: 
AN 

A
N

N
O

TA
TED

 
SE

L
E

C
T

E
D

 
B
I
B
L
~
O
G
B
A
P
H
Y
 

(N
A

SA
) 

7
3

9
 

p 
HC 

1
9

9
/M

F
 A

01 
C

SC
L

 
lO

A
 

N
8

1
-2

5
5

0
5

 

U
n

clas 
: G

3
/4

 II 
2

1
8

0
5

 

.., I 
i 1 1 

1 
, 

1 
., 

~ ! 
. 

I 
,. J 

i'~; ~ 
\. 
; 

j 



~ 
l, ~ ,', 

t~ 
Ioc. 
') , 
t 
~ 
i :'~ 

" 

~~t' .. ' 
\. '. 

~~~~~J~. ~', • 

. < .... ~h Ji" :.", .... ,1 •• ' . ..,."' .. , • • ' 

~A'( ~':"~~~t~:; ... ,~ ... "'("~tl .' ,,1-1>\' 0( " 

.
'. , •...•. ". .;,~i';;' ... ...- ,~1f"1' ~1H:t. .. 

~~~~:; .. ~;'''! ,~' '. 
, ~'·"' ... f~ ~l-~ ~~l .. , ... ~·; •• ~_t1tt . ~,,: ~-:.~\ 

\~ " :;t'! . ':~~)~.! 

f 
Ii 
~. , 

r r 
~. 
t , 
~ , 

~~~' 
.,~f..' 

~ 

I r ;i 
"1 
t t 

t.! 
~ i 
f 1 

.! r 

tl 
11 ; , 
': ; 
l 

\' 
'~~ p v' ~ ~ ;!'iw'--f~-';"~~':;-;"'~'~.-"~"~~'-VP""~."fP<1't! 

-... Y" : lit 
1 , 

Pages 733, 766, 833, 1043, 1177 and 1188 are blank due to error in numbering the pages. 

l 

. ~ j 
~~ .. _~ ~ ·~~tiiMf'Bjt""g.ri7!_I.-at ~. ", ~"j;: ,~!:~ .- :.."" ,-"!~~ W: l' 'Tti ,'1 _~~~~~~~f'~::l!!~,!: i;a;.?If~~·t~~.~r~~::::'~~ ___ ~:'=-""~:SC:: ____ ==4tMJ\£ ; = D'ut"'tMWmit:1NrttttW t bYtbntUth Irii 



,>;1 l TO.. ,:~ I l~): ",: , <. I: ,., . ,. , . 
" ,l. .' ' . 
. , 

~ 

f" I!, 

~'.' ~ i i 
r'· f 
r I 
~ , 
1" 1 
~ j 
~. j 

~.' 1. 

r4 · ~' 

·'llt· 
~<~' 
~:. 

1 
il 
" 

"k":''V 

\t 
~'o ,'" ,'~J~l"'·~"~nr~"'1Y('"i.l. "1't"'1 

,,-. 

PREFACE 

This bibliography is an update on three previous energy bibliographies dated August 
1974 (N74-27577), February 1975. (N75-27558) and July (N77-28577,· N77-28578). These 
three bibliographies were compiled by Ms Sandra J. Blow. The completion of this 
bibliography was performed by Dr. Peacock and Mr. Sholy after the untimely death 
of Ms Blow. 

This update contains approximately 7,000 selected references on enerqy and energy 
related topics from bibliographic and other :sources date June 1977 through subject 
headings and numerous minor headings. Under each heading the entries have been 
arranged by the date, with the latest works first. There are some minor changes 
in subject headings from the previous bibliographies. 

The following sourceS were used: 

NASA RECON - A Computerized, online interactive information system 
NASA Langley Research Center book and Document card files 
Scientific and Technical Aerospace Abstracts 
International Aerospace Abstracts 
Energy Research Abstracts 
Selected Weekly and Monthly Journals 
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NTI5/PS-76/0465 79/08/00 149 PAGES UNCLASSIFUD 
DOCUMENT 
Supersedes NTIS/PS-78/0667; NTIS/PS-77/0565; 
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Geothermal energy. volume 4. Citations from the 
Engineering Index dolta b<)se llSP: Progress Report. 
Aug. 1978 - o.Iul. 1979 
A/ttUNDEMANN. A. S. 
National Technical Information Service. Springfield. 
Va. AVAIL.NTIS SAP: He $28.00/MF $28.00 
/""81 BLlOGflAPHI ES/*ENERGY TECHNOLOGY /A GEOTHERMAL ENERGY 
CONVERS!ON/-GEOTHEflt.lAL RESOURCES 
/ CORROSION/ ELECTHIC pm1ER PLANTS/ FRACTURING/ 
GEOPHYSICS/ HEAl EXCHANGERSI HEAT TRANSFER 
ORA 
Citations from worldwide literature on geothermal 
energy conversion. feasibility. development and cost 
estimates are presented. Studies on geothermal 
exploration. dril ling technology. fluid flow. 
convection. thermooynaOlics. heat extraction. and 
electric po~el' plants are covered. Equipment. 
corrosion. reservoir engineering. and remote sensing 
are Included. This updated bibliography contains 143 
abstracts. all of which are new entries to the 
prevlo~s edition. 

N80-1.1' Ideho Nahona' :Engin.ering Ub~ Idaho Fall •. 
OVERVIEW OF GEOTHERMAL ENERGY IN THE UN1T10 
ITATE. 
Hobert J, Schultz and E G. DiBello 1 May 1979 14 P reI, 
Presented at the Energy Conierv. Symp. San Francisco. 1 MIV 
1979 
(Contrlct EY-76-C-07.1570) 
(Conf·790530-1) Avail: NTIS HC A02/MF AOI 

The devofopment of hVd,othermal resources. hot igneous rCH:k 
resource.. and conduction dominated resources i. reviewed. 
Geothermal power generation and direct applications in the U.S. 
are discussed. DOE 
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TLSP: Progress Report. ,978 - uun. 1979 
A/HUNDEMANN. A. S. 
National Technical Information Service. Sprlngflelo. 
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plants. heat extraction. and !'pace hEating is 
reported: Studies on fildCl flow. t.cat trf'n:;fcr. rock 
fracturlng.computerlzt:!d slmuiation. pro ... Sure. and 

"reservoir engineerIng are Includetl. Reports un 
eC('lnon.i cs. legl slat ion. technologV C'ls!.essmcnt. and 
Comparative evaluation ""I th other £'ne"!;iY Sourco' •• are 
pre!:>enteCl. This updatc:d bibl iCJgraphy cOlltalM. 195 
abstracts. all of which are new entries to the 
previous edition. 

GEOTHERMAL GOES EAST, by Perer Britton. 
Popular Science, vol. 211t, no. 2, .. ·.b. 1979, p.66-b9. 

596 

The Gulf and East Coasts 
don't steam with geysers, 
but they are hot new zones 
of geothermal exploration 
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Geothermal energy. volume 3. Citations (r'om the 
Enqlneerlng 10(10)( data base TLSP: ProgrChS !'cport, 
May 1976 - Jul, 1976 
A/SMITH, M. F. 
National Technical Information Service. Springfield. 
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/ COST ESTIMATES/ FEASIBILITY ANALYSIS/ GEOPIW51CS/ 
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Citations from worldwldc literature on geothermal 
energy conversion. feasibIlity. develcpwent. ard cost 
estimates are presented. Studies on cpothernal 
exploration. dri IIlng technology. fluid flow. 
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GEOTHERMICS AND l&OTRERMAl ENERGY. l. I\YbIclt and 
L. St!gena, eds. (Sympositll1 held at joint General 
AssenDly of IASPEI I lAval, Durham, England, Aug. 
11-12,1977). 

Internatfonal Assoclation of Seismology 
and PhysiCS of the Earth's Interior 

Internattonal Assoctatlon of Volcanology 
and Chemtstr.y of the Earth's Interfor 

Symposium on Geothl~1cs and Aug. 11-12. 
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OONI4542N ISSUE 5 PAGE 623 CI'TEGORY 44 P.P!.: 
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CORP: Department of Energy. Washington. D. C. AVAIl.HTIS 

SAP: He AI4/MF AOI 
MAdS: !~ENf:.RGY POLlCVrGEOHlEPMAl ENfRm CONVERSION/-PIlO.JEer 

MANAGF.r.'ENT 
MINS: I ENERGY TECHNOLOGY/ CEOTHERMAL RESOURCES/ HEAT 

EXCHANGERS/ TECHNOLOGY un LIZAl ION 
ABA: ODE 
ABS; DescrIptions of geothcrn'al projects for the fiscal 

year 1978 are prest:nted. Each .:;umm.,ry giv(>s the 
project title. contl'act.,!, nal\"e. contract number. 
funding level. dates. If,)Ccltion. <lnd n;,me of the 
PI' Inc Ipa' Invest! ga tor. Objectl yeS and strate'll es for 
each program are provided. 

A7t-48433 II GlIOlhmMI sy"'- ........ -IIY ... 
III'IlrwL D. E. White and M. Guffa"ti (U.S.'Geotogical SurveV. Menlo 
Park. ('.alif.). RI!VH!w. o( Gt!O(Jhysicund SplICe Physics, vol. 11. June 
1979. J', 887·902, 0197 refs. 

Geothermal systems of all types are reviewed. with particular 
referel'Ce to U.S. systems that lire most IikelV to be utilized as ~ 
lIOurces, An evaluation of the systems le~sto tie collClusion ttllt. 
"though a vast quantity of thermal energy is contained in crust,' 
rodts It tempellltures high enough for electric" gell4!t"lItion. dt!lptM 
ae commonlv too great fOf' economic production in near futur •• 
IgneouHellted systems willi high !hermll gllldientl are _n to 
provide attrlCtive 'agett-for hot dry rock technology. The feasibility 
of eKtrlCting energy directlv from deep migi'll. sources is being 
studied, but the problems IIIJpea to be formidable. V.P. 
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ISBN 0-03-041470-9 
1. (;eot.l)ermal eng1neering-Jl'he ~. 

2. Geot:hemttt). ~ ~. 
I. BieDMn, Sheldm L. 

.·.M·"',~ 

\ 
I 
; 
I 

,j :~, " 

~,~~~-... --"'-"~-~,~, 
;:;,!"'"",'tl 

_-.-______ "...-..:.....-... .. --------.~~~~ .. " ____ ..... ...,.."""... !!lid&! fI ft. •• !1 J. PH am 



.~-~--' 

P
,;.,!:,,'~' .. ,-
,~ t" '1. ,f t' ~ { \" 

;:1' ' 

f·: ' 

tt· 
~ 

r 
r 
~ l. 
~ , 
r f ~ 
r 
F i 
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UTTL: Geothermal energy prospects fOr the next 50 years. 
Prt'l ImlmH'Y report to the Conservation Commi:.;sion 
I~or'd Energy Conference 

CORP: Electric Power Research lnst .• Palo Alto. C~ttf. 
CS:::: (Foss i I Fue I ancl I\<lvanc.!d S~'s tern:> 0 i v. ) 
AVAIL.NTIS SAP: He A05/Mf AOI 

MA~S: /~ENERGY POLICy/·GEOLOGICAL SURVEYS/'GEOTH(R~AL ENERGY 
CONVERSION 

MINS: / [ARTH RESOURCESI ELECTRIC GENERATORS/ ENERGY 
TECHI/OLOGYI ENVIRONMENT EFFECTS/ GEOTHERMAL RESGURCES/ 
TECHNOLOGV ASSESSMENT 

ABA: Autnor (ERA) 
ASS: Various facets ot geothermal cnergY'resourCQ base. 

electric pOwer potential. and potential nOnelectrIc 
U5~s-are considered, USIng information dor-lvCd from 
three sources: «1) analytic cOmputations based on 
gross geologic and geophysical featUres of the earth'. 
crust. (2) tne literature. and (31 a worldwide 
auostlonnalre. Discussion Is presented under the 
following section headings: geothermal resources; 
electrfcenergy conversion; nonelectric uses; recent 
International developments: enVironmental 

UTTl 
AUTH 
CORP 

MALIS: 

MINS: 

ABA: 
ASS: 

Cons' dera t i OIlS, and bib I I ography . 

7tlN27524.J; :ISSUE 18 PAGE 2<:08 CATEGORY 44 
78/03/30 25 PAGES UNCLASSIfIED DOCUMENT 
Geothermal systems 
A/MOHl, C. 
~et PropulSion Lab .. California lnst. of T~Ch .• 
Pasadena. AVAIl.NTIS SAP: HC A09/MF AOl 
1 nits Proc. of the A I tcrnate Energy Sys tems !.eml nar 
p 43-67 (SEE N7&-27522 )8-44~ 
I·GEOTHERMAL EIIERGV CONVERSION/·GEOTHERMAl RESOURCES/" 
THERMAL ENERGY • 
/ CALIFORNIA! COOLING SYSTEMS/ C;}ST ANAlYSIS/ DRllllr.G 
/ ELASTOMERS/ WEllS 
G.V. 
Several tasks of ~Pl related to geothermal energr ar~ 
dlscu~.sed. The major 'tc1~.k Is tile prOCurement and teSt 
and evaluation of a he! ical screw drive ',,:ellht'ad 
unit). A general revlcU! of geothermal energy SyStems 
Is given. Too pl'escmtatlon foclises attention on 
geoLhermal reservoirs in California. with graphS and 
Charts to support tile diSCUSsion. lr.ch .. ded are 
dlscuss.ions on COSt <.In,IIYS1S, systems mainten .. ncfl. ar.c 
a comparison of geolhel'n1<a1 and conventional heating 
and cooling system:... 

~,-~ .,.-~ ... ~'~l.:.,.......,..~'-;;':'~'D';<":"'''''~.'r-,~. '~". i£ •. ~ 

UTTL: 

AUTH: 
CORP: 
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ABS: 

78NJJ567N ISSUE 24 PAGE 3238 
TREE-11S2 CNTM: EV-76-C-07-1570 
UNCLASSIFIED DOCUMENT 

CATEGORY 44 ~Pi~; 
78/02/00 49 P~G~S 

Residential sp;'lce h('!atlng cost: Geothermal vs 
conventlona) system:;. 
A/Efl(iEN. I. A. 
Idaho National Engineering lab .• Idaho Falls. 
AVAIL.NTIS SAP: He A03/MF AOI 
''''ECONOMIC ANALYSIS/"GEOTHERMAl ENERGY CONVERSIOr~/. 
HEATING EOuIPMENT/fRESIOENTIAL AREAS 
I C05T ANALYSIS/ HEAl PUMPS/ HeAT SOURCES/ THERMAL 
ENERGY 
ERA 

,Operating characteristics and economics of sever~l 
reprQzentatlve spar:eheating systems are analy:zed. 
Analy!.cs are based on the USe of 9t:!othermal ,.;ater elt 
temper-atures as low as 120 F In forced air 5ystc'ns 3"d 
140 f In ba~eboard conv~ctlon and radiant floor p~'~1 
systems. The basebcilra c.onvectlon system Is tht'I'lC''!>t 
ecol10ml;cal type of geothermal space heating SYStl!lh 
when geothermal water of at leust 140 F Is aval!abJc. 
Heat p~mps utllf:zlnw water n~ar 70 F. ~Ith negligible 
jr;~"!:;~r costs, are economiCally feaSIble and they .,r~ 
J:-'iil<lcularly attractive When £pac~ cool inO' Is 'nclod ... d 
tn syste:n dr.slgns. Procuremont and Installation (';O'f;.ts 

for s 1m i I ar geo t her ma I Gnd Curl\i C!n tiona 1 space hoiM t r r.g 
.ys t<ams are about cqua I, so goo lncrna I space tl~at 11'9 
's co!.t cc.mpct I t I vc IoIhen the una cost of geotn~I'n~a 1 
enorgy is lp.sS than or equal to the unit cost at 
conventional energy. GUIdes are provf~ed for 
estimating the unit cost of geotherrral energy for' 
cases where a geothermal resource Is known to ~Xist. 

An-21. Geolhenul ......,; Ita ~ ..-.. .... 
III .... COfttribulioni to the ....., ~ of man. ,H. C. H. "'mne~. 
london. E. III F.N. Span, ltd.; New Yorle. Halsted Press, 1978. 382 
Po 200 rei's. $27.50. 

PrOClldures for obtaininll and iPPIVlnllenerllV from geon'::tmil 
frelds are examined. Tapia; considered include explor<lIion, dri!!ing, 
bore chMacteristia; and their me.urement, flUid colleCtion and 
tr .. 5nt;55;00, electric power generaiion from geolfM1rrnll -'IIY, 
geotfternW IPKe helling, dorne5tic hot waltr supplies. IfId air 
conditioning. Geotherrr,"" foeld geology, dual and -muttipurpose 

Projects, the control and Ate .. ; of geotherntOiI instOillations, economic 
considerOitions, chemiCOll IfId metallUrgical problems, environment ... 
Problems, and future Prospects ... discussed. M.L 
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t UTll: Geothermal energy. Part 3: Technology and general 
~. st(Jdies. volume 3. Citations from the NTIS diltil base 
, T lSP: Progress Report. May 1976 - Oec. 1977 
1 AUTH: A/SMITH, M. F. 
, 'I CORP: National Technical Informatton Service. Springfield. 
~, '. Va. .VAIl.NTIS SAP: HC S28.00/MF 528.00 
~ Ml"S: /*BtaLlOGnAPHIEst'ENERGV TECHNOlQGl'/"GEOTHERMAL Er;r~GY 
r.. CONVERSION/'GEOTHERMAL RESOURCES 
f

i
,,·, , !WINS: I ELECTRIC POWER PLAtH!:., FRACTURINGI HEAT TRANSFER/ 
~ .. ,;, . SPACE HEATING (BUIlDINC,S)! WATER HEATING 
. ~.,:. ABA: GRA 
~~t 18S: The blbl jography covers GovernlllE'llt-spon50red rCS~arc;h 

';":1>\;" On geothermal encrgy conversion. pO\-Jer plants. h·';)t 
!.~'c;1 extraction. and space h<:atlng. Studies on fluid r low. 
,I..~~,:~~ heat transfer. rock fNH.turlng. cor.'cuterlzed 
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Other energy sources. Government poliCies. and 
planning are also clte(l. This updated bibliography 
contains 239 abstracts. none of which are new entries 
to the previous edItiOn. 

CORROSION CHARACTERISTICS OF MATERIAIS IN 
HYPERSALINE GECf.l'HERMAL BRINE, by J .E. Harrar, 
R.D. MCCright, and A. Goldberg. 
Sampe Quarterly, vol. 10, no. 1, October 1978, 
p. 1-15. 

A fIow~" (with.appropriatea~c:essories) was developed lor use in short-term 
tellting of the corrosion behavior of materials in -IOO"C, hypersaline geothermal, 
brine. An apparatus was designed to accommodate commercial (Petrolite) 
~orr05ion measurement equipment and to conduct experiments on-line at the 
Lawn,"ce Livermore Laboratory Test Station in the Salton Sea Geothermal 
Field. The apparatus also permitted direct readings of corrosion potentials. 
8OIution redox potential (EM, brine now rate, pH, and temperature. Estimates of 
general corrosion rates were obtained by the linear polarization resistance tethni
que and from measurements of complete potentiodynamic polarization curves. 
Twenty-two alloys (with various heat t.reatments) were tested and readily 
grouped according to general corrosion resistances in acidified hypersaline (-4 M 
chloride) brine. 
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PROGRESS IN GEOTHERMAL ENERGY, by J •. D. Garnish. 
Endeavour, vol. 2, no. 2, 1978, p. 66-71. 

It would not be ;"enli5tic in this brief'review to aUcn1pt 10 ofi'er :i 
blow-by-blow Rccount of the development of existing geothermal 
technology, nor would it be necessary. With the rnpid increase in 
interest in geotbermal topics all over the world (59 countries were 
rerresented at the last major conference on the subject) has come 
an increase in the liternture nvaihible. nnd the reader who is 
interested in particular aspects of the subject is recommended to 
consult some of the refe~ences listed in the bibliography atlhe end 
of this article. A particularly good summary of the technical 
aspects of current I!:~thcrmal enerl!:Y use has been published 
recently by II. C. fl. Armstead:f II. The aim of the present article 
is rather to indicate the state: of the art, to outline some of the 
I!:eneral factors which restrict the availability of ,COIhermal 
enerf:Y. and then to describe in more detail two recent 
developments which, in the opinion of the author. have major 
implications for the more widesprend use ofheat from the E'-Irtll. 
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Greater IDs Angeles Area Energy S,mpoaiua. 
1911. 

Greater IDs Angeles Area ihergy syurposiua 
••• cl911. (Card 4) 
ineers and Seientists. ProceedinSs series 
IDa Angeles Co_ell of EDdneera BeieD-
tiata ; T. 3. 

';~ndreTlal 5~ MWI e Geotheraal Pover Plant. for Heber and 
" )'pe Dr nea i J

B
•• W • HanUn • R. A. Ho~e and A. n. Iloger~ i eehtell Corporation, ~ 

jWhat I. ERDA DoinR in Geothermal? 
1 i rais R. Cummings. Energy Prosr .. s Coordinator 
• nergy Research • ne"elopilent At!.linistrlltion ' 

In Our Future: Geothe~l Energy as Friend or Foe? 
Edvard F. Wehlli8e. P. E.. Consul tin« ~lneer 

Lake Bottoa Xher.Al Grad1ent SUrYe), or Three Cllllrornia Lake. 
Dr. Ro~er C. Martin, St~te Lands DI"I.10n 

27 

* 

)5 

40 

le~lonal Employment Iaplications or Geothersal Energy 
J_es B .• Pick. U.S. Riverside In 
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Power .'rom lIot Geothermal Hrines .........••.•.....••••.•. 
Excluding royalty expenses, this method for producing power costs around 
1.67¢/kWh. 

8 · .. . ') 

A79-34Oi7 AIIIrNIM -W _: ". III" .. of .... 
MiAmi In .. natioNl eo."._, Miani Beach. "Ia., .,......, 5-7. 
1971'. VoluMe' -~ __ .~d hychpoww. Conf,,~ 
~d by the U.s. Oe~rtment of Energy and Universitv of 
Miamt ·Edited by T. N. Vl:ziroglu (Miami. University. Coral GabIeI. 
FIaJ. Waminlllon. D.C. tiemisphere Publishing CorP., 1978. 406 Po 
Pri.:e oj' eleven volulMf, $495. CF()f' indiv~ items Me A79-34OII 
lo.A71J;34085, 

Two-Phase Flow in Geothermal Brine Wells ..•.•••••••••••••••• 
The trouble is that existing correlations for making flow predictions lead to a 
great many solutions to the same problem, and there is no way to tell which 
answer is best. 

87 

A comPUlft optimiUtiOll Pfograln for geotherlNl -IV 
Iy,!ems, allinillg j)aolhtltflllllq)lCe healing SV51tms in IcWlo ~ New 
ZeIIan(;j, smll11Clle hydroellClric po_ pllIIIb in the nonheatem 
Us.., .. ~ a hll ,1dien11Ol. pond for M.iill elltrKtion .e diSWlMd. 
T oc*:s '6f the PIPII' inc:Ioo. the development of .0thefYNI sy"e"" 
0_ lIII Inferred uppw~tl. IMII, a thermogravimetric, IliNIY' 
cycle loop few the nploilltion of low-t~.iilture teOthe",," 
IIOIIfCft. tiw 11M of ttOtheflTial resourCft 'Of refri.rllion, and 
I~~ .e::.ion foillto alllrKI energy .from the~, J.M.B • 

Geothermal Development of the Smlton Sea •.•.•••••••••••• ' ••. 
The minerals in these geothermal iltincs are worth many times the contained 
energy, but if this resource is to be successfully developed both minerals and 
energy must be recovered concurrently. 

89 

79AI4726 ISSUE 3 PAGE 421 CATEGORY -14 77/00/00 
765 PAGES UNCLASSIFIED DOCUMENT DCAF A324000 

UTTL: Seminar on Geothermal £r.ergy. 1st. BI'ussels. Belgium. 
December 6- 8. 1 ~)77. PI',,(,eecsI11gs. Vo lumO!s C & 2 SAP: 
PRICE OF TWO VOLUM~S. $~a.75 
Sern I nilr sponsored Uy till' Ccm:.l1 ssf on of tn.e European 
CommunI ties. Luxcmbouru. CommIssion of the Europ.:an 
Comlllullltles. 1977. Vol. I. 390 p.: vol. 2.355 p. In 
English. Frp.nch. al'ld 1;.l1lan. (For indiVidual items 
see A79-14727 to A79- 14"44) 

MA..,S: /.COiHERENCES/·[flERGV TECHNOlo..>VrG£OTHERr,'.\L ENE~GV 
CONVERSION/'GEOTHERMAl RESOURCES 

MINS: I AQIJ I FERS/ COMl'uTtf< PI'C'GRAMSj Cor.1PlliER TECHNIOUES.' 
ENTltA1.P'( / EUROPE/ !>ECC!l!r.:ISTRY/ GEOLOGICAL SURVEYS/ 
HEA T f!JG EQUIPMUHj UVDil(jGEOLOGY! ",,,,C;NETl<: SURVEYS, 
MATHEMATICAL "10DEL~/ P('l'JER PLANTSi THERr.ll\L .. 'APPING! 
THERMODYNAMIC CYCLES/ WLLLS 

ABA: e ..... 
ABS: Papers are presented on geothermal ,survey methods. 

geophysical methods of Cjcotht!!'mnl Investigation. 
geOChemistrY. 10;.1 f,nthalpy rl:!SOurces. and nigh 
enthalpy re50urces and tlOt df'Y rocks. Partlcular 
consideration Is given to such topiCS as snallow 
magmatIc reserVOirs as a heat source of geothermal 
systems. gcothel'mal surveying In rrance. D<!n;nc1r,k. 
Netherlands. arId the United l<lngoom. Qeoma~lnct Ic 
<l~on'alles In g~oth.'rmi)l areas. optimal uses, of 
gcr:>thcrmal l~dterS fol' IK .. me heating in Eul'op'.:. and ",eil 
t,esting tn two·ph~S", ge",ther"r~dl ~1C1Is. 

78A27824 ISSUE If) pr.GE 1792 CAlC(jt)iW 4-1 
77/00/00 315 ?AGf.S U;;CLl.SS) F! EO DuCt;M(tH 

U TT L: CPt. t hO!rma I £n.e!'QYu ti 1 ~ Lil U Oil - - - Uoul<. 
AUT"': A/W~HL. E. F. FiAA: A!tOc ... ldcntal RC!:<:<lI'Cn (.01"1) •• La 

Verne. Calif.} SAP: $;2 
New York. Wlley-Iraarscience. 1971. 3t!J p. 

MA..,S: l'ElECTRIC POWER flANTS/-ENEflGy COr.-.![RSICN EH ICIWCY 
I-ENERGY SOURCESj"GEOTHERMAL ENERGY CONVERSIOr~/· 
GEOTHERMAL RESOURCtS/ .... WERAL DEPOSITS 

MIN$: I CARllONATES/ ENERGY HtHNOlOGYI SILICATESI SILICC-. 
DJOXIDE/ SYSTEMS EWilNHRltlGj THEl\r.'ODYNAMIC [FFICIEr.CY 

ABA: S.D. 
A8S: The book focuses on Ha: proceS5 tecnnology of 

geothermal flu\CIS .lfter they r •• 'lct: the SUl"fClCtl. 
Informat Ion on I"'sc .. ~·(,llln!l. (!(".>i~r.ir.g. Cl1' c:valuat ;r{,l 
procc!,s S~!i>'C:JIS fel' p" •. cluelnG, (:iectl'l(.\ ty, 
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dlst1' Ibuting thcrm.tl cr<:rgy. Clr r;:<-ollerlnt' min!'!"di::.. IS • 
provlct.:!d. A camp! I.Haem of- cUl'r'cr;t .. nc~lcc1gc ClI~Out trc 
proce!>s chemi 5 ll'y and tt.errnl'ldynal:li'G,5 of !iootherm.ll 
energy uti I I za U on 1 S IIIC I ude(1 a h.mo with .a d1 SCUSS' on 
of ba~:tc thr.-ol'ies and lhctr lr'ilm·pl·,~t.ations. TopiCf, of 
Intel'cst Include the: ChemIstrY of l.<ll'bonates and 
$1 Ilea as reiat;)o l() {Nc,tllcrm31 l)/'a',t! 1.itlllzat.~. 
sea ,l e depcs i ti on, c l c«:. t r i c.a! P'.)W~I· pro;juc t 1 on USI ng 
expan __ .ion rndchlnos. dNl thermal uti lizatlao .,nCl 
mlne ... al rccClvcry. U::C!$ c.nd per,of'mo::nce of comtHn~d 
systems are cam~arccs. 
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Solar ardUtecture t Pl'OCeeding8 of tba " ~ 
I\IIpen &IeX9Y Fonn 1977, tlly 27, 2A, lid i : :: 

29, 1977, Aspen, (bloratb / editors, ~1 
E. Franta. J{er'lileth R. Olam 7 ~. 1' •. 
MfdJael M!lncheater. - Ann Amor, Mich. ,', 
Am AdJor ~ P\j)J.1ahp.rs, e1978. 
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Inclo1es 1M!x. 

mE MEANING AND APPLICATION OF GEOTHERl\fAL 
ENERGY . . • • . . . • • • • • . . • • . 
Glenn E. Coury 

A7I.34072 M8nmMII' po_MIl -.Y. T. k. GuN, K. 
E. Dnit (Subsurface, 'nc.. 8ellaire. Tn.I, R. E. Collins. J. R. Fanchi. 

, 1IIId A. C; Meyers, III IHoulton. UnlvenilY. Houston. Tex.l. 'n: 
Alternative energy sources; Proc\'!l!dings of the Miami 'nternational 
Conference. Miami 8eadl. Fl •.• December 5-7. 1977. Volume e. 
IA79-34067 13·44, Washington. D.C •• Hemisphere Publishine Cofp .• 
1978. p. 264l-2654. 14 refs. Contract No. EG·77·C.()4·3974. 

The injection of hot "uids Into deep permeable aquifef1 or 
irnpl!fmeable caverns may provide efficient thermal ttorage .",teml. 
'n this paper, thermal losles and pumping requir.ment1 for under' 
.ound star. are stut1ied with computer ,imul.tlon techniques. For 
high.tI!rnpl!fature. high presture stor ... well •• thermal ,_ may be 
less thin one percent. Such Itor ... -'Is may be feasible in 8O'l{, of 
the i:ontinentlll U.S. The posslbililY of int.atine base-line electric 
po_lVltems and geothermal Itorage wells used in conjunction with 
"rgHeale solar colleCtor/concentrlltor instllllations Is also discussed. 

J.M.B. 
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specialists I Dour,lnB M. Considine, editor
in-chief. -- New York: tfcGraw-Hi11, cl9TT. 
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79A2J280 J 5S1 it 8 PAGE 1 ~30 CHEGORY 44 
79/02/00 18 PAGES Ut.CLASSIFIED DOCU::.ENT 

UTTl: Mining earth's heat - Hot dry rock geothermal eno.ll'9).' 
AUTH: A/CUr,lMINGS, R. G.: B/MORRIS, G. E.: C/JESTER. u. W. 

D/el~fNS. R. l. PAA: D/(CaJifornfa, University. Los 
A I amos, N, I\'lex. I 
Technology RevIew, vol. 81. Feb. 19i9, p. 58-74. 78. 
Research supported by the U.S. Oepilrtment of Encrgy. 

MA~S; I-DRY HEAT/-EARTH CRUST/'ELECTRIC POWER PL~NTS/· 
GEOTHERMAL ENERGY CONVchSICr-:I"GEOTHER"~AL RESOURCES/, 
IGNEOUS ROC~S 

MINS: I ECONOMIC ANALYSIS/ ENERGY TECHNOLOGY/ HYDRAULIC 
EOUIPMENT/ MINING/ TEMPERATURE GRADIENTS/ THE~MAL 
EN[RGY/ THERMAL MAPPING 

ABA: A.A. 
ABS; ~t Is estimatea that energy amounting to 13.000.000 

quads are contajned in crustal rock to d d0pth ot len 
kill in the U.S. The technology of HOR (Hot ury Ike". 
Geothermal Energy) Is discussed. together with an 
assessment of size and quality of HDR resourco. as 
• ... <..11 as of e)(traction approaches and probl(:ll's of 
containment ana recovery, ernphaslzlng ltarlaUon~ 1n 
I'eservolr design. operdting parameter valuc:s. and 
financial and regulatory criteria. A model of a 
geothermal power plant is pN!Sentca. not ing that tho 
selectIon of optimum plant dC!.lgn conditioll!. becomes 
Rlore complex as reservoir temperature t!cclines. The 
base-case parameter values used In the optimization 
model to evaluate IIDR energy for prOduct iOn of 
electricity are given, 1ncludlng I ife of th~ system 
(30 yearsl.electric plclnt capacity (50 r.\WIc:)I. 
m<:lximum Ioiell flow rate £75 kgisecl. coethe,·rral 
gr'adlent (40 C/km'. bl:slJar price of eicctrlclty (3 
cents/klrlh). aOd operation and maintenc,nce cos~s 10.13 
cents/kWh). It is conclud~d that If ta:st.ar cost:. oro 
at the high end. a c.onsiderable Incentive fo., tlOR 
development would ~xlst. 

urn: 

AUTH: 
CORP: 

MA"'S~ 

MINS: 

ABA: 
ASS: 

79N32690N ISSUE 23 FAGE3.11 0 CATEGORY 44 RPT" 
lA-UR-?9-670 CONF~7!l0(j'5'9 C::U: W-740S-ENG-36 
79/00/00 a PACES U~.':LASSIFIEO OOCU::'ENT 
Fedel'al hot dry rock gaothermal energy development 
program: An overview 
A/rWrlZ. G. u. 
los Alamos Scientific Lab •• N. Mex, 
SAP; IIC AO~/MF AOI 

AVA! l.NTl5 

Presented a t 3d US tJa t 1. Congr. on P"essure VeS$..:! J s 
and P ipi ng. Scm franc i s(,.o. 25 .Jun. If)79 
/"OP.Y HEAT/'EtIE;RGY POLI{.Y/~GEOH'Eq~.':'L ENERGY 
CorNF.IlSION/·~[OTHEm""L RESOURCES 
I ENCRGY TECHNOLOGY / tlEW ":EXICC/ hESE~'JOIR::;/ 
rECH~OlOGY ASCESSMENT 
DOl: 
The formulation and evulutfon of ttle federal hot elry 
rock geo therma.1 energy deve I o!:oII1en t proG;'<!m loIerc 
traced. ACCc.mpl ishlllonts to dat ... InclUding the 
establtsnrrent and C\'d!t,atlon of tne 5 :;,W sub t pha;:,E: 
one r'eservotr at F..:nto.1 Hi II. N.M. and various 
tn~trument ana equipmcnt developments. are dtScu~sed. 
Future plans presented InclUde (1) establishment of a 
20 to 50 MW sub t Phase 2 reservoir at fenton Hill 
that will be used to d~monstrate lon~evltv and. 
eventually. electric po~·.er prOduct ion ana 121 the 
selcctlcn of a second 'ilte at ",hlch a dIrect thCrmal 
appl i cat.i on loll J I be der.lc,nstrated. 

---~-. 
Il10-1 ... 77, .Nal"""-' Ac_my of Science, - Nelionel ....... c:fI 
Council. WIShinglon. D. C, Comm;,," on Hue..., .... ~ .... 
Energy Wslem,. 

GEOTHEItMAl ItIIOUItU. AND TECHNOLOGY IN TH£ 
UNITED STAU. 
Feb. 1179 65 p refs 

• (1"1-211623/2: ISBN-O·309·02874·41 AVlil: NTIS 
MF A01;HC Nlliona' Academv of Science. Wishington. D. C .• 
15.SO CSCl lOB 

The pOlen,ials Ind problem, of geothermal energy Ire ._1Ied wilh p.rllcular focus on currenl obsllcle. in Ihe 
dlvelopmen~ 0' Ihe gtIOlhermallnduslry. GRA 
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1!:79 

REr.EwABLE ENERGY PROSPECTS. (Special tssue). 
(Proceedings of a Conference on Non-Fossil Fuel 
and Non-Nuclear Fuel Energy Strategies. 
Held in Honolulu. Hawaii. Jan;9-12.1979 • 
Sponsored by the United Nattons University at 
Tokyo. Japan).W11fr1d Bach. et al. eds. 

UTll: 
AUTH: 

MA.JS: 
MINS: 

79A464331t ISSUE '0 PAGE 3708 CATEGORY 44 
79/06/00 16 P~GES U~ClASSIFIEO OOCU~ENT 
Geothcrmal 'Systems ilnd theIr energy resources 
A/II/I,tI TE. D. E.: 8/GUfFANTl. M. PM: S/IU_S. 
GeologIcal Surv~y. ~enl0 Par_. C~llf.) 
RevIews or Geophysic.s .:Jnd SP<lCC Pl1yslcs, vol. Ii, "uI"e 
1979, p. 887-902. 
j+GEOTHEHr.1A l Er~ERG'Y CONVERSION/- GEO THERMA l RESOUliCES 
/ CALI FORNIA/ CONDUCTI';IE HEAT TRA~,SFER! CONVECTIVE 
flOW! ENERGY TECHNOLOGY! GEOCHfM!')TRY! GEOPHYSICS! 
GEYSERS! HVDROGEOlOGY! SURFACE TEMPERATURE! WATEn 
TEMPERATURE 

I ABA: Suyama, J.: Prospects or ruture geothermal energy development: ......... " 8711ABS: V.P. 
---', "I "~tfll('t fhrre arc Ihree eale!;!"ric~ or gr,,'hcrnml re~onrl'C' 1\ i.h ItIl!;!C rC~I'"rl-C ha'IC.os: Ihe 

hy;I"",',,:rmai ,'(lIHCC.i,," ~~'~I('m, Ihe h ... i~Ilcnl1~ ~Jslcm. and Iht, rc!;!iollal enndtlc.ivc ell\'imn, 
lIIelll. U""Cn-f. IInder IIII.' plcselll .edlllical :lIId ecollomic' 1.'(llIdiliUII, hi!;!h 'clIIllI.'r:lll1n; hydr'l
Ihenn:.1 I.'ClnwcliClII is II,,; ""ly cOllllll~rdaIlY-·;luml.'.ive fI.'SI,"rcc ft1r ell-e.rie pllwcr genera.ioll. 

LOn .he olher h:IIIII. increasing'Y IIII're alh:n.illll is ""in!;! paill In nonclee.rk:.1 "~es or IIIl1dcla.e 
. 'Clllpc.':t,nrc !;!cn.hcrma' reSllllrcc~, 

Nalillnal :nu' regi, ... al I'cs,'arch eRinls ~hlllil,t !oc rllcu~ed inilially till Ihe :'ssc'smcnl amI del'Cl. J 
"PIllCII' .. r litlt,id.dlUnilla'e" hydrnlhcrlllal res""n:c~. ill onlcr In cslilhli~h cnllr"lclll'C in ~colher-
111:.1 enl'r)!y a\ a via',I,' ,'ncr~y (ll'li"n :11 Ihe carlicsl "tlssihle lim .... Wil" I'I.'SllI.'c' In Ihe lIIi'i7:rlion 
prnhklll of lillllid·domiltakd I'C~nllrces, Ihc dc\'dnJlmclII or c",'·clrl'Cli\'c syslcms I" usc muder
;11\'-ICIIII'CI':t.urc n:Stturl.'c, rM hnlh I.'kcIl'il.' am'llItJlc!c,'lrie :'I'plka.illll .. w(,"ld grl'.ally l'x/land lIte 
~"Il.hCI mal"III:r!!) I'nlel11 i:tl. 

Rell"Hal .,1' Ih~ ills.illl.i • .lIl:rI ulll-cr'ailllics m.d Ic!!al harriers :",,1 encouragcmenl hy lltean, 
nf Ijllalll'i .. , ,u/ll'tlr1~ al'l' IICI'Cssary ." s.ill ... la.c Ihl' l~"mlllerci;,' m:.i\'il), Ilr )!l'''lhermal ener!!v 
IkWIt'jllIll'IIL 

GEOTHERMAL ENERGY: 
EXPLOITATION TECHNOLOGICAL ASPECTS OF 
H. C. H. Armstead 

Physics in Technology, vol. 10, no. 6, Nov. 10, 1979, pp. 244-251. 

In an earlier article in Physics in 
Technology·, Dr Haenel described the 
nature of thermal 'fields' and the 
methods used for their detection. In 
this sequel, we take a look at how 
geothermal energy, once detected, can 
be exploited for human needs 
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Geothermal &ystE:ItJS of all types are revle"'~d. with 
particular rerer~nce to U.S. systews that are most 
lIkely to he utll17~d as energy sources. An evaluatlcn 
of the systP.ms leads to the conclusion that. although 
a vast Quanti ty of thermal enel'gy is contaIned In 
crustal rocks at temperatu~es htOh enough for 
electrical generatIon. depths are commonlV too Oreat 
for economIc productIon In near futurc_ 
Igneous-relatea systems wIth hig~ thermal gr~dients 
are seen to provide attractIve taroets for hot dry 
rec" technology. The fe<.slblllty of extracting clleroy 
c:fir~ctlyfrom deep Il1Clgma soure.es ISbell1g studied, but 
the problems appear to be formIdable. 

AIO-17131 ~ of futun ~ -W •. 
......... t. J. Suyam. (Geologic8. ~/ey of Japan, K_Mk.i, 
J.,lnl. (Unil~ Nations Uni~t.', East-West Center, Intem.riomf 
Institute for Applied SyslemS Am,fysis. lind Universitv of H/II/II/I;i, 
ConferertCe on Non·Fossif Fuel ,I!HI(/ Non,Nucfear Fuel Enerw 
Str/l~. Ho"olulf), Hllwai;, Jail, 9.12, 1979,/ Energy (UK I, vol. 4, 
Oct. 1979. p, 871-879. 28 refs. 

Prospects for the future development of the world's geotherm81 
_rgy resources a!{:ianalyzed. It is shown that of the th,ee lyPl!' of 
geothermal resources Ivail.tJ1e (hydrothermal convection, hot 
igneous systems and regional conductive environmenlsl. ollly high 
temperature hydrothermal oonvection presently has the proven 
technology to be commercially attractive for electric power genera
tion. Problems in the development of hydrothermal resources In 
Jap.n and the United States for electricity generation .re presented, 
.m the use of geothermal resources for rmnelectrical purposes is 
IlOnsidered. Environmental, institutional and legal aspects of the u. 
of geothermal energy are discussed. and it is IlOncluded that the full 
exploitation of pOtil!'\tial geothermal resources requires the impro~ 
ment of exploration a~ assessment technology, the development of 
appropriate technolO!J'y C:Vrutilizing these resources and the removll 
of many institutional constraints. A.l.W 
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79N32679# ISSUE 23 PAGE 3109 CATEGORY 44 RPT~: 
U-Un-19-e83 CONF-790615-1:2 CNTIf: W-740S-ENG-36 
79/00/00 13 PAGES UNCLASSIFIED DOCUMENT 
Tho futuroe of hot dry rock geothermal energy systems 
A/SMITH: M. C. 
los Alamos Scientific lab •• N. Mel<. AVAIL.NTIS 
SAP: HC A02jMF AD! 
Presented at 3d US Nat!. Congr. on Pressure Vessels 
and Piping. San FranciscO. 25 Jun. 1979 
j'ORY HEAT/-ENERGY POLlCY/'GEOTHERMAL ENERGY 
CONVERSION/"GEOTHERMAL RESOURCES 
I ENEP.GY TeCHNOLOGY/ EXTRACTION/ HEAT TRANSfeR/ 
TECHNOLOGY ASSESSMENT 
DOE 
Tile magnl tllde and dh.tr Ibut jun of lIot .:.:ry :,ock anJ !t10ll 
variety or possible I;>:ot extraction techniques IOIcra 
atudled. It Is concluded that thiS energy supply can 
eventually be used on a large scale. 

NIO-II"', Califorma Univ~ Berkeley. lawrence BetUle ... 
Ub, 
GEOTHERMAL ENERGY DEVELOPMENT fROM THE 
SALTON TROUGH TO THE HIGH CASCADES 
N. E. GoId5lern Jan. 1979 15 p refs Presented al Ihe 3rd 
taU. Conf and Exhibition on Technol. for Energy Consel\l" Tuclon. 
Ariz. 23·25 Jan, 1979 
ICon"acl W·7405·eng·48) 
IlBl.1703; CONF·790l07-IOI Aveil; NTIS 

-- --

\ 
HC A02/MF AOt 

Operetions at Cerro Preto. Ihe only water·dominaled 
geolherma' field currentlv generating electric POWef in North 
America. were assessed 10 identitv polenllal problems whIch 
mighl 'ace U.S. producers in the Imperial Valley. Geologica' 
hvdrogeological. geochemicel. and geophvsical characlerisllCs of 
the Sellon Trough were investigated. lIS welf as those of Mt. 
Hood. Oregon. where drilling was conducted. as a preliminary 
to determining the geothermal potenlial of the entire Ca5(;ede 
Range. A R.H. 
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HOT DRY ROCK: A NEW GEOTHERMAL ENERGY SOURCE, 
by Jeannette J. Mortensen 
Energy, vol. 3, no. 5, October 1978, p. 639-644 

A""'''-,~ projeci being condUCled try Ihe l.m Alamos Scienlific tab;"alllry is allemplin. 10 d(mon~"ate 
the lechnic .. 1 and econtlmic rcasilli'il)' nr I:~tr.clin. enerl)' 'rom lhe hot. dry rock IlCllthe:rm~1 rC~OIIn .. c. 11Ie 
~>slrm (lein, le,li:d i~ lumJl'lscd IIr I",,, deep trordlo/cs drilled inlo hIlI, impermeable lllc ..... nd cOllncctelI 
1\)' a hydraulical!y prvlluccd rr~(\UrC, In September 1917, the cir(ulalion Illllp ""a~ cklscd fOI the' fir~t lime 
and waler "'a~ circuf.u·ctl Ihrough the .III'" nhllle rc\trvolr ~nd Ihrou!;h ill iX'ir of JI)·MW IIhcrmall heat 
CJlch:.nl!cr). A lI(rir, ,if 1"IlJ·lcrm e"J!<:rimenls i\ rtanned fOf' 197" in (lnler to c~"III;,te Ihe thcrm~l. 
chenlieal :llId ntcc~;,"k"l"rofk:rties (I' the tntre)' uUlI.:tionl),stcm. 

~~-'" 
__ ...... ""'."v""'.·~'< '~iJ, , 

80.!19'02 lSS!)E. 6 CATEGOR'f 44 78/00/00 37 PAGES 
UNCtt.SSIFIED DOl.UMl:NT 

UTTl: Methods for regional assessment of geDtherw~1 
resources 

AUTH: Ai~UFFlER. P.: B/CATALDI. R. PAA: A!(U.S. 
G~ological Survey. Menlo Park. Calif.): B/{Ento 
Naz!cnale pDr l'Enprgla Elettrlca. Contro RiccrC~ 
Ge~tcrmlca. Pisa. llaly) 
(Ente Nazionale per l'Energta Elcttr.ca Dnd EQOA. 
WorJo,stlop on Ceotherma I RE:sourc::e AssCs:;;'llilnt c.nd 
Reservoir Engineering. lardert!llo. Italy. So:;·pt. lZ-16. 
1911.) Geothermtcs. vol. 1. no. 2-4. 19i6. p. 53-09. 

MAdS: /~ GCOTHERt,lAl EW'RGY COflVERSJ ONr'GEOTHEm.1Al RfCURCfS/' 
TECHNOLOGY ASSESSM£NT 

MINS:" / ClASSlFICATIor~S/ ECOIIGr.lIC ANALY5IS/ €L",CHHC 
GENERATORS! EN2RGY TECHNOlOGYi GlOPOTi'NTIAl/ II£AT H~jj 
I ITALY/ RECOVER~BIlJTY/ RESERVOIRS/ T[~MINOLOGY 

ABA: S.u. 
ABS: The paper oCscrtbes the EEA-J/1 c;cctl':c.-rn&l a::.::.c~~!>rr.cnt 

methodology dell'eloped j(;tntly by the U"lted St .. t~~ anti 
Italy. The ~oalS of fEII-3jt were: (1) to PI o'dele a 
comprehensive, I.valuation of oeothermai resourc.e 
aSSEssment teChniques in a report th3t can Scrv~ as a 
b~sts for future discussion and refinement of 
•• 5e5~ment rnethoclology: (2) to propose geothermal 
resources methodology that Is compatible with 
•• tabllshed usagE In the mtnln9 and petroleum 
IndustrieS. yet ta!\c:; 111to ac(.cunt the peculiar 
character I s ti cs of gct1t he 1'1/1.) I ii!nergv: (3) to prop(,~c a 
IIIethodO 1 O!;y for tor U',('('Jmi ng ref f nt?ll'en t s and rev is I ~".s 
of geothermal resource ~ssessment in the Unlteo Sl~tes 
and Italy; and (41 to sllmulr:le the careful attentIon 
Of geoth~rrnal resources sr;.cclallsts to questlons of 
geothermal resolirci:s methodolC9\'. particularly wi th 
respect to terminology, assumptions, limi tations. and 
doclJmen ta t jon. 

-'PROJECTING l!mE!RGY RESOORCE l1l'ILIZATION--THE GEOTHERMAL 
CASE, by John G. Leigh, Martin M. Scholl and Ranvir K • 
Trehan 
Energy the International Journal, vol. 3, no. 4, August 
1978, p. 485-491 

AIIItntd-This ,..pcr prcsenlS :a simple :0l1li ~Ylfemalic appro:aclllo derivin. energy resourcc,"tilil~liotI 
'.pmjeclions usine the: Il!othermal rcsources as an e ••• pIc. 1lIc !!tar·term prujeclk)nS are derived from 
consideralions slICh :IS presenl reMlurcc developlllCnl slitllli alld IelId limes fnr furelier development. 11Ie 
10111' term rrojcctions are rounded on e,~pericnce "ith coilecl'lually similar jndll~lrics. sizc or nail.tblc 
rCSOllrr:es. and demands on cxogenous "hysical resources and institutional c"n.'rainl~. h is suggesled tlial 
such lint·order lIlI:Ilysisis valuable if 1 the ener.)' prosram'planning process. 
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79MI819 ISSUE 1" PAGE 3260 CATEGOPY 44 
78/00/00 10 PAGES In FRENCH UrCLASSIFIED DO~UME~T 

UTTL: Exploration ana exploitation tc.chniqt..es for geothermal 

AUTH: 

MA",S: 

MJNS: 

ABA: 
ABS: 

'D\ 

resources 
A/LAVIGUE. J, PAA: A/I Bureau de ~echerches 
Geoloqlques et Mlnleres. Orleans. France' 
In: INOVA: Industrial innovation: Conference. Paris. 
France, June 13'17, 1977. ProceedIngs. Volume 2. 
(A79-4180' ,7-44) Paris. Minlstere de I'Industrle. 
197B. p. 209'218. In French. 
1·.EXPLORAT1ON/·GE01HERr~Al ENERGY CONVERSION/. 
GEOTHERMAL RESOURCES 
I AQUIFERS/ COLD WII.TER/ ENERGY TECHNOLOGYI FRANCe/ 
HEAT TRANS FER 
C.K.O. 
Methods used In detecting 8nd developing geotherwal 
re5Durces 8re revIewed. Speci81 8ttention is ~Iven to 
low energy resources, aquifers where heat transfer Is 
prj"'arlly by conduction and ~/atcr c'ccu~·S in Ilq'Jld 
fOI':n. Geothermal Instal latlon~, or-crating In ~ral1ce arC 
described briefly, and the tuchnologlral 
characterIstics of different tyees o· drop ~el:s ar • 
outlined. The problem of cold water reInjection is 
eXamined. 

1 
.I3qq13 
1n 77 

Instittrt,e of.~talScienoes. 
EnviJ:r)l'1Jll;ntal technolocnr '77: p~. 

..;.;;;. Ht. Prosnect, Ill. : 'l1le In'ltitute, clfl77. 
xviii, "37 n. 
:Brd annual tP.chnir..al ~ti..m held in 1.rn 

i1\n~les, Calif .. l\.T)ril 25-27, 1977. 
ISP.t~ n-015~1~-17-1 

1. F.hviro~..ntal testinq. 2. 
ntv:uollrental engineP..rinq-Socleties, etc. 
I. Titlp_ 

~~KING USE OF MODERATE 
By Dr. Jay F. Kunze 

TEMPERATURE GEOTIIER}mL RESOURCES 
and Susan G. Spencer . . . • • • ., 

flI/?9 

~."~ - '-. ~1·'\.~~f2._~''J''f'JJ~!1': ... '''''"''''''·' r:~<~7',~)"-';"" ·':Y"Ii .. lit! ~ 

PROSPECTING FOR GEOTHERMAL ENERGY BY GEOPHYSICAL 
METHODS. 

R. Haenel. 

Phys. in Technology, v.8, no.5, Sept.J977, 

p. 21 30-218. The list of phYSical techniques used 
in prospecting for suitable sources of 
geothermal energy is quite impressive: 
geothermics. infrar~d surveys, electric and 
electromagnetic muthods. geochemical 
investigfltions, gravity, seismics •.. 
They are crucial in asseSSing the potential 
for exploitation of the untapped 
resources underground 

AltO·19201 Worklllop Oft GeotfMml.. Rewul'Ce A_n. 
men, .... Retenoif E ....... int, """'110, ""v. ~ 1Z·1., 
1971, Proceedi"". Workshop spoosored bV the Ente Naziooale per 
!'Energi. Elettrica and ERDA. Edited bV E. Barbier. Geolhermics, 
Vol. 7. no, 2·4. 1978.225 p. IFor:individuai items see A8().19202 to 
A80·19209) 

AClivity in reservoir phvsics and ~neering and reJOlJrt:e 
assessmenl (particular Iv in central and southern Tuscany) in Ihe field 
of • geothermal research and development is reported. P,essure 
t!lIIsient studies made f,om well leSIS in the geological IV .... 
hVdrologicallv complicated Travale-Radicondoli (ltalvl reseryoir, II 
_11 1ft an lInalvsis of pressure and of decline curYft in the Serr81z-.o 
reservoir are presented. In eddition, the IhefmodynMIic behllVio, of 
the Bagnore ~othermal field, reservoir performlllce of the Gevsers 
Field ICalit). and an evalultion of Baltlllor known QeOtherm'" 
resources I,el INevads), are difCUswd, IIId III estimlte of the 
resource potenlial of New Zelland geothermal fields for power 
gene .. tioo is presented. J.P.B. 

An.14121 .... _ Oft Geo""" ..... EMftY, ht, 1Ifun.h, 
BeI"'m. December fI·8, 1971, p,IICl!edi ... , ValUIMI 1 • 2. Semin .. 
sponsored by the Commissi()f1 of tIM! Europel'1 Communities. 
lUJrembourg. Commission 0' the European Communities, 1977. Vol. 
1.390 p.; vol. 2, 355 p. In English, FrenCh, and 'talilln, Price of two 
volume. $38,75. (For individull iterm see A79·14727 to A79. 
14744) 

P~rJ are presented on geothermal survev methods, geophysical 
methods of geoth\!rmal investigation, geochemistry, 'ow enthalpy 
,esources. and hi!jIJ rr.'iflalpy resources and hot drV rocks. Particu'ltr 
l:9f1sideration j" giVen 10 sucfl topics M shallow ml9nltic reservoirs 
,.; ,I heat S()l.lrce of gl!othermll systems. gl!othermll surveying In 
France, D.o:'(lmlrk. Netherlands, and the Uni~d Kingdom, gl!O
magr;;;::c anomalies in geotherm'" lIreM. optimal uses of gl!othermal 
waters for home heating in Europe. and _II tt!Sling in two-PI1ase 
gl!othermal _lis. B.J. 
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7BA32117 ISSUE 12 PAGE 2197 CATfGORY 44 
77/00/00 5 PAGES UNCLASSIFIED DOCUMENT 

UTTL: Making use of moderate ternpcratul'e QC'other:n.l1 
rc~ources 

AUTH: A/KUNZE. J. F.: B/SPENtER. S. G. PAt.: A/I f(!aho 
National Engineering laboratory. Idaho Fails. 1(~hO'; 
B/fEG & G lC1aho.lnc •• Idaho) 
In: Environmental technr~logy '77~ Procecdlngs of the 
Twcnty-third Annual Technical Meeting. LoS Angoles. 
Calif.. April 25-27.19"17. (A78-32101 12-31) r.lollnl 
Prospect. III .. Institute of Environmental Sclonccs. 
1977. p. 179-193. 

MAJS: I'CLEAN ENERGY/'GEOTHERMAL EIlERG,( CONVERSIOUjt 
GEOTHERMAL RESOURCES/'HYDROGEOLOGY 

MINS: I ENERGY TECHtlOLOGY I ENVI ROW.IENT EffECTS! IDAHOI f:OWER 
PLANTS! VERTICAL UISTRIBUTION 

ABA: M,L. 
ABS: Advantages and disadvantages of uslnq 

mCderate-tcll'perattJrc gcothcrmal r'::SOurccs In 
compart son wi tn n 19h- tCI:.pera tllre resour<..cs ar'c 
exam i nCd. and research program for dcvc 1 op i ng t l)c 
geot herma 1 I'csources 0 f the Raft R I VCI' Va II '='y. hl1111Q 
I s described. Gcether'ma I technique impl'{)\lelll~nl5 un(ler 
study Include lOWering of the heat sink teulper<"tur'o 
for turbine heat. since use of organic working fluid 
makes vCl'y low condencer tcmperatures practical In the 
cold climate of the intQrmountaln \,cst: 3n(1 usc c;f 
concrete-asbestos plpo lInes, in place of wClacd t.tecl 
pipelines. Since pipeline costs are a lnaJo;' capi tal 
Ite"" Also conslder'ed ilre thedevelop,,,,mt of low-cost 
hlgh-perforn~nce heilt exchangers. Incl'easln~ wcll 
productlvlt-y. and Injection of fluids back Into tha 
reservoir. 

A71-13348 VoIca_ .... _rce of ~ ...-w. 
W. M. Heffington, J. M. Kline, and J. W. RottmilO (California, 
University. La Jolla, C<llif.l. Enerw (UK). vol. 2. Oec. 1977. p. 
457-459. 16 refs. 

The thermal energy AVailable (wm high-temperature migmlis 
calculated to be 8 x 10 to the 14th kcal/cu km and .... upper- bound 
for volcanic energy of 3 x 10 to the 18th kcal/volcano is dellrmined. 
Approxillliltely one-third of the en~rgy may be obtained between 
lIbout 750 and 1150 C (i.e. above the solidification temper.ture of 
the mll!JlYlal, while the relllilining two-thirds is available 'rom miglTl<l 
in the solid state between ambient and around 760 C. Gas dissolved 
in the magma posscsses about 4% of the, therlllill energy and .. large 
portion of that energy is-potentiilliv available as high. temperature 
stearn. After removill of _ler, the gas remilining is a low-Btu illS 
with .. heat of combustion of about 0.3 kcalli. Utllilltion of both 
the thermal and conlbustion energy is the subjllCl of CUrrent research 
projects. (Author) 

~." -~ ~ ,,~,,(\,,-""';:~;';;"J"":!,~ •. hc~~ t',.,~-;~:·L ,:e",4fM U4;;r;;rSQftl7!f 

Energy. v.2. 1911. p.401-438. 
PROSPECTS FOR GEOTHERMAL ENERGY 

APPLICATIONS AND UTILIZATION 
IN CANADA 

I. I. GLASS 

In51itute for Aerospace Studie~, Uni\'ersity of Toronto. Toronlo, Canada 

(Rtrtivtd 16 Dtrtlll6" 1976) 

"'*-t-Like the sun, the earth is a vast energr source. The utilization of this geothermal furnace is slill 
. in il5 infancy. the healllow from Ihe mantle to lhe surface (9)( 10-' callcm'/min; 0.063 W/m') is the CUtrlY 
equivalent to 2 x I'.)" barrels of oil per yr (J x 10'· tons or about fourfold greater Ihan the pres:nt )·early 
Mal world energy consumption). Allhaulh today only local hoi spots yielding dry and lII'ct steam. and 
shallow hot-water sites arc used economically. future technololY may well kad 10 a much pealer 
utilizalion. This will be done throulh additional imaginative and sophisticated exploitation of available 
relions of dry hot rock. leopressure·ccothermal fields. and even deep areas of significant healllow_ Such 
polential ulilization of geolhermal resources shouldprovidc for ~Iativcly pollution·free. steam·generated 
ekctrical power. steam and hot-water for home and industry, miner.! and chemical by-products. as Yo'tll 3\ 

numerous uses where hoI waler. is required in agricullure. horliculture. fisheries. mining. pulp and parer and 
other industries. O)nadian developments in lhese are-ols arc: still relatively dormant. The problem areas are 
not ,of a lechn(lioeic-oIl nature but rather of an instilutional Iypc in passin& a I!eothermal act thai lII'ould 
provide t~:jicenth'es for cxploration and economical dcvelopment. 

INSTITUTIONAL AND .. ENVIRONMENTAL ASPECTS OF 
GEOTHERMAL ENERGY DEVELOPMENT, Ora R. 
Citron 

Nuclear Technology, Vol. 34, no. 1, June 1977 
p. 38-42 Until recently, the majority ofworkingeother-

606 

mal energy development has been devoted 10 tech
nical considerations of resource identification and 
extraction teclmologies. The i1lcreasi1lg interest 
in exploiting the variety of geothermal resources 
has prompted an examination of the institllliOl~1 
ban-iers to ",eir introduction for commercial use. 
A significant effort was Utulertakell by the Jet 
Propulsion Lab9ratory as a part of a "alional 
study 10 idenlify existing constraints togeotlzer
mal development and possible remedial acliOllS. 
These aspects included legislative mw legal pa
rameters plus environmental, social, and eco
nomic cOIlSiderations. 
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GEOTHERMAL ENERGY·· DEVElOPfENT AT III 
Arthur l. (Roy) Austin 

Energy and Technology Review, May 1977, p. 
1 - 6 

The buic @bjettl,e or the LLL geothermal 
program Is to de,elop the ad,anced machinery and 
techniques needed for e~trac:fing energy from the hot, 
conCt!ntrated brines of tile Salton Sea Geothermal 
Reid in California's Imperial Valley. Geologic es
timata plaCt! ,he capacity or this one resource at 
84,000 MW • yr or e!ectrical energy, Jhe equivalent or 
a billion barrels of oil. The .pllln to exploit this 
resource calls for drilling into the reservoir, con
,erting the heat energy of tile hot brina that nalurally 
now up out or the drill hOles into mechanical energy 
'y turbine, and then ~Yertlng this mechanical 
energy Into eledrlcal tller.y In I mmentlonal 

@ls1!lo~.,,_., ~ __ .......... '_ 
TPI1ING GEOTHF.RMAl BRINF.S FOR ElF.CTRICAl POWER.' 
Energy & Technology Review, July 1977, p.IO-19. 

,\lthollgh vast sources of energy are tied up in the 
geothermal brine reservoirs of Californi. '5 Imperial 
"alley, this energy cannot yet be efficiently rec(U'ered 
because of the massive precipitation of minerals from 
the hrine. IJrecipitated solids form scale and nuid
suspended solids that can clog and erode the hrine
handling nt:lchinery. The problems are most severe in 
the \ital energy-mnversion components ~'here tem
perature :md pressure drops are the greatest. 

In parallel with engineering development of the 
total-now process. we are currently investigating 
brine acidification as a means for controlling scale 
lInd solids precipitation. Studies are being conducted 
III 'ell'c' .he component ma.erials best suited for ban
dling Ihl' acidified brine. and "arious methods are be
ing in\l'~fi!!:lfed for efficient disposal of the spent 
"rinl'. 

TJ 
163.2 
.P-1P 

~ .. ' . :'", ... """/~"'" ~1-?--::·4~~::...'t",,,,,-;aq~ ~':·.;~:lJ:·. ",lit,.., ~ iJEWi Ii tt".,.. 

l'~ves on the ~ crisis : technical, 
r~latozy, envirotl!E!Iltal, eoonanic, pn>
spective. / advisory editors, fi:Jward r,omon, 
Roy Heatbr. - 1\nn 1\Ihor, Mim. I Ann A1'hor 
Scienoo Puhlishers, cl ft77. 

~ v. : ill. J 2ft em. 
ASSESSI'IENT Of GEOTHERMAL RESOURCES Of TilE 
UNITED STATES-197S • • • • • • • • • • • • " 203 

(From Geolol!ical Survey Circulu 726, United States Department of [ 
~fu~~ • 

(",colherlllal enclgies arc promincnl resources goln& :10 '''''a~lc In many 1'1111 or 

---
Ihe world Ind umftri.,nizedin otltCrs. The introduction and conclusion of thil 
Geological Surve,: 3SS('ssment are included here to ~lOw Ihe directions cunenlly 
bein~ lalern. Acti", development err",11 Ire cu~renlJy in propesl. This Infor. 
n.alion prtlYides userul rersree,lives. 

607 

INEL-IDAIIO NATIONAL ENGINEERING LABORATORY 
REPORT •••••••••••••••• " • •• 225 

(Report on Advanced Energy Research Programs by the Energy Re
search and Development Administration) 

Energ projects tcported on include ~oth~rmll. test reaclor~. water reactor 
safely. and reactor _te mlftlf!Cment. This de!lrrl flcllity. tholl'" lillie known 
to the public. hal betn • m';ol' centerfnr ~ner~ .tudies .nd brrlktl.,outhl. 
(Usable quantitiel or electricity rrom nuclear lourcn were n~lt tc:hlewd It 
INEL.) 

THE POWER OF LETTING OFF STEAM 
Kenneth F. Weaver 
National G~ographic 
Vol. 152, no. 4, October 1977, 
p. 566-579. 

Sci~n("~ ~dilor K ~nl/~'h F. 1f'f'(I1'~r r~p/lrl.J 
global inlf'rf'.fl III1lI l/cC,.'rrali"R (f~I'f'lopm(nl 
in lapping I"" ('''f'rg)' pOlelllial of ollr 
pl(m~I·.f .fllb.fltr/acr /,,.(If. 
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GEOTHERMAl - POLICY, REGULATION, LEASING, AND ECONOMICS 

COST STUOY OF SUPERHEAT1NGGEOTHERMAl STEN~. 
J. M. Hensler. and R. C. Axtman. 

Energy. vol 4. no 3. June 1979. p. 365-371. 

Ab'll'UrI-Thi~ SIU.ly COllljllies. II,.: cL~h; •. .1 Fih:I,:Iir:.::.C.'U:. J"r /lybriJ pL!!h. in t!IU. (".:·il (l'ri 
SUI,~IJ.e4r~ l~colhc"nal SIC.IIII. widlll,ti'.~""(<l': CIlU\',ul;.,.nl a.!.!.1 Ua,h ,Lub. i' .. :~";:I~r> Y' •• ,J i.l t': 
"d~ly,is illl:hlit.: lI.c rtWlllc!! klUl':I~lUre ::Il,1 tI.1! r;.;:t ::!.t..l t;JJi:ill. In (:rJ:r II> r".!;.:. 11:: 1\",1;':; 

g~ncrdly u:,.Iul. \,.: have mUlt:, '1\ •• ,. i , .. hV, ~",IlUl.l<> (Ii <.1. II., ... ,I, ,)1 \."i.:l,~· ,.ll.: h. !'~f, i', " ': ·:t 
SlJll!tlh: ... ti,,~ C'Ul sitI1ific:tfltlj' improve th~ 6 ~Ul1"lnl~ t.um;1tU;;; ........ " .. ~.( t"~~.:~ .. ~.~"! . ',I ~ ".! 
t1Jlhi..lih i.,: 'Vl~ ;,~ ·1~JUJ",d;.};"J ... ' J In .Ajill. I.:, ~ti ... :. ....... 1 L';tJ i • .''f~\~'·~ ti.r.J t ,..t \~~;t4"H, I ~; -;', J 
Cutl' 'II -;! d" lifi ,I t.ul~i~ .. .'i~ ~ b;; ,;J ~h 

. '''' "'.,. __ .--- ......... ,_ .. . 
6 articles in: ASTM Standardization News, Vol. 1, No. 
10, October 1919 

6 Geolhennal Energy and Consensus Standards-RoIN:'" R. ReeIJcr 

J 1 l11e Role of Standards in Geothermal Sampling and Analysis-O. J. 
V(>t/(:r 

15 De,'cloping Standards for Geolhennal Seals-Dllniel L. lJertz, Jr. 

19 International Developments in Geothennal Power-Rormltl Dil);ppo 

29 St:mdardization to Accelerate the Development and Usc of 
Geothennal logging Instrlllnentation-l\fltllOny J.: \'t'rlCruso 

32 A Historical Per!lpcetive on Geothermal Theory: Quantification, 
Verification, and Cumulation-lIllmltl /ssatiorc Sllllrlin 

£ i . . 

608 

GEOTHERMAl ENERGY IN ~PERIALCOUNTY. CALIFORNIA: 
ENVIROMENTAL. SOCIO-ECONOMIC, DEMOGRAPHIC. AND 
PUBLIC OPINION RESEARCH CONCLUSIONS ANO POLICY 
RECM1ENDATIONS • 
Martin J. Pasqualett1. 
Energy. yol 4. no 1. February 1979. p. 67-7&. 

MIInd..,..Jt is cstimated Ihatthousands of mepwatls of cl«tricity .could be teneralcd from the acodIcrllll 
tIuiIk which underlie a.ncullural fields in Imperial Counly. California. Many polenlial cnvir_1IIlII 
problems appear Jenerally controllable. The possible iDler-relalionships belween leOlbcrmai development 
and subsidence. seismicily. and water availabilify an. however. difficult 10 predict. and evallatiolllllUit 
await lonl-termed. commercial-sized operations. County popuIalion will inleract wilh enerlY devdoplllcnl 
dIrouIh cmploymenl. leopapllicaJ distribution. and interaction with the Inrter Me"ican 'abor pool. 
Exportalion of the bulk of the generated clectricity. howcver. will limit the local socio-economic impact. 
County residents favor ICOthermai development at a ratio of almost 9:'. Thirteen policy recomcncndatiollS 
applicable 16 other KGRA'S in the western U.S •. include: the desi~bility of posilive public opinion. the 
encouraaemcnl of on-line electrical powcr at an carly 'rase in the devciopmenl, proces$. lhe importaI;cc of 
detcrmini ... eCOIIOmic;lccbnoloaical cxploitalion fcasillilily. and the inlluences of local. sl:alc. alii fcdctal 
ulUlalions. 

NIO-1 ... 1' I,Jniversity of Soul'-tetn MassachuwlIs. Nonh 
Oartmoulh. 
ECONOMICS OF GEOTHERMAL POWER 
R. DiPippo Feb. 1979 13 p Transl. into ENGLISH from Nucl 
Elee. Power Generalion (Japan). v_ 26. no 9. Scpo 1975 
p 1039-,043 
(Conlrilct EY·76-S-02-4051) 
(COO·405'-43) Avail: NTIS HC A02/MF AOj 

Geolhermal. slum. nuclear, and hydraulic construction ~t5. 
po_ generating co5ls. and utilila'ion rale are compared. The 
risk 'KIOI Hl e.plar.lory geothermal ·weIIs is d'!>Cusscd DOE 
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80N1450BN ISSUE 5 PfGE 619 CATEGORY 44 RPT-: 
TIO-28840-DRAFT 79/00,00 98 PAGES [j1,CLAS IritO 
DOCUMENT 

UTTL: CommercIaliZation strategy repo:-t for hydrotht!l'llIal 
electrIc and direct heat applicatIon --- Pl'oJpcl 
pi (Inn I ng of geot her'mill r'2S0UrC(,s for Q!?oth c r lll<ll eneroY 
convorsion for heating olectrlclty gpnerntlon 

AUTH: A/BLACK, R. A.: 3/D(ONUE. d. V.: C/FAlltK. l.: 
D/HARVEY. E. B. 

CORP: D€partment of E.,erq','. WJs'·lngton. D. C. AVAIL.NTlS 
SAP: HC A05/MF A01 

MAilS; I'ELECTRIC GENERArv~S('Cr..(njERr;'Al ENERGY CQtIVEr~SION/· 
GEOTHERMAL RESOUpc.n:i/'I!f .. ,\lING/'PPOJECT PlAlHHNG 

MINS: I ECONO~IC ANAlYSIS/ [Nrl"{CY TECHNOlOGY/ HEAT 
TRANSMISSIONI TECHNOLOGY .115S~S5MENT/ lHERM/4L ENERGY 

ARA: 
ABS: 

UTTl: 
AUTH: 

MA.JS: 

MINS: 

ABA: 
A6S: 

DOE 
The us~ of vapor dominated hydrothermal resOurces for 
productIon of electriC power Is dlscu~sod. The abtllty 
to handle high temPernture. low to moderate-salinity 
geoflulds end convert the heat tousat:lle power using 
exist Ing technology Is revle!.o;ccl. The use of high 
temperature. high &Dlinlty brines. and moderate 
temperature resourCes Is examined for economic 
oper'allon. Tcchnlical risks and environmental 
acceplabill ty are dls~ussed along with teChnIcal. 
mar~ct/economlc. envlronment~l. Institutional 
readIness. and benefIt ~nalysls. A commercialization 
plan for hydrothermal electriC and dIrect heat 
applIcations Is presented. 

79A51869 lSSUE 23 PAGE 4391 CATEGORY 44 
79/00/00 3 PAGES UNCI..4SSI.flED DOCUMftH 
TOday's gcothermal power economics and rIsks 
A/lAWFORD, T. W. PAA: A/(EGCG Idaho. lnc., IfI<1ho 
Falls. Idahol . 
In: Intersoclety Energy Conversion [nqlneerlng 
Conference. 14th. Boston. Mass .. l\t.gu:::.t 5- '0. 1919. 
Proceedings. Volumd I. (A79-51726 23-44) WaShIngton. 
~.c,. American Cnemlcal Society. t919. p. 1034-~036. 
I • COST ESTIMATES/' [CONer.He FACTOI,S/' FORECAST INCI" 
GEOTHERM\l ENERGY CONVERSION/'GEOrHERMAL RrSouRtES 
/ FNERGY HOmOLOGY/GRAPHS I CHARTSJ! If~DUSTRJAL 
MMJAGEMENT / PRODUCT DEVF.lOPMENT 
i oluthor) 
El,:causc of the Infancy of the In(lustry nnd of 
slqnlflcallt physical characteristics ot the o;;.;;olhormal 
re~'1urces. significant variations in gooth,:l"m,il pow~r 
costs have been quoted by different suurcc$. lhls 
paner develOpe; capital and pOW~r gellc,ration costs as 11 

parameterized compOSite of a nu~ber of ongolnq 
geothermal Power projects. and evaluates scvc~al of 
the most 'cOl'llllonly accepted 'risks' of ~(!otho;,rmal power 
In tel'ms of cost penalties to a basic cost of power·. 
The status of geothermal power in the U.S. Is also 
reviewed briefly. 

; 
~L:':"..c"_~~_".~~-

.~. ~~ - ,..., "".,r.'~~~~~_,~",",: ... ···r",¥. n:'+-,-. 0[\", ~ ... Ii it "'&"1 

~T 
l(i3.~ 

.1;7" 
lq7~ 

lIII0-17'', Idaho Natione! Enoineeri!18 lab~ Idaho J ..... 
TOOAY·.OEOTHERIII1Al ~OWEIt ECONOMIC. ANO 
It .... 

T. W Lawford 1979 6 p refs Presented at 14th In!erBOC, 
En.rln' Conversion Con'. Boston. 5 Aug 1979 

• fConttllC1 EY.76.C07-15701 
!CONF-790B03.441 Avail: NTIS tiC A02iMF AQI 

Cepltal and power gen.ralion costs am developed as a 
parameteriled composite of a number or ~.ngoing geothetmal 
po_r projects. Several 01 :the most commonly accepted risks 
of geothetmal"power are evaluated in terms of cost pert,IIties to 
a besic cost of power. 'The ".tus of geothermal power in the 
U.S. is revieWed. DOE 

~rr.at:er IDs Annel~s 1\rna fllerov ~iU'!t, los 
1\ngelcs, 1 'l7Q. . 

r,~tcr los Ancr~les ~ f.h~.rqy ~ill'l 
: ~dav, p.~ ~J, 1'l7~ ••• IDs J\ngel~, 

• ImpHt ., Gfotllermll en Rtqui". f) f} P . 
IIIfnts fer Nudur. Oil. I"d COIl Ii .·It", 0 , rower PI.nts ill Californi. ~- Richard • 
Miller • _ .. __ • 

The plans of California electric utilities to provide-n~~ •• ources 
oof electric power from nuclear and coal-fired plants by 1995 are 
being seriously deJ.ayed. The result may be a shortage in the mid 
1980's. This paper examines the exploitation of geothermal energy 
as an interim means of .electric power generation in terms of eco-. 
nomic andenvironment~l Viabi1~. ---:--.~-•• - ...... '-'.~ ... '-O J I "~nqSS~, V. ~) 

(Cbnt.intJOO on cani 2), . '- .. ~-.. -..... 

ECONOMIC ANALYSIS OF HEAT TRANSMISSION FROM :roW 
TEMPERATUREGEOT~L SOURCES, by Herbert E. Klei 
Energy Conversion, Vol. 18, no. 1, 1978, p. 17-23 

A~Irar. The (nsls nf Inm~nli"i,,~ h.w Icmpcr:llurc gcothcnnal waler (ISO .ltlO FI was evaluatcd as 
1 a fimcli()n or well head lemrcralllrc. disl:t"~'C hctwl'Cn Ihe gcnthermal field and Ihe encrf!Y IIS:t!;C 
sile. mitt lolal cncrllY cll·ma".1 or the s),stem. II wa~ lilllnd Ihal lransmission was II(lt I'f:1c1k~" lJcyoud 
2 J mik~ :tiKI Ihal el·,momil'S "r sCllc :lrc \'~ry illll'nrt:ml. r:ntr!!r demand $hollk~ IJc ;Ih(J\,e 
50 x 10' n,I.II/hr. For dryinl;! opcr:tliOIlS Incall'tl within a 3 mile radius of a 270 F ~colhermal source. 
cllcrgy CQ~Is rtre wilhin Ihe "1511 SJlll)ilO~ At.1I. rrtlll;!c alld muM ht.'Cnme eOnlrclhive. 
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Al1-421J3 Union Oil... up "1_ lor 110' ..... 
-'IY. J. Quirt. Forrunll. vol. 98. JulV 31. 1978. p. 94·96. 

Union Oil hiS drilled lllmost JOO weill in the U.S. iIOd Canada in 
an effort to find reliable sources of geothermal power. The capitai 
investment has thus far bL'en on the order of $150 million. with an 
alditional' $100 million foreseen in the ne .... future. Up till now. the 
,eturn hili been substantiallv leu than !he original investment 
!betWIlllfl $15·20 millionl. but is eKpl!Cled to begin Vielding ilprofit 
in tile mid·eighties. - . 

UTTL: 

AUTH: 

MAJS: 

rUNS; 

ABA: 
ABS: 

79A22756 lSSUE 6 PAGE 1482 CATEGORY 83 CNT~: 
NSF AER-75-08793 78/11/00 27 PAGES UNCL~~SIFIEO 
DOCUMENT 
The economIcs of oeothermal eneroy de;veloPme:nt at tnc 
regional level 
A/ROSE. A.; B/EDMUNDS. S.~ C/LOFTING. E. PAil: 
C/(Callfornla. University. Riverside. CalIf.) 
Journal of Energy and Development. vol. 4. Autumn 
1978. p. 126-152. 
/"ECONOMICANALYSISj' EIlE.RGY POLlCY j'GEOTHEHM"L ENEHGY 
CONVERSION/'REGlmhU PI.ANNING 
/ COST ANALYSIS/ GEOTlIEI.MALRESOURCES/ RESOURCES 
MANAGEMENT/ THERMAL ENERGY 
A.A. 
Regional economIcs of geothermal energy development 
are discussed with Im~c~ial County. California as a 
case stUdy, A multlsector Input-output analysis Is 
outlineo. together with tne presentatlon of a 
Simulated geothermal developrnent scenario. Results of 
the methodology are given and Interpreted. concludino 
that the impact of enel'gy development on lmperial 
County will be significantly favorable. with the major 
pOints being employment. output and ta)( rev.r::nue 
Incomes. Po1jcies for Increasing the nct beneilts of 
geothermaldevelcpment are analyzed with Consideration 
to such pOSSible problems as appreciation of land 
value. envIronmental effects. InterregIonal equity. 
and depletl'on of guotl1ermal resources. It Is noted 
that the major con~lu~lans are not affected by 
alternative develo,:.m<:nl Scenarios within a broad 
technically feaSible. and economically vlaole range. 

~;~ .. ~_._,,~_~. _, __ ~-,-.-hiJtiiM'1lllt -·" .... l. _______ _ 
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79A34068 ISSUE 13 PAGE 2418 CATEGORY 44 
78/00/00 21 PAGES UNCLASSIFIED COCUMEKT 

UTTL: Harne~.s I ng geotherma I cneroy tn Rotorua. New Zeal and 
AUTH: A/SHaNNON. R. J. PAA: A/(Mlnistry of Works and 

Deve I op::ocnt. Hamil ton. tJew Zeal and, 
In: A I terna U va energy :;ources: Proceeoi ngs of tIle 
MI al,11 In t .. rna lional Conrerence. t,.11 .. ml Be-acn. fla •• 
December 5-7. 1977. Voh.me 6. (A79-340G7 13-44) 
WashIngton. D.C .• Hemisphere PUbllstling Corp .• 1976. 
p. 2577-2597. 

MAJS: /-ENERGY TECHNOLOGY/·GEOTHERMAL ENERGY CONVERSION/'NEW 
ZEALAND . 

"INS: / COST ANALYSIS/ ECONOMIC ANALYSIS! GEOTHERMA!" 
RESOURCES/ HEAT EXCHANGERSj SPACE HEATING (BUILDIt:GS) 

ABA: J.M.B. 
ABS: Geothermal heat In RotcrLla. New ZCilland r~Js be"n 

harnessed to proviOe a heat IG~d of lOll kW for 
buildings the floor area of which totals 9850 sq m. 
KIln drying operations are also carrico out with 
R(ltol'ua geothermal resources .. An economic analySis 
shows tnatcapltal costs of g~otherrr.alsystcms are 
higher than Investments needed for coal-fired and 
oil-fIred plants. though operating costs are mUCh 
lower than for eIther of the fossil·fuel 
In.tallatlons,. 

78A16769 ISSUE 4 PAGE 629 CATEGORY 44 77"2,100 
10 PAGES ~CLASSIFIED DOCUMENT 

UTTL: EconomIcs and projectIons for geotnermal developnent 
In tho NorthWest .-. Wasnlnoton. Oreoon and Idaho 

AUTH: A/SIMMONS. G. M. PAA: A/(Joaho, UniversIty. Moscow. 
Idaho) 
Geothermal Energy. vol. 5. Dec. 1977. p. 8. 9.11-13 
(13 .ff.). Rp.seal'ch suppurtcd by ttle Pacific Nortn~est 
Reglona I COllmi sslon. 

"AJS: /--C6ST ANALYSIS/'ECONOMIC ANALYSIS/-GEOTHERMAL ENERGf 
CONVERSION/"GEOTHEkMAL RESOURCES/'PAClfIC NORTHWEST 
(US, 

"INS: / AGR ICULTUf\E/ COOLING SYSTEMS! COST lNCWTIVES/ 
ENV!Ror~MENT EFFECTS/ IOJ\UO/ INDUSTRIAl ENERGY/ OI~EGOf./ 
WASHINGTON 

ABA: (Au til or ) 
ABS: The Northwestern statc~ (WaShington. Oregon. Ida;l0) 

possc~s a conslder~blc potentIal for geotnermal 
development. Since t1l0st of the known geothermal 
sources are of mo(~rate temperature. utilizatfon wi! I 
be primarIly non-elec:trlc. Tills paper reviews tn(: 
present status of the rcoton's geotner,r.al development 
and attemPt~ 19 assess the lung range Impact tnat t~.s 
Important energy source might nave en the Nortnw~st. 
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N80-1,1111 Nation,I Techmc.I In'offnetian Service. $pring'~'d-, 
V •• 
GEGTHERMAL ENERGY. PART 1: EXPLORAtiON. 
VOLUME 3. CITATIO". FROM THE NT'. DATA BASE 
P..,..,. Repon. Me, 1'78 - Jun. 1'7' 
Audrey S. Hundemarm Aug. 1979 264 P Supersedes 
NTIS/PS.78/0664: NTIS/PS.71/0561 Updates NTIS/PS.76/ 
0483 
INTIS/PS.79/0814/8: NTIS/PS.78/0664; NTIS/PS·77/056t) 
Av.il: NTIS HC S28.00/MF S28.00 CSCL 081 

lhe bibliography cites Federally·funded resellch on geophysi
cel methods. such as electrical resistivity, seismology. magnetic 
.nomely. and electromagnetic measurements In geolhermel site 
survey determinllion. Studies on well logging. remote sensing • 
geochemistry. miner.fovv. r.dioactivity. mapping. volc.nism. end 
structurel geology lie .Iso cited. Criteri. for loeetion of geothllm.' 
..... • .. l\lggI!su,d in the .. IbstrlCtl. This updlted bibliogrephy 
contlinl 258 abstllcts. 81 of which ... new entries to the 
previous edition. GRA 

UTTl: 

AUTH: 

rilA.JS: 

MINS: 

ABA: 
lSS: 

78Al0744 ISSUE 1 PACE 46 CATEGORY 44 ~~T.:.NSF 
C - 836 76/00/00 ; PAGES UNClA5S! F I ED OQCUr.lflH 
CapItal and electrical production costs for qooth~rmal 
pO~Jer p I an ts 
A/KlEI. H. E.: B/MASLAN. F. PAl: A/IConn~ctlcut. 
Unl.verslty. Storrs, Ccnn.); B/(Futures GI·OUp. Inc •• 
Glastonbury. Conn.) 
In: Energy development J1. (178-10729 01-44) Nc ... 1 York. 
Institute of Electrical and ElectrGn~cs Enq!rlccl·S. 
Inc., 1976. p. 148-154. 
/+eOST ANAlYSIS/·ElECTR'£ PGW[R PlANTS/'GEOTH[R~Al 
ENERGY CoNVERSION 
/BRINES/ ClEANENERaYj ENERGY TECHNOlOGY/ INVESTMENT/' 
STEAM/ WEllS 
V.P. 
In the presp.nt pap!'>r. tIle capItal Investment (co:1'posed. 
of turbine and gen~rator costs. e~ploratlon costs. 
well costs. and plplno costs) for a oeotnermal 
production site ar~ c~lculated. It Is shown that the 
InitIal capItal Investment required for dry-stco8'rt 
geothermal plants ch,)nqcs I I ttle from $180-200/Kt\ fo,' 
plants abovp. 100 M'd. I"hcn the totE'1 Invcstmei1t tn 
replacement wells ovor '0 yc~rs Is added to thn 
InitIal capital invc~tmC'nt. the total reacnes a 
minImUm for plants betwc(>n 50 and 100 ~lW. Since tile 
amount of flash~d 5tellml\~ell obtained from hot·brlne 
well!> Is close to that from clry-steam "Jells. and the) r 
InItial capital Inv~stmcnts arc the same. the abov~ 
conclusions hold also fer hot-brine wells. Electril.al 
pro<;luctlon costs aI'(! minImum for plants around 100 roll': 
for a 110-MW P I ill) t. thc~>e COS ts are 6 to B m I I I sll{t,l'l 
for both dry-stC<lln and hot-brine systems. Hot-rock 
well systems are proj~cted to have electrical costs 
between 4 and 8 mills/Kwh. but these costs are largely 
conjecture. 

_~. _<_ .... :fC:d ~~ ~ ,~_" __ ~ 
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FbP.I9Y develtlptmt: II ... cl"'*'. (Qt~ 2) 
mvering PBPe-pS prnsented at the Natimal 
~~.r F.haineering Society r.1eetings. " 

1. ~1P..r reso~S--(hngressege ? 

The Prospect for Geotheunal PeMer, by tbrton C. Smith ...................... . ___ a.~ __ . 

C-eothennal I:nergy: A Challenge of flature, by Jim CmilS .................... . 

I 

• Capital ald Electrical Producti<n Costs for C'..eothenMl Po.er Plants, 
by Herbert E. Klei and ~ t\lSlan ••••••••••••••••••••••••••••••••••••• 

GeothenMl Energy - EPR!'s St.ltUS Ass('Ssrrent and RED Din:ction, • 
by D. r. Spencer, V. W. Roberts, h. K. Underhill .m L. O. lX>aulauri~r •• 
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78N21650M ISSUE 12 PAGE 1603 
UCRL-I3751 CNT~: W-7405-ENG-~8 
UNCLASSIFIED DOCUMlNT 

CATEGORY 44 RPr.; 
77/06/30 45 FAGE~ 

Oeflnltlon of requirements for geothermal power 
conVer~lan ~ystem ~tUdl~S 

Bechtel Corp •• San Frnncfsco. Calff • 
SAP: tiC A03/Mr AO, 

AVAIL.NTIs 

/·ct:OTHERMAl Er~ERGY COUVERSION/-STRUCTURAL DESIGN 
CRIrERlA 
/ ECONOMIC FACTORS/ ENERGY CONVERSION/ HEAT EXCtfl\f:GEI>S 
/ WAGE SURVEYS 
ERA 
Candidate pcwcr conversion svstems and criteria for 
compa,-I ng these sY::'tcnas arc listed. The clements tlf 
each conceptual desiQn and standard approaches to 
eQu'pment deSign are descrfbed. The methods used to 
calculate heat and mass balanCes and the d.,ta uscd tn 
the calculations are do&crlberl. The rrcthod used In 
deol'eloptng the ecc·nc..mlcs of each system Is dose"thed 
and factors such as con~tructfon :NCl(lC rclte~ <-ommon to 
all systems are Includer./. Standard mothods for 
developing the canceptll<ll designs ana corrot-spondinQ 
economics are defined so thot thc I"eslllt~ of eaCh 
system $tu(j~' can bo ,'carl'ly COmpared to tho::.c of tale 
others. The candidate conversion ::.YSlcIIlS a,'';:: 
multistage flaSh/binar)': holO staG(.:> fl:,,,11 Wi~h 
SCIUCbio!j: total flow: lJ.ultistai)o fla~h/dir,::ct Cor.tact 
(Bechte I patented procc ... ~); foul" !. rage f lo.1:.h/l> I nat'\': 
bina~y with direct contuct heat excnangors: 
hybr I d· fI ash/bi nary: hylJr ide f lash! tOt,) I fl ow: and 
flaSh/dual ~ycle binar'.!. 

612 

~i ....... ____ ...... w __ _ 
~--. -- - \\..........--~-~. 

FINITE-ELEMENT SOLlrrJONS FOR GEOTHERMAL STEAM. 
J.C. Chen and J.£. Conel. 
J. Energy, v.l, no.6, NovjDec.1977. p.364-)69. 

The objeclive of Ihe present siudy is to develop Ihe 
lovcrnlnl equations in such a manner thai Ihey clin be solved 
by any existing conduclive hcat-transfer com pUler codes. The 
procedure requires an inilial assumption of Ihe temperature 
field and subseqllent iterations to salisfy the nonlinear 
governing equations. The advanrale of rhe presently 
projl\lscd method is Ihat"lhe ilerations are performed on rhe 
same discretization us ins an exislinl prOlram. This minimizes 
Iheinpllt for each iteration and eliminates Ihe necessity of 
generating a new compuler code. NASTRAN. a NASA
developed ,cneral-purpose computer code rhat h:is had wide 
application in Ihe aerospace indu~rry, is chosen ro :solve a 
sample problem. 

A7f.47~ .... t""'" ill .......... ~Ite"' .. p. Cheng 
("'w~ii. University. Honolulu, Hiwlii,. In: Advances in he~t 
_""fer. Volume 14. (A79-47255 21-341 New Votlc, Academic Press, 
Inc., 1978, p. 1·106. ~2-i.'" fe_MCtI SUJl/>orled by StaoJold 
University; NSF Grants No. AER.72-0349IM04; No. EN~.77. 
272527; Contret No. E(04.3).1on 

TheoreliQ/ aoct experimenr .. ilWestigillions of convective he« 
t,.nder in geotherm. systems .e reviewed. The govelOiog equations 
for such heit rr .. "fer in geolhermll !?,stems ~re e)(amined, along 
with hQt tr~sfllr in hot·w.tl!f, Wilfer·sten two-ph_, iInd geo
pressured geothenNI ''Iltems. lumped,p~eter an~Vles for p,e
dM;ting .,er~ rl!1l!lYoir dqreterinics during production ~re 
Q)nsidered, heM t,.nsfer in othw geothermal systems Ce.g., dry hot 
rocII and nYgma, is briefly discussed, Met investi~lions of he~t 
lI'iIlsfer in georhermill_llborw .... lI:tnm.,ized. It is conclUded that 
studies bOiled on the idealilMioft oJ ~'lICorl1mnai feservoir ~ 1I 
wtufalion JlOfOU$ medium can provide considerllble !ng!ll! inlo the 
phVsical procesaes involved. f.G.M. 
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TRrE-1164 CNT-: EY·76·C-07-tS70 77/08/00 9 1 PAu[S 
UNCLASSIFIEO DOCUMENf 

UTTl: Floating power optlmlz~tlon studIes for thu coo1lnQ 
system of a geothermal power plant 

AUTHl A/SHAFFER. C. J. 
CORP: Cdqcrton, Germeshauslm <lnd Gri~r. Inc. •• Id;,I". rnlls. 

l~~ho AVAll.NT.S SAP: He AOS/Mr AOI 
Mt.JS; /'COOLING S'fSTElllS/'ELEC1RIC P(.WER PLAlJ'~r(t(;T!lF.R"'Al 

ENERGY CONVERSION/'SYStfMS EllGI.f~rrRlrJG 
MJNS: / COST EFFECTIVENESS/ IiEAT EXCf~'i\r~{,ERS/ POWtR 

EFFICIENCY 
ABA: ERA 
ABS~ The f!ontlog po~er c.onc.<.'pt loins <.ttl(HCd 1(lr a 
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pOl<:cr, The stor~d cooling c.onc.c;pt ... ms ",tuell' .. 1 n', n 
r,e:hod of r.:ducing the pOliliE:r fluct\;iltJ(.n::. of th" 
flc.atlng pov.CI' concept. PClr'C)'oct,'lc "nli (,ptlnd;;llItHl 
studies ,,"ere con(luctcd fora "a ... fen' ot 01 r fc·r(·nt 
t~.pes of cooling systeJO<; Including "I(:t nnd dr)' ce")llne; 
tC'NerS. direct and lodit'ecl cooling svstell'<;. fo:'r(>o 
and natural dra't cool tnQ tO~)f'r5. and cooling ponds. 
An Indirect forced cJNlit wet coo!II'Q t(1W('r' C(Jf)llr'~ 
system ...,,,s Used as <l ba';!! (';)S(' desl'1n ~or co, '1)'11' "'0' 
PlII'POSCS. 
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GEOTHERMAL - POWERPlANTS AND ENGINEERING 

HYBRI~ GEffi'HERMAL-FOSSIL PCMER PLANTS. 
Dipippo, and H.E. Khalifa. 

J. Kestin, R. 

Mechanical EngineerIng, vol 100, no 12, December 1978, 
p. 28-35. 

The essence 0 tho hybrid concept is to comhine two 
sourced of ener9Y in the same conversion system 50 
as to introduce heat into the cycle in a thermodynamical· 
ly optimU!TI manner. This means that the heat derived from 
a lo\.,.-grade 50urce~ such as a geothermal brine, should 
be used for heating the \>Iorkin9 fluid -"; the 1~-tem
perature end of the cycle. Siml1arly J • high-grade 
emergy source, such as a fossil fuel, should I'e made to 
su pply heat at the highest practically admissible tem-

peratures. 

TK 
2896 
.155 
1979 

Intersoclety Energy Conversion Engineering 
Conference, 14th, Boston, 1979. ~~ 

Proceedings of the 14th Intersociety 
Energy Conversion Engineering Conference, 
Boston, }~ssnchusetts, August 5-10, 1979. 
-- Washington, D. C. : American Chemical 
Socie ty, c19 79. 
799221 
Effect of Noncondensables on the Perfor
mance of Geothermal Steam Power Plants, 
H.E. Kholifa. E. Michaelides and J. Kestin •... 1029 

799222 
Today's Geothermal Power Economics and 
Risks, T.W. Lawford ....•••....••••.•..••..• 1034 

799223 
Low Temperature Geothermal Energy Use in 
Existing Institutional Power Plants. 
D. Kouffman and A.V. Houghton •..•.......• 1037 
799224 
Syslem ,Aspects of Geothermal Resources 
Utilization: The Case of Castelnuovo Val Di 
r>' , ~, __ t:< ......... I" P n .. ~,f"r/·"i O"C:Pll;;rnni 1"41 

614 

HIGH TEMPERAlURE ELECTRClUCSFOR GEOmERMAl 
ENERGY. Anthony F. Yeneruso. 

IEEE C;rcu;ts and Systems. yol 1. no 3. 
September 1979. P. 11-17. 

The worldwide production of electric power from 
geothermal energy sources at present is 1.2 GW. The 
largest facility is in the United States at The Geysers, in 
Nonhern California, where 60S MW is on-line. RCCl::;t 
estimates indicate that geothermal energy sources could 
produce over 10 GW of power in the USA by 1990; 
however, to achieve this gOill there must be accelerated 
exploration and development. Developers and investors 
may be reluctant to make the necessary commitments if 
there is high risk or uncertainty in a geothermal reser
voir's prmJuction potential. -Als(), once a system is in 
operation, engineers periodically nc=ed accurate and time
ly downhole information from each well in order to 
Qh~ijin optimum production. Instrumentation for 
geothermal borehole measurements is being expanded 
!Jeyond today's limited capabilities.Prototypicalloggiflg 
((/ols have been sllccessfully field-tested to 275°C; at high
resolution quartl. pressure transduCl:r and a gallium 
phosphide diode have been successfully tcsted. Near-term 
goals of current programs arc to dew lop instrumentation 
for usc at 2750 ill pn·,,,"r,.,, lIP to 48.3 MPa (7.000 psi). 
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'1lIII0-12..., wHlti;igton SI.t. Univ" .... "m.n, Environmentel 
" ... arch Cent.r. 
COMPA,utoN Of' .IOTHIIIMAL INI".Y WITH COAL 
Oil. AND NATURAL GA. 'ORIUECTID U.' 
G, W. Hinman and J. "obart,on 1979 102 p refs 
IContrllCt EY-78-5·08·22211 
CDOE/ET-27139-1: RLO/2221-Tt4/1I Avail: NTIS 
He A08/MF AOI 

Environmental effects and enertJt .fflCiencies for gtlothermal 
_gy. _t.rn strip, mined c081. and .nt.m underground mined 
coeI applied to space hitating. proe ... heat. and electric drive 
_. compared. ",. measure of en envIronmental e"ect is the 
amount of residual materiel ralenad to the environment. and 
the measure 0' energy effICiency is the "cond law afflCiency of 
the prOCH. involved. "The rnultaindicate that geothermal energy 
efflCiencie. (second 'awl are higher thrm those for coal for an 
thr" end uses. ",. environment" a"ec .. for geothermll lupply 
aystams are smaller than those for coal in the caStlS of spaCt! 
heat and proce .. heat and are comparable in the case of electric 
drive. The optimum "location of a finite geotherm" resource 
and • finita coal resource bet_n apace heat and drive h., 
batIn evaluated from the viewpoint of muimum end UN .arvice. 
The rnults indIcate that. to tha extant that klcatlon factors permit. 
geothermal energy should be used for space hell' lind COllI for 
electric drive, DOE 

79N20509W ISSUE '11 PAGE 1448 CAT ioGORY 44 fin T J:': 
TREE-f312 CNU! [Y-7S·C-07- 1570 79/01/00 80 p~GES 
UNCLASSIFIED DOCUM~Nr 

UrTL: Measurement and control techniques In geothermal po\~er 
plants 

AUTH: A/WHITBECK. d. F.: ~/DART. R. H.: C/MILLER. d. D.: 
D/BREWER. D. R. PAA: D/(Rogers EngIneering) 

CORP: Edgerton. Germeshauson and Grier. Inc •• Idaho Falls. 
Idaho. AVAIL.NTIS SAP: HC A05/MF AO' 

MAdS: /. CONTROL EOU I PMENT / 'EL~CTR I C ~OWER Plll.lHS/· GEOTHERMAL 
ENERGY CONVERSION/'SYSTEMS ANALYSIS 

r.nNS: / HARDWARE/ MEASURING INSTRUMENTS/ PJlOT PLAtHS/ 
PRODUCTION ENGINEERING/ SYSTEMS EtlGltH,ERING 

A6A: G.Y. 
ABS: Tha background and source matPrtul usea In prcparl"O 

the chapter of the Geolherrna I Source coo,," l1n 
Instrumentation. mensuroment. and con~rol technlaues 
Is provIded. InclUded are detailed e~nmples of 
Instrumentation and control technique:: curr<;!ntlv being 
used In ~eothermal power plants. In addition. the 
basIc guIdelInes and unique char3ctcrlst1c5 of 
Instrllmentatlon and control In c;;eothp.rmal systems. ar·e 

presented. 

UTTl: 

AUTH: 

CORP: 

MAJS: 

f.HNS: 

ABA: 
ABS: 

UTTl: 

AUTH: 
CORP: 

MAdS: 

Mlt4S: 
ABA: 
ABS: 
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79N2e773" ISSUE 19 PAGE, 2578 
LA·760J-MS CNTw: W'740S-ENG'J6 
UNCLASSIfIED DOCUMENT 

CATEGOR( 44 RPT.: 
79/01/00 27 PAGES 

El('ctrlctty fro:n hot dry rock geotherwal eno,'qy: 
TechnIcal and economic issues 
A/TESTER. J. W.: B/MORlHS. G. E.: C/CU!.j:.'ItIG •• Q. G.: 
O/BIVINS. R. L. PAA: C/CN. "'lex. Unj\.· .• AlbuQut;>"q~eJ 
L(\s Alar:,os ScientIfic l~b •• !~. r.'oJ(. AVAIL.NTIS 
S~P: HC A03/MF AOI 
/' ELECTRICllY rENERGY TECHIIOLGGY /'GEOTHERr,'AL ENERGY 
CO~VERSION/'ROCKS 
/ cor.1PUTERIZED SIJ,IULATICU/ D"lILlIt:G/ oaY HEATI 
ECOf~OMI C fACTORS 
DOl:" 
Extraction of energy from hot dry rOck would mHk~ 
available a nearly unllml ted energy sour'c.~, Some of 
th~ technical problems and poss'lble eConomic tr,;\clcof fs 
Involved tn it po,", Eo I' g{'nl'ratlnu system ~re Clr'tmlned and 
possIble solut IOnS proposE:d. lin h,tcr:uIT"po.'aJ 
optimization computer mtJdel of el<:ctrlclt\- p,·,,\Il'ctlon 
from a hot dry rock geothermal source h,tS h<:C'11 
constructed. The effects of reservo! r dC9r';,d<1t jon. 
variable flUid flo,", rate. and drilling operations are 
c)I;mnined to determine optlma.1 strategies for rC$ervolr 
management and necessary condItions 'or economIc 
feasibIlity. 

80NtJ7tGN ISSUE 4 PAGE 507 CATEGORY 44 RPr.! 
NTIS/PS.79/0815/5 NTIS/PS-7B/OG65 tlTlS/PS-77/0562 
79/0B/OO 165 PAGES IJNCLASSIFIED DOCUMENT 
SlIPo;!r~.~de!i NTlS/PS- 78/0665; NTI S/PS·77/0562 Upd,Hes 
NTI SIPS - 76/0463 ~. 
Geothermal p.ncrgy. ?al't 2: COI'roslon and equip,n')nt. 
volume 3. Citations from the UTIS d.lta base TLS~: 
Progress R~port. ~~y 1976 - oul. 19i9 
A/HUtIDEMANN. A. S. 
Nat lana! Techn I cnl Informat Ion Serv Ice. Spr Ingrt(> I oj, 

Va. AVAIl-rITIS 51\;>: HC S'20.00/MF $29.00 
/'"BIDLJOGRAPHI ESrDRINES/" CORRI)SIONrGEOTHER~AL EtlERG'l 
CONVERSION/'GEOTHEUMAL RESOURCES 
/ CONCREiTES/ DI\ILlWG/ PIPES (TUBES)/ PUr-1PS/ SrEllS 
GRA 
C I t.:\ i. Ions 0 f Governmen t - sponso"(>(1 research repor ts em 
corro~io" and equIpment studies related to geoth"rna I 
energy are pi'esented. Studves on purrps, ttwbtnes, 
drIllIng eQuipment. pIpes, n02zleS. and well casin~s 
nre c(lvered. along wi th studies on materials InClUdIng 
concretes. steels ,md nonferrC"JUs alloys. SI I lea 
precIpitation and scale formation cn equlpmer)t are 
al so cl ted. ·PerfurtnilllCc of eql.If.'C',cnt in ,.,orklng f lules 
and brines and the c:.hcmical P"':)cesses affecting 
performance arc Includpd. ThIs lIpdnted blblfooraflhy 
contains 157 abstrac:.tS. 70 or whiCh are new entries to 
the prev'our, edItIon. 
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79N29639N ISSUE 20 PAGE 2695 CATEGORV 44 RPTK: 
COO-40S1-28 CNT~: EY-76-S-02-40S1 78/06/00 21 
PAGES UNCLASSIFIED DOCUMENT 
Introduction to eluctrlc energy conversion systems f~r 
Q(!othcrmal energy I'CSClUrCes 
A/DIPIPPO. R. 
Brown Unlv .. Providence. R. I. C55: (Engineering 
Olv,) AVAIl.NTIS SAP: HC A02/MF A01 
/-ENERGY TECHNOlOGY/-GEOTHERMAL ENERGY CONVERSIONI" 
GEorHERMAL RESOURCES 
I ELECTRIC POWER fJi.ANT5/ HEAT TRANSFER/ THER"'ODVNAMn:~ 
DOE 
The typos of gcoth~rnial energy co"version systems j:l 

use are cla~slfled as follows: direct. dry steam: 
sepa:'ated steam: slngle·flash steo:!rn: double-flash 
steam; multi-flash steam; brin~/Freon binary cycle: 
and brlne/Isobutane binary cycle. The thermodynamics 
ot each of these Is discussed with reference to 
.ImplHled flow diagrams. Typical existing power 
plants are identlffeCl for each type of $~stem. 

79A51S70 ISSUE 23 PAGE 4381 CATEGORY 44 
79/00/00 4 PAGE!> UNCLASSIFIED DOCUMENT 
LOlli temperaWt>e geothermal energy use in existing 
Institutional powep plants 
A/KAUFFMAN. D.: B/tJOUC,HTON. A. V. PAA: B/ (New 
Mexico. UnIversity. Albuquerque. N. Mex.) 
In: Intersoclety Energy Convepslon EngineerIng 

Confepence. 14th. Boston, Mass" August 5-10. 1!)79', 
ProceedIngs. Volume 1. (A79-51126 23-44) WaShington. 
D.C .. American Chemical Society. 1979. p. 1037·1040. 
Research SUPported by ttlC New /,lex I co Energy and 
Minerals Department. 
I- CCST EST Jr,1ATES/~GEOTHEHMt.l ENERGY CONVERS 1 or .. /' 
SVSTE~S ENGINEERING/'TUnBOGENERATO~S 
I ECONOMIC FACTORS/ ENERGY TECHNOlOG)'/ GRAPHS (CHAInS) 
/ TABLES (OAT A) 
I Author) 
P,'ellmlnary system designS and eC.:lnoll'lc analyses are 
pl'esente(J for retrofit geothermal !:>pacc heating f(lr 
t\~o educational Institutions. F91' tho 1<11'90. 
relatively low temperature. (Jeep ;"cservol,. In the 
Albuquerque. New Mexico. a.rea. there Is substantial 
economic InCentive only for larger Systems. typically 
those capable of ppovldlng 20 million 6tu/hr (6000 
KWt) OP mope. -

~.-' 
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ENGINEERING ASPECTS OF GEOTHERMAL DEVELOPMENT 
WITH EMPHASIS ON THE IMPERIAl VAlLEY OF CALIFORNIA 
Marti n Go 1 dsmi th 
Energy. Vol. 3. no. 4. April 1978 p. 127-148 

"whet-This review was prepared in suppon of a cc:olhermal planning aCliviryof Ihe CQunly orlmperilil. 
Elllincerin. fealures of polential eeolhermal developmenl .are oUllined. AtrclIjII: reqllirc~nls for driIJillAl 
and powerpl:an!s ire estimated. as are the costs forwells.lluid transmissi\ln .,ipc" and eCllcr .. lin, slatiollS, 
ROII&h scalina relalionships are developed for cosl factors as a function of rcservoir Itmpcrallife. ESlimalrs 
arc IIIIidc for cooling waler requiremenls. and possible 5.:K1lCeS o{ coolinc "''alcr are discUhc:d. AYaiiabilily 
illd suilabilily of a,ricublural ",aSlewaler for coolin, arc tnlpJ\.a5iud. The ulililyof Icolhc:rmal resouret' 
fM frelll waIn produclion in lhe ,Imperial Valley is considered. 

A SCENARIO FOR GEOTHERMAl ELECTRIC POWER DEVELOPMENT 
IN IMPERIAl VALLEY 
Donald l. Enmak 
Energye Vol. 3. no. 2. April 1978. p.203-217 

A_ad-The .,owlll of ,eolhermaJ ekctric power operation ... ..,erial Valley, CalifMnia is projecled 
over lhe ne~1 ~ yr. Wilh commercial power forecasllo become avail&blc in lhe 1"8Oi.lhescen~rio con~"'en 
Ihree subsequenl 1'011'111 rates of 40. 100 and 2SO mepwalls (MW) per year. "(bese IrowllI rales. ~Ion, with 
eSIUaalt$ of lbe loral resource size. resull in ~ IRuimu. level of eleclric powerproduclfoil nRPtc from 
1000 10 8000 MW 10 be ~ltained in rhe 2010 10 2020 lime period. Power plant silingc:onslninls arc 
developed and used 10 make silinc pallems for lhe ~ throup lhe 1000 MW level of jlo~r produclion. 
Two cc:olhermallecllnolo,ie. are includfd in the Ictnario: lashed sleam systems which can produce IlIcir 
own cnolinl WOller frona lhe ,eolhermal stem! condensate IJIII which emil nuni::onden~able caws 10 lile 
almosphere; and hi,h pressure. confined low syslelll' which injeci a11lhe Icolhermallluid bact inlo the 
around. An analysis of lhe scenario is made wit_ ~prd 10 wcll drillinc and power·.,lanl conslruclion rates, 
land uw, coolin, waler requiremenls. and hydroaen sulfide emissions. 

616 

11'.·2.172, Radian Corp ... A .. tin. T... i :; 
MATERIAll RUCTION aUIDEUNfa FOR GEOTHERMAL 
POWER IVUEMI. FIRn ECITION 

,David W. DeBerry. Peter F. Ellia. and Celin C. Thom" Sep 
1'7' 319 p rafs 
(ContrKl EG·17·C·04·3904) 
(AlO·3904·I; DCN·78·200·111·171 Ava~; Nns 
He A14fMF A01 

Nine potential power qeles are defined and diagrammed 
fOl' the generation of eleclriciry from geothermal fluids. General 
fluid properties that influence the appIicabilily of power qcles 
to a particular geothermal resourca .. ra discusnd. The corrosivity 
of individual process streams in power CVCI" is dascribed bued 
on variation ill chamical composition and lemperalura. Results 

• of matarials performance leSIS Ila 4JnalYled based on the chemic.l 
composItion of the corrosive medium Ind physical factors .uch 
" temperahlra. duralion 0' exposure. and fluid velocity. The .e" 
chemical components in geothermal fluids that are signifICant in 
delarmininG corrosiv,ry ale identIfied. BOlh summ.rizad and 
det.iIed results of mllelials performanca ta51S in U.S liquid. 
dominltad re,oul~" are given. Saven U.S. liquld·dominated 
ICGRA's Ire ClilS5lf .. d according to rallllYe corroslVelMl5S and 
thair ... " chemicill co~nls ..,re derinad. The Vinous forms 
.nd rnechanlsms or corrosl'" .UitC. I"'t can occur rn geothermal 
process streams are d.!scribad The application or nonmet.U,c 
materials in geothermal .. nvironments IS raported DOE 
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_.11101' Fluor Engi_ and ConatfUCtCKS. Inc .• 11'rine. calif. 
.. aER GEOTHERMAL DEMON8TIlATION POMR PLANT 
........ '" R""', A .... 1.77 . .111ft. 1.7' 
Aug. 1978 87 p refs Sponsored in part by Sa" Diego Ges 
end Electric Company 

,,(EPRI Prol. 580·2) 
(EPRI.ER.863: IR·ll Avail: NTIS HC A04/MF A01 

The wO!k performed from August 1971 through Janulry 
1978 pertinent to the design of the demonstrltion pllnt is 
reported. The Heber project objective is to design. construct 
end operlte e power pllnt to produce I net power output of 
45 MW/sub e/. deriving energy from I low·salinity. moder"e 
temperature (360 F. 182 C) brine heat SOUlce available from 
the Heber geothermal reseNoir. A binlry cycle conversion system 
employs I light alphltlc hydroclrbon milllure to derive hut from 
the 'brine supply. through hili exchlngers. Ind drive the 
turbine. generator to pro'duce power. Pow .. output will be 
distributed to Californil's Imperill Villey. DOE 

N71.IZtaI' Brown Univ .. Providence. R. I. Engineering Div . 
AYAlLAaLE WORK .N GEOTHERMAL ENE ROY 
Joseph lCestin Jul. 1978 95 p refs 
(Contract EY-78·S·02·40511 
(COO.4051.25) Avail: NTIS HC Aos/MF AOl 

The most important thermodynamic considerations needed 
for a clear understanding of the operation of geothermal 
installations used for the production of electricity are presented. 
A brief description is given of the nature of I geothermal ,eseNoir 
end the characteristics of the most practical systems for the 
conversion of geothermal energy into work are described. The 
shortcomings of the method of cycle analysis are discussed 
when Ipplied to geothermal plants. Special attention is devoted 
to a detailed discussion of the most important general indicators 
thlt follow for the designer from a thermodynamic analysis. Various 
methods of graphically interpreting the concept of IVlilabie work 
.. e described in detlil end the import5nce of easily accessible. 
relilble formulations of the thermophysical properties of the pure 
substances. solutions. and mixtures that the designer needs for 
success are discussed. DOE 
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BON12569~ ISSUE 3 PAGE 355 
UCID-17949 CNTW: W-74C5-ENG-48 
UNCLASSifiED DOCUMENT 

CATEGORY 44 
78/09/00 

RPTI!'! 
27 PAGES 

Hybrid staging of gQothermal energy conversion 
prC1c~sses 

A/STEIDEL. R. F. 
Cilll fornla Unlv •• livermore. Lawrence llvQrmore Lab. 
AVAIL.NTIS SAP: HC A03/Mf AOI 
!"GEOTHERMAl ENERGY CONVERSION/-TURBINES 
/ ENERGY TECHNOLOGY I SYSTEMS ENGINEERING/ WASTE EflERGY 
UTILIZATION 
DOE 
A hybrid sY'3tem const sts of h;O or more eneroY 
conversion processes. The use Is examined 0' thrl'(, 
energy conversion machines In hybrId systems: tn(, 
conventional slngle-pha~e turbine. and the two-phase 
expanders kno .... n as the lysholm engine and the rl!lcll;'ll 
outflow reaction turbln~. Twn hybrid systems are 
pre~cnted. The fir!>t Is a t\~<)·"'lilg(>. single-flash 
system with the Lysholm engine i1S the first stag'. ,11111 
a scparatcr and c~1ventlonal turbine as the sec~~ 
stage. The ~.econd systt'm adds a radial outflow 
reaction turbinQ to recover a part of the energy 
rejected In the second stagQ. A theoretical sppciflC 
power of 41.3 kW.s/lb Is predicted for the two·sta~e. 
single-fl2Sh hybrId system. The addition of the radi~! 
outflow rotary torl,lne IncrQas~S perforrrwnce to 401.8 
kW.s/1b. Bolh are ~uperlor to the double-flBsn sYstem. 
with ft specH Ie pOoler of 37.8 kW. s/lb. In addl t Ion. 
the hybrid system offers operating flexibility. 

7BA2~99B ISSUE 
EY-76-S-02-40Sl 
DOCUMENT 

II PAGE 2002 CAlEGORY 44 CNT~: 
78/03/00 6 PAGES UNCLASSIfiED 

UTTL: An analysis of an early hybrId fossll-geothormal power 
plant propOSal 

AUTH: A/DIPIPPO. R. 
Geothermal Energy. vol. 6. Mar. 1978. p. 31-36. 

MAJS: j'!'lECTRIC POWEll PLANT5/'ENERGV CONVERSION En ((.IENCY 
/' ENERGY TECHNOLOG¥/' ross I L FUELS! ·GEOfHERMAl [NUlGY 
CONVERSION 

MINS: / CONDENSINGI FlASHWG (VAPORIZINGI/ S1EAM/ STEil", 
TURBINES 

ABA: M. L-
ABS: A thermOdynamic analysiS of Caufourlar's P,·opos .. , for 

a hybrid fossll-geothel'III<l1 power plant (dc!>cr,"C'd In 
1924) I s presented. The prOJ1o!:.ed sy:.tem l'lOul(1 ('1I'ploy 
four stages of vapor 'gcneratlon by fl,,:;.hlnq followed 
by a fossll'flred supcrheater that prod'lc,cd t,).::;.th 

.electrlclty and hot water. The descr\bQd system would 
usa a multiple-admission vertlcal·shaft aXial-flaw 
vacuum condQns I ng tur'b I ne and four SQ If- vapor 12ar'::, 
whIch ware Vertical cyl indrlcal vcs5el:; t(Jppr:d by 1I 
dome which housed tt'Q steam out let and the V;;II,lI lim-purnp 
connection. Assumptions requllQd for thQ annlysls arc 
discussed. and an effQctive efficIency 0' 201 fOr 
fossll'fuel utlll2ntion was found. An cxpl~nntlon for 
thIs wilue. which represents underutlllZiltlon of 

611 fossft fuel. Is offered. 
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79A40369 ISSUE 17 PAGE 3121 CATEGORY 44 
77/00/00 19 PAGES UNCLASSifIED DOCUMENT 
The potential for geothermal and solar thermal pOlo.er 
systems 
A/ANDERSON. J. H. PAA; A/(Sea Solar power. Inc .. 
York. Pa.) 
In: Recent advances In engineering science; 
Proceedings of the Fourteenth Annual Meeting. 
Beth/chem. Pa .. Novemb"r 14-16.1977. CA7S-40301 
17-31) Bethlehem. Pa .• lehigh University. 1977. p. 
1297-13t5. 
/*ElECTRIC POIoIER PLANTS/' ENERGY SOURCES!TGEOTHERr,IAL 
EtlER'3Y CONVERS ION/' OC-CAN THERMAl EtlERGY CONVERS 10t.!, 
SOLAR HEATING 
/ BY-PRODUCTS/ COOLING SYSTEMS/ DESALINIZATION/ ENERGY 
TECHtfOLOGYj SOLAR ENERGY CONVERSION/ TECHNOLOGICAL 
FORECASTINGj TUROINE E"GI~ES 
CAuthor) 
An approximate evaluation of potential sources of 
encr{IY I n the 10101' lei I ~~ 'Hade. J tis cone I udCd tnat 
geotherrna I power. a,)d G(.can t hcrm:) 1 pOlo.'er nave Dy far 
the greatest :potentlal. A comparison of cooling 
requlremer.t(; for varlolls thermal power plants is ",ade. 
The operating p,·l.nclples of vapor turbine geotnermal 
and sea thermal power plants are discussed. Sea 
thermal pow~r Is conelu(~d to be. vy far. our largest 
potential source of future energy and provIdes many 
additional product~. 5u<.h as tresh ~ater. food. fuels. 
fertl Itzer. and other cnemicals. 

79A24240 ISSUE 8 PAGE 1436 CATEGORY 44 
78/10/00 3 PAGES UNCLASSIFIED DOCUMENT 
5011 cooling for geothermal electric power plants In 
the Western Un.1 ted States - The Raft RiveI' experiment 
A/STANLEY. N. E.: B/SlEGEL. D. L.: C/GERTSCH. W. O. 
PAA: C/(EG & G Idaho. Inc .. lroho National Engineering 
LaboratorY. Idaho falls. Idaho) 
Geothermal Energy, vol. 6. net. 1978. p. 23-25. 
l"ElECTRIC POWE.R PLANTS/"EVAPORATIVE COOLING/" 
GEOTHERMAL ENERGY CONVERSION/~SOILS 
/ COMPUTER PROGRAMS/ COOLING SYSTEMS/ CROP GROWTfi/ 
ENERGY TECHNOLOGY! HEAT TRANSFER/ MASS TRANSFER/ SOIL 
MOISTURE/ THERMAL CONDUCTIVITY/ UNITED STATES OF 
AMERICA 

_~ .. ~,_ ~ .:.~"",'~ .. ...;.,~~~r:r"::~ .... V~"F;.~":--#l,","S"i';I4ji;::%'l"~ 

79AI8099N ISSUE 5 PAGE 867 CATEGORY 44 R~T#: 
ASME PAPER 70-JPGC'PWR-18 78/09/00 10 PAGES 
UNCLASSIfIED DOCUMENT 

UrrL: HIstory and developl11ent of condensers at tne Geysers 
geothermal power plant 

AUTH: A/fORSTER. L. L.: D/PIETRUSZKIEWICZ.~. ?AA: 
A/(Ecolalre Conden~er. Inc •• e~thl~nem. Pa.}: 
B/(Paclflc Gas and EI~ctrlc: Co •• S;;ln FranCIsco. 
Ca' If. ) SAP: MEMf.lERS. (ASME, S I .50: NONMEMBERS 
$3.00 • 

~ ASME. IEEE. and ASeE. Power Generation Conference 
~ Dallas. Tex •• Sept. 10-14. 1978. ASAlE 10 p. • 
MA"'S: /·CONOENSERS/~GEOrHERM"'l WERGY CONVERSION/" 

• OPERATIONAL PROBLEMS/'POWER PLANTS 
MINS: J CALIFORNIA/ CLEAN ENER!:iY! CORR05IOr~ RE.SJST:'~CE/ 

ENERGY TECHNOLOGY 
'ABA: M.l. 
A8S: Unique environmental and rr.aterlals cor'roslcm prN)lams 

affect! ng equIpment used at the Geysers 9(:otnr:r.ta I 
power plant are.considcrecl. and Cl<:!slcn cha ract.:!rf::.t1cs 
of equipmcr.t. In partiCUlar of ccnClt!n':'cl·::'. ul>cd :n 
each of the 15 Geysers generating un.lS dl'C (l.:..!, •. ;riocd. 
rhe power plant cycle u~ed with aireel c:ont .. Cl 
'condensers and the cycle used with surf<lce conc .. ~n~ers 
.are report cd. Improvements In conde:nser d(:~ i gn nnd In 
the deSIgn Of associated nQnCond~nsable gas-removal 
systems are surveyed. 

79438947' ISSUE 16 
78/12/00 23 PAGES 
AOI0632 

PAGE 3032 CATEGORY 44 
UtJCLASSI fl EO DOCUI.iENT DeAF 

urTL: Thermodynamic consi<lerCJ t Ions for the energy eonvc,'s fen 

AUTH: 

MA"S: 

MINS: 

ABA: 
ASS: 

618 

process In QE!otherma I. power p Jants 
A/NISHIKAWA. K.: a/YOSHIDA. S.: C/MORI. H. 
B/(Kyushu University, FLkuoka. ~apan) 

Pl.:': 

Kyushu University. Faculty of Engineering. Memoirs. 
vol. 38. Dec. 1978. p. 327-349. 
I"ELECTRIC POWER PLANTS/·GEOTHCRM:.L ENERGY CONVERSIml 
I-SYSTEM EFFECTIVENESS!~THERMOOYNAMJC EffiCIENCY/~ 
THERMODYNAMIC PROPERTIES 
/ COST EFFECTIVENESS/ ECONOMIC APiALVSIS/ Er~ERGY 
CONVERSION EFFICIENCY! ENERGY TECHNOLOGY 
S.D. 
The uti Ilzatfon factor of energy In. a <;coth<:rlTlal power 
plant !:s consfdei'ed. Fora geothermal power plant. tne 
thermal efflci~ncy does not act a~ an I~reaiate 
crl terton of economics. because the ene/'gy ,nput to 
thTs plant is a geothermal flUid free of cost. 1t Is 
proposed to adopt effectlvene~s as the utll IZdtlon 
factor. Effectiveness Is based on the conc~pt of 
availability. applicable to quantItative aS~tlssP'(:nt of 
energy according to the second la ... of thermO{I~ni'lll1lcs. 
Informatton derived from some example~ of energy and 
avai lability accounting for existing ~Qotherr~l po~er 
plants with flaShing sy~tem Is dlscus~ed. 6astld on the 
effecttveness of geothermal pOwer, plants, the optimum 
flaShing pressure Is analytically eXamIned 
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~ 79AI5920 ISSUE 4 PAGE 648 CATEGORY 44 CNr_= 
ti EY-76-S-02-4051 78/00/00 11 ~AGES UNCLASSIFIED 
l:. COCUMFNT 
L I UrTl: HybrId fossll-oeothermnl power plants 
t AUTH: A/KIiAUFA. H. L: B/DIrIPflO. R.: C/KESTIN. rJ. 
~ C/(Brown University. Providence. P.I.) 

PAt: 

~.~ In: Energ~ technology V: Challenges to tecnnology: 
~-, Proceedings of the Fifth Conference. Wa~hlngton. D.C. 
~ . '. Fehruary 27-Milrch 1. 1978. (A7C1-1S879 04-44, 
f > " Washington. D.C •. Goverllment Institute!>. Inc •• 1978. 
I ·'fI. p. 960-970. 
'~~:.:;l,. ' . MAdS: /tELECTRIC PO~JER PLANTS/'ENEP.GY cor.Vf.RSION EFFIClffJCY 
~ ':r:;~ ; /tFOSSll FUELSj'GE01HERiliAL EtlEHGy CONVEP.SION • 
~,.li'~,,~· "'INS: / BINARY FLUIDS/ EtJERGY HCH!lOLOGf/ FIGURE OF MERIT/ 
\ .. 'ff'.:k. RANK I NE Cye LE 
k'II,;;·\:1,: ABA: (Au thor) 
f~:';:~~ ABS: The concept of hybl'ld uti 117.i1tion of fossi I and 
,~.r~~~ ~ ged thel'ma I 'mergy Is d i ~·cuss .. ~IJ. The concept Is apo I I (d 
'?1f.'t.~.1 to tl'lo types of plant: the g':'ctnermal-preheat hYbrid 
,"ttl";" and th<? fOSSll-superhcat hybrid. In the first. tne 
, ~:. geothermal fluid Is used for pl'eheatlng the fet"d·.3l0r 
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AUTH: 

tn a Rankin~ steam power cycle: In the second. Steam 
produced by flaShing a gE'otherrnal flUid Is superhpi)t-:ct 
tn 8 fossil-fired superheater. Rpsults are olvcn for a 
typical cas@ of a geoflulcr at 200 C. and snow tnat a 
geotherma I - pret;ca t hybr I d plant can producc 4,. ll'ore 
work than could be obtaIned from using the fossil fuel 
In a state-Of-the'art pnwer plant. Or 60~ more ~ork 
than a state-of-the-art geother~al Plant could YIeld. 
for the same Input. For the fOssil '-su!,,<?I'heat hyhr1d 
plant. the Correspondin~1 ffgul'es aN! 26'1, f(ir fo~.slJ 
u~age and 8~ for Qeoth~rmal u~age 

79AI5890 ISSUE 4 PAGE 644 CA1EGORY 44 
13 PAGES UNCLASSIFIED DOCUMENT 

7U/OO/OC 

Geothermal energy from a utility perspectlvQ 
Imperia I Va II ey of Soulhern Cal I forn I il 
A/COLSTON. B. W. PAft: A/tSan Diego Gas and flectrlc 
Co.. San 0 i ego. Ca I If. I 
In; Energy technology V. Challengos to techlwlogy: 
Proceedings of tne Flfth Conference. ~!i'lshlngtol). D.C •• 
Febru.;]ry 27-March 1. 1978.(A79-'587~ 0<1-44' 
Washington. D.C .• Government InstitutE'S. Inc •• 197e. 
P. 48-60. 

.619 

ABA: 
ASS: 

UTTL: 

AUTH: 

MA.JS: 

",INS: 

,ABA: 
lABS: 

,. 
I 

~"-~ -', n<";""-"'ll::-·,,~h:..; .... .,..T/IO";c. ,!:,~, ~, .. ~;;.,:tF~ 

(Author) 
This paper discusses geotherrnetl eneroy from a utllity 
perspective with empha~fs on ~ystcms using 
liquid-dominated resourc.es The statu::; of d'!V(>'(jpmcnt 
for geothermal en£'1'9Y In the lIni ted Slntcs flllCI (,ther 
countrlt>s is de':lcrlbcd. Inr\llc1ing a dl<.f:1I5 •• it)ll uf 
de"c lopment pl'OOrC1ms of approPr late o"\:<\nlz.;tt 1(I"<,SUC!l 
es the Department of Energy and the Electric P07('I' 
ResearCh Institute. The 9cothcrral proorarn of ~In 
Diego Gas and Electl'lc (onpany I:; Cove~Qd. 
highlighting the Nt land Geot:H,rmal locp t:Jt:pr~I'i",en'al 
Fac! I lty and tt>e propc';(!d Heber Geothermal 
Derrons t ra t Il~n P I art. Fill ther. devc I oP'l'en t (J f 
geothermai res.:>urces ill the II"P!'rla' Vill h'y 0' 
southern C.I11 fornla is nullSrwd. tlelCl. t:he prohl('n~s. 
risks and uncertainties associated With COml"erclai 
geothermal POwer plants are ncldrcssed. lastly. the 
economic aspects of geothermal systems are sumn.;'Jrlzod. 

79A32591 ISSUE 13 
78/10/00 16 PAGES 
A004161 

PAGE 2403 CATEGORY 44 
UIlClASSIFIED OOtu"(r:T Dear 

MHI's recent achievements tn the fIeld of q.;,otht>Nral 
po ... 'er gene rat Ion 
A/AIKAWA. K.; B/FUKUDA. S.: C/TAHARA. M. fAA: 
C/IMltsublshl Heavy Industrle~. lto_: Nagasaki 
Shipyard and Engine Works. NagaSaki • .Japan) 
Mitsublshl Heavy Industries Technical Qcvlew. vol. 15_ 
Oc-t. 1978. P. 195-207. 
/'ElECTRIC POWER Plf.NTS/"EUERGY TECHrmLOGY/,rlJl.SHWG 
(Vlt?ORIZING""GEOHIER'.!;,\L ENERGY COiNERS!ONj 'SrEM,' 
TURBINES/" TURBOGENERATORS 
J AXIAL FLOW TURBWES/ UlNAR'( FlUIDS/ CCt:D!:NSERS 
(LIOUIFIERS)/ GRAPHS (OIAfiTS)1 PIPELINES! STEA" FlOWI 
n~(RrnODVNA'" I C EFF I e I ENCY / TURBoMACH Jr:ER,'/ WEl,lS 
P.T.H. 
The paper gives the tec/;ntc;)) data on about flftt'cn 
geotherll'al Po:\'er stnU(Jlls throughout the- "IOI'ld, ana 
then goes Into somc· OlOJ'e de:tall en SC'l'C re-r..~nlly 
Installed plants. Some of the~e are of the 51rlylc 
flash ·type. where the ste::m-lleter :T'ixtur'o froln the 
geothermal "'ells Is led to a well hend separiltOI • ~nd 
thQ separated steam Is fed to a turbine fo~ PGw~r 
generation_ The Hatchobaru plant features ~ :~·ubl~ 
f lash cycle. In which the hot ""ater !roll' th~ s'·r~lr·.ltor 
Is led to a second flasher at redlJc(HI Pl'(>s!>w"!. c.l', the 
w<1ter Is f :i:!sh~d. rhe 1'~SUIt 109 s<:!conon"'''' st(',~:r' I" fed 
to an Intermediate ... tage of th~ turbine to ll\c':rc.":ls~ 
the output. A schematic dlagr'am of the- <,loublo.-- flllr.h 
cycle plant Is presented_ The Hatchobar~ plant ~Iso 
features a Lnlque steam-water ml~ture transmfsslon 
system. Only one transmiSSion pipelIne is required 
between each "''!lll lind the pll!lnt. The geothermal double 
fleSh cycle power plant wIth two-phase "ow 
tran'imlsslon Is prnduclng 15-25% higher power 
generation than In the sIngle fl~.h cycle. Total 
Investment co!'t Is 5X higher tlHIIl for thr. Single fla'"ih 
cycle. but pOw!;!r QGner;Hlng cost is 10-20% lower. 
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HEAT TRAf~SF£R: RESEARD. AND APPlICATI(Jio dahn c~ 
Chen. t1u o {i~~p~rs Pnlsfil1ttad at 15th Hattonal 
!fellt Tk"amsf~r Ccnia II Sim franchto. Cil1fo • 

Augolg15)o 

'Amertcan In.tttuta of Che.teal 
Eng1hilot'$ 

letl_l CMfeNn ...... t 
. Tr.,.f.r ~ 

HEAT EXCHANGER TESTS WITH MODERATELY SALINE GEOTHERMAL BRINE •..•...• 
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...•..........................................•. _ •....•• G. L. Lombard 
Sm.1I sc.l. tub.·in-shell hllat exchanlle,. w.re oper.ted in tbllmperi.1 V.IlIY Ii. -- ~ 

near Heb.r, C.liforni., with geotherm.I brine containinll 14 SOO.llpm dissolved : r 

IOlids .nd h.ving • pH of 6.2. Scale deposits were experilncld on tub I surf,ClS i' 
exposed to the brine during the experiment, which caused the overall heat trans· 
fer coefficient to decrease linearly with operating time. 

The time rate of decline in heat transfer perform.nce increeses as the brine 
was cooled from 3500 to 1500 F. Scale deposition, indicated by the heat transfer 
coefficient, is a strong function of the brine temperature level and brine velocity. 
Brine-side pressure loss in the heat exchanger test unit was not significantly 
affected by the thin, uniform scale layer observed on tube surfaces exposed to 
geothermal brine. Chemical cleaning effectively removed the stale layer devel· 
oped on tube surfaces Ifter continuous exposure to the geothermal brine for 560 
hr. Corrosion I.1f the titanium tubes was not observed .fter the completion of the 
tests. 

A GEOTHERMAL ENERGY PLANT. 
J.S. Wi 1son. 

CEP Chern. Eng. Progress, v.n, no.ll, Nov.1971, 
p.9S-98. 

In order for geopres$ured, geothermal reservoirs to 
be e~onomical sources of el~ctric power their waters 
must contain large volumes of methane, and temperature 
must be above 300°F. 
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79A19778_ ISSUE 6 PAGE 1027 C~TEGORY 44 RPT#: 
ASME PAPER 78-WA/EtJER-7 70/12/00 10 P~GES 
UNCLASSIFIED DOCUMLNT 
Geothermal power and water production studies at the 
University ot CalifornIa 
A/lA(RD. A. D. K.: B/TLEIMAT. B. iii.: C/DARNELL. J. 
R.: a/SMITH. G ..... : E/STICKEL. F. V. PAA: 
B/(Callfornla. UnIverSity. Berkeley. Calif.): 
C/(Bechtel Nattonal. Inr .. , San Francisco, Calif.): 
D/(E:o:on Research and lnQln.:crlng Co •• Florhc;:m Park. 
N. J. ) : E/ I un i ted 1 ecnou log j es COI·p., Cheml ca I Sys t4::mS 
Dlv •• Sunnyvale. Cal If.) SAP; MEMBERS. $1.50: 
NONMEMBERS. $3.00 
American Society of Mcc.tmnlcal Engineers. WInter 
Annual MeetIng, San Frar.ctsco. Calif.. Dec. 10-15. 
1978. lOp. 
/·GE01Hf2Rf.1Al WERGY CONVERSION/·ihE"",OHYDRAULICS/· 
WATER TEMPERATURE/'WORK,NG FLUIDS 
/ C~R(jONATES/ ENERGY TEc.HNOLOGY/ THERMODYNAMIC CYCLES 
(Author) 
This p~per summarizes results of studies on goetnermal 
dual-purpose power and water proCJuctlon plant!. uslno 
geothernlcll and other war-kIng flu!d5. Cc,"~)Ir..lllon5 of 
heat exchanger and dl N)Ct contact (.Ofl(JCI\';~1 S 101 11 h 
E-vaporatlve. dry ana mixed COOling are COn!>ICl.)rNL 
Effects of system parameters on prcdUCtlon are o,v~n. 
Higher temperatures favor the u!:.e of t.pun. or W'HC"'~ 
cycles. particularly II.hen brines are low In dlsf.olved 
solidS. noxIous gases and blcarbonatec. At lu~cr 
ternperatures. c\ thcr the wat~r' 01' the bl nary f '!lId 
eye I e may be pre torab Ie. dcp",Od I flg on COI)(lj t Ion::.. 

Intersociety ~ -Omersi<X1 Eng~ 
Qnfemnae, 12th, tlash~, 1977. 

PJ:oceed1.ncm ••• c1977 

Ceolhermil Power Systems I-He~t Tr~nsfer in 
Ceolherm~' Systems r.'" <I r - ff J I , 

....othermi. Power Systems II-Power Cycle and 
" .... lnS Fluid Ev~'uations f, 8 a;L - 9 '1 (, 
--.--

. as. 

Geothermal Power Systems IlI-(ieolhenr~1 Power • 
Cycle Component. p, g 7'7 - 9 lot. 

. -
Usiill Salton Sea Geolhermal Brines for EJectric~1 

Power, G. E. Tardiff, University of California, 
Livermore ••••••.••••••••••••••••••••••••••• 1723 
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Oorl!5615~ ISSUE 6 PAGE 765 CATEGORY 44 HPT-; 
CONF-7S1270-SUr.1M 7B/10/00 138 PAGES U:'CL~5SlnED 
DOCUr·H:NT 

UTTl: All-union scientific and technIcal confer~nco on use 
of the earth's heat for the productIon of electric 
power - sum"~ry of reports 

CORP: Oppartment of Energy. Washington. D. C. AVAIL. NTIS 
SAP; HC A07/MF AOI 
Ccnf. held at Moscow. 10-14 Dec. 1975 TronHI. Into 
EW}L I SH of V~esoyuznoye Naucho· Tekhn I Chcskoye 
Soveshctlanlye. Ispol 'zovanlve tenIa zom!1 dlya 
Prolzvodstva Electro9nergll ('ezlsy D~kladDV). USSR 
Mlnlst~y of Po~er and Electrification, 1975 18G P 

MA~S: I-CO~FERENCES/'ENERGY T[CHNOLOGY/'GEOTHERMAL EhERGY 
CO~NERS!ON/·GEOTHERr.u,L JiESOUrKES 

r.UNS: / ELECTRIC PO~IE.R TRAtlSMiSSIOtJ, ELECTInG! TV; GEOPHYSICS 
/ HEAT TRANSFER/ THERMOELECTRIC POWER GEN[RAfIOtJ 

ABA: A.W.H. 
~BS: The use and effectivene~s of gcothcrmdl ~nQrgy fo~ 

producing electriC power Is d1Scu~sed. Topics Include 
the operation of geothermal electriC ::itatlcns iln(J 

pO'l:er plants. systems fo~ the extract Ion of I.Cilt from 
the Ea~th's crust. drilling of gaoloclcal pro5pcctln~ 
boreholes fOr steam. and geophys1cal ~cthodS for 
monl torlng the parameters of Undet·grovnd heat boilers. 

ENERGY CONVERSION ENGINEERING 
Anders W. lundberg 

Energy and Technology Revi~~, May 1977. p. 7 
16 

Efficienny extractin~ energy .from the hot, 
mrrosit'e brines or the Salton Trough preents 
problems that nde;out all cont'entional turbines and 
expansion engines. Normal practice is to separate 
brine and steam and use only the latter, wasting the 
energy tied up in the brine. It would be rar more er
ncient to use the total now, extracting energy rrom 
both brine .and steam. But conrentional turbines, 
designed to operate on pure steam, would quickly 
wear out or plug up with scale ir expo!led to brine. 
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77A~oa03 ISSUE 23 PAGE 39a7 CATEGORY ~4 
77/00/00 a PAnES UNCLASSIFIED DCCU~ENT 

UTTL: Geotncrmal po~cr cycle nna\ysls 
AUTH: A/SCHAPIRO. A. R.: 8/HA~ELA. G. P. PAA: B/(Rocl<well 

International Corp •• Atomics International Dlv •• 
Canoga Park. Calif.) 
In: Intersoclety Ene,'gy Conversion Englneerfn; 
Conference. 12th. ~Jashlrogton. D.C •• August 
28-September 2. 1977. Froceedlngs. Volu:re 1. 
(A77-48701 23-411) La GI'dnt;e Park. Ill •• ~merlcan 
Nuclear Society. Inc •• 1977. p. 857-864. 

MAJS: /'COST ANALYSIS/'ELECTRIC POwER PLtNTS/'GEOTHERM~L 
EtlERfiY CONVERSIOfll'STEAM lURB INes/~ THERMODYNAMIC 
EFFICIENCY 

MIUS: I COST ESTIMATES/ ENERGY COtNERSIOII EFFICIEt:CY/ WEcCY 
TECHNOLOGY/ OPERATING TEMPERATUREI SALINITY/ SYSreU5 
ENGHlEERING 

ABA~ (Author) 
ASS: A study was conducted tv analyze and select (fr~l tne 

direct steam flash. rla5h binary. pnd direct binary 
cycl~~) a power generation cycle producing 10 MW net 
electric power output. that has the lowest capital 
cost for two brine models: one fo~ 
hlgh.temperaturc/hlgh-5illlnlty brine and tne other for 
low-temperature/low s~linitV brln~. For each CyCle. 
the thermodynamic pcrformance nnd caplta1 cost were 
analyzed. The mate,'Ials of ct)rl'>tructlon used In 
es t I Inat I ng the cost of the corrponen ts were: (1) carOon 
steo;!l Dnd (2) mater'lals selected (or eacn cOmPon~nt 
that ~ho~s promise for longer life. Estimates wIth 
components constructed of carbOn steel ~ere made to 
glye an equal basiS to the conparlson. Ttle eHect'S 0& 

the materlal~ of construction upon the CyCle s~lectec 
were ascertained. 

77A4BB05 ISSUE 23 Pt.GE 3907 CATEGORY 44 CtIU: 
E(04-3,-,,24 77/00/00 7 PAGES UNCLASSIFIED 
oocur.IENT 

UTTL: Effect of reservoir temperature acclfn~ on geothermal 
power plant design and eccnomlcs 

AUTH: A/HANKIN. ~. W.: B/HOGUE. R. A.: C/CA5SEL. T. A. V.: 
D/FICK, T. R. PAA: O/(Bechtel Corp •• S~n Francisco. 
Calif.' 
In: Intersocl ety Energy Conver'S Ion Enyf neer Ing 
Conference. 12th. Washington. D.C •• August 
2B-Septembcr 2. 1977. Proceedings. Volurne 1. 
(A77·4B701 23-44) La Grange PDrk. Ill •• American 
Nuclear Society. Inc .• 1977. p. 870-876 

MA~S: ,'BRINES/wGEOTHERMAl ENERGY C~IV~RSIOH;'PO~ER PLANTS/· 
WATER TEMPERATURE 

MU.lS: / BLOCK DIAGRAMS/ CALlFORtSlA/ CLEM. ENERGY/ C05T 
ESTIMATES/ DESIGN ANALYSISI elECTRIC POWER/ ENERGY 
TECHflOLOGY 
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14361 EAST MESA GEOTHERMAL TEST SITE 

KEY WORDS: Corrosion, DesaUln.; Ceolhenllai ene,.,; Groundwater 
basins; Injection; Scale (corrosion); Subsidence; Temperature; Waler ... alltr. 
~~ . 

I 09936 

ABSTRACf: Geothermal nuid with its inherent heat energy has the potentia! of providing 
high quality water for lIugmentation ()fthe Colorado River system. Desalting tests have 
been conducted utilizing geothermal nuids at East Mesa on vertical tube evaporator and 
multistage nasb distillation processes and a bigb temperature electrodialysis membrane 
process. Effective scale control bas been developed by tbe use of a tbresbold treatment 
cbemical. Considerable geopbysical and geologic data bave been collected and five deep 
Icotbermal wells bave been drilled ranging in depths from 6,000 ft to 8,030 ft (1,829 m to 
2,447 m). A microearthqualce network and level net~"rk have been installed to monitor 
movement in the earth's surface structure. Inje~·tion hiS been successfully achieved to 
dispose of waste nuids, however, surface pumping is required. A national lest. site hlts been 
established at East Mesa in cooperatEon with tbe Department of Energy and a number of 
private and institutional ellperimenters have utilized the site facilities :for research 
activities • 

REFERENCE: Fernelius, Wayne A., anc! Fulcher, Marlin K .. "East Mesa Geothermal 
Test Site," Joumll' ofth~ Env;mnm~nt.' En6in~rin# Division. ASeE. Vol. 105, No. EEl, 
Proc:. raper 14361. February, 1979, PI'. 13-32 

A RETROFITrED GEOTHERMAL HEA.TING SYSTEM. 
Clen Hull, Georgr Simmons. 
Ashrae Journal, vo 21, no 5, May 1979, p. 45-50. 

rhe hellling system allhe Idllho State Hell'th and AgricultUre L.aboratory 
WIIS recently converted 10 run on geothermal energy. Analysis of the 
system. which exchanges geofhermal energy with a closed water loop, was 
• ,ded by computer simulation. Accuracy of Ihe models was Verified during 
one heeling season. A new controller was speCified and Installed which 
Iow.rs the loop temperature wi,h Increasing ambient temperature. Heating 
costs were Significantly decreased. 

; 
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A79.tOl. 1/ Utilidnl ........-. -- Wow 150 C noo Fl. J. F. Kunze (Er.l!IlIY SenlM:e5. Inc •• Re"burg. Idahol. 
(AtMricMl Soci«V of Mf!chMliclll Engin8fS. Enf!f!/Y RftOlJrcft 
T«hnology Con't!mIC~ .:too Exhibirion, HOl/fton. T~K., NOli. 5·9, 
'978., ASME, TrllflS/tCiiom, Jollrmf of Ent!rgy Rt!JOIKcr:s Techno/
ow, vol. 101, June 1979, p. 124-127.5 refs. 

Except for the stl1an'..oominated geothermal field at GeyJen, 
calif., the use of gcotherm" !!nI!llIY in the U.S. h. been minim". 
There hIS been so much preoccupation with searching for the high 
temperlture resources (above .350 F,. tor generating electricity, tNt 
the gn!atest potenti .. fOf geothel'mll energy, that at temperatures 
below 150 C (300 F, hIS been largely ignored. These waters are 
much more Ibundarot thMl the higher temperature ones, and 
theralOfe, represent 10 Of more times IS much usIbIe enelllY than tM 
totaf of the energv in all the high temperature waten. The proble!ns 
hwe, in part, been techno!09ial· boW to economically convert these 
lowe\' temperature I'Otbermel WIIten to useful energy • and in part 
institutionll. This pIPI!I' dftCribe the lat fIVe y_'s protrlfl'l,l.,ety 
ClII'Itered at the Id.m "'Ition" Engineering lOlbofatOfY, to melte It 
more prlCtial IfId II!;OnomM:" to hlll'l1ess the lower temperature 
!Ieothermaf resollrN!< (Author) 

J\nnl1"11revicw Of ~rt·h AM pl<matary sci
~s. 'I. 1\ I Froo1\. 'bmth, ~itor, 
Francis G. Steh1i, assocl.c"\te eclitor, 
('..ooroe tol. \'1etherill, associ(\t:e eriitor. 
_ Palo Alm, C.alif. : J\rumal ~iE.WS, If)7n. 

543 p. : ill. 
Ioollrles inr1exc.s. 
1. F.arth-Periodicals. 2. 'rlanets

J'eriooica1s. 3. C~physics-Peri~icals • 
I. ta1ath, Froo 1\.. II. Stehli, Francis G. 
III. Wetherill, ~ ("',eorcm t~. 

HVD,-ontF.'-"'''t. AI,n:IlATIOr-J Ir-J AmVE GEon I ER"'AI. Fml.os, P. R. L. 8r/I11'/I(' 229 
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79A50a97 ISSUE 22 
78/00/00 6 PAGES 

PAGE 4188 CATEGORY 44 
UNCLASSIF1ED DOCU~ENT 

The consumptive use of hater in ~Qothermal onergy 
appl !catlons 
A/KUNZE. J. F.: a/SPENCER. S. G. PAA: A/I For5grcn. 
Pe~klns. and Associates. ReXburg. Idaho': B/(EG~G 
Idaho. Inc .• Idaho Fal Is. Idaho) 
In: Conference on Environmental Aspects of 
Non-Conventional Energy Resources - 11. DCnver. COlO •• 
St!ptelr,ller 26-29. 1978. Proceodlngs. (A79-50876 22-45) 
[a Gral,gc Park. Ill.. An1erican Nuclear SOCI<::ly.I97B. 
p. 39-3 to 39-8. 
I' GEO rJiERMAL ENERG)' COrNERS 1 ON/·GEOTHERr.'Al RE:..OURCESr 
W\TE~ CONSUMPTION 
r CLEAN ENERGY I COOL lNG/ ENERGY TECHNOLOGY I w.~ T ER 
INJECTION 
(Author) 
1>:C1I(·r Is the pl'lme tOflvlI'onmentar conCe~n for the 
future delle lopment of gl'otherl'la I rescu .. ces in tlw 
Unitec' States. Th.: central questions COIIC"rn tr.o Use 
of ~Iat.c!". Inject Ion. and effec.ts on con-lent lonal ~Iater 
supaI ie·s. The annual regional water reQuirell,cnl~> for 
projected geothermal duvelopments In the Year 2000 
could consume In excess of I.B ~ 10 to the 6th 
acre-ft/yr 12.2 x to to the 9th cu m/y~l. Alternative 
coo I ~ ng methodS wh I ch consume It t't I e or no wa 1 er arc 
available and Should be considered for future 
geothermal developments. 

Prog. Energy Combust~ Sci., v.3, 1977, p.7f-I03. 

NON-ELECTRICAL USES OF 
GEOTHERMAL ENERGY 

ENIUCO BARllII'R and MARIO FANElI.I 

Nil/iII/wI Re.~el"cll Clllillci/. 
III/emil/illll," Imlill/leji,r Gt'Il/llI!mllll'~L'Sel/r('h. 

LIiI/II""'" I'"cillll"i 5S.I>isII./III(I" 

Altslra&:I-l'he nOjJ·eleclriclIpplk-:llions of gcolherm:1I energy, wilh Iheexce(llion ofbalncnltlgY,lIate back 
Ihe nineh:enlh cCnlu!)' und h:lve b..'Cn givcn a nclV impel us by Ihe rCl'ClIIllil crisis. 

In gencral, watcr or "':llcr'Slcam milllur~ al ,cmperalures belwcen 20 :1011 ISO C .. re llsed fur Ihl 
appliL·:llinns. 

Thc se:m:h fur g .. ollu:rm,1I Ouills llraws on Icchniques from hyllrogcology. gcochemislry and gcophysi 
Ihe same lechni'lues:ls appliclllO Ihe sC:lrch for cold \V;llcrs.lngelher wilh some s(l<.'Cilic llIelhollscunnccl 
wilh Ihi! IInllergr.lIInd Ihcrllla' comlili";Js. 

GCUlhcrmal energy is IIsell in :lgrkuhure. "'I"ac"ll"rc. dislricl he:llillg "nd coo/ingand \'ariolls inlluslr 
applicalions. The (lOwcr a~sGCllIlcd wilh Ihest.' UScs Ihroug/loui Ihe worlll al prCscnt COd .. becslimaled"l t.: 
MW :1111' fulure J1rll~(lt.'(;IS are hy nllw pmntbing mid of dc/inile eCOIlIlillic inl,~r .. ~I. 

The clI\'inllllllcntal iI~lpacl frulII gt.'.'lhcrlll .. 1 cncrgy is I",",er Ih;1O Ih;ll C:lUscd by c,lnventiun .. 1 cnel 
SUllrCc.~, Rcinjccli.1II ,)fused nuid~ b;lc"- illlo Ihe underground nI;JY. hl)\\'t.'vcr,sllh'c JIIllhlli,)n problellls. 
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77A47600 ISSUE 22 PAGE 3814 CATEGORY 44 
77/09/08 6 PAGES UNCLASSIfiED DOCUMENT 
Geothermal energy - Tapping nilture's boj ler I'oom 
A/'RO~SON. R. 6_ AUTH: 

MAdS: 

MINS: 

AeA: 
A6S: 

urTL: 
AurH: 

IIA ... S: 

IIWS: 

ABA: 
Aas~ 

Machine Design, vol. 49. Sept. 6. 1977. p. 26-~O. 
32·34. 
/-WERGY TECHNOLOGY/-GEOTHERMAL ENERGY CONI;'EfI ION,. 
HYDROGEOLOGY/'W~TER VAPCR 
/ ECOLOGYI ELECTRIC POL-IER PLAt'lSi GEOHlERM~L l'lSOURCES 
I HEAT EXCHANGERS/ HEAT TRAtlSfERI HEAT!NGECUIPf.llNT/ 
MAGMA/ SlRATIGR~PHYI WEl.LS 
S.C.S. 
An ana I ys i s of pO!.!.lb I P. app II Cat ions of ge<ltll'~I'lr.a) 
energy Is presented. including several lion -::tl'ctrlC 
f"'vjects SUCh as home <Ind Spd(,e heating. IllHI~"al 
recovery. desallnat Ion plants. aCiuat Ie f ,If'winr). ,ma 
"'<lste processing. The locat i6n and eltalunt IOI~ of 
geothermal reservoirs is out linea In !el'IIIS Q~ 
drf II fng. fluid SUPply. and &L;b$idcnce. Ge(I:lwr".al 
hardll/are is described. along ~J\th the h:l.:;ntIIIC.ltlon 
of potentiiSl ecological probh:n!.. and tllf'Cc ::'I,IlII'cer. of 
obtalnin\;j geothermal energy are stu!iJeu: the. miI9",a, 
hydrothermal. and hot dry rock ~y~tcrr.~ PO~~lbl~ po~er 
system~ are discussea (the f I"sl'cd Ste.1rn. t.>1r..Jf'Y. and 
total flow systems) together ~ith instItutIonal 
Problems of a legalistic nature. 

78A16635 ISSUE 4 PAGE 629 CAlEuORY 44 77/00/00 
31 PALES UNCLASSIFIED OOCUrJiWT 
Non-electrical ur.es of geothermal energy 
A/BARBIER. E.; B/FAr~Ell.l.M. p~r.; B/{CNR. Istituto 
Int~r'nazlonale pcI' Ie RlceJ'cne Gectermic.ne. Plsa. 
Italy) 
Progress I n Energy _md Combus t jon Sct ence. vo I. :3. nc.., 
2.1977. p. 73-103. 
/·DOfllE'5T!C ENEHGY /' GEOTHERMAL ENEf<GY CONVERSION/' 
HEATING EOUIP"'ENT/·INDU~TRll.l ENERGY/'TECHNOlOGY 
UTIUZATION 
/ CLEAN fNERGY/ ENERGY TECHNOlOGY/ EIJROPEI 
GEOCHEMISTRY/ MINERAL £'XPLCRATJOtl! I'JASTE OISPOSAl 
S.D. 
Exploration tecnniqucs. extraction. Lind USGs o.f 
low-enthalpy geothermal fluids in different countries 
for nonelectric applications in the tempera[ur~ r~nge 
50-160 C Bre outlIned. At present tne nonelectric 
app 1 j cat tons uti 1 j ze El I t her hOt lo.a tel' 01' 101.1 h·1' - !olea", 
rnlxtures. Attent jon Is (Ii rcctCel at U:c U~fJ (.: 

geotnermal energy 111 agr'iculllJr.:. d(ll',".Ulttj:~. climate 
control. balndology. di~trict heatln~ and (.v.llng. and 
various IndUstrial applications. Tnc ('llllSU'IJll191l of 
geothermal enel'gy for nonele-:.trlc appl\ • .at HA:" 
throughout the world j s about 62(;ll r.'w. E:.l lojnutic.1n of 
pollution by proper disposal of ... ;astc fllll(:~. Is also 
examined. 
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ON THE STATUS OF RESEARCH LEADING TOWARD 
VOJ .. CANO ENERGY UTILlZATI()~i.- Augustine s. 
Furumoto and Zozo Yuhara 

Critical Reviews in Environmental Control. 
Vol. 6, Issue 4, Oct. 1976, p. 371-400 

T.J 
280." 
.862 

81 •• le. ..d.lph ~. 
110 ... about' •• oth .... 1 .t •••••••• the 

hott •• t en .... y p .. o.pect '.y .... -[By] 
Rudolph J. Sl .. alc. Fu~t ... ton. Callr •• 
the ~utho... 1976. 

J., 17:1 p.': 11 t. 
1. O.o-th ..... 1. .... ou .. c.a.2. 

G.oth.~a~ .n.ln .... lnA~ I. Tltl.: Th.' 
h.tt.at ...... ,. proap.e.' ...... II. Tit1e: 

333.8 '7'7Y33640 
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GOETHERMAl - ENVIRONMENTAL ASPECTS 

79"'37853 lSSUE 15 PAGE 2769 CATE\iORY 44 
79/0C/OO 4 PAGES UNCLASSIFIED DOCUMENT 
The problem of foullno in the uti IISation of 
(leathermal energy 
A/BOTT, T. R.: B/GUDfJlUNDSSOIL .... S. PAA: 
A/(BIrmingham. Unfversi ty. Uirmlng~am. England); 
8/(Orkustofnun. Reykjavik. Iceland) 
In: Int~rnatlonal Conference on Future Energy 
Concepts. lendi:ln. Eng 1 <~nd. January 30 - Februdry '. 
1979. Proceedings. (A79·37B42 15-44) Landon. 
Institutlun of Electrical Engineers. 1979. p. 65'68. 
ResearCh $l.ppor t ed by the Sc i enco R~search Ct,;t.nc I I and 
Atomic Energy Research Establishment. 
/'CORROSIOtJ/' FOULI NG/" GWTHERI\'lAL Er.ERGY CONv£r~SION/. 
HEAT EXCHANGERS/·WASTE ENERGV UTILiZATION!'W~TER 
TREATMENT 
/ CARBON STEELS/ CLE"NERS/ COPi'ER ALlOYSI Of POSITION/ 
GEOTHERMAL RE50URCES/ P~ES~URE EFFeCTSI STaIULESS 
STEElS/ TEMPERATURE EFFECTS/ THER~AL ENERGY 
l1.d. 
Problems associated with solids deposition and 
corrosion tn geothermal waters are consid~~~d. 
Experimental wor~ on depositIon I:» reViewed ann 
attention Is given to some Po~s'ble solutions to the 
deposition Problem. Including pretreatment of 
gt~tt";::'I";;:1 wilter. cleaning techn;iQucs. and altcrnathe 
heat e)(changcr designs. It is concluded that tne 
development of novel heat exchangers Is Imperative. 
the direct contact heat exchange I' appeaf'lng to be the 
most likely development. 

AJe.37153 TIle proIIIem of taulint in .... uliliulioll of 
...... mll ..... y. T. R. Bott (Birmingham. Univer5ily. Birminghlm, 
Englo.nd) and J. S. Gudmunduon IOrkuslof!lun. Reykjavik, Iceland). 
In: International Confercnce on Future EnarllV Conceph. london. 
EngI.lnd, January 3O-February 1, 1979. Ptc.ceedrngs. (AJ9.37842 15-
441 london, Institution of Ellellal EngirMW'. 1978, p. 65-68. 12 
refs. Research supported by ~he Science Research Council and 
Atomic Energy Research Establishment. 

GEOTtiERH~~ ENERGY IN IHPERIALCOUNTY CAltFORNIA: 
ENVIROMMENTAl. SOCIO-ECOHHENDATION, by H. R. Pasqualet~ 
J. B. Pick .nd E. W. Butler. 
Energy vol. 4; no. 1, Feb, 1979, p.67-8r. 

MIbd-llia catimteci lhat thousands of _pnt" of clcdricity couW be..,. If ... till ......... 
IIih .... underlie apicultural fields in JltlpCriaI County, Califomia. .... , pcMetll~1 n,j tJ 
...,..., appal aenerally cOllClolablc. The ,"sible illler·rclatiotlships betwccn aeothcnuIliewloplltnt 
... 1IIb5ideftcc, 5eiSlllicily, MId water .,IiIIbiIiI, arc. however. ~uk 10 prcdicl. .1Id c~ .ust 
.... Iona·tcrmed, commercial·sized operations. COUIIIy popaIatiotl will iaterac:t with CllerlY llemop.nI 
...... employmenl. aeoaraphical distribution, .1Id illleradioa willi tile Iarier Mexican labor pool. 
Eaponatioll of the built or lhe aenmted elutricity. _-ewer. will ... the local socio-ecollOlllic iIIIpKt. 
COIMY m.llts f._ aeotfIerlHl llevdopmnl at. ntio of aIIbost ,: 1.11IirtmI policy re~1IIIalioM 
....... :10 other KGRA'S il! tile waitt. u.s. ..... : die deUrabiIiIy of poiitivc ~ opWots. tile 
CI\COtnIUICRl of oa-JiDe electrical power at .. carly ' .... ill till llevdopmenl process. the imporllllCC of 
*'mnini .. CCOIIOItIic-techr.oloPcaJ uploitation fea>ibility. ud die iducDCCS of local. slalC •• ..- .fc4cnl 
1'q\IIIIiofts. 

A7t-50361 E ............... ic .. h ............. _ f!!., ... ,.... .... ... 8. CI.ill _ G. W. Sullf. II lQ@ B.l!IM 
.... ionll lKIofatorJ. OIk Ridge, Tenn.'. In: L..-ni", to use our 
_ironment; Ptoceedings of the. Twenty·fifth Annuli. Technical 
..... ing, Seattle, Wa'kl •• Ap!'il 3(}May2. 1979. (A79-50326 22-421 
Mount Ptmpect, III., Institute ofElWirbnmantilSciences. 1978, p. 
302·305.15 refs. ContrlCt No. W-1405-eng-26. 

J The nature of geothemll' retoUrces and tM consminh that site 
dI'-lCtl!ristics place on their dL'Vclopment are e.o:mined. The five 
types ii' !l!OIhennai energy. m;qna. nonn" gmtient, hot dry rock. 
hydrothtlrmai. and geopressurized .e cli!l:ussed,. noting 'kI. the last 
three types h;we potenti .. '01' near future development. Remoteness 
of hydrothermal .-eas which often COOflich wi'kl preselYation of 
bioIogbl vllues is considered.. and it __ found th. the most 
oommon characteristics of geOlhermai resource __ is limited water. 
II Will shown tNt the ch.ac!.ristlcs of II 9I'OthennM field dewtlCJ!3" 
ment .-. drilling activity, water- ev;JpOrlition, II conspicuous plaot 
with cooling towen. din rOilds, pipelines. and traosmission lines 
which interfere with cultural. aestheUc:, and wildlife resources. Thus. 
proper site selection and environmental planning will d,'Cide the 
SlCCCSS of !l!othermai energy commerciilization. A. T. 

I 

I 

Ptoblem5 auociated wilh solids deposition and cOf'rosion in 
geothernlill WilteB are considered. EICp...,imental work on deposition 
is reviewat and atten!ion is gilllln to some possible solutions to the 
deposition problem, including pretreatmen~ of geothermal _t«. 
cleilfling techniques. and alternative heilt e..:h,nger designs. It is 
amcluded that the development of novel h~l !!lCchangers is 
imptlrative, the direct contact heat ellchanger apll'earing to be the 
mo.t likelv development. B.J. 

.. *ll!!l!!iM Ii-.... uudetet 
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QC S.",posttm on Turbulence, nlf fud.nn , ftftd Air 
880.4 Pollution, 4th, P~no. Nev~da, 1979. 
.T8 Fourth ~Y"Po8ium on Turhu1ence~ D1f-
S9 fusion and Air Pollution, January 15-1A, 
1979 197ct, P,eno, Neveda : prel)rintll I American 

Keteorolo,ie~l Society. -- Boston ; AMS, ---.,.,. 
SESSION 3A: GEOTHEltMAL ENERGY AND COOLING TOWER STUDIES 

t 
I 

CHAmMAN: Todd V. Crawford, E. I. du Pont de Nemours & Co., Aiken. S. C. 

3.1 THE INFLUENCE OF ROUGH TERRAIN ON POLLUTANT DISPERSION AND 
TRANSPORT FROM A GEOTHERMAL POWER COMPLEX. Ronald E. Ruff, 
SRI International, Menio Park, Calif. 

122 

3.2 THE GEYSERS GEOTHERMAL AREA E~nSSlONS AND AEROMETRtC DATA 128 
BASE AND Am QUALITY ANALYSIS. D. E. Steffen, G. M. Hidy, L. K. Wang, 
and E. A. Berman, Environmental Research & Technology. tnc., Westlake Village. 
C_~;:. 

l'TTL: 

AUTH: 

MI.i.lS: 

MINS: 
.lBA; 
ABS~ 

7!?A14H4 ISS!JE 3 PAGE 425 CATEGORY 45 70/00/00 
6 PAGES UNCLASSIFIED OOCUMFNT 
Pollution perspective for geothermal energy 
development 
A/HARTLEY. R. p. pnA: A/(U.S. Environmental 
Protect i on Agency. Induf,t r I a I Env I rOrllt.en ta I R"SCi'll'ch 
laboratory. Cincinnati. Ohio) 
In: Energy and the envl"onOlent:ProCeed'ng~ of 'he 
Fifth National Conference. Cincinnati. Ohio. ~ov~~ber 
\'3. 1977. (A79-1410G (I..l-45) Dayton. Ohio. ",,,f'rlC.1n 
Institute of Chemical Engineers. 1970. P. 243·?AQ. 
/. ENERGY TECHNOLOGY /'l:;flVI RONl.l£rH POl.LUlION/·C;£,O tHERMAL 
ENERGY CONVERSIOrV' POLLUTION c.nNlROl 
/ HYDROGEN SULFIDEI SALlNlTY/ WATER RECLJ\M"TW:~ 
B.u. 
Hydrogen sulfIde relva9cs and wastewaters high In 
dissolved SOlIds are the prinCipal polcntlnl 50,wces 
of pollutIon In the geothermal energy field. 
Wastel-Jaler CharacteristIcs are relati'''ely const:1I1t for' 
a given reservoir. whIch Is i'ln acS\'antalOc In clc!'lgnlno 
treatment and disposal syslemr,. Two rrajor contl'(.1 
technologY arens haVe evolved: the tre~tmcnt of 
nonconnensible oases and the Subsurf~ce injoctton of 
waste:tlater. The latter. If succe!isful. ""Ill cll.aillate 
the need for wastewater treatment and assl~t In 
reservbtr ~alntenance and sub~fdance control. 

621 

StJLFUREMISSION CONTROL FOR GEOTHERMAL roWER PLAI1TS, 
KEY WORDS: Hydrogen: sulfide emissions; p,;eothermnl 
power; Claus plant 
By John A. VelkerGnd Robert C. Axtmann 
Journal of Environ~~ntal Science and Health, Part A 
Environmental Science and Engineering, v~l. A13, no. 8 
1978, p. 603-613 

tlydrogcn sulfide gas is present In hydrotheDlaI vaters that 

are useful for electric power production. Previl)U~ schCllles ror 

"2S ('mission control increase the costs of gcothenlal power. 11 

I'ftOdific;.ltion of the classical Claus process forproduciJl9 eultur 

from 112S is compatible with many geothenaal plant designs. In 

the presence of A,market for sulfur, usc of the process could 

decrease geothermal power costs. 
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19~~ 1 060411 ISSUE 1 Fl\GE 80 
PO.282546/1 EPA·60~/7-7B"0' 
UNCLAS!lIFIEO DOCUMeNT 
P,;;llution control guidance for 

CATEGORY 4S RPT.: 
78/06/00 149 PAGES 

oeothermal energy 

oc· .. e 1 opmen t 
A/HARTLEY. R. P. 
Industrial Environmentai Research lab •• CIncinnati. 
Ohlo. AVAIl.NTIS SAP: He A07!MF AOI 
/'E.NVIRONMWT EFFEC1S/·GEOTHER'.1Al. ENERG'( CONVERS.JON/o 
POLLUTION CONTROL 
/ AIR POllUTlONI EL(CTR1C PQ\oj(R PLAUT::'! NOISE 
POll UTIorv REGUL:.TION5/ WATER I·OLLUfIOU 
GRA 
T ht' EPA regu I a tory c.p':;I'c.ach to..,ar·d gect hernla I !:ne!'{lV 
dcveloprr.ent Is summilrlzed. The state at knowletlge i~ 
described with re6pect La the constitucnt& of 
geothcrmal effluents and emissions. Includln~ wnter. 
air. solid wastes. and noise. ~ollutant effocts are 
discussed. Pollution control teChnologies that llIay be 
applicable are aescrlbed along w't~ preliminary cost 
estimates for their applleat Ion. Flnallv.dlscharge 
and emlS$ion 11m! tat tom; are sUQgested that may serve 
as Interim gulaance for pollution control during c~rlv 
geothermal development. 

80N12575W ISSUE 3 
ORNL/TM-6533 CNT~: 
PAGES UNCLASSI f.IED 
Waste heat rejection 
A/ROaERTSON. R. e. 

PAGE 356 CATEGORY 4. APT~: 
W-740s-ENG'26 70/12/00 t59 
DOCUMENT 
frem geothermal power stations 

Oak Ridge National lab •• Tenn. C5S: (Energy Otv.) 
AVAIL.NTIS SAP: HC AOC/MF AOI 
I.CEOTHERMA L £,tlERGV COINERS ION/- PO~lER PLANTS/·WASTE 
ENERGY UTILIZATION 
1 COST ANALYSIS/ EfFICIENCYI HEAT TRANSFER 
DOE 
Waste heat reject iOIl from geotl,ermal power statton:;; is 
concer'ned only wi th the heat rcje~·ted from the power 
cycle. Tnc heat contained In I'ulnjtcted or other:vl&e 
diSCharged gcOth€-rlllilj f luias is not Included loll ttl tne 
IfJastc heat considered here. Th;:' 'heat contained in lnc 
uncJ.;)rflolol f"OIil the f lashtank& In such systems is not 
con::.hfered as part ot t/.e heat rejected from the po.oJ<!r 
cYf~1 e. By foil owl ny till::' def i 01 t ,'::;n ()f tne waste hCiH 
to be rejected. val'lour. methods of 1o'aste h(:at 
dIssipation are dl~cu~~cd without reg~rd for tne 
par.tlcular arrangeml'nt to obtain h~at frcm the 
geothermal !"ourcc. l~tlr:.L:nt conc"ptc<11 o=slgn studies 
made for 50 MWle) (Juc)tI.crmal p:."..c r statIons at H~t:er 
and til land. Callfol'niil. are of pa!'tlcular tntercl>t. 
The former uses a tld~llcd-stealll system and the 1,Ht(:r 
a binary cycle that uses Isopentane. In last·Guarte'" 
1976 dollars. the total estimated capital C05t5 were 
about S7S0/kW and production costs about 50 
nli lis/kWhI'. If w\:!t.:dry to'ool~rs 1oi",1'O ust::d to con~erve 
50~ of the ,.,ater eVl.lpuriltion at Heber. product!.)n 
costs would be about 65 mills/kWhI'. 
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78A44149 ISSUE 19 PAGE 3514 tATE~ORY ~~ ,Nt_; 
W-7405- ENG-48 78,06/00 6 PAGfS UI.CLAS~ If 1£11 
DOCUMENT 
Geothermal perturbations on the atJr:o!.J,tH~"lc 
cnvironrr.ant 
A/KEllY. R. E. Pl.A: A/(MissisSIPpl. U"jVd$IW. 
UniverSIty. Miss.) 
Geothermal Energy. vol. 6. ~une 1978. p. 19-24. 
/"AIR POLLUTION/-AIR QUALITY/~E"VIHO~.·.wr tffEt.T~/· 
GEOT~ERMAL ENERGY CONVERSION 
1 An.'OSFHERIC TEMPERA1UIiE/ CHE",ICl.L REACTIONS! 
DISPERSING/ HUMiDITY/ PLUMESI STACKSI ~E~PtR~ruRE 
INVERSIONS 
f." L. 
Asllf,ple but not prccis£: procedure for u~(n\l (·)(h.ung 
meteorologIcal data to prcdict al~ qll;~; I ty cliali~~' $. tJUQ 
to geothcrmal sources Is lI;!)(plalnc,'l. SHiel:! 'V.cth~l"n":al 
sources eml t large amounts of ...,ater V4':Ol' .111(1 h.'tol, 
the procedure I s concerned with pr.;d I c: tl ng ChoHl{ICl.> In 
re lat Ive humi dt ty <lnd temperature. fJt;ch f I G;tllull·. 
caused by <:tmosphcrlc Irwerstons an' ..... ,.l\ze.o stolc.k 
heights arc examined, and the cff.:cts {.f r"l'l H,t>latc 
settling. ctlcmlcal reactions. and ratlH,.u,tIVI} C: ... G.lV 
are studied. The statlstlca! Gaussian i.!qu<ltlon fur' 
dispel's Ion t s app n ed J n the rna ttlCl'Ila tiC.) 1 1I.<:tn:.d used 
to calculate pollution concentration us well ~$ 
temperature and rclat tve humldl ty cnan.;;es riY .:n 
emitted plurre. ThE procedure Is u~ed to predIct 
characteristics of IInpcl'tal Val1ltV. CctJlfOfnhl. 
I nsta llat Ions. 

REMOVING "2S FROM GEOTHERMAL STEAM 
G.E. Coury and M. Vorum 
Chemical Engineering Progress 
Vol. 73, no.9, Se»tember 1977, 

628 

_ • ...........,._~i.-" 

p. 93-98. 
I n the process descrihed lIcre, ille H;tS is ahsorh(-d in an 

aqueous solution of (:IIPller sail" hy predpitaling COf'llcr 
sulfides. The COPller is reCl'lO'cn'fl from the Jlrccipitille by 
roasting in a nuul.hedreactor and is recycled to lhe ab· 
sorher. Ammonin. ",hieh is also often present ia geother
mal steillll. is ahsorhed simult.-mcollsly and partially ncu
tralii:cs the acidic st,ituiun formed as the II.S i!; disstlt\'l'd. 
The net producls fmm the IlrOCel;S :IF(~ the :"uluhle !inUale 
and l'ouUiws:,lts of :unmonia. (;colhermnl ill!>t:lllalion:. .ne 
generally [uund in rt'mote locations. :md di~lJ()sal n' \\'I~,lc 
waler ~n Il',he a s('rious prohlem. 'fhus, il lIl:'y he nc('cs, 
sary to disJlose of cOllling tower blClWd"wll by injcclIIIIl illl!) 
dec,. wells to ;1 (:flol undergruulld formatilln. 
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VIII. SOLAR ..••.. 

A. General 

B. Resources and Aviai1abi1ity 

C. Collectors, Cqncentrators, and Selective Optical Films 

O. Heating and C061ing Buildings ..... 
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F. Photochemical and Photoe1ectrochemica1 Systems 

G. Thermal Electric Systems . . 

H. Communities and Total Energy . . . . 
I. Satell ite Solar Power Stations . . . . . . . . 

J. Other Solar Utilization (Includes Solar Ponds) 
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Ho. to build a .olar h.ater : • 
c •• pleta gulda to bUilding and buyln~ 
solar panels I .ater heaters, pool 

\ 

heaters I barbecues, and power plant. I 
Ted Lucaw. Pa.adana, (Calif.] : Ward 
&ltchie Pre •• , 1915. 

• 1, 236 p. : J~l. ; 22 c •• 
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Williams, J Richard 
Solar energy, technology and applications, 

bv J. Richard Uilliams. [Ann Arbor, flich., 
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ix, 120 p. illus. 24 C'l. 

1. Solar energy • 

fiIIO.14U11 PRC EIlerII'( ANIytia Co~ Mclean. Va. 
ING.NEIIiING COIIall., I. IOUII IVITIM 01110. 
•• 0 OPEIiAnON 
James L Eastatty Mar. ,.7, 24 p ,. 
(Contract EG.17.C-OI.2522) 
(SOlAR/0811-7i/01) Avail; NTIS HC A02/MF ,4101 

Enginearing eoneerna ... oeiated with the at.rtup .nd 
Gper.tion of lOI.r heating end cooling inatalla!ions Ife discuued. 
Recommendationa .re alto made rega,ding the d .. ign .nd 
inaUllaIiGrl ph_ to help in avoiding these pr~em.. DOE 

.",327141' loa AI.moa Scientific u.b_ N. Me. 
IT.lUI IIEVIEW OF lHE TECHNOLOOY AISEISMENT OF 
IOUII! ENEIIGY PROGRAM 'nteri", lcatul Report 
John H. A'!Selmer .nd Robert P. BI.unlt.in 100E. Washington, 
D. C.) 1979 6 p refs Presanted at the Intero. Solar Energy 
Soc. Meeting. Atlant •• 28 May 1979 
IContrKt W.140S'eng.36) 
ClA-UR.19.1369; Conf-790S41·41 Av.II' NTIS 
HC A02/MF AOI 

A number of emergin" 101., technologies and ,ei.cted 
application. Were assessed for the environment.l. institutional. 
end &Ocla/ i"'PKts resulling 'rom the 'arge scale deployment 0' 
decentraliZed IO/a( technologies. fwo n.tiona' energy scen"rios 
for the vea. 2000 wire uled. one predicting 6 qUack of ac'ar 
end the oth.r 142 qu.ds. A '.w rnults of a pr.'iminary lIudy 0' the Spt.m eharact.ri,alion dat. are givln. DOE 
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"The Comprehensive Guide to 
Manufacturers II.. ServiceOrgani
latiom~; Solar Industry Index;" ' 
published by the Solar Energy In
dustries Association. 1001 Con
necticut Ave, NW. Suite 632. 
Washington. D.C. 20036. It sells -
for $8, 

AE !ftcye1nnedla ftrltftftftlea. 
5 
.E364 
1979 

ftrltftnftica honk of the ,ear, 1979. 
Chic.~n I P.Dc,~1eoedia ftritftftnica. c197G• 

768 t'_ : ill. 
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Ineludes index. 
ISR~ O-AS229-362-3 
1. F.ncvclopedl&8 ftftd ~ietionaries-

Yearbooks_ I. Title. 

Feature article: Tow~rd ~ SlIn-PowerN World 
The surprising ways in which Ihl' Sun can contrihute lowartlthe 
world'~ rnergy supply arc (fisLlls~('d hya I(';tlling authority on thl' 5uh;('("I. 
Palll RappJporr, [);r('clor of th~- Solar fnl'rllY Rl'~l'arrh Instllult', 

1919 SOLAR BUYERS GUIDE. 
Solar Heating & Cooling, vol. 4, no. 2, 1919, p.A-l-
A-43_ 

A Global View of Solar ~n~TPY in Rational Units 
by A. Rose 

Physica Status Solidi (a), Vol. 56, No.1, November 
1979, p. 11~26 
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2.:1 l'ow('r ('1)111111111 pI jon via. fOOlI 

2." Limits t c, gmwt h illll'tllI('(1 hy fOl)ll 

:I. S .. I"r """rm, 11"""""''' 
:1.1 T nl roc I 11('\ ion 
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:1.:1 Sola r I'Ilrrgy I'.VHI.('II\!I fur f01ll1 
:I ... ('''IIIJ1llr:lIh'(' ('Ill'I!i of t'1l1nr f'l1C'l'~l' 
:t.r. ('OIlC'h,,1 ing n' " III rl_1I 
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-1.1 (III roc 11Il'! inll 
".:! ,\ "lIIillitlllll)'" I hill IiIIIl c(,11 
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:;A,liisting'!b(products by~majo;;categories:·i~$: ~'I" .' .. ' ~. 
~Af(alphab~~icallisting. of.t~~, cOr:Dpanies. manufactu~jng these. pro~uqt~ 
'A,II.lstmg bY:'stateof distributors of solar products' . ~ .' ::~":'L Ir.;~: AIIO-1:M2I CompuMn In h .... of till. -rw 

tylftlml. S. A. i<lein. J. W. Mitchell, J. A. Dullir.. and W. A. 8ecl<m:m 
(Wisconsin, University, Madison. Wis.). Ent!rgy IUICI. vol. ", Aug • 
1979, p. 483501. 58 JIlh. NSF·!lIpported research: Contract No. 
EI11·11-2588. 

'An'alphaqeticallisting bY:.pt!Y~C:lnq:stat~ of solar builders, engir.ee~~. 
'architects ~nd installe.r~ ,;~W~}:,:~~~~::~~; ?~. . -. , '-

N7'-2NOt* 
Housel. 

Committee on Government Operations (U. s .. 

aOLAR ENERGY 
Washington GPO 1979 834 P refs Hearings before a 
Subcomm. 01 the Comm. on Govemment Operations. 95th Congl .• 
2d Sess .. 12 May: 12-14 Jun. 1978 
IGPO-36-957) Avail: Comm. on Government Operations 

A general overview 01 the status 01 solar energy technology 
in the United States is given with emphasis on the state of 
California, Solar collectors. photovoltaics as well .. biomass 
conve"ion and other less direct. but solllr bllsed technologies 
lire discussed. Demonstration projects. in industrial as well as 
residential buildings. are. included. Prollram goals. incen!ive~, 
projected energy savings. and cost lactors .lfe among the 
lactors considered J.M.S, 631 

. , . 
I . 
~p -. .' 

The methodology developed lor detailed simulations of solar 
energy systems is presented. Consideration is given to the develop· 
ment of models for several sped fie system components from which 
the simulation model 01 a system is composed. The mOllr.ls >;re 
lormulated from basic engineering principles. and a sensitivity 
analysis is performed to find those simplifications which yield a 
computational efficient, yet accurate, solution. Three components, a 
collector, storage tank. and building structure, are used as Il)(amples. 
These components are tMn CombiMd into a simulation mOlle' for 
the sp~ and hot water heating wstr,m of the SoIM House. The 
perform",,!:e dala available from this hou~e is compared with the 
simulation results. Emphasis is plllCed on simplified desigll methods 
baser! on the results 01 dr-tailed computr.r simulations. V.T. 
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A80-11828 The COInfNtibility of wind and ""'r 1iKh
noIogy with conventional energy systems. E. Kahn (California, 
University, Berkelev. C.lif.l. In: Annual review of energy. Volume 4. 
(ABO·1182602·441 Palo Alto, Calif., Annual Reviews, Inc., 1979, p. 
313·352, 102 refs. Research supported bV the U.S. Department of 
Energy. 

A wide raiige of issues in the engineering and economics of wind 
and solar energy is reviewed. It is concluded that the various effects 
of introducing these devices into conventional energy svstems are 
onlv partiallv understOOd: the present analvtical tools lire rather 
limited in their ability to grasp the total problem. In the short run, 
engineerir~ issues involving reSQurce assessment and appropriate scalc 
seem Ptlrticu!:.rly important. The more complex problems of 
structural optimality in energy svstems emerge on IV in _ longer rlinge 
perspective. Economic analvsis should probablv concentrate first on 
financial risk. Regulatorv structure is an on-going arlla where policy 
research is fruitfUl. B.J. 

SOLAR ENERGY COMPETES WITH COAL 

Inaustria1 Research/Development, vol. 21, no. 12, 
p. 35-36., December 1979. 

A79-36144 Sol.- --.v CIInvlrlion: ~~~J.phv" 
,,11:11. Edited bV B. O. seraphin (Arizona, University, Tucson, 
Ariz.l. Berlin and New York, Springer·Verlag (Topics in Applied 
Phvsics. Volume 311, 1919. 348 p. $53.90. (For individual items_ 
A79-36145 to A19·36150) 

Solid·state aspects of solar energy conversion sYSlems are 
diswssed, with attention given to speelri"Iy selective lurf.ces, carrier 
lifetimes in silicon, solar photoelectrolvsn with semiconductor -. .,. 

"ectrodes, heteroiunction phenomeN and interfacial defects in 
photovoltaic converters, and the Cu2S/CdS cell. The reviews include 
dlswuions of chemical Vilpor deposition of si/icon, black-cl1rome 
.lectroplated coatings and semiconductor cermet films for photo. 
thermal converters, highly doped, highly conductive semiconductors 
fi:lr el;;,;trochemical solar cells, and the photolXlnductive decay 
technique for determining the cilrrier lifetime of • semiconductor 
crystal. J.M.B. 

. ~ __ ~Iti" '_n""' ... _ .. · ............ _ .. ·.,· .. 

-~,," .. -. ~,~~',:l:.v~.:~;;: ..... :..'P::-= ...... ->A·,t~~.~:~, """":"'~;: .• iPftt7'f 

AN OPTIMAL SOLAR STRATEGY. S. J. Nadis • 

November 1979, p. 6 •. 15 

Palm FROM THE SUN. J. S. C. Mfl[ee. 

Physics Bulletin, vol 21, no 12, December 19r8,p. 565 
566. 

i.J~--'~-rnTBi -i~7p~;-;;-i~;.t... Group. 

810 Solar eneray handbook : ~heory and 
.A25 applica~ions / Power Sys~ems 
1979 Group/ANETEK Inc. Radnor, Pa. : 

632 

Chil~on BOok Co.'CI979. 
ix, 179 p. : 111. ; 29 em. 
InclUdes index. Bibliography: p. 

171-174. 
1. Solar energy -- Handbooks, 

.anuals, e~c. I. Tl~le. 
621.47 78-14646 0-801967-76-7 
79V48477 
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IIcDanle'le, Da?ld. K., 1929-
The sun. our 1u~ure eneray 

David K. IIcDaniels. New York 

e19~9. 
xl, 2~1 p. : Itt. ; 24 cm. 
Includes bibliographies and 
1. Solar energy. I. Tl~le. 

621.47 78-12569 0-4~1045-00-4 
78V45291 

Let the S,m Shine 
by L.M. Pruce 

Power, Vol. 123, No.5, Ma) 1979, p. 33-37 

Harn ••• 'ng tomorrow'. energJ 
louree. gets Increasingly urgent 
priority as reserves of conventional 
fuels dwindle. Article examines po
tenllal and problems attending so
lar and wind energy and fuel cells; 
suggests the promise of solar ener
gy appears best for both utility and 
Industrial plants 

source' 
~~ Wiley, 

index. 

t: · 
t I 
~ 

SOLAR ENERGY SYSTEMS AND THE CONSUMER, by .Richard H. 

Montgomery. 
Solar Heating & Cooling, vol. 4, no. 2, 1919, 1>.11-15. 

, ~il! , . .. ', ~ ..,. 
~ 

, ~ 

A solar energy system built in 1979 will provide 
the average homeowner with energy for less money 
than an electric, a fuel oil, or a gas heating system 
over the next ten years. 

Calculations show that, for a typical home, solar 
heating costs over the next decade could be up to 
94"10 cheaper than fuel oil, 300J0 cheaper than 
natural gas, and of course, far, far cheaper than 

electricity. 
Only six short months ago, a number of different 

studies showed that solar energy was only com
petitive with electricity. What has happened to 
change the energy cost picture so drastically and so 

quickly? 

~_,I ... uAi.t_f~","",~--..l~ ___ " 

633 
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31117 ........ eer·. ~ ...... eMIIJ.ltowen. Y.; Bereny, J.A. 
(camps.). San .Mateo. ~A; Solar Enei'll Informati9n ServiCe!! (1979). 

A comprebensive compilation of practical solar enersy infor-330r0· 
mltion tltlt cln serve as a learning aid. I trainins manual, a workinl 
tool. or I reference !uide is "resented. The Suide offen information 
on tbe followinl subjects: <I) an overview of tbe sil basic IOlar 
tecbnoloBie!!. (!!Olar beating and cooling. photovoltaics, wind enerlY 
convenion. solar tbermal electric convenion. ocean thermal enersy 
convenion. and biomau); (2) a comprehensive discussion of the !!Olar 
relOurce, including a compendium of worldwide solar radiation data; 
(3) 1ft introduction to passive solar technology; (4) utensive discus
lion of .ctive !!Olar systems. includins appHcations for beatin! swim
mini pool •• domestic hot Wlter, Ind splice heatinSj (5) mctbodololY 
for calculating building heat loss aDd lain. including worldwide 
desil" temperature data; a comprehensive introduction to sollr 
Iystem sizing through utilization of the f-chart method, includinS 
eomples and worksheets; (1) a Solar Heating Product Directory 
divided into four section~: collecton. controls. pumps. Ind storas

e
; 

(8) an Annotated Bibliogrlpby hiShlilhtin, sisnificant !!Olar heatinl 
literlture. includinl vital prolram and pl.nnins documents pub
lished by tbe U.S. Government; and (9) a four-pan Solar Dictionary 
consisting of: glossary. acronymS. nomenclature and convenion fac-
ton (English to metric SI units). (WHK) 

..... ,,..., Midwnt R_arch IMt .• Goldin. Colo, 
IIEVIEW OF 10lAil EIIIEIlGY ........ IIepott, '.71 
Oct. 1978 179 p refs 
ICootract EG-77-C-Ot·40421 
ISERI/TR·54·0661 Avail: NTIS IfC AOS/MF AOI 

A general review of national solar energy programs is provided. 
An e.ecutive summary and a brief history of the Federal solar 
energy program lire presented. The issues and impliclliions of 
the Nalional Energy Plan th.t relllie to solar energy development 
.r. discussed. The present Federal sol., energy program is 
d~ssed. including the aclivities of severl! Federl! agencies 
outside lhe Department of Energy. Some of the non·Federal 
solar -rvv progrems are reviewed. including intemlliona' 
progrems in which the U.S. hu some role. programs of st.te 
and local governments. college and univerSity programs. Ihe work 
of private industry. and individual .nd small sca .. activities. A 
synopsis of the m.jor calegories of sollr lechnology is provided. 
A synopsis of m,jor .nergy .... n'. of 1977:. glos.ary of technical 
terms. abbreviations. .nd .cronyms. and a lable of conv."ion 
factors .re included. DOE 
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1970 

Intcrnatlon~l SVJ'll"oslum-Worksb.of) on :olar 
Ene~'~;Y ~Catro, 197~ • 

Ii! ~e;·nti. ::i:;<";<\1 Syt'lpositll'!-PorkshoD 0:1 

Soler E~urrY : [fiYMDosiu~ lectures], 16-
22 JU~'la lf17P., Cairo, Ep,ytlt I prcs~ntet! by 
Clean E'1;'!rp.v Research Institute, University 
o~ H1~mi, Flori~n ; sponsl)r~d by National 
Science Founr.fntion ; edite-l bv T. Nejat 
Vedro?lu, HOl!ler tol. Hiser. -- [5.1. :s.n., 
19791J 

xi, 571 p •• 
Cover title 
Includes bib-

, 

ill. 

~ior.r1.!DhieA. 

Butin.s$ U~;til no .. 25S5 11 p .. 88-102 Oct.,9 .. 
1976 

lHE Cl»IlHG 90CJt IN SOLAR Ei'fERGY 0 (Sp!lctal report) 

Solar energy 
Solar energy is inefficient and expen.lve 
when compared with most other me~n.· 
or generating power. It competel eco-.. 
nomil'ally only in certain limited circum
st:mces. No single, bi~ technological 
hreakthrough is on the horizon, nor will 
costs come down dramatically in the 
near term. And solar flower will not lit 
neatly into the huge, centralizt .. 1 U. S. 
power grid. YI~t for all these drawhacks, 
solar (lOwer is on the thresh hold of a 
boom that may well transform it into a 
kl!Y cnerb'Y source hy the turn or the 
renlury. 

... 

-.. , ..•.. ,,-.. "'- .. ~-.,------:----------
SAHPE Quarterly" v .. .10 .. nil .. 1 Oct, 

1978 

MATERIALS "PPUCATlOt4S IU 1\!J\'~ EI£AQY 
SVSlUtS 5I*t., tilUi .. lGIla An8fv ..... " hSUii} . 

MATERIALS PROBLEMS IN SOLAR AND NUCLEAR 
ENERGY AND STORAGE OF ENERGY ..•.....•..............•. 27 

R. S. Claassen 

~~,,-'- ,'. -.-..'~,.7Jt ... -"..:.~;::::.·'"''!JI!b''':3":#>-.r~~~,~~y·w~ .. ~ • • "fi~ 

SOLAR ENERGY: BONANZA OR BlitFIGHT? 
Dayid Dickson' 
Nature, vol. 27J, no. 56574May 1978 
p. 2-3 

fj~fii; Dicka HesCribes the background to President Carter's 
4dnouncement of a major boost to the US solar energy effort . 

!J 
81" 
.157 
1978 

Iat.ra.tional Solar rorum, 2nd. Hamburg, 
197,. 

IDtemation.l.. SDnn.nforum • Inter
national Solar Forum : 12-14 ~u1y 1978. 
ConRre88 Centr.a Ra~bur~ : [proceedings] I 
Coop~ration M/diterran&;nne de l'Enerp,ie 
Solaire, Deut8che Ge.ellschaft fdr Sonnen
eaergie e.V. -- MuncheD : DGS. c1978. 

3 Y. : ill. 
"Prep~ratfon of the proceeding.: A. Derl-

ehn.iter, It. lCrinninger." 
Ia Genaen. . French. Enql1sh. 
Iaelude. bib-./ \io~raphi~al referanee. 

aad lndu. 
----:l~-·Solar ener~':':Con8r ••• e.. 2. Solar 

h .. t1ng--COngre8.... I. Derichweiler, A. 
II, lCrinninRer, H. Ill. Cooplretion 
"'dlterreneene de l'Energie Solaire. IV • 
Deutsche Gesellachaft fur Sonnenenerr,ie 
•• V. V. Title. VI. Title: Inter-
n.tional Solar Forum. 

N~iilitlu~~~'; Indus ..... -o.velopm~~1 Organiza. 
tion, Vienna fAustria}. 
TECHNOLOOY FOIt SOlARINEROY unUZATION 
.Ha~ !'!"nrath, u. G. 8hlde. and J.an Pauf Durand 1978 

110 p Sponsored ill part by Agency 'or Int.rnallOnai Develop
ment 
IP8·296572/1I Avail: NtiS He A08/MF 1.01 CSCL10A 

Wmk belllil done in various (".ounlries and institulions dealIng 
with: III Ihe conv.rsioll 0' MIl., .nergy inlo mechanical 'ir 
eleclrical.nerIiV. 12) Ih. desilln 0' lOIar coIlec:lors.13) th. uhlizalion 
of MIler .nergy in heating,cooling,disIIUation, dry.ng lind c~ing. 
end (4) th. I,ens'er 0' technology ia pr.MIlled. GRA 
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.064 
1978 

_ ••• 0,# 

Energ7 1ro. ~he Sun : a BUrye7 01 
technologieB 10r collectIon, 
conTerBlon, Btorage, utlt.lza"tlon : 
sy_posium papers, AprI~ 3-7, 1978, 
lIT Research InstItute audltorlu., 
ChIcaao, l~~inols I symposium 
chair.an, Wlttiam F. Rush ; symposium 
director, Wendel.l. W. Wa"terman ; 
Bponsored by Institute 01 Gas 
Technology ; produced by Jack W. 
White, Wil.a KeG~ew, and Susan 
Malone. -- Chicaao : InBtitute 01 Gas 
Technolo&y, 1978. 

Tit 500 p. : ill. ; 23 cm. 
IncludeB bibt.~o.raphica~ 

re1erenceB • 
• 40.00 

1. Solar ener87-- Conaresses. I. 
RUBh, W~ll.~am F. II. Whitet Jack W. 
III. McGrew, Wi~.a. IV. Ma one, 
SUBan. V. Chicaao. Institute 01 Gas 
Technoloay. 

T .. 810.£55 621.47 78-107014 

Optics applial to solar eneJ:9Y IV, August 
30-31, 197~, San Dieao, Califomia I 
Reith D. Masterson, editor ; oooperatinq 
organizatim, 1\merlcan Meteorolocrl.ca1 . 
Society. - Be1li.n¢ult\, Wash. : Society of 
Photo-optica1 InstnJnentatioo Er¥1ineers t 
c1978. 

vi, 114 p. : ill. - (t:>J:ooeedims of the 
Society of ~ica1 Insaunentation 
~; v. 1(1) 

Inc1u3es bib11ogrllfhlca1 
references ( am in:lex. 

1. Solar enercw-Q:n:rresses. 2. Optics 
~es. I. Maste%SOO, Keitlt ". 
II. Society of ~ical InstJ.uYaltll
tion Emineers. III. .l\nerlcan f.~ro
l~ca.l Society. IV. Series: Societv of 
Phot:o-<lptical Instrunentatim J!:naineers. 
p~: v. 161. 

TJ 
"10 
.155 
1979 

3 vdt:/(c> 

~. ~._ ~ h ,'\)".-. ~;-;".:.. ,~".::;",."",,;,~.~,_ . ...:t"<~ ~ •. ;'1'-""'A1jf4i;;~ 

Intematialal SOlar &lelgy O:bu:eea, 'New 
Delhi, Inli8, 197". -. -

Sm, man'ltind's future 9OlJrO!! of f!I'M!1qy : 
p~ of the Intematiooa1 SolllI' 
&lergy Q:ngI:eSs, New Delhi, India, Jal'lUMY 
197". v. 1 / edited by Francis deI;~inter 
and Michael O::IX. - Nsf Yom: Perqll1O\ 
PIeBs, c197~. . 

1 v. : ill. 
1. Solar enercw....Q:mgmsses. I. Mii.nter. 

PrInCis. n. ():Jx, Michael. 
In. Title. 621.7 

AJl.2S711 Sol. _Ie, ctllMllIo!M. M. Hym8ft, Jr. 
ISoI'r Heat Corp., Arlington, M.~sJ. T«ImoIOW R~, vol. 80, 
Feb. 1978. p. 28-35. -

Rising fossil fuel costs hIVe made sol. heating systems 
increasingly attractive. Such • system is evaiuated in terms of • 
two-storey frame house in Massachusetts.. which was outfitted with 
1,200 sq It of absorbing turface. The system was des9led to Pfowide 
up to 100l(, of the house's heating requirements '00 up to gmr; of its 
hot water. The rest would be .. lcen up by conventional fuel sources. 
A description of the system parameten is presented, and cOfre,.ted 
with .1IOn1l sunlight aoct tlllllparature v.riationt. Performance _ 
ipprOlIim.tely as ellpt!Cted, but the long time span m!CesS.y for tfIe 
system to lII)ortlse 125-30 years) makes it eeonomlc.uy qu .. tionable 
It this point. D.M.W • 

N1'l- / /.~. t/ ~( ( V, f) 
.. -"-
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United st.tes. COIlPe5$.· 0Ihte of t~ AssessmcaL 
Application of solar teCfinology tot 7ySencrgy needs. -

Washington : Congress of the United States, Office of Tech
nology Assessment : for sale by the Supl of Docs., U.S. Govl 
PrinlOfT .• 1978-

v. : ill. ; 27 em. 
"OT A ·E-66." 
Includes bibliographical rererences. 

Uiolar ener@y· United S"'It5. 2. f-.nef@)' policy· United S"'tt5. I. Title. 

TJ8I O.U57 1978 333.7 78-600060 
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Kre1th,Frank 
Principles of .,lar 81gineerinq I Frank 

Kreith, Jan F ~ Kreider. -:-.~ : 
HaniB[ilere PtD~ <brp., c1970. 

xii, 770 p. : ill. - (Series in themal 
am fluids a¢neeriJ¥}) 

BiblioqraPlYI p. 765-767. 
Incl~ index. 

Combining a basic technical under
standing with on appreciation 'of the I 

economic aspecls of utilizing nonrenew-t 
able energy,sources. the authors present' 
the results of pioneering research Work I~ 
the problems of solar energy conversiorr 

Beginning with the fundamentals of hea. 
transfer and solarradlotion. this text pro
ceeds to applications that stress syste~ 
analysis and modeling with component 
interactions. Included are detailed 
thermal and optical analyses of ten solo 
collector types. both concentrating and 
·nonconcentrating. assessments of the 
economic impact of solar systems 
through discounted cosh-flow analysis. 
life-cycle costs. and cost-benefit analysi 
aod.ootimi1ption. Practical examples arl 

provided throughout to Illustrate 
principles and concepts as they are 
presented 

Environmental Action Reprint Series 
/ 

HOW TO BUY SOLAR HEATING .•• WITHOUT. 
GETTING BURNT! by MalCOlm Weill and Irwin 
Spelllanll 
Subtollc~ .. ,.. Consumer's Gu.de 10 Choos.ng. 
FIIl~nclllll. and jnstalhng Sol'al House Healing 
Equlpmenl •• A good; clear e'planalron ofthe bas.cs 
IIlvolved In bUVlng 50lar heal Pallial hSI 01 chilP' 
leI' Your Besl Spent DollalS·lnsul;:lIon. Is Yours a 
Solar Flmlly7. Contracls and Con".Clors (and 
Arehner,lsl. Sunllghl and Ihe law. The Sun Isn'l . 
Flee. Append •• , Indell, Recommended ' 
262 pages, paperbound (019181 ..... 5695 

~lL~_L~._-._.~_." ~~-...... __ 

~~--;-v -', ~'-'1""-i:;-"";'~~;',;,-::'''hJ'~ ~,~.~r •• "<.:'tjiN. "1~(1t 

1978 SOLAR BUYERS GUJDE. 
Solar Heating & Cooling, v.3, no.l, Feb.1978~ 

24 Solar Market Forecast 

27 1978 Solar Buyers Guide 

28 Manufacturers of Solar Products 

60 Distributors of Solar Products 

90 ' Solar Builders, Engineers, Architects and Installera L . 

TJ 
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.X?3 
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Kreith, Frank 
Principles of solar engineP.rinq I Frank 

Kreith, Jan F. Kreic'er. - Washir¥rton : 
Haniaphere Pdl. <brp., c197fJ •• 

xii, 77" p. : ill. - (Series in t:henral 
am fluids ~ineerinq) 

BiblioQraphy: p. 7(,5-767. 
Incl\rles iMex. 
ISDN o-B9ll6o-~5-0 
1. Solar enercw. 

1942- joint'-
III. Series. _ 

I. KreitEr, Jan F., 
autlY:>r. II. Title. 

621.47 

.. -r--_ ..... ' .. -.> .,,--

Vaillant, J. R. 
UtiUSatiaul et pEar' 7. de l'aiSQ!e 

solaim / par J. P.. vaUlJnt.- 2d Ed. 
- Paris : F.ditiaus Eyxolles, 197P. 

502 p. ~ ill. - (Co1lecticl'l du B. C. 
E. o. M.) 

Inchx1es bihUoqrapucal zeferenoes 
avJ imex. 

1. Solar £eaergy. 2. Power maourcea. 
I. Title. 
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fbltgaimy, Richard H. 
'!be solar decision book t your guide to 

makin;r a sound investment: / ~ Ridlard B. 
M:lntgan&y with JJm 1b3nick. - Midland, 
Mich. : rDI COm.ing COl:p., cl~7~. 

3t')'i p. in various pag1nJs : ill. 
ISBN o-Q601876-1-R. 
1. Solarheatinq. '2. Solar -enennr. I. 

~dt, Jim. II. Title. 

Intem&timal. Solar ~~ ~1I:ess, Nat 
Delhi, India, 197'1 • 

Sm, mankind's futul'e source of energy : 
pnJOeedings of the Intematiooal Solar 
~ CaxJ:cess, New Delhi, India, Jmrua:cy 
197n• v. 2 / edited by Francis deWinter 
and Midulel Cox. - New Yorlc : PeItjBiul 
P:cess, c197Q. 

1 v. : ill. 
1. Solar energy--Q:n;J:cesaes. I. Deiiinter. 

Prslcis. II. CkIIc, Mimel. 
In. Title. 621.7 

A79·1M51 'ntlfllltional Sympollum-Wor'nllop on Sol. 
Energy, Calm, EIY"t, June -11-22,1971!1, Symposium lectures. 
Symposium-Work!tJop sponsored by the National Science .Founda. 
tion. Edited by T. N. Veziroglu and H. W. Hiser (Miami, University, 
Coral Gables. Fla.l. Coral Gebles, Fla., Universily of Miami, 1978. 
580 p. S5Q.IFor Individual items see A79·16452 to A79.16470) 

The volume considers such topics as the economics and policy 
of allernative energy sources, solar collector design and performance, 
solar heating Ind ooQ/ing principles, therm .. 1 slorage of sol3r energy, 
and integrated sol ... building system design. Papers are also presented 
on such topics as solar hydrogen production It high tempera lures. 
solar energy transportltion and pro.';uctlon of hydrogenated fuels, 
the use of satellites in solar applications, solar, based agricultural 
systems for the Middle East, and solar energy planning for developing 
countries. R I 
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...... '21781 Midwesf R_rcflln"~ Golden, Colo. 
OIRICTtA.Oft ftGUIRIMIN" FOR.tEeT SOUR 
I.ROY TECHNOLOGIES: A REVIEW AND SVIITHE .. S 
I. MillOn Ind 1(, Arming!on Aug. 197!! 32 p refl 
{Contract EG·77.C.Ol.40421 
{SERI/flR.53·0451 Aveil; NnS HC A03/MF AOI 

Vlrious Istime!es of the lebor requirements for the design, 
menufacture, inlllnilion. Ind mlinlenlncl (If space hailing Ind 
domestic hot we!er systems Ire presented. Tota' projected job 
rlquirements by Yler, calcullted by multipfying penon.hours 
per .ptlm lim.. mlrkat penetrltion "timltQd. erl prcMded, 
Umitltions or pravious I!udies end conclusions about .-ded 
r_,rch .ra discusled. DOE 

EnvfronmentatAettonReprfntSeries 

OYfftCOMINO lfOAl U~C~ftJAINTtES 
ASOUT THE USE OF 10LAR ENERGV 
SVSTEMI,IIy Willi.m A. Ti'!om .. , Aleft S. Miller 
.... RIe ...... l. Robbinl of th. Amarlcln Ilr 
'_dIUon 
Ttli. ,aport idenlifies legal ba,riers to Ihe use of 
Iller lnergy .~'.ml Ind IUIIII"sts IPP'Opriele 
....... tiwe r"medi"l Wa can modify e.iSling '"ws 

• flit Impede Ih •• tlieiflnl ",a of lollr anergy and 
Inlet _I",i.'.lion to 1I".'lnl"e e""nlf., f;lIh" 
.,.. to Induea pflvlla Ind publie inwellmenls 
IO~, paperbound 10 197111 IS 00 

H •• ille. Rlcha.d C. 
Solar energy conYeraion : the aolar 

cell I Richard C •. Hevilte. A .. aterda. 
; New York : ElseVier Sclenti1ic Pub. 
Co •• 1978. 

x. 297 p" : .il1.. ; 25 ca. ( Studiea 
in elec~rical and electronic 
en8ineerin8 ; 1) 

Includea biblioaraphiea and index. 
t. Solar ba~ter.lea. 2. Solar eneray •. 

I. Title. II. Series. 
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Cher •••• 1Do1r. Pau. N. 
'Prlnc~ple& C App.lcAtlons or aular 

ener",.-y I by Paul. N. ehereals1noff, 
Tho_AS e. Regino. Ann Arbor, Kich. : 
Ann Arbor Science Publ1shers.~1978 • 

vi, 249 p. : It.. ; 24 ellt. -. 
Includes blb.lographlcal re1erences 

and Index. 
1. Solar energy. I. Regino, Thomas 

e., Jo1n1: au'thor • [I. Tl'tle. 
621.47 7~-50308 0-250402-47-5 
78v51537 

ASHRAf Journftl, v.20, no.ll. Nov. 
1978 

SOlAR TEIlINOLOIY, "'DAlE '711" (Speeta' II •• ). 
Solar: Mankind's Uhimate Energy Frontier? ........................................... : •• 31 

W.f. Gutman 
The Solar Industry: Catching its Breath ................................................... 32 

Bruce Anderson 
Solar Energy: Present and Future ......................................................... 33 
Slanley F. G,lman 

Urban Planning and the Solar Habitat .................................................... 39 
Michael Kogan 
What's Happened to Solar Research? .................................................... 44 

Peter J Lunde 
A. View From Capitol H~I ................................................................... 49· 

Program Opportunity Notice: Feds Pledge $4 Million to Solar .......................... 52 

The Meaning and Use of Consensus Standards in Rating and 
Certification of Solar Collectors ............................................................ 55 

Alwin 8. Newton 
Passive Solar Systems - not so "Passive" Anymore ., ........... ~ .................... 62 
John I, Yellatt 
Solar Experiments With Passive Retrofit .................................................. 65 
Scott F. Keller; Arthur V. Sedricl<; WI/flam C. Johnson 

Window Treatment and the Retrofit Market. ......................... , ................... • 89 

Donald R. Wulfinghoff 
Solar Water Heating System Design for a Research Lab ............................... 73 
Thomas L. While; Burl Swerdling 

ARI: 25 Years of Dedicafed Service ................................................. • ..... 12 
W. Stephen ComsIOC/( 
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IklUI IIIDlY. (&p.clel hau). 

ipeclal Solar Issue 
SoIar'~ pm perrOl'1lWlCe and promM 248 
Sun IlUdies old and new 252 
SEIU comes of ;aie 25S 
Sunuc: ControverWI but ~ 25' 
Iion-= Usin& soi.ar enetJ1 NbnIJ lSI 
AniINI enercr the reptililn wa, 260 
SIn Jose Sut. &oa soW 162 
,..,.. solar technolo". 16l 

AIO-23511 Aopll~, .,....... eft .., E .... 
LondofI. Entiand. N__ 15" 1', 1171. PII III ....... Roy.' 
Soc;~ry (London), Phifosophial Tr.ns«:rions, s.i.s A, vol. 295. no. 
1414. Feb. 7. '19110. 168 p. CFor individual items '" A80-23512 to 
A80-23525) 

Works cove;ed include SOIM SPICe heating wi::h air and Itquid 
systems. raulu of sol. heating .... rimenlS. systematic desl", 
assessment techniques foe sol. buildingJ, and meard\ at the 
building rewarch estlUish_t into the ~iQtion of solar coIlec· 
tors for Sf*It and Willet' hNl.'f1I in buildin\J>. Other topics are 
examined such as helet'ojunction sol. cells, photQelectrochemiRl 
a:lls and the microblll procb:tioN 0' -vv lOurces from bio_. 

C.F.W. 

32113 (P8-2U770) Ap,aJcatiae ., .... tl'CililOluK)' to lod.y', 
ncru 11ft" Vol ... I. (OfrICe of Technology Assessment (U.S. 
Con,raa), Wasllin,toa, DC). Jun 1971. 5:i2p. NTIS PC A22/MF 
0401. 

This report reviews a ran,e of IOlar enersy ')'ItCftlS desi,lICd 
to produce lhermal and electrical ener,y directly from IUlIlight with 
units unall enou,b 10 be located on Of ncar the buildinas they arc 
deli,DCd to scrve. It cuminc:s the state-of-the·art technOlogy, identi
rlCS tbc circumstances under which such aY5tems couldbc: cconomi. 
c:ally aUnctil/e, ahd discusses the problemS encountered in inteent. 
in, these devices inlOcxistin, ;mUfY ,cneration .n" delivery sys. 
lema. The study also asscssc:s the Im~ct that widesprelld usc: of 
decentralized JOlar cnef,y equipment could ha~'c on the United 
SlatCi - its energy Iupplies, its ability fQ achieve foreisn rolicy 
objectives, its physical envirQnment, its levels IlIId patterns of em. 
pIoyment. ani! the (uncdonin, of the $QCicly as .. whole. 
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A79-17Z78 Sun: ... lnd·, future IOIIfee of -.y: PrG' 

.... "'" of lhe 1III ... tic".1 Solar Enerwy ec. ..... New Deihl. 
I ..... Janu.., 18-Z1. 1978_ Volume, 1. 2 & 3_ Congress lIPonsored 
by the International Solar Energy Society end UNESCO. Edited by 
F. de Winter and M. Cox (Altas Corp., Santa Crul. Calif.l. Elmsford. 
N.Y •• Pergamon Press. Inc.. 1978. Vol. 1,619 p.;vol, 2. 175p_:vol. 
3. 825 p. Price of three volumes. $150. (For individual items see 
A79-17277 to A79-17525) 

The volumes exam ine $Uch topics as international and national 
solar energy programs, economi:: aipI!Cu of solar energy utilization, 
and policy •. social. and implementation 1lIPI!C1S of sol. energy. 
Corosideration is given to such technical allPects of sol .. energy 
utilization as solar radiation Characteristics, energy storage. photo
voltaics (including sp~ powerl. photochemistry IOd llhotobiology. 
flat plate collectors Hrocluding solar ponds and selective sUff~sl. 
concentrating systems, sol .. heating and cooling, solar thermal po_ 
systems (inCluding ocean thermal gradient systemsl. wind poWt!!'o and 
agricultural and indu!!rial applications of 101 .. energy. B.J_ 

A79-45201 • Application dI.., .. e!!III!WY; ~~"''''''_.of !be 
Til"" Southeastern Conf_e,Hu"",",I •• A .... Apr. 17·19. 19711_ 

"Conference sponsored by the University of Alahaml, NASA, 
Alahama Solar Energy Association, et III. Edited by S_ T. Wu, D. L. 
Olfistensen, and fl. R, Head (Alabama, University, Huntsville. Ala.l. 
Huntsville, Ala •• UAH Press. 1978, 504 p. $25. (For individual items 
see A79-4520~ 10 A79·45231) 

Demonstration projects. systems-subsystems s,mulation pro
grams. applications lhealing. cooling. agricultilral. industrial). and 
climatic data testing (standards. e.:onomi::s, institutional' are the 
topics of thl! book. Economi::s of preheating water for commercIal 
use end collecting, processing, and dissemioation of data for the 
national demonstration pr~am afe diICussed. Computer simulation 
of a sol.. energy system and graphical representation of sol .. 
collector performance are considered_ Attention is given to solar 
driven heat pumps, solar cooling equipment, hybrid passive/active 
.,Ia, systems. and sollr farm buildifl!rl- Evalultion of a thermD9'eph· 
ic .!Canning dna fGr ..,1 •• !MIIIY end com¥Vltion IpplicltloM. u. 
of meteorological datil in system evaluation, and blomlss conversion 
potential are presented. V.T. 

Pu~11cUt11tt.il! Fortnightly, Y~10Z. 
n~~7. 

Eff£RGY, (Sp~etal bsue). 

Should Electric Utilities Market 

Sept.fB, 
1978 

Solar Enersy? ..•....••..•.•.••..•• B",ct M. Smacl'] 37 
A description of the p(l5Sible roles which ulility companies may assume 
in the promotion of solar ene~ lise for mectin~ ~idential "'alff 
"ealin~ nt't'ds. 

~,.,--. ,iii "v_~,.-:; J,.~.~-< ... '~.<";'~, ,t~ .,. ~ .. , 9*"''01 

EMERGING !NERG' ALTEANAJIVESFOR nit SOUTHEASTERN 
STATES., £1 \u K, St.ftln5ko3. ed. tS~~!.;'!:!I !J1tU>'St}f'l!d 
by DOE. laRe Bnd "CAlTSU~ Held NCA!TSU. ~lY.~1.191S} 
Junp. 1918~ 152po 

D!varb~.nt {If EI~trgy. 
".siHn~rtcn .. li.C4 

"~SA. 
L'"91.y ~l .. rch tinter 

North carolina Agrttulttarl' ... Te:Iln,e.l 
Stlt. '~fvo. Qre.n.b~ro, ".C~ 

. f-.l9 .. ALTEItN,&.TIVES IN SOLAR ENERGY 
Donald G. Schueler 

. . 

h .. bHc Utnitie~ Fo~·m1ghtly. 
'f.J lOZ .. ~n ... 7. 

~'!ERGY IS!U£I> (S~etal fila), 

SeDto~8" 
1978 

Solar Enersy - Will It Conserve Nonrenewable 

T.J 
810 
.S89 
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R~IOU rees? •...••.•..••..••..•.••.••.. .. ~i.rn/lmr flnrn" J I 
I\nah·.("< (If Ihl' H.n<tlmp';nl1 'fir fc".it ;10,1 nurll':.r rn.'r~\ rl"'''ltH'~ 
IWrclrrl to I'rtlcluo' ;'n<l"prl";lIt' ... I,u· rnrnt\ '~""f'nr-illljnt "llllw IIml'n 
de\tlrllt k,. rnrrl(\-inll:n<i\l' < •• Iar ~'~If'm~ to 1I111"l' Ihrlll flIl1Il'rtilh .. 
",ilh oi<lint! tnrn(,' :.hrrn:1lh", 

Sa. : A .... ndbook ••• 'th. ..l.. crecade: 
'th. o •• iclal book 01 the 1lr.t 
In.ternational. Sun DaT" .dl't.d by 
Stephen Lyons ; 10reword b~ DaT~d R. 
Brower. -~ San FrancIsco : pub~~shed 
I. coopera.lon wl.h S01ar Ac.ion [bTl 
Friends 01 .he Barth, c1978. 

xlIi, 364 p. : 1l.1~ ; 18 c •• 
Blbl.loBraphT=p. 321-348. 
ISBM 0-913890-17-0': S2.95 (S3.75 
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SOLAR ENF.%Y: POWJ:"p' FOR TOMORROH. 
James J. Haggerty 
l\erospace, Vol. 16, No.2, Sunmer 1978, p. 2-
6. Solar .en~rgV is a prime can(ji-' 

date for emphasis. The idea of tap
ping the sun for clean and limitless 
energy has almost universal appeal 
and seems the approach most likely 
to generate the broad public support 
necessary to the outlay of large sums 
o. government money. Given such 
support, solar energy development in 
the remaining years o. the 20th cen- . 
turv could snowball into a program of 
Apollo-like proportions. 

The initial steps are under way. and 
in the forefront o. the development 
effort are the people who brought 
Apollo to fruition-the companies 
which comprise the U.S. aerospace 
industry. In some cases. these com
panies are directly applying aerospace 
technology to energy needs; in others, 
they.are employing their general tech
nological expertise to develop new 
types o. solar energy systems for 
public l.Ise. 

FUTURE OF SOLAR ENERGY, by Norman R. Sheridan. 
Sunworld, vol. 2, no. 3, August 1918, p.36-88. 

Solar needs new 
technology to reach 
its full potential. 

TlIIDRETICAL UPPER LIMIT TO TIIE CONVERSION EFFICmiCY OF 
SOLAR ENERGY, by J. E. Parro t t 
Solar Energy, vol. 21, no. 3, 1978, p. 227-229 

."~I'ICI-The theorctical m;uimurn useful work obtainable from solar Cnc:rIlY bas hc:en calculated taking account 
of its directional cbaracler. lhe mc:thod empillyed is th.! cakulation of the :'V'.1ilability of a thermodynamic .. "sIem 
cont;.ininll such energy in .Ift environmenl correspondin!! to tbe cartb's surface. lbe corresponding rfficiency is 

I --:-!:(I-cosS}+- ...: 41: 1(1:)' 31: J 1; 

,,'here T~ is tbe 3mh!.!"t temper:llurc, T, the: equivalent Sill .... temperalure and S lbe half angle of the cone 
$uhlcndcd by the sun"s di~c. 

640 

QUO VADIS, SOLAR ENERGY? 
Erich A. Farber 
Euilding Systems Design, Vol. 75, No. It, June/ 
July 1978,p. 5-10. 

This pape~ discus ........ tlte of tM .:t of solar .... rgr conv.,sion Into 
all the forms of energy which .e u •• tnilanr Hfe; the methods, pittaHs, 
and economic criteria. II show. the need for solar energy utilization; 
how it was used many years ago because It was economically 
advantageous; that many project. today are poorly engineered; that 
many, even though technically feasibie, do not make economic sense; 
and that, eventually, we will hl,e to return to methods and procedure. 
which c~n be economically Ju.tified. 

SOLAR ENERGY COMES OF AGE. 
S.E. Bregman. 
Environment, v.20, no.S, June 1978, p.2S-31. 

A7a..7.. UlIi'" .... .. _ • -"- R. T_vIo!" 
(Eleclric Pow.- R_ch 'Allilllt., ".All<). CIIif.). EI'RlJourNI, 
vol. 3, MM. 1918, P. 26·32. 

A description is prllSftlted of invesligitiom fegll'dinS ""' Ule of' 
101M mlleclDrs in NOfIh D*...l:!:a. The de:ocribed project is GrIe of 451 
let",. projects which_e compiled durint-u.. IUmmef Of 1977 to 
delermlne d!e elUent of IOIiIr _., ~ch sponsored bot electric 
utitities throu-'out the muntry. A IIIlaa.ntiil miljoritv of ""' $Obt 
reu:;lrch projects de.1 wjth :oIIr he.... ~ cooling or re'-'ed 
feSeOIrdl. The surveV aka idmtified 34 wind projects, 21 projectl 
deOIling with .soI¥ <lit_ collection. 22 ""·therJNI powwr ..... iofJ 

projects, iIOd 12 project, rec. ... to» pfIoIowolt_ics. Attention is""", 
to probltll1$ of ditl ml.ction, ipprOJChn for reducing the colt 0' 
wind -W. !he .felting of I collector system, iI hOlle construcled 
fOf obcaining solM _., InfotlMlion, iI 101M' ..-e conditioning 
IVlfem. the in .... ion of sol. elec:lric lY5teml, the utiliz.tioo Ilf 
solar h_, in die cIoudV .-th_t. ... iI Illidy 0' the pet'orlNnOl! 
of 20 sol. h_ln IlOftlwn c.lifOfrN.. G.R. 

_ zrl""'lF-liMlda. 
.-~----



as :;; ('ltt~~ 't· ,!P ---------..--..-

~ ! 
t,,' I 
i,: ~ 

il tl 
(t,: 

r 
Il 

t 
~ [ • 
~: 

i ~~ 
i , 
'.f,' 

~ 
j 

I 
a 
~ 

" 

. ~ 

Z 
5853 
.P83 
G83 

Gutbrie, David L. 
A solsr energy blbl10grsphy I David L. 

Guthrie and Robert A. Riley. -- Roekvl11e. 
Md. I Information Transfer Inc., c1978. 

xx, 360 p. ; 29 em. 
1. Solsr energy-BibUogrsphy. I. Riley. 

Robert A., joint author. II. Title. 

016.62141 

THE SOLAR TRANSITION. 
Barry Conwnonr;:r 
E",11 ronment, Vol. 20, No. 3,Apd 1 1978, p. 
6-10 (con't on p. 13-iS) 

If ,n possible government Initi.tives were pursued. energy from sof.r sources could 
rapidly become economically fe.sible. given Inevit.ble rise in the cost of fossil fuels. 
Government should elso encourage the edoptlon of energy·uslng systems th.t are 
compatible with solar energy sources. 

REGULATORY CONSTRAINTS ON SOLAR ENERGY AND 
THERMAL STORAGE INSTALLATIOm 
Robert K. Koger 
Public Utilities Fortnightly 
Vol. 101, no. 2, January 19, 1978, 
p. 9-12. 

I)i~r~,~'r~ I'llhlk l'oliry i'~lIr' whirh t h .. I'mrnlrlUr .. r 't.I.lr rnrn:.~ ;11111 
Ihrrmal '"mll{t' drldnllJllrlll. on a ~illllirkanl ., aIr. "ill mi<(' in rf~;tnl 
10 the il1lrrr;l~r of ~\ldl ,,<Ic·m<; with ('Xi_lillll; dr, tri, IIlili,y w.trlll' 

~..J :.....~_, .... ..-.-......... £~. _., ........ ~ __ ~.~ 

~" ,. ~-.,.- ~-...,- 'f,Y' ",.,~ "':W+, .'"P~J''' 

A BRIGHT SOLAR PROSPECT SEEN BY CEQ AND OTA 
l.uther J. Carter 
Science, vol. 200, no. 4342. May 12, 1978. p. 627-630 

A'~ h happen.;. neW report .. by 'he Ad· 
milli .. ,mlio,,'s own C(lUncil on Environ
mental QU:llily (CEQ)-which under 
Prc .. idcnt (':Ifter has hcen ;,IIowed 10 

pl;ry 'iomewh;rl lhe role of:\ lll,dny-,md 
'he ctlngres,ional Office (If Technol~y 
A,"e"menl (OTt\) lend cledence '0 ,he 
view Iha' fedem' SlJrp\)It rllro;ol:lr devel-

ormc:n' has no' been "emly in keeping 
~i'h ,hi .. 'echnol(}~fs rromi'\c. UOlh rc
POf'S ~ay that lhe techMlosy is on lhe 
verge ofn nourit;hing new ph:,<;e but ,h:lt, 
wilhout :ISl,!rcssivc fcdcml support. its 
contribution '0 na,jonnl energy ~lJrplies 
will f.,,11 f:lr .. hor' or Whll' now seems 
'echnic:llIy 1m" economicnll)' nehiev
lillie. 

UTILITY ALTERNATIVES FOR SOLAR ENERGY 
John K. Freeman 
Public UtUities Fortnightly 
Vol. lUI no. 1 January 5. 1978 
p. 20-23 

.""lllr rtlf,.!.!)': /\ 11 II 1I1J111111.~. lin nNlflrltm;/l'. 'Jl (I 

"rml'li~ (or ,It I' ('1It'''!)' lilli,,), mrlmln('\ m '11fT ('\1\1 
ffJI/fI}'.1 Sf(' HIm,. !trllll\/11 "/~~I'\III/IH fir Jill' //(1\_ 
,illlb/ln 111 1111\ nrl" k. 

'I\J 
I'll) 
• ~35 

'DIgmgth!r .1IeJ.1JI!ft mit 9:nIe, 3rt, fiftlCh!n, . 
1!'77 • 

lleizen mit Some. BImd 2 t Praxisnahe 
flaustedtnik / ~ic:ht me:) Hera~ 
: U1f Iklssel. - M&d1en I Deutsche Ge8ell-
8Chaft fOr Sonnenene!:9ie e.V. (005), c1977. 

641 

vii, 395 p. I ill. 
"Drltte 'nIgmq ., 3. md 4. Marz 1 (J77 in 

MlidM!n. " 
1. Solar ~ses. I. D:>88el, 

Ulf. II. Deutsche t';ee118Chaft mr 
ScI,.u!!l"le!:gie e. COOS). III. Title. 

--~'--
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A79-13619 Gwman Solar E-.y Farum, 111, HIombult, 
Well G.many, September 26028. 1977, f'rocetldi,.l. Volume 2 
IDIlUtE"" Sonnenforum. lit. Hlmbu". WenG_..,.,. s.ter. ...... 
26·28.1977. TlgUlI9'berichte. Volume 21. FOfUm sponsored by the 
DeuUche Gesellschalt fUr Sonocl1l!nergie. Edited by U. Bossel. 
Munich. Deutsehe Gesellschaft fur Sonncnenelgie. 1977. 603 p. 
$23.54. (For individual items see A79·13620 to A79·136631 In 
German and English. 

Consideration il given to such 10pics IS 101. oollection 
Iec;hnlquei. rolleclOr testing. rontlol onits 'or 101. _gy systems, 
photoelectric ronversion. solar power plants. and telective ablOlbing 
sur'iIC1!s. Nonconvention.ll eneogy sources such IS wind energy, wave 
enCfgy. and hydlogen·based en..'f9Y ale aho ronsldered. 8J. 

TJ 
810 
• at. 3 

Behrm!Lll, Dlmiel •• 
Solar energy:·tbe awakening 8eienee I 

:xv~iel Behrman ; photographs by Madeleine 
de Sinety. -- BoBton : Little, Brown and 
CompMY. c1976. 

408 p. : ill. ; 24 em. 
This book, written expressly for The author takes us Inside several 
general readers, tells the story of solar houses that are heated or cooled 
energy since 215 B.C, to the present. through solar power. The energy 
What are the facts and true potential potential of wlndmllls and the 
of this enormous, still largely unex- equat?rlal oceans are examined. We 
plared source of renewable power?' are given reports on the progress of 

( r scientists and manufacturers toward 
making solar enet'gy a viable com
petitor in the current energy markel. ;;1 

T J810.S6J2 1977 RR 

1971 SOLAR ENERGY & 
RESEARCH DIRECTORY. Prepared 
by Arm Arbor Science Special Task 
Group. 1977. Ann Arbor Science 
Publishers Inc, Box 1425, Ann Ar· 
bor, MI 48106, 386 pp., paper, 
$22.50. 

The compilers thoughtfully included a 
section at thl'! beginning on How to 
Use the Solar Energy & Research 
Directory. Major classifications, cross-

reference system, Subclassifications 
and subsystems and indexes are ex
plained and listed. The largest sec
tions are Manufacturers of Solar Com
ponents and Solar Research firms. 
Energy Conservatlo~, Manufacturers 
of Solar Total Systems, Solar Energy
Related Areas, Design! Construction, 
ReSidences or Buildings, and Distri. 
bulors of Solar Producls are the olher 
categories. 

~l-j.c. _____ ,,:'_ -·-""-'~V· • WlltiutlMt!Jb!..... •. _ 

~", ~' :..~'3,.: .... ,,/,-.... ~ 

THE ECONOMICS OF UK SOLAR ENERGY SCHEMES. 
P. F. Ch apman. 
Energy Pol;cy, Dec.1977, p.334-

This pape~ estltblishes n framework 
f'or evaluating the cost
effectiveness of solar energy 
systems, using standard methods 0' discounted cash ftow (DeF, 
.lmalysis.' Application of DCf 
analysis to .solar energy requires 
that account is take" 0' its special 
nature and 0' its interactions with 
other components in e"lergy supply I systems. 'The discussion is 

• .,j. 

restricted to the use of solar energy 
in space. and water heating in 
domestic dwellings. but the general 
approach is applicahlo to other 
sotar s1'stems and to othM enorllY 
:systems based on an;bient u"ergy. 
The procedures suggested 'or 
evaluating the cost-effectivenesl'O of 
solar schemes also have important 
imp.icat,'ons for their design. 

T.J 
810 

..~... De.l_. 1944 
Energy: the 801.al" pro.peet .I De,n Is 

8a7e8_ - .a9hln~ton; World.atch 
In!ltl~ute. 19'1'1. 

.'837 

79 p_ ; 22 ca. - (World.etch paper 

j Dawn of an Era. 
Solar Heating and Coolfng. p. 6'1-79.-

. Electricity from the Sun. IY· 1. Tltl.e. 11. 
'Catching the Wind~ 
Falling Water. 
Plant Power. 
Stortng Sunlight. 
Turni ng {ow.,-d the S 'n. 

>:-916468-10-0 78Y14234 

'l'J 
810 
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Oulullagul!t:, OIarles 
L'energie solaire danllle hatDl!nt,~ ~ 

Cllarles Chlullaguet assiste de :Pier%e 
Baratsabal et Jean-Piene Batelller. -
Paris: Editioos Eyrolles, c1977. 

642 

2020 p. : ill. J 25 em. 
1. Solar eneJ:9Y. 2. Architectm:e and 

BOw'radiation. I. Baratsabal, Pierre. 
II. Datelller, JeaJ'JIIPie..""ZC. ll. Title. 

621.47 
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f I ~ 1\1 A78·3J02fJ H_t ',en"., in lOt ..... er" syst""!: ProcMd· 
f.. P.10 in" of the Wint.r An..... MMtint. Adente. Ge., No •• "n .... 
~. i - 27·Deoember 2, 1977. Meeting ~ponsored hy the American Society 
~" .H39 of Mechanical Engineers. Edited by J. R, HowelllHomton, Univer$i., 
f : tv. Houston. TeK.! 'ond T. Min IMichigan Technological University. i 
~ Houghton. Mich.l.~_ York, American Society of Mechanical 
i.' Engineers, 1977. 139 p. $20. iForindividual items see A 78·33027 Ie 
~ A78·JJ040j 
~ Thr~e broad fields are discussed: collector and storage design. 
~ cJ!perimental system evaluation, and analysis and simulation of 
• '1' systems. Particular papers are Jlfcsented on the natural·convection 
.~~;: . ';' characteristics of flat-plate collectors, Jlfelimina.y performance eval. 
, .:~ , uation of the New MeJ!ico State University sol~r houSf!. a study 01 

';" solar water heating for eK;sting ho~s in Southern New England, 
W ·/:. .... 1 modeling and performance prediction of a solar'poweled Rankine 
::};'1? cycle/vapor comprt!ssion cycle, and heat transfer anal!,sis of the 
~ •. oJ University of Vir9inia system for the IIOnual collection and storage of 
, ::.I ~~ solar energy. OJ. 

1t'1~~ 

'~~~ 
"a' ~~~ 

r' 
~ . 
r 
t 
~ 

f 
~ 
~. 

:1)' 
~;, . 

: ... 5# 

~! . ~ 

;. 

T.J 
810 
.F57 
1976 

'l~rf~ft. St8te P.ner2Y Off1ee. PatA C~llec
t10n And Anftl,8ts Seetlon. 

A ~lorldi~n'9 nuide to s~lRr ener~y I 
w~ftten bv the State c~ Plori~~, ~~o~rt
ment of A~~iniAtration. State Enerp.v Offie~. 
Oata Collection nnd Analvs18 ~ection i 
(written ~nd 111u8tr~tad bv ~~~ert J. 
Pozzo. a98iaten by Lo!s A. Pollman1.-. 
Talifth~9~ee : !he ~e~tlon ; r.R~e Cannveral 
: 2lV:tiia"le frOll! Flor.f.~R Solar F.nerp.v 
Center; 1Q75. i.e. 197(1. 

vi'i. 120 p~ I ill. ; 28 em. 
Inelu~e8 "ib- 11o~rft~hlcRl refer-enees. ' 

~<L.~!:~.!.;~ ........ ..:......... ., ...... ~~.......-. ______ ...... 

643 

m 
R10 
.155 

~' .. -..~ .. ~~~.~~~~ -~ ~~~,,~;c~ '8!¥lU¥ Y(ie.~, 

Intematlcnal. Solar Fherw Soct~. UK ~ 
flxADt1le , CO!liElcial .. 9 Ai&iliSlt of 

flOW tnel9Y CXWJVerBJan • cmfeI'elice (Cl2) 
at the Ibyal. Institution July 1971. _ 
1adln I UK - lSfS, e19n. 

9R p. I ill. , 30 ~ 
Inc1a:Jes bibl..iogzd!H.atl referaU!tl. 
1. Solar~. 

The Economic Evaluation of Solar Energy Schemes 
P.F. CHAPMAN p., 

The Value of Solar Heating 
A.H. LANCASHIRE 4nd K.R. WILLIAMS F. /O 

Row Much Investment in Conversion Devices 
P.T. ~NDSBERG p.l.O 

EConomics of Domestic Solar Energy 1n the UK - 1976 
D.J. TOOP f. 2~ 

The Heat Pump'in Relation to Solar Energy' 
J. KEABLE I' ' '13 

Cost Factors in Photovoltaic Energy Conversion with 
Solar Concentration 
J • E. PARROTT f, l./-tt 

Solar Water Heating - Some 
Aspect. Ll 
B. McNELIS p~ 5, 

Economic and ~rcia1 

.-.... ..,~- .... ~. 
Eeona.ic Considerations in the Energy Supply of 

Autarkic Owellings 
J.G.F. LI'rriER and R.B. THOMAS ,./P'f 

Projected Market Penetration of Solar Heating 4nd 
Cooling in the United States 
P.C. SPEWAK p, 7r 

SOlar Energy Development in the United States and 
the ERDA Programme 
R.A. PURPLE b. qi, 

-~ ..... -~---. ------'"-
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SOLAR ENERGY SOURCE lOOK. Rar' •• C.W. 
(ed. ,.IIe."""ton. DC; Boler E"er" I .. e"'.'e 
of A .. rlea (1911). 112p. 

An organized eo~plletlon of .oler .ner" 
reletad product. and .ervlee. I. provided for 
the building owner and aoler bulldln, Induatr,. 
The eetagorle., product. end servle ••• are .aeh 
eubdlvlded Into threa aectlona: (l)the catalog; 
(2) e lleUng bl/ atate; (3) a llstln, bl/ tlUe. 
!here 'a e aectlon on taxea and tax break$ 
releted to e solar sl/st._, one which explalna 
how a aolar al/ste. works and ahows how to 
approal~ate the e~ount ,ou should .pand on a 
solar ayat •• In uarlous parta of the eountr" a 
glossary to eapleln new ter •• , end de.erlptlv. 
passa,es to answer questions ebout faeete of 
tha eolar anargl/ field. The .aterlel 
presanted we. either aupplled bl/ or ab.traeted 
rro. Inror •• tlon r.eelved fro. the eo.panlea 
and .ervle. organlzatlona llated. (RHR) 

A78-42101 N.tionaf Sol .. -E-nergy Com~ntio", J.dlrlptl, 
Un'.e"ity, ealeuUa, Indill. No ... ",ber 29·OeCO!!ftM, 1, 1976, P,o
ceeding" Convention spomored by the Solar E""rgy Soci~ty 01 
India, Edited by S. Deb (Jadavpur University, Colculla, l<>dial. 
Calcutta. Jadavpur University, 1971.274 p. (For individual items !ce 
1\78-42102 to A78·42168) 

Solar energy research in India is examined. Most of the papers 
are concerned with C<luipment and tp.chniqucs and are listed under 
the follpwing heading~: solar concentrator, pholovoltaics, thermo, 
electric, photo, and bioclJemlcal conversion, instnrm~nta,ion and 
environment, sola, hr.ating, solar collector, and solar distillation and 
cooling. F'uture solar energy u~ and costs are estimaled. Industrial, 
dom!!!tic, and agricultural applicatlo01 oJ sola, energy in India arc 
di$Cus~ed; topics considerl!d include thl! testing of five solar cookers 
at JodtJpuf and a r.ommf!rcial solar dryer for Indian conditions, 
ReJlOflS on research programs in some oth~r countries arc presenler!. 

TJ 
810 
.R42 

M.L. 

Report of the MIT sol&!' energy working group. 
-- Cembrldge, MMS. : Massachusetts Inst:t
tute of Technology. Energy Labore.to2·Y., _ 
1976. 

111, 82~. : 111. ; 23 em. 
Supported by the MIT Cl'I.bot f'und. 
1. Solar energy--Congresses. 2. Solar 

energy. I. Massachusetts Instltute of 
Technology. Energy Laborl'l.tory. II. Title: 
MIT Bolar energy worklng group rep~rt. 

$' -~--~---- --h.....-i" ... ___ --:. ___ , __ ~.-..._._ 
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A77·48910 Sluri,. rtoe IUn: Solar tllChnol"" in rtoe 
_enl;'; hoewdinp of rtoe Joint eo..r_nce, Wi ... I""" Canada, 
Au .... 15·20, 1976. Volume 1·10. Conference sponsored by Ihl! 
International Solar Ern:rgy Sociel~ •• nd Solar Energy Society of 
Canada_ Edited by K. W. B~r (Delaware. University; SES. Inc., 
Nlewarlt. DeIJ,CaJ)e' 'Canave,al, Fla., loternat~1 &lfar Energy 
Sodet.,. 1976. Vol, 1,402 P.; vol, 2,404 p.: 1101. 3,417 p.: vol. 4, 
CJ6 p,; vol. 5, 561 p; wJ. 6, 360 p.; yf 1. 7,403 p,; vol, 8, 381 p,; 
""I. 9, 322 p.; vol. 10, 281 p_ Price of ten volumes. $250. (For 
individual items see A77-489! 1 to A77.49 1 59) 

Attention is given to the roles of international and inter· 
!l)vernml!fltal agP.ocies and ERDA In developing sol ... energy tech· 
nologies and policies, Solar energy technology is discussed wilh 
cr.lOsider .tion of fOCUSing and flat plate colleeton, helltir.g and 
cooling methods, heat pump!, panive. systems, retrofit systl!ms, 
simulation studies, design methods, fow, ,mer_diate, and higll 
temperaturl! thermal energy systems, 2nd ocean them.;;! lI~rgy. 
PhotollOlraic conversion, solar I!nergy malerials, bioconverslon, wind 
power, lIgfiCUllUral and industrial process applications, sol. slOrlll'!, 
chemical storage, and solar healing of buildif19' .rl! also ekamined. 
The socIa-economic, cultural, and commerdelimplications of solar 
~'~rgy are discussr.d. B.J. 

~mJdn.q, wtllUln8. 

..,..-./" 

'!he solar enerqy notexdt I written by 
t'1illiam H. 1t:mJdns III And navid A.WilA'ln, 
photograoh;y by Faris A. 1\9hkar. - Bladt 
Ptnmtafp, N. C. : Inrien Ibme, cl97tia 

5~ P. , 
1. Solar enerqy-Handhooks, IMI\Ui!ls, etc. 

'-. SolM heatJn;r-~, lMlluals, ~tc. 
I. Wil8on, n&vld A. II. TiUe. 

Wl111ams, JfUI1es RichPll"d, 1941-
Soll'1.r energr : technology and app11cl'l.

tions I J. Rlchard Willlams. -- reva ed. 
Ann Arbor : Ann Arbor Sclence Publlshers, 
c1977. 

176 P. : ill. (p1I'1.tes) ; 24 em. 
ISBN 0-250-40167-3 

1a Soll'1.r energy. I. Title. 
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, " I WHO • $ TO OWN TIlE SUN? 
f·} 'i Ken 80ssong. t ~ Chemtech, Nov. 1977 , p.676-67B. 
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As energy from the sun slowly inches 
rorward Il) replace declining rosc;i1 ruels, 
the nation'spriv:lIc1y-owned ulilitie~ are 
quietly buying their way into the solar 
market. Few city. state. or federal agen
cies have yet confronted the issue, but ae
tluisition of solar patents, dcs~rt lands. and 
governmcnt research contracts by these 
utilities raises the questions: "Who will 
own the sunT' and "'s sohu energy to be a 
public resource or another Wall Street 
commodity to be purchased and c;ol[l'!" 

A 79-33984 Alternad •• energy lOurceS; PfOee""in" of ttle 
Miami Internationel Conference, Miami Beach, Fla., DftCf!mber 5-1, 
1911. Volume 1 - Solar ftnergy 1. Conference sponsored by the U.S. 
Department of Energy and University of Miami. Edited by T. N. 
Ve7.iroglu (Miami, University, Coral Gables, Fla.'. Washington, D.C., 
Hemisphp.re Publishing Corp., 1978.554 p. Price of eleven volumes, 
$495.IFor individual items see A19·33985 to A79·34001, 

Consideration is given to methods for measuring insolation, to 
flat plate collectors, and to concentrating collectol'S. Papers arc 
presented on such p3fticular topia as a solar fI.diation JUmm .. y lor 
Hawaii, the thermal performance of open· flow liquid sol .. collectors, 
a combination of solar direct electric conversion concentrators and 
heat collector 5ystem, and heliostat survivability and structural 
stability fO!" wind loading. B.J. 

A79-34002 Altemati .. energy -.rcel; Proceedi"" of the 
"'mi International Col'ference, Miami Beach, Fla., December 5-1, 
1911. Volumo 2· So_ energy 2. Conference sponsored by the U.S. 
Department of Energy and UnIversity of Miami. Edit~d by T. N. 
Veziroglu (Miami, University, Coral Gables, Fla.'. Washington, D.C., 
Hemisphere Publishing Corp" 1978. 495 p. Price of eleven volumes, 
$495. (For individual ;tenoBee A19·34003 to A79·340211 

Solar energy conversion and utilization are discussed with 
reference to storage and heat transfer techniques, heating and 
cooling, building appliCAtions, Ind industrial applications, Papers are 
presented on stich particular topics IS the transient analysis and 
OPtimization of an extended surface thermal storage unit which mes 
• phase change material. a liquid sorbent solar air conditioner, and 
the development of microprocessor·b.1sed control and ;nstrtlmenta' 
tionsubsystems for solar energy applications. B.J. 

• J.' 
~,.'~.:.. .......... -.... ~~.~-.... ---.~-----.-. 
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"19·34022 Alternative e""'9V SOUfCft: Proceedinp of tIM! 
Miami 'In_tionel Conference, Mittmi Reach, Fla., December 5-7, 
1911. Volume 3 .. Solar EnerlY 3. Conference spon,ored by the U.S. 
Deoartment of Energy and University of Miami. Edited by T. N. 
Veziroglu (Miami. University, Coral Gables, Fla.!, Washington, D.C., 
Hemisphere Publishin,] Corp., 1978.475 P. Price of ~Ieven volumes, 
5495, (For individual items sap, A79·34023 to A79·34l:135) 

Consideration is given to solar-electric power generat;on tech· 
niques, to rural and lIgficufturai applications of solar en~'liV. and to 
solar energy economics and planning. Particular papers are prese'lted 
on such topics ~ the construction of satellite sotar power stations 
from non terrestrial materials, solar powered irrigation systems, and 
the economic prosp"cts of solar energy for industrial ptoC~S "e~t. 

B.J. 

In1:erna1:10nal Solar Ener.". SocIety. 
Proceedln~9 01 the 1977 annua~ 

.ee1:1ng. EdItors: Char~e8 Beach (and) 
Edward Fordyce. Cape Canavera~, FLa., 
1977. . "n Sections 1.13,371 p.; 
Sections 14·25, 363 p.; Sections 26·38, 360 P. Price of ttlfee 
volumes, member~, S25.; nonmembers. $45. . 

The use of solar collecton 'M heating and cO!Jling systems Is 
; discussed, with attention given to liquid· lind .ir·heating collectors, _ 

the deSign, orientation end ",fettion of materials for col!ecton, as 
well ~ to heat pumps, PlISsive systems, controls and instrumentation, 
MId window walls. Topics of the papers include II National Bureau of 
Standards facility for rating flat·plate air heaters, polymer films for 
the inner 91a1ing of flat·p1ate collectors, the reevaluation of solar 
panels in use for twenty years, heat·transfer fluids, the design of 
absorbers, I sol ... ·po_red desiccll1t air conditioner. computer 
progrMnS lIS design tooh in developing economical solar heating 
systems, maintenance tosts of solar ai, heating systems, the effect of 
1?C<i1 \/~,iatlons In cloud cov~r on collector efficiency, and f,. .. id 
control in flat-plate and evru:uatedtuhe collectors. J.M.B. 

reIS[J(!Ctives on the enermr crisis: technical, 
rcr:rol atory, enviJ:OI'IIBtta1, eoonanlc, pI:&
sncctive. / advisory editors, lbolard (,",onb'l, 
Roy t-'.cac1or. - Ann l\J:bor, Mich. s J\nn J\%hor 
Science Puhlishers, cl (177. 

~ v. : ill. , 2q am. 
SOLAR ENERGY • • • • • • • • • • • 171 .. 

(By burenl lIodgc~ and 10hn Ncrr. A Report rrom the Iowa Energy 
Poli(:y ('ouncil. 1 line 1976) 

11le nun, our const.nt thernlunuc1car ("mace, is Ihe subject or this cllmcientiolls 
rqootl. It, selectj~ bibli",rarhy .<lIr"lcm~"ts scctlons on methods of mini solar 
therm.1 ~ne~y, with brief .cco"nt~ on wind, "ioc(lllwersiorl "nd the sol.r econ· 
omy. r13clical """Ucalion .)r Ihese m~tllods to condith.,s i:' loWl.1s illustr.t~d. 
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N78.24882, Committee on Ene,gy and Natu,al Re~ou'C"5 (U S 

Senate), 
SOLAR ENERGY 
Washington GPO 1977 4~ p .els Joint hearing befo,e 
the Subcornm, on Ene.gy Product,on and Supply and the 
Subcomm on EnergV Res and Oev!!lopment 0' ttle Comm, on 
Energy and Natural Resources lind the Select Comm. on Small 
Business. 95th Cong •.• 1st Sess., t Jun, 1977 
(G PO.94.9! 0; Publ·95.65) Avail: Subcomm on Energy 
Production and Supply 

Testimony was presented to provide important perspectives 
on sol.r energy. particularly a~ ,elllted 10 small businesses Mellns 0' e!!Courllging optimum commercial development 0' .. " the 
alternative energy industries were discussed. Oiscus5ion centered 
around the opportunitieS end problems 'acing smllll businesses 
in the emerging alternlltive e'':'ergy industries Institutionlll end 
ecorlOmic bllrriers to commercialization and dissemination of 
.Iternative energy products end services were outlined and the 
role of government in promoting commercial development was 
discuned. P RA 

TOWARD A SOLAR CIVILIZATION 
Frank von Hippel and Robert H. Williams 
The' Bulletin of the Atomic Scientists 
Vol. 33,no. 8, October 1977, 
p.12-lS, 56-60. 

NEW CAR(F.R PATHS IN ENGINEERING:. AP~lICATIONS OF 
SOLAR ENERGY. 
lloyd O. Herwig. 
Mechanical Engineering, v.99, no.lO, Oct.1977, 
p. SO-53. II has been demonstrated that solar 

systems for heating domestic hot 
water and building and greenhouse 
space are now economically practi
cal. particularly where the alterna
tive is electric resistance heating, 
Other applications with large poten
tial for nearer-term economic 
viability include solar cooling. indus
trial process heat, wind electric. and 
fuels from biomass systems. 
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ILLUSTRATED SOlAR EHERGY GUICE. 231'. 

U;:,r'i.t(ln Industrf~!'lD 
Horth HoUywood ll Clll tf .. 

SOLAR ENERGY AN1)CONCRESS': 
William L. R. Rice. 
Solar Energy. 
Vol. 19 no. 6 1971 
p.63l-641. 
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Ah\lrad-lhc "nilCII St .. IC\ (\In!!IC\\ ha\ I!i\'en \tronl! \lIl'l'urt ,,,,he Federal ,"lar cnC!!!V "II'!:r:101 Th.: 
I'rC\illcnr\ hudgel requc~1 for 1:j,c;1I Year 1977 110':" SJlil~ million for ~lIlar Cf1(rl!~ 1hi\ wa~ irt"C<I'cd hI 
{,(Ingle" III S2"111A milljn" in the aI'I'IlI"riali"o,hili ~il!ncd hy the rrc<irkn' I'n 12 July 197ft The fhl:,1 Year I'ln 
"1IIIgCI I'IllCC~\ for ".Iar energy 1':'< nnprccc,lcnled. ,\IIIhori,."i,1O hearin!!' f •• cn,cd ,m internal "1II1~CI' that \\erc 
nel er ,uhminClI III ("1I1grc<\. "!he E,\cctll;'·c hUIlget I'rncc~< \\:1\ ex:,mincII in llet:,il hy ("l1n~":\\. AIIlI ("t'n!!re,~ :1~lell 
Ul'"n Ihe :'Jll'fIIl'riali"1I for ,"I:,r encrr.Y hcfore it comilleredlhc :IIllhnri1:,Ii'lR. lJa\cil on pmctic.:, c\l.l\lli,hcli \\'llh Ih ... 
r.'rmcr Alomic Ener!!), C"nlllli"inn. ('.)fl!!lc'~ional IIl'cr\ir.hl Cl1mmillcC' were gh'en :,cec'\ It) Ihe iniernallll"i,!;ct d.lla 
or the Encrgy'I{c,emch ant! f)cvclopll1cnt Alhllini\tralion (EROi\l.·fhi\ pcrminet! thc,,\\c"l1lent lIrhnJl!c\\ pfltl'lI\etl 
h)' ERDA h. Ihe Oilier nf Manat!~ment :md lJlld!:el \'\ tho~e "I'PHwed l1y OMII ror 'oc.llpnr.,Ii.1n in the l'lc,i,)cn(' 
bnd!!el tn \Iln!!fc", Thi, npenetl 10 CI,"!!rc\\ional rcview thc relalil'c viewpoinl' or OM II amll;RI>A lin fnndinl! of 
energ.)' pro!!r:lln, amI re\nllell in Ihe (",'ng.rc\,ional deci,illn In fund "1.lar R&fht lcvel~ \,hkh ellllld l>e pf!.lil:,hh 
utililed hy Ihe I:RIlJ\ ,cienli,t,. While fulure '1lIart'uIIl!el~ may he e~(lCeterJ h' mcrc:I'c. it 1\ likel} Ihc} II ilhlo \11:,1;, 

more moder:llc race Ihan Ihe c~l'oneniial (:fIlwlh rale (If Ihe 1':1\1 Ihrec li\l~ll ~car'. Olher "elleml incenttvc\ fnr 
IIlili1:llil'n tlr ,,,Iar .:ncrl!~· lechno!!'gic, ha\.'c nol c\lllI\.'cd. Numcrlln\ "ill, have been inlrmlnced in ('''II!!/C'' fflr 11111 
IIIIere\t loan<, 'a~ crcllit\ Ilf lleducll.III', anr! nlher ,,,Iar iiKenliv(\. S",II1'or' "f "Ieb Itill' h:l\'(: ,h,'\\'n nt. dc\irc In 
inllllcc the lI\'cr'i~hl ctllnmittce~ I" \chcrllllc hearing~ tlwt cllIIlrIle:nllncnn\ilkr;J\'''o or ,,,Iar 1e,:"lal;l," III tile 11011\( 
an.1 Scn:,lc. Sllh,Ial1\1\'( :,clivil~' i< ~Int (,'I'cclcd "dOft: Ihe ?~Ih ('nn!!le« ,nO\'ern:~ in 1"77, 
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HFAT TRANSFER: A REVlfW OF 1976 LITERATIJRE. 
f.R.G. Eckert, et at. 
Int. J. Heat Mass Trandfer, v.20 , no.lt, 1977, 
p.t697-1125 • 

EXPLOITATION OF SOLAR ENERGY, 1.1. Sobe1'man 

Soviet Physics Uspekhi, Vol. 19, no. 9, Sept. 
1976, p. 758-764 

Section on solar energy with 3t references • 

The number or heat transrer related solar energy 
papers was approximately the same in 1976 a~ in lhe 
previous year. Topics of major interest among thc.~c 
papers include insolation. materials development, flat 
plate collectors, concentrating collectors. energy 
storage, systems studies ror heating and cooling. and 
systems stlldics Iilr central electric power generation. 

The problem. of tllln,formn. the en~ of solar radiation into ~I 8IICI electricity is re~ The mala 
IIlIenlion Ie devoted 10 the polu1Jility ofheatin. up to fairly hi.II temperatures, _~ at whiell modent 
hrlll e!I.ines, turbines, etc., msure emcient IllInsformlllioa or heat into electricity. Schetnet are e..miRed 
.. hieh are based on the use or COOlpantively simple COnccntllllon of solar IlIdiation and ielective collectan. 
It Ie ,hoft ,"at, In addition 10 RJeclive COllin.,. selectM-.a, coIlecton are or JrrIIt interest. The 
pouibility or O:Ontlructin. larae solar power "alion, is considered. At the end or liIe review, IIpprollimate 
etimates lilt: aiven or lhe possible cost or a IOlar power atation and lhe proIpecII. for increasin. lhe 
compditivenes. or solar enerlf are discussed. 

THE SEVEN-PERCENT SOLUTION. 
Rovert B. Aronson and Mark D. Zimmerman. 

Machine DeSign, vol. 49, no. 13, June 9, 1977, 
page 20-21 

In using solar power, the nation can opt for "blue
collar" or "white-collar" systems. The blue-collar 
approach, in which surfaces and fluids are h€ated, are 
coming on-stream now and will be used widely as a 
Supplementary means of heating and cooling buildings. 
Jhe white-collar approach - converting the sun's rays 

T 
51.6 
.Nf1 

N~" tr~.n~s in m's~ analysis t internatiOl'k"ll 
~siU!l, f'ec<!1tJer 11-17, 10 7(. / Institut 
de Recherc.."Ie C"!n1:onmtique et n t[l.ut:t:t"lc.'l-: 
tioue : mited l~q lI.. PoenOOtmSc"lll alY.l J. L. 
J..ions. -- Nerl York ~ Springpr-'1erlaCT, l~-rl. 

vii, ~~Q p. : il1~ -- (T.ect\~e notes in 
control anr'I in~o:t:T"ation sciences : v."\' 

In English and French. 
IsnN o-3~7-0R40~~\ 
1. 8ystrnl ana1ysis--COncyresses.. I. 

n,... ... "',.,ll~~n. 7\. ....... II. J..i.ons, J. J,. III. 
Systems 1\5pects of r,argp Scalt' Sr)lar F.nC'r'TY Conv(>['sion 
J. r';pill{lfll;t •• p ... 2..!j.Ll ...•..•••............•.•.•..•....•. 

Qb 
551 
.A87 
1976 

Australian Conference on Electrocbem18t!'y; 
~th, Flinders University or South Australi~~ 
1976, 
. Trends in electrochemistry ••• c1917. 

(Card 3) 
ISBN Q-306-30990-h • 

• 1. EleetrochemistrY--Congresses. 

Electrochemistry in the SoLar Economy 
A.J. APPLEBY 

. , 
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SOLAR - RESOURCES AND AVAILABILITY 

THE AVERAGE DISTRIBUTION OF SOLAR RADIATlON--CORRElATtONS 
BETWEEN DIFFUSE AND HEMISPHERICAL AND BETWEEN DAILY AND 
HOURLY INSOLATION VALUES, by Manuel Col1ares-Pereira 
and Ari Rabl, Solar Energy, vol. 22, no. 2, 1979, p.155-
165. 

Abstrlld-The correlations of Hollel. Whillier. tiu Ind Jordan between diffuse and hemi~pherical. and btl ween 
instantaneous (hourly) values .nd daily lotals of sollr radiation arc recalibrated agaimt pyrheliometer data for five 
stations in the U.S. The validily of Ille tiu and Jordan approach is confirmed. and numerical inaccuracies of Ihe 
original co.relations are round 10 arise from three faclors: Ii) reliance on uncorrected measurements of diffu5c 
insolation with pyranometer plus shade ring. (ii) use of a single value of extraterrestrial in~olation for a whole 
month. and (iii) neglect of seasonal variations in the dilfuse(hemispherical ratio. l'hc new corre/atio" for the daily 
total ratio of diffuse over hemispherical insolation agree~ with results reported for India. Israel and Canada which 
included the shade ring correction, This suggests that latitude independence is a good appro~imation, The nt.' 
correlations imply that the dilTuse component is significantly larger than that predicted by the original formula~ of 
tiu and Jordan. Analytical expressions are presented the parameter:> of which are ohtained by a least squares fit 10 
the data, The resulting formulas provide a complete description of the IOITI: 'I'ml IIc€rogr insolation incidenl on 
surfaces of arbitrary orientation: the only meteorological input is tnc long term average daily tolal of hemispherical 
insolation on the horizontal surface. Comparison between model and data shows an accuracy better Ihan J per cent 
for the lonl term averale insolation available to solar correctors, bolll 'bed and tracking, The model provides a 
framework for optimal matching between solar radiation and ideal c~ncenlrai(>fs (b3~ed on the princirle of pha~e 
,pKe conservation). 'n addition 10 computing rlldiltion IVlilability for ~olar collectors. the modd caq be Uied for 
ulculatin!! heating and cooling loads of buildinllS. ~. . 

STATISTICAL STUDY OF SOLAR RADIATION INFORMWI1fN IN AN 
EQUATORIAL REGION (SINGAPORE), by T.N. Goh, Solar 
Energy, vol. 22, no. 2, 1979, p.105-ll). 

AWrld-Results of rel!fessiOn InllY5is relatinltotal solar radiation with common meteorological faclor5. blued 
on data from Singapore. arc summarized. The regression coeffideJlls are found to be unstable over different period$ 
of time, producing poor radiation estimates. A set of useful statistical prorerties of mea~ured radiation data i~ Mill 
presented. showinglhe e~pecled number of days in a year and in a given month of the year in which daily total 
radiation blls within a ~yen ranl!e of values. Ind al50 the frequencies or occurrence of rerioo5 of succe!~ive dilYs 
in which radiation is below $fltcilied vRlues. Probabili~lic limits of figure! are al~o Biven to enable desil!flers Ind 
useu of solar energy utilization SY5tem! to perform cllculations buedon ranges of possible values, r.!her than 
point estimale!. of amounts of eltpected radiation. 

.sOLAR ENERGY ABROAD: PREDICTIONS FOR THE FtJrURE, 
STATE OF THE ART, TECHNICAL-ECONOMIC POSSIBILITIES 
Yu. N. f-h1evskii, B. B. Tarnizhevskii and M. N. 
Fugenfirov 

Applied Solar Energy, vol. 15, no. lJ, 1979, pp. bf-
73· 

ANAL YSlS OF SYSTEMS FOR THE GENERATION OF ElECTRICITY 
FROM SOLAR RADIATION 
Ui1liam G. Pollard 

Solar Energy, vol. 23, no. 5, 1979, pp. 379-392. 
A .... _ ne lnaI,ln clmloped here refates !he ItIIIUII eleclrbllllllpUt of Illy type 0( ,1OfIIr«ctric r8Clify 
directly to !fie effective .nnual itKolatiotl received on ils lOIar coflect~ per unil collector 8m. A aaenl 
expres!ion ror the (llpacity factor or lDeh I rKilit, is c:..lived th~ which the",.tio of the ICfllll.nlllDl rlectriatl 
OOfpl" to the m:tximum Incan .nnual OUlput without dellllnd. ICllCl'ltilllllnd downtime rtduc:t_. at\d stonii! 
losses can be delermined. A general expreision for II 5OIl1f IVlilabllity ractor is also obtained wtIich ~ tfIe 
nlio of the maximum Incan annual OUlput of the solar rKility 10 that or • conventio!W fuel-fired plallf of 'hellll!e 
imtalled capacity gencrntint: at full capacity contillllOll!ly for • year. An eXpreAsioillor the fradion of fhe toCal 
electrical ol/Iruf surplied by the solar facility is 1150 derived. The .nalys:~ takes full accouIII of the daily and 
!learon31 cycles of solar radiation and its illfmnittellf itocMstic charKter. An results Ire given for II unit area 01 
solar collector and are thus independent of the size or the fKilily.· .' ". , •. 

The taf!ita' C051 of so/ar-electric facilities is clIpressed in dollars for cadi kWh Per yr bf electrical output nther 
,haft doIbn rer kWof in5talled capacity as n C1I5tOl'll:lry for conventional electric ICner.ti,. ~nts. 1'IIi! cost ~ 
111111 is divided l~ three COIIIponcnts: for lIoIar-elcclric &eMf.Iion. lor IIonsoIar auxiliary rower. and lor 
11<lfIIe. A aenenl e~rre!Sion'is derived in 'erms of acru.1 or estimated COIIIpOnent C05tS. Ind. mults f« solar 
aencration and slora!t Ire sho,", in r-.,. "lind j. The choice of soIlfCo/lector area and of the rebtfw dependence 
on storage and lIulliliRry 1IOI1~.oIar power is 1I1~(t" -'--,f 
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UTlLITlES: A GROWING SOLAR PROGRAM. 

Electric Power Research Institute, vol 4, no 10, 
December 1979, p. 29-30. 

N7 •• 31.101 Oepllrtml!nt of Energy. W.shington. 0, C Orricl! 
of Energy. ReSllllrch. 
.OCIAL ASSESSMENT OF ON •• ITE .0LAfI ENEflOY 
TECHNOLOGIES. 

... Apr 1979 251 P rllfs 
"" (Grant EG·77·,·01.4040) 

(HCP/R·4040·02) Avail: NTIS HC "'2/MF AOI 
The results of an assessment 01 thll impact 01 .on sile $olar 

IInllfgy technology upon society lire Pfesentlld Thll assessment 
utilizes the methodology of social indicators Twenty·fiv", 
appropriate social descriptions provide thll framllwork for assllsslng 
thll technologillS of sollr space haltinglod ·cooling. lolllr wlltllr 
hllating. wind IInllrgy convllrsion, fualwood and photolloltllics 
Tha report conellntrates upon thosll 1I,"as whieh clluse concllrn 
as thr.slI forms 01 SOlllf anllrgy realize increaSing accf!ptance 
and us.gebv individual citizllns. DOE 

32852 (SERI/PR-!l2'()76) Rnle" of selected soil' mllfkel slud· 
les end lechnlquH. Berliner, D.; Chrhtm3~, S.; C()\tello. D.; Fell· 

hauer. C. (SOlar Energy Research Inst .• Golden, CO (USA). Oct 
1978. Contract EG.77·C-OI·4042. ~8p. Dep. NTIS, PC A04/MF 
AOJ. 

The preliminary results of a literature review of solar energy 
market studies in the industrial process heat, passive, solar thermal 
electric, photovollalc, wind, and ocean thermal technologies are 
rresented. Useful elements of market studi!:! in (Jther solar IreMare 
described M well. The market reselrch literature !s reviewed in 
order to investigate lechniques or approllche~thllt may hllve some 
applicability in the contellt of ,olar markets. A preliminary ph," is 
presented for the initiation of selected solar mnrket studies during 
FY79. 

AIIO·23221 Onsl .. toler energy system •• Economics and 
lV!tem design. H. C. Kelly (Office of Technology Assessment. 
Washington, D.C.). In: Advances In energy systems and technologv. 
Volume 2. (AOO·2321808-441 New York. Academic Press, Inc., 
1979. p. 101-178.91 refs. 

On-site solar energy systems are discussed with reference to scale 
considerations. costs and owr1enhip. costs of competing enen;v. risle. 
and net costs to society. A method lor evaluating the quantitatiVI! 
worth of solar energy is presented. MId Itt~ndon Is given to the 
design of solar equipment and to b;.sic issues in solar design. O,J. 

$" 
~""""'J /II" ,.-..'_.~ .. ___ -.......c.~~tifWdlw:h.~.~""' .. ~. 
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SOIAR RESEARCH AROUND TIlE WORLD: ISMEr~, by G. Gronsman 
A. Shitzer and Y. Zvirin. 
ASRRAE Journal, vol. 21, no. 2, February 19'19, p. 110-44. 

Work in progre<;!; on <;olar energy-related topics may be classified into the following 
categorj~s. (ill research and development 01 both basic and applied topics. (b) deSign • 
conslru~~liCln and lesting of solar operated systems. and eel tesling and evaluation 01 solar 
opP.raled ~uipment and syslnm'5 lor induslry Speciat emphasis is placed on research, 
development and evalu(llion 01 complel!.' syc;lems with component development pcrlormrd 
only as ICQlllfed lor system opl!ration. The various prolects currenlly In progress are 
outlined in the<;e pages 

649 

N80.1 .... 1, MidwlJ!lt RlIselfch Inst,. Golden. Colo. 
,. .. lVlEW .OF THE ECONOMIC. OF aLlCftO PASSIVE 
AND HY.'UD SYSTEM. 
Deborlh L Buchanan Jan. le?9 27 p rll'S 
~Contract EG·77·C.01-40421 
(SERI/TP.61.144) Avail: NTIS HC AOJ/MF A01 

PlllformlnclI and economic information on paSS"'" end hybrid 
!lystllms warll compiled lIS part of soil! commllrcial rllediness 
"ctivities. The rllsults of selectl!d pelformlncll simulltion Ind 
!;ost estimatll studills arll presr.nted as _n as actual cost and 
pelformance datI 'rom operating buildings. Systams rlJ1lra541nta~ 
1M! of !l8ch major plssive dl!sign c~t arll includl!d; direct 
!glin. indirllct gain (thllrmal storage w.lI. thl!rmll Itorage roof!. 
lind isolatlld glin (convective Ioop/ tharmos;phon, aUlched 
sunsplCII/grl!l!nhouSl!). R!!Sults arll presented in tlbllls Itruciurlld 
by major design concllPt, Oltl for simullltl!d and actual syslllms 
arll pr_ntlld S!!plrately, CompI'~ of individual syst.m dl!sign 
specifiCltions. pl!lformlnca. incr"mI!ntlll solar cost. and cost of 
delivered IIMrllY are made by major dllsign cOncllpt and by 
simulated or lCIull dill sourclI In addition •• !!Sults are aggregltlld 
to derive cost lind pelfOrmllnCII rllnglls OVllr III dlla lIOurc". by 
dl!sign conclIPt lind by simulllted or actul' r/lltam. DOE 

NSO·108U, los Allmos ScillntiflC UtI. N M!!. 
SELECTEO flUUlTS F .. OM '"' TECHNOlOOY •• SE .... 
MENT OF 10LAfI E"EflOY .... OO .. A .. 
Milton C Krupka and John H Altsftimlll 1979 II p rllb 
Pr!!SI!ntl!d It AIAII. Terrllslrial Ene'gy Systems ConI,. Orfllndo. 
Fla. 4·6 Jun 1979 
(Contract W·7405,eng·36' 
(LA·UR·79·950. Conf·790611·3) AVlil. NTIS 
He A02/MF ADI 

EmergIng solar technologies and ~IICtl!d applicltions weIll 
studilld from environmllntat. institutional and social viewpoints • 
The impacts resultIng Irom the large scltle dI!pIoyment of 
decentralizl!d soIlr tllChnoiogies ""!!'" MSf;SMd. Emptllsis wn 
plllcl!d upon tllchnical chllrac,."iZlltion 01 thll technology lind 
thll dI!v!!lopmllnt of a !lIples!!nllltivf) ~I sVl'tllm for II givlln 
Ipplication upon ",hie" lin environmentar .nalvsis could ba 
mllde DOE 
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A79-38187 If S~ted results hom the technolll<JY lIuess, 
menlo' tol_ energy program. M. C. K.upka and J .... Altscimer 
(c"lifornla Univcr$lty. Los Alamos. N. Melt.). Amcrir,.1n Inslif(lle of 
Aeronautics alld Asrrollilllrics. Terrestriill Energv Systems COil fer· 
!!fICe, Orlancio, FI.1., JUlie 4,6, 1979, f'ilper 79·0984. 9 p. 21 fels. 
Research srunsored by tlle U.S. Dcpartment 01 Enc'!lY. 

Selected results on the environmental, inslitutional anel social 
impacts 01 the la'ge.scale deployment 01 decentralized solar technol· 
ogies obtained by the Technology Assessment of Solar E'lCI11Y 
Jlfogram 01 the Department of Enp,rgy are presented. The first phase 
of the program is almost complete and consisted 01 characterizing 
different solar technologies and quantifying the indircct residuals 01 
solar cn~rgy acquisition. A second phase will assess selected 
environmental. social. health and salety aSllects of solar u:chnology 
utilization. StudY rosults lor a mooel residential photovoltaic system 
arc ,)rcsentcllas all example. While the operating environmental 
impacts 01 solar technologies are considered to be small, with the 
russible exception of residuals derived hom a battery enClgy storage 
subsystem, indirect .impacts may be considerable. For a photovoltaic 
silicon solar cell technologV. solar cell fabtitation and melallurgical 
ljradc silicon production technologics h3vl~ hcen found to ca\l~(, 
e)(ten~ivlJ pollution in ~ollle C;Jses. A.l.W. 

TK 
2896 
.155 
1979 

Intersoclety Energy Conversion Engineering 
Conference, 14th. Boston. 1979. 

Procl~edings of the llfth Intersociety 
Energy Conversion Engineering Conference, 
Boston, lmssachusetts, August 5-10, 1919. 
__ '~ashington, D. c. : American Chemical 

Society, c1979. 
2 v. (xviii, 2078, 294 p.) 
"IEEE 79CIU477-9 Energy." 
Includes bibliographical references and 

ill. 

inflex. -
799007 Predictin8 Solar Ener8Y Flulln In polluted 
Urban Areas, T.R. Galloway .....••......... 32 

. ,,-~,-~.-'-'~,","" 

-~ .... "~,-; 't· .. ,.,...!'t.~o;...>~~·.:-:: .... v~ t, '!'~~'. ;,", ..... $ "jql~ 

A7,.44239 Turnl", to die mn far po_. J. Ho"ltimon. 

EPRI Jmlflr:tl, yol. 4. Jun!! 1979. p. 18-21. • 
Problems of supply IIJWf co"ection in Wllar·th~mll COIlWfllron 

lire 'dIEU$sed. A Wllar thermal power "Iant concept }s delClibed 
which incorrurates II cloSl!d Brayton·cycl •. (gIIS tlllb,nel syS(e,m' 
'\dI!:1ntllgM 0' IhI! Brayton cycle .. I its reduced need for roohng 

watfit' and high« efficiency due 10 recycling of hot \!lI(hllUSt Iif' bee" 
to the receiver. Thew factors increase siting 'lI!lItihility 8nd reduce 
land requirenM!l1ts, r~ectively. A '·MW(thl Wliar receiver is 
delClibed which uses air, heated from 1000 F to 1500 F. IS thl! 
working "uid. Alto studied is an open Brayton cycle celll,,1 receiver 
concept which heats air tl) 2000 F to achieve hi!!""" thermlt 
efficiency. Finlfly, • Wllar·fossil hybrid turbine 'is denibed, as • 
means of bactc·up generation to 1l000Jfll.aconstant'power ~llPly. 

M.E.P. 

St~md'lrdizati.on in oolar I!:nergy 
by {i.'r. Pytlinski 

ASTM St;mda~dization t-.ews, Vol. 7, No. a, August 1979, 
p.9-l2 

In the curren~ climate of energy shortages and 
soaring fuel costs, solar ener y is receiving mor~ 

1 and more attention from industry, the government, and 
the consuming public as an alternative to fossil 
fuels. Ami tha' puts the spotligjt on solar 
standardization, af! a prerequisite for th!;l orderly 
development of the mushrooming solar market. 

CONS'mUCTIQN COSTS IN C(MtGlCIAL SOLAR. 

Energy Engil1eering, vol 71, no 1, December 19f9/JB.n. 
1980, p. 11-32. 

ABSTRACT: Detailed construction 
co~t data for 14 commercial Proj
ects ir~ the National Solar Demon
stration Program have been col
lected and reJ!orted as part of the 
National Solar Data Program. The 
data were collected during visits to 
the sites, through discussions with 
key personnel and review of DOE 
vouchers. This paper summarizes 
the cost data collected to date, 
compares the costs of different 
systems, and presents an analysiS 

of 'actors that may hi.lYe an impact 
Cln solar system and subsystem 
construction costs. The cost fac
tors discussed include the follow
ing: 

• System type 
• New versus retrofit systems 
• Economies of scale 
• Collector mounting 
• Multi-function support struc-

tures 
• Storage type and size 
• Control comple)(ity 
The impact of a variety of these 

~:-;:;: :actors is demonstrated by 
postulating changes In the con
figuration of an existing system 

l 

and estimating the cost reductions ~. 
':.h~~. !,';- 'I" ,-~.-": ~.. :;, 
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Energy. v.4.no.5 Oct. 
1979 

RErfEWABlE ENERGY rROSPECTS. (Special issue). 
(Prcceedtngs of a Conference on Non-Fosstl Fuel 
and Non-Nuclear Fuel Energy Strategies. 
Held in Honolulu. Hawait, Jan;9-12,1979. 
Spcnsored b¥ the United Nations Universfty at 
Tokyo. Japan).W1lfrtd Bach. et al, eds. 

Bayes. D.: _Soh!! po~sibil.ilies ....•...........•.............•........ 
Weingart. J. M.: Global aspects of sunlight as a major energy source. " • , ..• 

United Nations u •• 
,Tct..YO. Japan 

A79-47944 Toward optimal control of solar ener!IV SYI' 
tems. S. F. McCormick (Colorado State Uniycr5ity. Fort Collins. 
Colo.l. In: 1978 Conferenc!) on Decision and Control, 17th. San 
Diego. Calit. January 10.12. 1979. Proceedin9!'. (A79.47930 21.631 
Ncw York. Institute of Electrical and Electronics Engineers. Inc.. 
1979. p. 193·196. 5 refs. 

The paller focuses on a prolect designed to investigate the 
feasibiliw of a microprocessor·based C("':rol device for use in 
domestic solar enel!IV systems. The underlying obj<!ctive is to 
emp/lasi7.p. that fundament,,1 simpliciw both in design and implemen' 
tation is a key to reducing the software difficultie5 and sueceeding in 
the development of effective devices for Process control. The 
OevP,lopment goals of the controller considered include cost effective. 
ness. stahility. lIexibility. adaptability and weather predictability. 
Although these characteris\ics are aclli~ved at the expense of 
additional system hardware requirements. the balance appears to be 
well in favor of the controller system discussed, S.D. 

Nn·331031 Community Services Administration. Washington. 
D. C, 
IOlAR ENE ROY ,"OUCY 
Jan. 1979 57 pre's 
('1·2911193/6; CSA/NF.03; CSA/Pam.8143·IOI AVllil~ NTIS 
HC A04/MF AOI CSCl 13A 

The energy·related problems 0' the poor and nellr'poor are 
described. Including their lack of funds with which to pay sharplv 
increa.ing utility bills. the dl!Cline in health end deteriorlltion in 
'iving conditions when increllsing numbers of families have to 
choose between food and energy. lind iii the cases of the elderlv 
erw:t the handicapped. a chllllenge to surviva' which theV fllce 
The Community Service Administration's energy· related polrcy 
goa's are detailed. GRA 

761 
175 

TJ 
810 
.!355 
1979 
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A7g.S1851 • Toward the reMWabies • A natural gas/sol., 
enelllV transition strategy. J, fl. lIanson !Califofllla Institute of 
T~hno'ogy. Jet Pmpulsioll t.,horalory. Pas.,dena, CaM.) :lnd W. J. 
D. E~her (Escher: Foster Technolo:J'{ Associates, 'nc .• St, Johns. 
Mich.,. In: 'ntersociety Enc'llY Conversion Engineering Colllcrence. 
14th, Boston, Mass,. August 5·10. 1979. Proceedin~ Volume t. 
(A79-S1726 23·4·1) Was.hin!J' ... n. D.C.. Amcrican Chet11ical Society. 
1979, p. 791),799.6 rel$. 

The innvitahililY 01 an encrn'( transition from loday's non 
renewable fossil b~ toward ;) renewable energy IJMC is consitlt.'le" 
from the viewpoint 01 the nwl for a national transitiool ~trate!JV. 
Then, one such slratt'9Y is oflerr.d. Its t(·1:hoologic.,l buildiog hlocks 
;we described in terms 01 both ellClt)V lise ;111" ener!JV 'Illpply. The 
stralegv itsel' is then sketched at fom points in its implet1lcn'3Iiol1; 
(1) initiation. (21 early transition. (31 lale transilion, and 14) 
completion. The tr3flshion is assumed 10 evolve flom a heavilv 
natural gas-dependent energy economy. It theo proceeds throllgh its 
transition toward a hatanced. hybrid energy systet1l consisting of 
hothcentraliz('d anti dispe~cd energy supply technologies supplving 
hydrogen and electricity from solar energy. Retated institution .... 
environmental and er.onomic factors afe examined hriefly. (Aulhor, 

NeG·' 18391 Midwtlst R_erch Inst.. Golden. Colo Sol., 
Enerln' Research Inst. 
ROLE 00:> THE OOVERNMENT IN THl.Dl.Vl.lOPMENT Of' 
SOLAR ENERGY 
M. 0 Yokell 1979 29 preIs Presented.t the Ann. Meeting 
Asse<: for the Advan. of Sci., Houston. Tell," Jan. 1979 
(Contract EG·77·C·Ol.40421 
ISERI/TI'.S2.138: CONF.790122·31 Av.iI' NTIS" 

HC A03/MF AOt 
The economic rationale for a Fedflrel solar enefln' stIMldf 

program. the .ype of progr.m required, end methods for 
determining the proper funding level for e.ch program .re 
discussed. An introduction offers • brief description of solar 
technologies, A $umm.ry of the current Feder" soler subsidy 
progrem is .Iso provided DOE 

EfferS-Lura. A. 
Solsr ener~v in develo~in~ countries : 

en overview end huvers p'ulde for .ola~ 
scientists ~nd enRineers I A. !~~ers
LurA_ -- Oxf.ord ; New York ~ Perp'1lIIIOft 
Press, 1979. 

vii, 205 n. -- (~er~ftmOft F.urooean 
heli09tudies ; v. 1) 

Includes index. 
I~~N 0-02-023253-1 
1.. Under

Solar enerv.,-. 

~ 

developed Areas--
I. Title. II. Series. 
621.41'07'201724 
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Solar Availabilit.y for Winter Space Heating: An Analysi> 
of SOLMBT Dat,a J! 1953-1975. b ( J.U. .Asbury, C. Has10wski 
f< R.c>. f.1ueller 

Science, Vol. 206, No. Itll19, 9 November 1979, p. 679-
681 

Ahslracl. Solar "mil"bilil)' for .fpm·" "mli1lK ml ('"I,I,',{I-II'('1I1"er .I(I),.f Im.f ",.('n 
(Ielcr",in('tlfmm (III ,m(,ly.fi.v ,!rS(}/_M/~' ,1,11" '''pe.f. T"e ((lP"of ('l1n,,,in hll"rly r"tld· 
in1:.'f ,!f'in.ftlft;ritln amI ","hie,,' lempertrl"r,. m'l'r Ih,. 1"'ri",lf,,,m 1953 f/''''''1:/' 1975, 
St·,lfter diawmm of i".fo/",ion I','r.nI.f 'H'mi"l! ,fe/Jrel'-,I"y:., e"",pil,'d (In a ,Iaily 
"".f;.~, ;ntlic",c (I lI'i,h' I'("i",ion ii, Ih,. in.ml,,'im, (fl'cI, ('I'rn ,III,inN ,·"It/,.,{I-II'l'nlh,'r 
perillll.f. "'"r ,,/I bll((mt! of Ih,. ,.i/:", ,vil,.,f ,ff"di,',I, ,I,,. pr,,"·d,,)' htU·/""p rnfrl!Y r('
quirt'nll'III ,if,b(' .wll" .{)'.fl('m It''','' in ".,·cr.u (!f H5 per('('II' (!f ,It,. PI'"I..·,/ay ellf'r!!." 
ref/liir,''''I'''' (~f ,,,,, ('ollw.'''';/IIwl (mm.wl",) //(',,,i,,/: sy,ftcm, 

N80.1."2, Argonne Nalionallab<.III. Energy and EnvilOnmen-
1111 Syslems Oiv. 
SOLA III AVAILABILITY FOil WINTER S .. ACE HEATING: AN 
ANALYSIS OF THE CALENDAII .. EIIIOD 19'3·1915 
J. G Asbury. C Maslowski. 31)d R O. Mueller Apr 1979 
20 II rels 
lContrllct W-31· 109-eng·381 
!ANL/SPG.14j Avail NTIS HC A02/MF. AOI . 

Oatil Ilpes lor eight US sites t;ont3mlng hourlv .eadmgs n' 
insolation IIndarnbient temperature lor Ihe period 1953·'975 
were IInlllYled Scatle,.,:tiagrams 01 insolallon versus helltinlJ 
dt!9lee.dllYs. compiled on it dllily hIIsis, Indicate a wide vanalion 
in IOsolat.on levels. even during pellods of cold:otllt wellther for 
seven 01 Ihe eight ~Ites. the peak·day bllcku.$l energy fe(IUtred 
by II solar space healing system exceeded 85 ~rcent 01 Ihe 
peak.day enerDY .eqUlremenl 01 a conventional rnonsolart hUll ling 
sySlem, The ciltes considered a.'!! A1bu'l.uClque (NMI:8Isma.k 
lNOI, BO!Ilon (MAl. Caribou (MEl. Columbia !MOI. MadIson (WII, 
Sell"!e (Wi'll, and Sle.lmg (VAl. ODE 
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QO·18573 H Optimilation MMi comparillftn strate9iet for 
tot .. ef!ft1rV systems. A. C. Esles and W. Kahan !Singer CorJl(lfale 
R~earch and OcveloP!Oent laboratory. Fairfield. N.J.). Anlflrican 
Society of M«h:mical E"gilJ(!f!rs. Winre'l' Annual Mt!f'!fing. New York, 
N. Y., Dt!C. 2·7, '979, P.."er 79WAlSof·26. 13 p. 8 refs. Memlll!rs. 
$1.50; nonmeml~r$. $3.00, Contract No. EG·1]·C·03·1467. 

An ana!vtical model of sev~aI simple, generic rolarenerw 
systems, with and without he~1 pumps i$ ~ribed. The model is 
IUgmenled by ma,,;nal analvsis 10 conliglJl!! the components of each 
syslem type lor an economic OPtimum and consequool'Y, Il>r 
m")limom marketability, This mode' is to Ill! Usel' as ill first-cut means 
of identifying Ihe combinations uf ranges of ~Vllem component 
paramelers and go:neral geog; atlhic regions for which each 9\!ne.lc 
rooli!PJr~iorl is most marketable. As~sment 01 markel"bility 
includes the following roosiderations: the size of lhe capital 
investmt:lll. the OPP.rating cost SlIVings relallve 10 allernative syslems, 
fulure COSI 01 energy. and cost 01 money. The lollowing silt $ysle."11$ 
lyJ)i!S are optimize(! (where appropfillel and compared: (1) an III 
""«Iric resistance heating sYslem, (2) ill starld·alone hellt pump 
:lYSlem, (3) a sland·alone $Olar energy syslem. (4) a series sol.". 
assisted heat pump ISAtlP) system, IS) a parallel SAtIP $VStem,1If'Id 
161 a dual source SAtiP syslem. (Author) 

AIO-21137 Stontp of .". _ty. T. 8. T~Ior 
IPrincrton Univl!rsit~·. Prlrtceton, N.J.). Ir.dian ACMII!myofSciencft. 
"roCt!fflings. Secrion C: Engineering Sciences, vol. C 2, SePt. 1979. p. 

" 319·330. 8 refs. Research supported by Ihe Rocbfelll!r Foundation. 
A framfWork is p,llSftIted for Ider1tifylr,g apprQf'fiale sysl"," 

for stor. of eleclrical, mechanic",', chemjQl, arid thermal el'll!llrV in 
tot.r I!Ol!rgy supply .svstems. CIMsificatiort catego'i~ indude the 
naturt! of the. supply system's seuint; the type of en",gy supplied; 
the. type of sol. t!l)ef9Y collection system uwd (including 'indirect' 
tot.r energy, such • wind and hydropower); the IVJII! 01 et1I!fty 

stored; and some other ch .. act",ISlia 0' the. stor. system. A tIobII 
inllftlation llA'fIm.,y Is UMd to exhibit the. diversity of requirements 
for sol .. energy stor. irt differentIl!Ui"". CJmrnen" 11ft! then 
made on the. rM!I!d and opportunit~ 'or 24 hr ,tor. of electric" 
energy irt b.nerift: backup systems that lit!! sfored dlemical flMt 
derived ',orn solar energy; stor. of 'otl!mledi .... temper.ture fleet 
In heat 0' "vd,ation of compounds such 8S sulfuric acid; annuli 
rtor"" 0' low temperature heat in fresh watl!r ponds or aquifers: and 
annuaf storage of ice produQ!d in places with cold winters. 
Arguments lire presented for using • systems approach to the. 
5I!'ection 01 solar I!Ol!rgy stOr. methods 1IlPt000iate for .". in 
specific types of seni...,.. IAuthor' 
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NIO·13M" Midwest Research Inst.. Golden. Colo. 
RtVltW Of THttNVlRONMtNT tFFECYS AND Bt"EFITS 
OF ItLtCTfD SOlAR ENERGY T'iCHNOlOGIEI 
KathlVn A. Lawrence May 1979 18 preIs 
IContrllct EG·77·C-01·4042, 
(SERI/TP·53·114R) Avail' NTIS He A02/MF AOt 

The environmental ellects of photovoltaic cells, wind energy 
o:on"ers;on (WEC), and Ihe solar Ihermal central receiver IIrll 
rllViewed and summarized. Th!! solar energy technologie, IIrll 
assumed to be deployed liS cenlllllized energy plOduction 'aciliti!!s, 
The pl)lIse 0' resource e,.traction lind component production is 
the most environmentally hazardous. Impacts of plant construction 
wilt be somewhat site specif'oc but should appro.imate impact' 
associaled with IIny large construction IICtjvity. The operation 
phlSe is rclatively environmentally benign. The WEC oper.tion 
produces low lovel noise pollution end presents minimal halllrlh 
to "ying spr.cies. Solar thermal facilities equipped with wot cooling 
towers mllY .affect locel lIir quality via cooling towerdri't, In 
addition. large installations of each option may alter local 
microclimate. Decommission of WECo solar thermal. 'and 
photOlloltaic facililies should prevent no environmental halards. 
_Ithough disposal of CdS or Gal's cells will require carll DOE 

A80.17131 Global II1pect$ ,of sunlight .s • maio~ ener", 
swree. J. M. Weingart (California, University. Berl<elev. Calif.'. 
(Un;rro Nalinns Universily. Easl·Wesl Cenler, 'ntemario,..,1 Insrirure 
for Applied Syslems /In,1fy#s. and University of Hilwa;i, Conference 
on Non.rossll Fuel and Non·N"clear Fuel Enl'rgy Slral~ies, 
Honolulu, Hawil/i: J:,,,,. 9·,2, 1979.) Energy IUK,. vol. 4, Oct. 1979, 
p. 715.798, 65 refs. Re~arch suppOlled by the Ford Foundation. 
International Institute lor Applied Systems Analysis, Electric Power 
Resl!arch Institule. and University of California. 

To ~hieve and sustain a decent livable wOIld fOI all i~ a cent<1I1 
goal for human society. While 3n abundant supply 01 ene.gy is not In 
itsp.lf a determinant of sllch a world, it js nevertheless essential. A 
carelul 1nquirv suggests Ihal sunlight could eventually be the primarY 
and even exclusive sourr.!! 01 heat. electricity and synthetic fuels for 
Ihe entire wOlld. r.ontirlllOOsly and eternally on a scale (UflWlIfds of 
100 lW, generally regarded possible only with fusion or with fission 
via the fast breeder. This could be achieved through a glohal n.1twork 
of solar conversion facilities coupled with apptoprialc' Ilnp.rgv 
transport and storagll systems. and apptlarS 10 he possible within 
acceptable constraints on energy payback time, malerials and water 
resoUrces. capita' investment. and available suitable land. (Author' 

T.ECHNlCAL NOTE: UNITS AND SYMBOLS IN SOLAR ENERGY. 
W. A. Bec~an, et ale 
Solar Energy, Vol.. 21~ No.1, 1978, p. 65-68. 

Fir~I, Ihe arrlicalion of S.1. IInil! 10 wme common ~o'ar 
• cnel~)' qll:tn1itic\ i~ di~cu~~cd and 50mc inlcrrlctation, made f.)! 

rarliclllar C;I\C$. Then. a list of namc\, J)'mhnl\ .nd IInils i\ 
rccommended. 
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NeO-t4.,.'Midwtlst Research Inst~ Golden. Colo. 
A .... UCA'JION OF DIFFU .. ON IIESEAIICH TO BOLAII 
INIROY POUCY ISSUES 
J. 0 floessner Mal 1979 35 preis 
tContrllCt EG·17·C·01·4042, 
(SOU/TR.51.194) AVRil' NTIS HC A03/MF AOl 

Two types of information requir1lmenl5 Ihat appear to be 
mic to DOE solar energy policy decisions are e,.amlned; (1) how 
can the fotllle market success of solar energy tl!Chnologiel be 
"timated. and 121 whllt factors in"uence the aoo"tiorl of ~.r 
_rgy technologies, and what spIICirtC PfOQrllIM could promol. 
lIOIar _gy adoption most effectively7 The ability of a ~ of 
' •••• rch. referred to her .. as dilfusion _ardl. 10 euppIr 
infoflr,alion thllt could partially utisfy tlMlse requifem.nt. is 
,assessed, The strflngths and limitations of cumtntknowletJpe 
Itbout the diflll~on of innovations are summllriled. tM appli<:abtlity 

of both e.istino knowledge and the diffusion IIpPfOIICh to the 
idetltified lIOIar energy policy issues 11111 discu,SI!!t. and ways a,. 
suggested in which diffuslOll approaches can be modified and 
•• isting knowl~ employed to meet short and long term goals 
of DOE. __ "~, DOE 

APERTORE EFFECTS ON ATMOSPHERIC 'l'URBIDITY J.1EJ\St.JREMENTS, 
by G. M. Shah. 
Solar Energy, vol. 21, no. 6, 1978, p.527-530. 

An atlemrt i\ made here fo e,,'mine the clh:ct of ar«'ratllfC 
gcomelry of 1he in'lIumellf on dcrh'cd :lCfO,QI arlieal thic\IIC'~ 
in Ihe lIImo'rh~,c. ni\ i\ imroltant fOf comrari\lln, of the 
tllIhidily "clld, O\'Cr l(>C;ltion, I"in~ in<lrllmelll' .ilh diIJCIC!IIt 
lInr.llbr fidd~ of \liew. 

SOLAR ENERGY FOR VILLAGE DEVELOPMENT 
Norman L. Brown and James W. Howe 
Science 
Vol. 199 no. 4329 February 1978 
p. 651-656 

SummaI)'. The National Academy of Sciences held a joint wOOtshop with U1e Gov· 
ernment of Tanzania lasl August on the potential of solar energy for the villages of 
Ihal CQuntry. Costs of five solar technolagies (minl-hydfOelectric generators, wind, 
methane generation from organlcwastes, photovoltaic cells, and flat·plate solar coI
lectOffl) were compared wilh costs of diesel·generated electricity and with electricity 
"oro ~ national grid. Each of the five technologies is either now competitive with 
diesel or wi" be In a few years. AHhougtl the figures presented are not conclusive 
since the'l are derived from calculations rather than an &clUal test, the resuHs a~e en
cooraging enough to warrant serious testing in Third World villages. 

.. -----.--....., .. - -- I. IE .-----__ ..... !!Im ______ .~ 

I 
, 

f 



r. p ... O' .. ,., . >. ,')/i':""" 't- -~-----.-..-- • . 0-, 
.' I', 

~ , 
$..1 

t 
~ 

l r r 

~'~"'" I.t 4• 

~. """. .-),:~ ;"~;t~ 
iJ' ~, 
'" '" .t'" , . t._ 

_~ w. 

;;.~> 
1 ~\ 

~ . 
~. 
[ 
~ 
~. 
~ 

~ 
~ 
~ 

~M' 

r;tA> 

ESTIMATION OF RALF-IIOUR SOLAR RADIATION VALUES FROM 
HOURLY V)\LUES, by V. M. Puri. 
Solar Energy, vol. 21, no. 5, 19T8, p.h09-hlh. 

,\h<ir~rl~"A '1~li<lk .. 1 "ar~(I\ia" in\olalilln "lIldel rill rlrdkliolt Ihe limc"t:l1l1cncc Ilf half-hour \olal r;uh.,lioo 
~:tll1~" 1111 a hllrlfOl'il;I' \urracc "hich iJ\C\ lhe houII)' in,"!;t!inn ";,'ue\ i\ devcloI'C!t Thc houri}' 11.111<ill(lII den'''l 
rUilclilll1. /!ll\crninJ: Ihe "'ulllal e\\lllIli"n of Ihe hourI)' 'olar rOlilialion ~aIIlC'. i\ \1<ciI for o!>lainin!: Ihe half.hollr 
"IO,i'i!\(1 ,lcn'il~' funClil'" t\ Iran,ililln den<il)' rl1flClilln i~ :t me:J<urc ,'f Ihe rm":I"ilir\, of Ihe e\enl :tl the nC\1 
irnrne,Ji:ue hllllr of inlerc,' "'hen Ihe e'cnl al Ihe- rtc<enl hOllr i, ~h'cn Thc c<limalinn I.f h.llf.h,'ur It;lI1<ill"n 
dco,il} (Itnclion j\ dune Ihroll,!!h Ihc rU(l",lnlcnla' dCCCmlJlll .. itilln Iheolcm fllr 'hJ: dCIl";I\' fllfldwp. 1 hi< ,I\\lIlIle\ ;l 

'cl flf well (ldined inlcrlllcllr;lfe ~Ia'e~. A\ ;1 lif,t "!,!,foxim;llilln. Ihe l1alr.ItIIUr tr:m"II;nn .lcn .. jl~ fnll'lllm i, 
a\\lJmctl III be 'cm!'Nally \Ialinnary. Furthermore. il i~ a\\lImctl Ihal Ihe cllmulalive rlohabilily dj\'rihulinn 
rlJlI~lllln\ uf Ihc "('OIIi.li,c!' ini'ial hnur <lIbr mdial;"n \:lIIIC :tnd :~e IInrm:l,j'cd inil;;I' haIr hnur ,o'.lr ra,/ialllt" 
, .. Jne\,lre rHll\i!!nilk.mll\, different.lhc hOIlII),.or Jlalr.hnlll'~ ~Illal 011\ \:llnc\ ;lIe ""II":lli,cll!>~ Ihe ('<!rrc'!,I'nll 
ing c'lr,llcnc"'r;:11 ~Illal nll~ \allJc~_ Thc \alidi.)' (If Ihc\c :1\\lIml',i"n\ h ('<I;lhli,het! Ihtnu!!h Ihe <lIccc\\{1I1 
limc'\Cllllcncr rll:d,oit.", IIf the half·hullr in\ll!ation \';"11(\. The lirnC:'«(I"c:ncc n<rtcl nf ("I.r r".lialinn ~all1c, i< 
Jlrt'\ctl I.~ C!1Illr:lrinl! Ihe rlel/klcd jninl cumnlalive di<lri"ulilln fUncliuil' ror <cnTaI <ultc\\ilc n(lfrnali<cl' 
h;lIf hnur \;Ih.c~. "ilh the .:tllle'I'I.""jn!: dj<lri"urion f"",,iM fN Ihe leu'Hkd \;thlc\ In Illller hI rw,c Ih.), Ihe 
rrcd'Clctl ;tnt' 'I~Iu~1 di\Uil'lflilln rnncli(1n~ arc rro", lhe <arne <cl. Ihe non'rammclric 'tal""('al IC'I ,,[I'l'o'cti h 
1\,.lm(l~,\ro' alld SlIlinlll\' h:t~ !>cen I"ed. 

Neo· '.,.ZI, 81111elle f'aciroc North_Sf labs. Richlllnd. Wesh 
METHOOOLOGYFOI1 IDENTIFYING MAn'UAl. CON. 
• TRAINT. TO IM'LEMENTAnON OF 80lAR ENERGY 
nCHNOLOGIES 
J, W lilchfield. R l Watts. W E. Gurwell. J N. Hartley. and 
C " 8100msler Jul 1978 91 p refs 
(Conlracl EY.76·C·06-1830) 
(PNl·27111 Avail: NTIS HC AOS/MF AOI 

A male rials assessmenl melhodology for identifying 'peciflC 
critic .. 1 malerial requ;.ements Ihlll could hinder the implemenlalion 
01 ,ol.r energy was developed lind demonslraled. Thl! m'!lhoctol. 
OIlY involves lin initial screening process. fonowed by • more 
detailed materials assessmenl. lhe del.iledassessmenl cOOlljders 
such malerillis concerns and cons".inls liS proeess and "ro!lu!;. 
lion conslrllinls, reserve and resource limillllions. 'lick of alrernlllive 
supply !lou.ces. geopolitical problems. envi.onmenlal lind energy 
concerns. lime constrainls. and economic conslrainls. 011. fOf 
55 bulk and 53 rew mllieria's required in the e.ample pholovollaic 
Iys'em~ .re .vlIlI.abla on lhe d.tabase. EngilWlering lind bulk 
malerial requirements were defined for one "holovollllic !lyslem. 
Ihirteen photovollllic cells. len .so'ar healing and cooling sY5-
lems, and lwo agricultural .nd induslri.1 proeess heal syslems 
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A 19S0 l S FOm:CASf: BRiGHT SUNSHINE (A cl0!fI 
10f.''c nt f!mding and t~r.hnology needs for th@ 
der.p.~rt'{·'s solar Il.'lnc,-gy push). 
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TUE FRACTlON OF SOLAR. ENERGY AVAlLABLE FOIt 
DlRECT CONVERStONPROCESS:-
M-:n: Archer 
Solar Ener., v.20, no.2, 1978, p .. 167-:169. 

Trivich lind Aynn(lJ IIrpcar to !lave ~cn ttte Ii", .. 10 l'Oinl out 
thaI direcI C(lnvel'tef~ of 50l:lf enerltY can lran~lICe ollly :\ 
cakallible fraclion of inciMnt broad band '~hl 10 usefut wort, 
hec:wse lhey can ollly male use (If photOM ~ilh moo: ellt:~y t!lan 
II threshotd YIIh;c: ~r In It phoIo\1lllaic (OIIvc:fter. ~. is the 
selllicOlldtKtor "and II". 'n an ellefRY.~tOfinJ jIIIotochelllic:al 
'QCtioll. ~. i~ lhe enefJ)' of the Its, (llciled , .. lei ~t .. le of the 
...... 11"""''''.. molecule. rhotons or ene~y ~ <'. life ItOI 
absorbed hy lhe 1:\lnverler. or, if lhey lire, they life ItOI ~on
Y(ftible 10 lI~rlll wort. rhof{)n~ I)f cne'I!Y , >'. lire also ItOf 
wholiy aYaibbte. bcc::ause \wraliional .e':Ulllioll OCC1ln itt lhe 
dec:IJollicany elicited SlateherOfc the ",illYry electrotl IDnsfer 
or other photochemical .eKtion c::an lale plKC. 11te ,.Kliotl 
(, -~.){~ of the rholonic cne'RY is lherefore dissipated a~ hair. 
and 0II1y lhe fDclion ~f'. is- lI1!!1itatitl'ror c\lnvcrsion 10 .serut 
wort (cleclrica' enel'lY (If chemic::a' free enefRY) • 

A79-3141. Repon on a lIIIYay 01 ~ ........ .,. 
t-. D. LorrimarJ !flaymond Moriyam •• Ardlitects and " .... nefl. 

Toronto, C ....... ,. In: Renewable .Iternatives; Ptor:eedi"" of the 
Founh Annu.' Cooference. Loodan. Or;tlrio. Can.ta. A~ 20·24. 
1978. Volum~ 1.IA79·31401 12-4.,Winnipt'g. Sol. Energv SoddV 
of Canada, Inc.. 1978." P. 

OUf;" the wintel' and spring of 1978. a study was undertaken 
for the N.tional Research Couna1 to survey operllfional solar 
s)'st~s in North Affl4!ria • especiellV those operat;nt in di",-'ittr. 
similar to Canada's. The purpme of the survey _I to Ie." 'rom the 
tt><fI\!fiences gained from lhese systems lind to r'POrt on -a'IV 
problems thllt mil'( h .... Mveloped In order' to ider1tifv _lIS tllat 
require further res_ch. Altho"" tIM! COll«tOf component of tIM! 
"f$term received the mosl .t!!fltion, otMt-pertl of the SVlterM_e 
also considered. The survey included • lit!'!f.". :eview. 8 Nil«! 
questionnaire PfOIrIImme and .ile visits to over eo In .. a''.ioM. This 
paper ""1I.ummerite the findings ollhe survey. (Author' 

THE SOLAn TJMErABLE 
]~nvironment, vol. 20, no. 6, July/August 1978, 
p. 6-13 (Continued on page 38) 

· . ..,...',iiit,. 

Bv the year 2025 renewable energy source, could provide five-sixths of the world's 
energy budget. The steps we woutd hal(@> 'to take and the flxtent of the commitment 
we would have to make to achieve this goal are outlined by the organizer of Sun 
Day, 
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On the nature and distributIon of solar r~dlat\on 
Insolation and earth atmosphere effects 

Wt<~t Engineering Ltd .. Cedaredge. Colo. AVAIl.NtIS 
HC At:UfI"F AQI 

I' ATf:OSPHEPIC ATTEI~UATIOtV' EARTH 
ATMOSPHERE/ 'WSOLAT J ONI -RADIATION DISTRI BUT IONr SOLAR 
RAD!ATlf)N/ AlMOSPHERIC MOISTURE/ ATMOSPUERtC TUROULENCEI 
CLOUD LO~ER/ SOLAR FLUX DENSITY/ SOLAR TERPESTRIAL 
INTERACTIONS 

ABA:ERA 
ABS:Radlatlon from the sun and the effcc~s of thc 

earth's atmosphere on the 501;;11" energy available ovcr the 
U.S. arc c)tamlnOd. A model Is develOped ",hlch permits 
calculation of average values of direct normal Insolation. 
diffuse Insolation. and total horiZOntal (Q\()bal) 
Insolation. The Inputs required ~rc atreo&Dherlc molst~re. 
turbldl ty. and clvua cover 01' percent sunshine. Insolation 
map::> giVing !':easf.lnal trends and annual average daily energy 
density values arc presented for the dIrect norm81 term. 
the olffuse horIzontal term. and the total horIZontal 
(Olobal) term. Model outputs and obServed values are 
compared. 

SWEDEN STRICES TOWARDS A SOLAR SOCIETY. 
Gordon Taylor. 
New SCientist, Vol. 79, No. 1117, August 2h: 
1978, p. 550-552. 

Gordon Ta,lor 
Is a thernlal 
enlineering consullant 
and an active member 
of the rnternational 
Solar Energy Society 

Last yur the Swedish government· 
fundrd Srcretariat for Future 
Studies puhlished a report· which 
descrihed how the country's energy 
supply could he based entirely on 
domt'~c;tic antl rcnewahlc-solar-
energy sources by 20)5. Thr main 

featurf'S of the r.eport are that. evrn with ('nhanced con· 
servation practicrs, the total energy supplird will he some 
37 per crllt more t.han in 1975. It is. th('r"forc, a rational 
rather than a crisis or hairshirt plan. Indeed. it is jnst 
bCC3nsr .he ulan is bast'd on ambil.'ut cncrgy. which is hoth 
rcncwahle and with ncgligi"lc rfOlogical const'qut'no's, 
thal such all increast'd rlwrgy SUPllly can be (oIlICmplal.('d 
happily. Ahout 12 per cent would bc dirt'ct solin' heating. 
62 per cent would. be from biomass·yielding solid. liquid 
and gast'ous fUt'ls-and somt' 26 prr cent solar-gt'neraled 
elcrtridty. includinl{ hydrockctricity. 

. , 
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USE OF PLASTICS IN SOLAR ENERGY APPLICATIONS, 
by A. Blaga. 

. ,..-'~'~ r-

Sola.r Energy, vol. 21, no. 4, 1978, p. 331-338. 
A .... -A discussiotl of the stlte-of.the·art (1ft tile use of ","lie ",.tuiaI, itt !IObr rflef,y ,""kalioM ., 
I'frsenled. ,..ilt! rarlicular clIIJlh;asn on their sunabt1il, IItId durability, 1M availatlility or pb,tics in man~' !)'pesalld 
s"apes (i"cludj"~ 5herli", lIIalerial. 1i""'1 Ind rOIIllI) accounts for tile wide fl. of Clment and 1'OIcntial 
Iwlicllions illl !~QtM enrrJY in\lallalions. Conscqucntly. IClual and rolcnlial uscs of rla'Iics include: coven 
(".zift,s), hone)'Comb slruclures and housin.s '01' Ibl·rlile 1:011«101'$; relltcli", surfaces. IlI'Iic:allcnscs, ,he.~. 
,tructurl\l Ind ~urrorllM:mben ror solar cOlICenllal"" coikclon: lind iftwblliotlalld Pirintt The pbslics that hafr 
bmI diSCU55Cd in ihis article in relaliot! 10 their use a, cOlllj'(lftl!ftl' ift wbr insl .... inM iwclude poIy(lMIh" 
melllacrylatc) 'IPMMA). roIycarbon.tc (PC). ps, libcr-nillrorccd cml)'l!,ter (GRP). pol){vinyl lIooridrltPVA. 
fluorillaled elhylcnr~l'rorylenr (FEP) CtlJIOlyme,. poI}{ethylcnr lere"lIt""'Ir) (PET) lIIICI \'3r"",~ foalld ",ISlies. 

Tile l,in~ ihchavjout of most or these rb\lics !sas ber" Qldy ,ltIdied rOl' ~ outdoor rJf!<»UIe and ill 
lIItificial .-rallJtri", deviees. llId Ife thu~ briellJ 4e,aW hefr. VCfJ litde illfOl''''''ion it available. IIowrvn. 
rqardin. tMir short·lerm performance under actUJI service ccmdiIiOM in .• CIICfJJ "'lIItion,; 110ft!! '" flee" 
reported on l!lei, lo"~·term durability. 

"'Slies hawc ~ ... rious de~ees ofllammlbilify andlhereforr 'JII!cill1:Mr shollW lie tlIlCII lIy.sint "'llerUI, willi 
_~u.te fife resistance ar;d{or 'I'PfOJllilte desi~n in appIi~'lions -hue I .r ~ "'a. nist. 

AUALYSIS OF SOLAR RADIATION .MFJ\SUREMENTS AT ATHENS 
OBSERVATORY AND ESTlMATES OF SOLAR RADIATION IN GREECE 
by Bas. D. Katsoulis and Const. E. Papachristopoulos 
Solar Energy, vol. 21, no. 3, 1978, p. 217-226 

AWrIlCf-In Ihi~ r3~r mt;1\I"l:mcnt~ (If (;""':11 em SoI.1r Ibdialion (III :\ hori,ont:tl slMfaec at "thens tItIritIa lhe 
16)'f f":riod 19ro-?~ ;lrc an:lly<rd. Mean :tnnllal. mnn1hly and daily tofak. the cIittmaI variation, frcqllClICJ 
d~I"",,,ion of daily 11l131~. frequency'" ('((,lIrreIlCC ." d3ily tofak of GInhtI Ibdiatioll ~s lhan iI,5. n. and 
14 MJ/ml for 2, 1." ;In" ~ ~lIccc: .. ,ive I';I)'~ lire cOIllf'''trd ."k' tti\c\I\'IC.t. 

Ilirect Snlilr Radiation ;It nllll!r.ll incidence !II i .. complllc.I :tndanal)"led in 11 ~""it;1f "'''"fIef 10 Ih:lt of Gtn1m 
Radialion. for Ihe same peril'll, ("omwncnl~ t'f direct radulxm of II<'fl1I~I illCidctIce line bern cOfIIII\II('d frOlll,.,at 
valli!! ohserv.almns a\ limes .'hen ~\y co",Iition' f'('rmltle.t 

Annual \';\Iucs of ~Ioml radiation were ~,tima'ed rrom ~lIn,hinr lIICa511fCIIICnts (tMo7l) -.idel, &"trihlkd 
111"'"1:"(1111 (ir((('c, It i, consklcrnl ih:ll I"i~ analysi~ ." me:WW(lN.IIts ~1MMd do~!y reJ'fcsent I~ n.liation 
c1imalolo~y ~,( Greece. • 

COMI't1l'ATION OF IR SKY TEMPERATURE Arm COMPARISON WITH 
SURFACE T.mpERATURE, by Marshall A. Atwater nnd. 
John T. Ball 
Solar Energy, vol. 21, no. 3, 1978, p. 211-~H) 

,\1I!Itnd-The effccls or atlllO\rlteric IR r:ldt"Iion lII\I\i toe: l!(,COIItIIed fl1f in cnrqy ~ ~alior.~ Of wt. 
colktlors. IR 'ratlialion is of Ie II rar,.9\Clerilrd by cIclerminin«:t1l rqlliVlllrIlt ~ky ttmreralurc .nclcnt on ~acc 
Icmperatllre. Jlnllrly \'lillll!\ llf IR radial ion ~erc «-",,,,lIcd lit ele\'!!" 51 .. ion, ift lite United SClles itt 1971 "nd .97Z 
and lhe rqlljv:llcnl !>lty lemrcr:l!lIre ohlalncd, The model "sed for!hcse COIIII'ut:lliotls was \'Crified II)' ~rhOll 
with ~rcti.,,1 olbscrvalion~ in lite l.ake Ontario rc:~n tallclI "'~ the 'nterllllfional F'IC'" Year of lhe Great Ules 
(lFYGI,) in 11172. Oitrercnccs het"'cen surfacc temperatllrc and 'Ily tClllfll!falllfC ra~d ltctw«n S and 2'!r(' "net 
arc a comrle)( r':!lctmn of ~eM()n (~rccific.,ny <'f clnlldinr,'i, hllmidity. and ~lIrface lemper .. tllfC) all<l r;CIl~ar'Iic:tI 
location. 
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r ." TECHNICAL NOTE, ANNUAL AVAILABLE RAIlIATIOI'l FOR FIXED AND 
t TRACKING COLLECTORS, by William C. DIckinson 
t Solar Energy, vol. 21, no. 3, 19'78, p. ~»)~9-:!51 
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Rm:nlly, Neville", JIIlhli~fttd mn"j,,,,*,,, pl/ui",1' v:illle~ of 
annllal direci I><-~m radial ion for ~eVt,al II()n-trilcltin~ and Ir~clt
ing cl"'~clor f:comelries in common lI~e. lhe~e vallle\ were 
calculaled a~sl/min~ rc,fect {clol/(lIe'~1 wealher and aC(,("lntin~ 
for lite allenl/alion of direcl rndi:llion Ihrough lite earlh's air 
ma~s as a funcl~," of the angle helw~cn rhe normal and tlte solar 
rays. We show in Ihi:l note Ihal recently lI\"ail~hle vahlC, nf direci 
heam. 'oRJl,'erm :lvcra~ annual ra.lialinn ror differenl colleclor 
!!COmelrie~ are tlisallroinlin~y low in mo~1 p;UI~ of the 
conlinenla' liS, anti are 'RllCh lower Ihan lite "ideal" vnlu(,5 
prc~enlcd ltv Neville. 

ANALYTICAL MODEL AND SIMULATION CODE FOR THE SOLAR 
INPt1r DETERMINATION: IRRADIANCE MAPS, by G. Russo 
Solar Enersy, vol. 21, no. 3, 19'78, r. 201-210 

A~r8(f-Tftt Allloor'\ JY.trro~l' i~ III inl" .. Ince and mnliwale the arrlirali<tn or 'imnlalion codes 10 Sobr Fnerlty 
SY~lem~' engineering. An .. nalytil';tl milOld rill the (o'"r"':llion I'f the in~lanl;.neou~ and ~nll'gratcd vatu« of the 
~olar energy nux is illu,lra.('.I Tftt cl)m~rondt'nl ,imulaillm ( ... k. flRRAC,(jlA I. is ;t prorer input til the 
~imulali!ll1 code~ of Ihe orelalin,..: C\ln"il~m~ of the ~y,'cm. SIRRi\(jGlA I and SIRRA('tGIA 2. and fumi~hes the 
Solar P,bps of Ihe area untler analy~i~ lin .he ha5b I1f a few mdeo·c1imalic p:trameler~.l':enera"y avail~hIe. On the 
b35;5 of .Ite sile individualion. the calculalion of Ihe daily or inslanlane()l'~ vailles of tlte astronomical paramelers " 
perforOltd: lhe hearn's almnspherica I II:llh iSlhen indi"i.lllalcd. The eOllculalion or.1te anenualion of.he ~am due III 
Ihe alm"~rherical amorbaftCc and lhe correlalion of 'hi< :It1cnualion 10 melco·c1imalic raramell'rS, c:pily available on a 
macro, meso and microclim~'e arrro~imalion, follow. 

The. calculali<tn of all ~oIar dala necc<~:try f,/I the l'II!!inecrinll nf a wlar syslem is performed, ('tide realisalion. in 
FORTRAN IV lan~t;I~. i, de~cri"l'd alltl JIII\,ible :irr'icati(ln~ are disclI~sl'd Finally Ihe Clllfe h usetl ror lhe 
fcalis!lli.," IIf irralliance mar~ (l' two Iialian ar('as: Tlltino alltl T,apani. 

GEOMETRIC BROWNIAN DISTRIBUnOtl OF SOLAR RADIATION 
\lfTH AN F.CONOHIC AP~tICATlON. 'SS. Hamlen, et ale 
s.s. Hamlen and W.A. Hamlen, Jr. and J4T. Tschfrhart. 
Splar Energy, v.ll, 1978, p.469-475. 

'\~I'I(I- This parer presents Ihe resu"~ or a recenl mndd hy lIaRllen :lnd lIamlcnlll ",hlcli tI~e, a dhlributcd lag 
model 10 predict local leveh of incominll 50lar radialion The re~lIll\ indicllte thaI Ihedaily Inel~ display :I 

I:eomelric Brownian mOlion. Thi~ tIi'lrihu,jon w.n inlrOlfucrd ·by rrOre'~(lr Samllcl'onl~lto urlain .he mo~cmenl 
in slock rrices (l~er ,iOlt, It rrmdifics the mor~ r:lRliliar :Irillimelic Rrown!:," moil.," 10 climinale Ihe rrohlem of 
nc~ali\'e values or Ihe predicled ~Iock prices wilh " high rro!labili(y~ SQlar rllllialion, like stock ",ices. c:lftll()llalte 
on nc!!nlive valun and ~equires the ~eomelric Brownian mil':' I, The dislrihuli<tn is inlroduced and paramelers of 
the dislrihulion are Kiven for Iwenly·lwo cilies in Ihe U.S. 

The re~u"s are then arrlicd 10 lhe rroblt:m of delermininl! economicallv ellicicnl comhinaliQn, (If healing 
Icchnol"f:ie\ lIiven a ~olar hcalinll syslem and :I con\lenlion~1 !>ad ... p ~}'slcm .A rrnducliun run,lion for heal i~ 
!Ic\'eloped .hal re~ull~ in a 510ch3\lic funcli<tn wilh 1"'0 randomvariahlc,' available solar r~di3ljon .. ~,d olllsi(le 
ll:mrcr;tIUre, Thi" in lurn, results in II chance con~Irline" cll~1 minirnilal;nn prnblcm. 

656 

~;;-,o. 7"\.-..- ~-:' <~~ 

THR A'1l~OSPHERIC RAnIATIOl-l CLIMATE OF THAlLAtlD, 
R. H. U. Exe11 ' 
Solar Enr>rpy, vol. 21, no. 2, 19';8, p. 73-r ;n 

A lnowled~ of downward allllO~pIInic. racliafiow .. lhe 
""h'5 $urfac~ havin, wallcTeJllfM of lhe order f-.tO ,lI" 
is of fundamental importance for cerlain purposes such 
n solar collector analysis, nalural air coilditiontt'tt by 
lIOCIumai coolinl. and a~uhufa' studies. In a hot eli. 
1liiie one would lite Co tnow how rar it is pOssible 10 
cool objeclS on the InJUnd byraclialion Co the sty at 
.... (1). a proce5S IOverncd by the inlensity of clown-
•• d atmospheric radiation. This rndiation is dillcult to 
llleUure hecause the inslrum:>nt is al a tempenture close 
10 th31 of the radiation ilsel:, and measuremenls are fare 
or ~xistent in many areas, especiany in the Cropics, II 
CIII, howeller,be calculated from roatine meteorofOlk:a1 

'''a with an KCuracy CClIII~ 'filh Ihat of rhe 
tnea!lIremen',s. The pre$Cnt paper reports lhe methods 
and results or such calculalions m. 'Of meteoroloaical 
COftCIitions in ThaiJancl. a counfry 'or ... hieh no data have 
.idIet1o been pUblished. 

0:: 
912.3 
.R3 

Radiation In uthe ~ttfDSj"::ft! ... c1.,n. 
(card 2) 

uib· 'i.~.. xvii· ... -_l."''!;lAo'''ln,.1. p. ~. 
InclucbJ index. 
Ism 0-89500-002-4 
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DETERMINING TYPICAL WEATHER FOR USE IN SOLAR 
ENERGY SIMULATIONS. 
William R. Petrie & Michael McClintock 
Solar Energy, Vol. 21, No.1, 1978, p. 55-59. 

~T 
In.-; 
.17" 
191A 

A"rld-Predictin~ the !ll!rform~"ce of :a ~ol3r enerlY system hy u5in~ ,imulalion me,hoos requiru .'ealher dat" 
input for the locality involved, The pre~ent raper describes I method of analYlinl an ortillnal number of ye:tr~ 0' 

weather datil for II chosen month re5ultinl in • "t),pic;" week" which is characlcriled in lerm~ of 50lar radialion. 
ambienl dry bulb lemperalure and wind speed. 'The "Iypical wee"" is allowed 10 v:ny in lenlth bel ween SInd 10 
dl)'s in the analysis in order 10 enlble selection of a period thai beSI represenls a liven'monlh accordin. 10 
specified criteria. 

Verificlltion of Ihe melhod by comparalive compUler analysis WIS performed usinllwo forms or wealher dall 
15 inpulS 10 Ihe solar enerlY prOlrlm "TRYNSYS". The averalinl melhod when compared 10 lhe "Iypical" 
well her method resulted in dirrerences or less Ihan 7 per cenl. 

The use or "'ypical" wealher appears 10 live rc~sulls .t !easl comparable wilh more eSlablished methods while II 
the same time providinl I brold 'spectrum of the wtlther 'YJliCiI of In .rea, The use of "lypicll" wealher can 
result in sIvinB5 in compuler lime. 

A79-4479a;; ... ' The engineerlllg Inalysls of solar I1Idiation. M. 
S. Reid. C. L. Ha.-;.ilton. and O. V. He!ter (California Imtltute of 
Technology, Jet I"opu!!ion laboratory, Pasadena. Calif.l. Imerna· 
tional Journal of PolicV Analvsis and Informltlion Systems, vol. 2, 
July 1978, p. 187·217. 12 refs, Contract No. NAS7·100. 

A necessary precursor to construct\gn ,)f well.<Jesigned. c:lffi· 
cient, and economically viable solar energy systems is the engineering 
analysis not onlv of the systems themselves but a'so of the so'ar 
radiltion that will drive them. This paper presents the first steps in 
Slch 1'1 ana'vsis to support the design of solar Ihermal pawa' 
syslems. A rationale for development of an integrated apPloach 10 
this lnalysis is outlined, and elements of the approach are dew:ribed. 
A dynamic computer simulation of a conceptual system vns 
employed in an initial sensitivity analysis to explore how perfor· 
mance estimates might be affected by the Pll!Cision and amount of 
detail in ,.,Iar radiation data used as model input. A meaSlrement 
program, including instrumentation. used to charllClerize Plccisely 
Ind in detail the solar resource lit one location is described as is a 
probabilistic model derived f.om it, for Pledictillg inso'ation as a 
!unction 01 time. (Author) "'-H _____ • • ___ _ 

DIFFUSE SOLAR RADIATION ON A HORIZONTAL SURFACE 
FOR A CLEAR SKY, by R. O. Buckius and R. King. 
Solar Energy, vol. 21, no. 6, 1978, p.503~509. 

The pllrpo~e of the present wQrk is to develop an 
;Iccllrale model for the diffuse or~lty radiation has cd 
IIpon measunthle optical properties of the earth's at
nll)~pherc. A closed·rorm ~ol"tion for the radiant energy 
incidcnl on a horimnlal plane at the earlh's surrace is 
rre~enled and the dependence upon climate model: ittl' 
mas~. ami slIrr:lce refleclion is ~h(1wn. 
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Institute of F.leet.rieal and Elect:J:onics 
h¥ti.nMnl. Peniaa ~. 
~ 1~7" Pl!rrim Six cnnfe1':'enO'! mmrd : 

tMit,.,....H1Mtr8 AppIW .. SeIu Data CeIIec:.... , • 15 
Randy J. Niehols. James N. Peterson e 
Rledrkal Engineering Dept .• University of Idaho lw 
Moscow. 10 

This paper describes the design of a low-cost, 
. portable Solar Data COllection Syste. (SOtS). Thi5 
• system is built around a Motorola MC6800 ~tcroprocess-
: or and uses an audio cassette tape recorder for long- lI! 
j term data storage. It is intended for use in gather-
1 ing the necessary meteorological data for performance 

and design analysis of solar heating and cooling sys
tems. The use of the microprocessor allows the oper
ator to select appropriate start time, stop time. saM.).) 
pIe rate, and provides easy zero offset and gain ad-

_ justments for each cha~nel. 
The SDCS can sample, process, and store solar 

radiation and temperature data, unattended, for a two 
week period. Data is stored on audio cassette tape 
in blocks of up to 500 measurements. tach block 
contains the necessary timing information to allow 
proper off-line decoding which is accomplished with 
the aid of a general-purpose digital computer. 

Secion II discusses the meteorological data that 
is sampled and the corresponding sensors and output 
signals. Section III describes the considerations in 
a general data collection system deSign, and then 
presents the functional specifications ,of the SOtS. 
Section IV describes the hardware and software deSign 
of the actllal system, a!'ld section V QJ.ltlines improve
ments which are being incorporated in the next gen
eration of the Solar Data Collection System. 
All·19839 A • 

. . . enrrl!Ctron procatura for lI!pIIratillg ct;n!Ct 
am d""ne insolatIOn Gn a horizontal .. rflee. R. Bruno (Phil; s 
GmbH, ForschungslahoratoriUm Aatflen W.st G- ) r f 
En I 20 " , .. many • .,O,i/r 

ergV. vo, '. ~o. ': 1978, p. 97·100.6 refs. ReSt!arch Slpported 
by the 8undesm,"l5t~.um fUr Forschung und T ch 10· ' e no gle. 

A18·191140 Estimation of the montftly ""ate of the 
diffuse component of tot .. Insolation Gn a horizont .. surface. M. 
Iqbal (British Columbia. University. Vancouver, Canada). Solllr 
Energy, vol. 20, no. 1, '978, P. 101,105. 16 refs. R!!search SUPpOfted 
by the National Rescarch Council of Canada. 
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SoleI. F.-:crJ"'l : [svl1l'osiul'l lectures], 16-
22 JU:1l! lQ7:!, Cairo, E~ynt I presenter! by 
Cleml Encrr,y Resenrch Institute, UniverRity 
of. ?1:f~i'!!., t;'lcni~n ; sponsored by ~!:ltion..·tl 

SCiel!Ce Foundlltion ; prite-l bv T. }le1nt 
Veziroplu, l!OT'ler tol. }fiser. -- (5.1. :9.n., 

PROPERTIES AND HEASUREHENT OF SOLAR RADIATION I" , 
A. A. H. Sayigh, University of Riyadh, Riyadh, Saudi Arabia 

:t 

POSSIBILITIES FOR SOLAR ~IERGY UTILIZATION IN EGYPT 
I. A. Sakr, Head 0 f Solar Energy Labora tory F. '-; 

I Natj onal Research Centre, Dokki, Cairo, Egypt ' 

THE SPECTRAL DISTRIBUTION OF SOLAR RADlATI6N 
AT THE EARTH'S SURFACE--ELEMENTS OF A MODt!L 
B. Leckner 
Solar Ener., v.20, no.2, 1978, p.143-150 

A knowledge of the spectral distribution of solar radia
lion at .he earth's surface is important for the develop
ment of many solar energy devices and for estimates of 
their performance. The physical mechanisms 01 atmos
pheric altenuation as wen as the comrosition of the 
atmosphere are very complicated. A mOlfel is needed. 
which is suitable for a variety of technical applications. 
Such model5 have been proposed by Moon[ll. Gates[21. 
and. using part of Gates' data Thekaekaral3), The results 
are usually presented in the form of curves or tables of 
spectral distributions for a few cases. In order to make 
the iilformatimi more generally ipplicable. ,the present 
work will deal with the input data and elements of 
calculation" By means of a computer, the conversion of 
input data into a spectral distribution is a very simple 
task" Furthermore. by such a presentation, modifications 
of ihe model lTlay easily be introduced when desirabre. 

~_j~., ___ ~ ...... ~._ ~~ ___ uWilSIi!l"'J;J:ts.~_~~,..._ ... , 
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A MODEL FOR THE CALCULATION OF SOLAR GLOBAL 
DiSOLATION. 
Dour,las V. Hoyt 
Sol~r i:!nerv,Y', Vol. 21, No.1, 19'(0, p. 27-"15. 

This papu de~cribes the theoretical model fQr cal. 
culatin,lrue solar mean atmospheric Iran5mi~~ion value! 
that wa, u~ed in the rehabilitation of the NWS insolation 
mea,urements. Tran\mission value~ are calculated for 
tach of 26 NWS .. tat ions. for each day of a climatolo
Jically mean year. and may be used either as standard 
values to correcllbe measured values to or as II basis for 
such \tandard values. True solar noon insolation vahles. 
the. clear day meln inwlation values, Ind the radiation 
climatolo~y at Boufder.Colorado. are calculaled In ad. 

, dition 10 thelrue solar noon atmospheric transminion 
values. and llie\e are compared to omervation') a~ a 
check on the validity of the' model The model \'3I\le~ of 
in~olation are always within 2.7 per cent of the measured 
values when they are on an ah~olute radiation scale and 
lherdore within the :!; S' per cenlaccuracy[41 i)f the 
mea~uremen[~. Model calculations are al\o comrared to 
the theoretical model values ~iven by Braslau Ind 
Davell). 

TOTAL SOLAR RADIATION In t.ooaco USING ~SHnm 
HOURS AND lmEOROLOGICJ\L DATA, by R. Almanza 
and S. lJOpez. 
Solar Energy, vol. 21, no. 5, 1978, p.l141-448. 

Wbcn compilinJ c1imallltOJkal mal" (If 101:11 radialjlln il K USII:I 

10 cmr'oy the dilfll\e more direct rnea~nreml!nls ",hie" :Ire IInil' 
of cncrll)' pcr unit time pcr unit arca in a horizont:al r!anc. hy 
mcan~ IIf :I pyranllmclcr(tl. even I"Olllth Olhu tyres of 
meteorolQ!!ical mea~urcmcnls of SQlar encr~}' arc: available. a~ 
r~dialion data is the bc~1 \QUlCe of informati(lR. lIo ..... cnr. in ,he 
ah\cnce of \lIcb mca\urcmenls. it i~ fcasir;e. 10 u~e empirical 
rclalj"n~ 10 cSlimate global radialion from haUl'S of in~oI31jon. 
percent:!!:c nf ros\ible insolalion. or clolJ(liness. AlJcrnalivel,. 
for a particular localionlhc ,Iobal radialion may be cstim31~ 
lI~in!t e~i~ling data fllr IIlher localion with similar lalilude. l()JlO
,,",pby :lnd clim3te. v. ... en u5m. insolation dala and various 
mel hods 10 ob'"in empirican, lolal ,adialion. tbe approlimation 
i\ estimaled 10 he "ilbin !: In !ler ctnl. 
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r, CHARACTERISTICS OF CLEAR SKY NORMAL INCIr)~NCE 
L SOLAR INSOLATION MEASURED WITH TH~ RG2 FILTJ!!R. 
[ G~ W: Sadler 
~ Solar Ener., v.20, no. 2, 1978, p.139-l42 i 
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Clear sky normal incidence solar insolation received at 
the r.:arth·s surface occurs primarily within the wave 
length range of 0.3 to 3.0ILm. The allenualion of the solar 
beam due to dry,gas molecules. water vapor, dust and 
other aerosols is IIot uniform over Ihe spectrum and Ihe 
International Radialion Commission suggest thaI sharp 
cut-off filters be used to separate the spectrum into 
reasonably well defined bands. The wavelength ranges 
and the filter designations recommended are: 525-
2800 mIL for filter OG I; 630-2800 mIL for filler RQ2; and 
710-2700 mIL for filler It::l(J]. These three filters allow 
the energy distribution to be calculated for seven desig- ' 
nated solar spectrum bands. Since no energy absorplion 
by water vapor occurs below ,630 mIL. the RG2 filler 
'conveniently divides Ihe solar speclrum into one region 
where the beam allenualion is not affected by water 
vapor and a second region where Ihe allenuation is 
inftuenced by Ihe level of precipitable waler in the 
atmosphere. Also. the radialioninlensily below 630 mIL 
(the UV and visible region) i~ somelimes us,~d to esti· 
mate the turbidity coefficient. fJ. for the atmosphere. 

ON THE RElATION BETWEEN INSOLATION AND CLIMATOLOGICAL 
VARIMLES -- V.ESTIMATION OF AVAILABILITY OF SOLAR 
ENERGY. 
~. Rapp and A.A.J. Hoffman. 
Energy conversion, v.1B, no.l, 1978, p.31-43. 

AlKlracl A new procedurc i~ dndopcd for estirn3tin!!- availahilit) "r <(lIar ('ncrgy ill h>Cillillc~ ",11(."r, 
.ldcqu.lIc datn ilrc 1101 amilahlc, The hourly vllrintioll' in <olar inlensH} \\lIh d'I\' of lhe )eilr tiurinf 
clC(lf wcalher (e'i.<enlially JlO cloud, and unlimited visibility, me ~h(l\\n ttl r"llIlI\ rq,!IIl,lr repe;lI;!hk 
pilllern<. Thesc p:lUcrns have 'been lielermincd tor four ~outh·\\'e<tcrn 1(>C;11I01I< hOIll Ihe~ dOtI ... 
it i< pos<ihk 10 estimale Ihe m;llI:imum possible aV:lilable solar ener!!) rllr pcrfc:ctly clear weather 
The.- effect (If clouds lind reduClion in viJihility is 10 reduce Ihc "filar inlclIsity hdo\\ Ihe ,:thle npprn
pri .. le to :lny hour of any day in clear weather, A 51udy of Ihe dependence' of reduclIon in .. olar 
inlcmily on cI(1Ud co.er and vi~ihility is now bl:in~ conducted for <cI'crai soulhwc<tcrn I()Caltllll~ 
" model ror Ihc dcpendence of dircCl normal ~l)lar inlensily on 10lal in~lalion i< ;l1~ t>ciJlI! dC"cloped, 
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SOLAR INSOLATION MEASUREMENTS AT LAS VEGAS' 
NEVADA 
f.':D. Spight 
Solar Ener., v.20, no.2, 1978~ pT197-203~ 

• 
The sllcce~~rul, eC(lrtOmic application of solar ener~ lechnolor:y 
10 healing and cooling ~t a (l~rliclllar lo",tion i~ dependent upon 
accllrate informal ion :i\,out lhe ,olar energy available and clima' 
lic condilion~ al that ~ile. Such detailed informalion can be 
oblained only from direct measurements collecled at Ihe sile in 
que~tion. ....'lten ~uch dala arc available. then some 
phenomenological modeling call be done. and the general and 
specific features of Ihe model can be identified and ~p3raled by 
comparison wilh the models f(lr olher sites. Goldbcr~ and 
Kleinrl) (hereafler G &. K) have initialed Sllch modeling f(lrlhree 
widely separated loc3ti(ln5: Barrow, Ala~ka OION); Rochille. 

• Maryland (39"N): and 8alboa. Canal Zone in Panama I9'N,. We 
have performed a similar analysi~ of the daily solar radialion "' 
Las Vega~. Nevada (3(,·Nl, over the past few years. Compariwn 
of Ihese results wilh lhe work of G &. K. ranicularly the 
comparison between Rockville and I~ .. ~ Veg.l~. serves 10 poinl 
OUI lhe I3r~e difTerences in the speClral diMribulion and' 
availability of ~ol3r radiation due to local and reJ:ioll3l climatic 
dilferenee\. even for sites with comp3rilble laliludts. Somewhat 
similar analyses for San, Oicgo. Calirornia (32.IJ'N) by Morpn 
and CraiJ;12I and ror Singapore II,J'NI by Tan and GohIJ) ~crve 
fllrlher 10 drnma!ile Ihe o\'crwhelmin~ elfect or local c(lnditio"~ 
on the avaiJailililY or sQlar cnerltY. 

c.liroraia Solar Data M ...... 
"'wreaee Herbie, "'b. Mar 78, 8p 
SAN·I846·T2 PCS5.00/MFS3.50 

This solar data manual is aimed at the neecb of 
designers, architects, engineers, homeownen, 
builders, and the growing number of ingenious 
.nd enthusiastic individuals through whose efforts 
lhe widespread use of the sun's energy will become 
a realit" Because it contains the most reliable !IOhr 
data presentl, available in the State of Califom'J!4 
this manual provides basic solar data needef! ~,; 
design residential or commercial heating systems, 
!IOlar heating swimming pools, and solar air condi
linins systems. Man, other uses of the data are 
possible-for example, for agricultural applicatiolUl. 
The data are provided in a variety of represenlatioDII 
a. an attempt to make the accessible and useful to 
lhe broadest possible audience. 
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A SIMPLE PROCEDURE FOR ESTIMATING GLQIJAL DAILY RADJATION 
ON ANY SURFACE_ 
K.J.A. Revfeim. 
J.Appled Meteorology, v.17, no.8, ,Aug.1978, p.1126-)lt. 

Monthly IIlc:tns of 111(':tsured daily radiation rlat:.. from a definer! horizontal site are \I~erI to e51imate th 
Irevailing atmr>:;pheric attenuation paramrter. The estimalion mClhot! IIS ... S the properties of the Fomie 
,truetllrt: of allcnll:tlion, a~ Ii function of the hour anglr, althat :;itc, for It range of attcnllation paral1lt'ters 
rhe Fotlficr lItrurturr. Ilf Ihe parameter estimate is th~n \I~ed 10 calculate the glohal daily radialion of I 

'nearby" sile, of any orientlltion, hy direc;t formula !luhstitution. 

HOURLY VS DAILY METHOD OF COMRJTING INSOLl\TION ON 
INCLINED SURFACES, by M. Iqbal. 
Solar Energy, vol. 21, no. 6, 1978, p.h85-1~89. 

In this report, comparison has been carried Ollt he
tween the two methods of computation. daily vs hourly. 
To avoid difficultie~ associated ..... ith estimation of hourly 
or daily diffuse radiation on horizontal surfaces. actual 
Illngterm average data of three widely sprea~ Canadian 
iocations arc employed (Table I). 

In the nellt section, mathematical formuilition5 of the 
two methods arc pre5ented. 

HCllNOlOGY AND MATERIALS FOR HARNESSING 
SOt I\p. PO\~rp. 

c. F. Nuttal 
M~tals and Materials, April 1978, p. 46-47_ 

Solar heating panels, solar cells and thermoelectric generators are among 
the many devices helping harness the power of the sun. Consulting 
engineer Dr D. F. Nullall outlines the requirements of practical solar-power 
convertors, and the materials used In their construction. 

THE HARDWARE UNDER THE SUN. 
Environmental Science 9 Technology, v12, nOe8, Aug.1978, 
p.879-881. 

A recelll co"ferellce shed light olllhe latest elforts 
alllitrends i" solar energy equipment and 

sy.\'tems testing and staflliardi=ation 
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Solar Ener~y - Will It Conllerve Nonren~~ble 
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Resources? ...............•.•.••••••.• . Se)'ml1l1r Baron 31 
An.,lyscs of the ("onsumption of fossil and nuclcar enerRY resource!' 
n('("IIrll to proriucc ;1IIe1 opr:rale ~olar ~nrrgy 5yslem~ point up the n«d II' 
dl'vt:lol' Ics~ enrrgr-inlemivc solar sysu:ms to make them comJICtith·1' 
wilh (,lIisling t:n('rgy ;tltcrnilti\·es. 

N7~-27'7'" Argonne National !MI .• III. 
"ELIABILIn ~IID M~IIIT"III"BIUnEV"lU"TIDIlO' 
FRUZIIIG IN IOlAR IY.TlMI 
P S CI10Prll and R. .M WoIos_iu Sap. "78 38 p refs 
(Contract W-31·10g-eng-381 
(ANl/SDPjTM.78.3) Avail NTIS He A03/MF A01 

B .. ~ed on a reVIew o. 41 operation.1 so/ar demonstration 

.it... approximatelv 30')1, of these iiies e.perienced 'reezing 
problem •• Some of tl1ese problems were caused by inattention 
to engi.-ring details_ Other problems resulted from a lack of 
koowledge of the specific requirements of solar systems. The 
information reviewed on 41 of the oper.tionel so/ar demonstration 
sites indicated thaI w.ter·glycol systems Ihould ",ovid. more 
reliable frllllze protection than waler Iysteml as long •• an 
adequale glrcol concentration il inst.lled initi.11y .nd then 
maintained. If glvco/ makeup is required. a manuattv oper.ted 
pump is used. The waler Iystem freezing problems are due 10 
several fectors which are Jisted DOE 

vlHAT r S GOnm WRONG WITH THE SOLAR PROGRAMS? 
Pennie Waterman 
Solar Heating and Cooling, Vol. 3, No.4, 
August 1978, p. 22-26. 

An interview wfth Wal ter Cosel, solar consultant 
for the Sheet Metal Workers Internati onal Assoc. 

ASSESSMENT OF ENERGY CONVERSION USING SOLAR ENERGY 
IN KANSAS. 
J.T. Pytlinskf. 
J. Energy, v.2, no.~, July-Aug.l978, p.2S0-S). 
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ON THE RELATION BETWEEN GLOBAL INSOLATION ON 
HORIZONTAL AND TILTED SURFACES, byDon,3.1d Rapp and 
David Oxley 
Energy Conversion, vol. 18, no. 1, 1978, p. 39-lt3 

At..;'rllc' (;loh;,1 il1~olali(l1l ha~ hccll mca,nfcd ;,1 m;.nv ,iIC~ Oil a horimnlal ~",f;,cc. hul is needed 
\'11 :r til'rll surface. 1\ ~Indy Im~ heen malic of ratlern~ ,'f I!h,h;rl i,,~nlali()11 for 12 monlhs at I'orl 
Ilnntl. Texas. where me:r~nn'lIlcnls arc made 011 110lh hnrilnnl;rl ;IIl1llill(',1 snrr:u:('~. The re5nl\s intlic;,tc 
Iha •• ,Iminl! denr wcalhcr. usc of a geolllclriclli fnont,la fill' c!1fl\'crfing hnrimnlal In tilled insnlation 
for direct ray~ I'c~"h ill \-aIUl'~ 1.1 .... high. foor the twelve m"".h pcrind March. 1976 Fchrnary. 1977, 
inclmting all wl'alher. hut only huurs \~hl're the i"~(llalinll (ln .hc .il'ed surl:,ee i. gn·;,tcr .han 22 
I.anl!lcysjhr. the gcnmclrical fOfll1nla is 4.6 .... high. " i, cnnehllled Ihat Ihe gc(tmc'rical formnla can 
he used wilh ~tl1all correclions. 

1II.,'·Dl", Pubric Service Co. 01 New M..-ico. A1buque,que. 
TlCHllllCAl AIilD ECONOMIC ASSESSMENT 0 .. 10LAR 
HY.RID RErOWER'NG 'I .... Report 
Sep 19711 572 p ,e's 
(Contr.ct EG· 77 ·C·03·16081 
ISAN·lI10ft·4·1) Avail. NTIS HC A24/MF AOI 

The study prlls"n'"d WlI' divided inlO Ihe six j)(imery I ..... '0 lIlIo", • ,ys'"m~.ic invesligation of Iheconcept: (11 m.rltet 
• urvey end cost/ben"fit .nalysls. (21 study un,l selection. (31 cM! 
"timele.; (4) unil economIC analysis. (5) prour.m pI.nning. 'utu,. 
phe.es •• nd (II) p'og'am managemenl ReevllS SI.IlOn No 2 .. 
Albuque'que. New Mexico. WIIS selec.ed 10, ,epowering ... "" • 
.. ;gn goa, of 50 pII,cent (25 MW.) The solar systllm de';," 

ie besed on lhe 10 IVIW sol., cent'. I rllceive, pi'ol plant preliminary 
design fo' fla,stow. C"hforn'ft ODE 

A78·19838 Transmission 0; sunlight Ihrough a uniform 
water·drop almmphere. D. C. de Packh (Entropv Re~earch. Holly
wood. Md.). So/.1r Ener!lV. vol. 20. no. 1. 1978. p. 93·95. 

A compu'er calculation is derived for the transmission of 
normat·inciden~e parallel radiation Ihrough ~ unifo,m water·dro,) 
almosphere. The calctllation employs a Chandrasekhar 'ransport 
eqtlation which is in effecl the lime·dependent Btlllzmann equation. 
Although the analysis assumes that the collector is directed at Ihe 
sun. which is al Ihe zenith. it is also applicable to other cases. S.C.S. 

SOLAR FRAUD, ROUND 2, by Carlo La Porta. 
Solar Heating & Cooling, vol. 3, no. 5, October 
1978, p. 3h-36. 

fnvironmental Action Reprint Series 

SUN ANGLES fOR DES'GN by RObe .. Be""e" 
Twenly ',vII 5un lingle ChA"S COv""ng 0 N 10 60 N 
The ch~rts Show Ihe sun'. P05,IIon 10' any "me III 
day. end .ny ',me 01 yell' Accompan'ed bV "" ". 
p'.n~"on 0' how '0 USt! 'he char.s '0' sh,: "" 
<:"~"ng and m"PIltnO. and sola, s"e an,,'ys,~.;, I. 
char' hAS. photogn'nh df!ltltctIOv .rchllt!ClU.~ ):",.fI 
gpnoul If} the etlAn 5 Ifnnude 'ont! And '1- I If: r ('0; 

"""lor Clh~S In If'll! lone Th~ most comprf!- ,em,;ve' 
SO!l 0' cha"s "'.,h'h'e Ree'"ngu'", chA" 10'ma' 
711 P .. gO!S.~~bou'!!!.!.:.-'!E!!'-_._. 5500 

Environmental Action Reprfnt Serfes 

SUN! A HANDBOOK FOR THE SOLAR 
DECADE. edlted by Slephen lyon. J 

• The Ollicial Booit 01 .he Fir •• Inte,n.lion.1 Sun Day, 
fleginning with. Foreword by Dav,d BrowII'. tl);I 
eompec. booIo: makes a dll'eiled and compelling ellse 
'or ehOMing thll .oft pith oj reneWAble ene,ln' tech • 
nolot1es .nd conse,vation. Includll. en.ys by 
Amory Lovins. Denis HAY"., How.rd Odum. Murr.y 
8oolchin. P.ul Goodm .. n. I~en IIIlch. B.rry Com. 
moner.lewl. Mumford •• nd Willillm Shurcliff •• nd 
o.he,. Includlla en Anno'.'ed flibllov'ephy. 
3114 PllgeS. pAperbeck CO 111711, .......... 12.95 

A78-34933 Sun".-ion .. E. BermRn (8oslon Universily. 
Boslon. Mass.), A. BrAUmtein (Tel Aviv University. Tel Aviv, hr .. O. 
and D. Biran. Sofar EMrgy. vol. 20. no. II. 1978. p. 465-467. 

A method of obtainin9 insolation data is described which 
provi~1!$ infOfmation directly usable in the sizing of solar equipment. 
The method is particularly valuable for the collection of date .. • 
large number of siles where equipment cost and availability of 
technically trained personnel are crilical. The device consists of a 
calibraled solar cell. and electrochemicAl ICCUmul.-or and MlOCi.ted 
electronic equipment heving the following c:h.racteriSlics: CapACity 
3600 kWh/sq m; temperalure range ~55 10 -+71 C; low cosl; no field 
maintenance; reproducibility. or ·5%. (Author) 

It is not unreasonable to expect solar manufacturers to offer warranties to 
cover their products, but it is unreasonable to require them to go so much 
further than is commonly required of other industries. 
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CJl."1~~21"'95 
EST1~~TIMG S~LAn 
1811. !971,. 

J977 
Et.~P'GY AVAILA".E Fon CCllECTIfR! > 

Kor'110n J.ndustrt~s II A cOIlIp:n:1 J.:uidc thallcllshow to calculale the .. lIIUllnt 
J!orth H01.J~·i!)OO. of sola~ energy-tha.t ~iJIl\~rike :dll1ost any collcctor in 

the UOited States.~! IS bUIlt around a sct of cmllputer 
CA. generated tables that givc insolation for nat and inclin' 

ed collectors, at each hour of the day, fur each nmnlh 
of Ihe year. The six tahles in the scI cliver latitudcs 

~ni!U ~ tj 2iJ 

:O'L'\5" COl ~~tt(trs 
from 24 to 64 degrees nmth. IJctailcd instruclions 'lre 
givcn for using the tahlcs :1IIc1 for finding imlliatilln .. t 
latitudes :lIId inclinations notli~tcd in thcm.An migi"al 
method fm dcaling wilh collectors th:ll f:lce nthcr than 
due snulh is t1cscribecl.lnstJIIltlions allli dat:1 :lrc includ· 
cd for predicling Ihc effccl of c1l1l1!lillcSS. RCC(IIll!lIcn. 

. dations arc made fur selecting Ihc optimum clIllcctm 
miclltatiull. Complctely iIItJsllatcd, wilh wOIkahlllt 
examples fen every calculation. 20 I'ages 

ON THE RELATION BETWE[N INSOLATION AND CLIMATOLOGICAL 
VARIABLES --IV. CONSTRUCTION OF A MODEl YEAR OF 
SOLAR INTENSITY AND CLIMATE. 
Donald Rapp and A.A.J. Hoffman 
Energy Conversion, vol. 17, no. 4, 1977, P. 173-181 

Ahtnd-Propcr design and ~izing of a ~olar energy heating lind/or cooling ~y~tem involves an 8IIefto, 
ment of the local availability of solar energy and its relationshiJlto local c1imate~ • • '. 

A Itlldy is made of availability of !OIar energy at Fort Hootl, Te'as for the reriod 1961-1969. 
lIourly values of climatological variables were ohtained from the National Oimatic Center. 1'Ite!Ie 
are combined with correlations of solar intensity with cloud cover and visibility to obtain hourly 
estimates of tOt.1' insolation lind normal incidence solar intensity. Monthly totals are calculatt:d for 
each of the lOR months in 1961-1969, and average monthly solar intensities arc ohtained: For eIIch 
month or the ycar, the month in the 1961-1969 period that most closely aJlprollimated the avtralC 
solar intt:nsities, as well as the average heating and cooling degree·days, is chollen to preJl.1fe in 
average model year. This average has hourly values of solar intensities as well as climatological ari. 
abIes. lIourly models are also prepared for the worst winter and summer months in the period. Finally, 
a study is made of correlations of solar availability with tlegree-days. It is found that there is wery 
little correlation in winter, but in summer sunny day!! are highly correlated ",·ith hot days. 
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ESTJMATION OF THE TOT~L SOLAR RADIATION FROM 
METEOROLOGICAL DATA. 
J.A. Sabbagh. et al. 
Solar Fnergy, v.19, 1977, p.307-11. 

The e~Iimalitln or !he pcrformance- or any ~olar cnrrgy ulililing 
eqninment necc~~ilale~ Ihe knowlcd~e of Ihe ~ol;lr radialion dala 
which ha"c ocen gained !>,'n a Itljj~ IiCrilld linrme. Investi!!al(lr~ 
have devcloflcd many empiric;1I formula~ 10 eslimate the ~olar 
radiation u~inll various paramelersll-tl. These parametcrs are. 
Ihe climalological dala which has been mea~ured ror prolonred 
lime in varillus locali(m~ inclUding sunshine hours: rclath'e 
humidilY: maximum and minimum IcmllCralurc~; clond cover and 
p:eol!raphical location. Angslroml5, 61. DJackf7J. Glower and 
Mc('ulll)eklill and Sahba!!h'SayiJ!h and FJ·Sataml91 used the 
sunshine hOllr~ 10 cslimate the mean so'ar radiatioll. I.ui and 
JordanllOJ, Krcilh(l" Sharma <lnd 1'<111121 and WhillirrfIJ.14J 
lIS1:d Ihe declinalilln angle and the lalilude in their rormula~. 
DcnnellllSJ and Malcer(lfiJ comhined the ~lIn~hine duralion. lhe 
dedin"tlClO lInl!le and the lalitude 10 dc\'clop their formu'a 
SWartman and O!;unladel 171 u~cd lhe relath'e humitlilY in addilinn 
10 the sunshine dural ion in eslahlishing lheir formu'a. Reddy (I 
"'.1111. 191 ohtained their rormula hy using sun~hine duration. the 
relalive humidily and mean lemperature. while ill another formula 
Reddyll9J 5uCI!csted the use of the number of .rainy days. 
sun~hine duralinn and a faclnr which ckpends on lhe 'alitude and 
the localion or the pl~ce r~lative 10 lhe ~a. in compuli~ the daily 
Illtat ~hortwa"e 50'ar radiation. 

lonclra~. Ilrlll fAlo.letklt. 
~ _R:tdialion regime or inclined surraces Iby K. Ya. Koodratyev. 

with the assistance of M. P. Fedorova. - Geneva: Secretariat 
or the World Meleorological Organi7.ation, 1977. 

xh', 112 p. : ill. ; 211 on. . '- (WMO ; no. 467) (Ttchnlcal note • World 
Meteorological Org:mi7.:1tion ; no. 152) Sw··· 

Summ:uy in r:nglish, French, RIL~~ian and Sp:tni!lh. 
Ribliography: p. 62-fiJ. 
l!inN CJ16)1046111 

I. !;oI:\f radiation. 2. Atmo5pheric radiation. I. Fedorova, M. r .. joinUu, 
thor. 1I."jtJe. III. Title: Inclined 5urf3l-e5. IV. Series: World Meteorolop:.l 
Orpnilation. WMO public:nlon5 ; no. 467. V. Ser~: World Meleorololic3l 
Orpni7.:ttion. Trchnlcal nole ; no. 1!l2. 
QC85I.W6445 no. 467 551.5'08 s 78-321806 
rQ(:?II, ,62l.47, MARC 
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ON THE RELEATION BETWEEN INSOLATION AND CLIMATOLOGICAl 
VARIABLES -- III. THE RELATION EETWEEN NORMAL INCI-
DENCE SOLAR INTENSITY, TOTLA INSOLATION, AND WEATHER 
AT FORT HOOD, TEXAS 
Donald Rapp and A. A. J. Hoffman 
Energy Conversion, vol. 17, no. 4, 1977, p. 163-172 

AtI!mIc."...t\n examination of normal incidence solar inten~ity (NISI) &It:! laken lit Fort flood! Texis, 
from September 1914 through November 1975 h~5 ~hown rcpctith-e patterns for intCIIsiti~ In ck"!lr 
weather. A correlation is developed which predicts the NISI at nny hour of nny day'of the yenr 
in clear weather with a high degree of accuracy. t\ Mudy of NISI during cloudy weather has yieWcd 
a correlation for 111, the fraction of clear day NISI. 3S a function of cloud cover and yisibility. i:)1e 
result is a semi.empirical model which provides a unique prediction of the NISI at all tim~ for 
all weather conditions. Using this model, it should be possible tocon\'crl long·term data on cloud 
cover and visihility 1o long·lerm NISI (llltlcrn~. • 

CALCULATION OF MONTHLY AVERAGE INSOLATION ON 
TILTED SURFACES. 

S. A. Klein 

Solar Energy, vol. 19, no. 4, 1977, p. 325 -
329 

Ahstnd-Several simplified deslln procedures for lollr enerlY syslems require monthly "venlC meteorolotical 
data. Monthly averli:e daily tolll, of the solar ndiation Incident on II horizonlal surface arc luilllble. not/ever, 
radiation data on tilted !iurflce" required by the desip Jlfocedures, are generally not available. A simple method of 
eSlimltinl the IveralC daily radiation for each calendar month on surfaces fllcinl directly tnwlrds the equator hiS 
been presented by Liu and Jodlnill. This method Is verified with experiment.I measurements Ind eltlended to 
alloW calculalion of monlhly lvertae radiation on surfaces of I wide rlnlC of orkntltions. 

THE DETERMINATION OF HOURLY INSOLATION ON AN 
INCLINED PLANE USING A DIFFUSE IRRADIANCE MODEL 
BASED ON HOURLY MEi:.SURED GLOBAL HORIZONTAL 
INSOLATION 
J. W. Bugler 
Vol. 19, no. 5, 1977, 
p. 477-491. "Mtrad-U~in~ only mea~urctl hourly vatllc~ of glot>al in~lliatinn no a horilOnt:11 \lIfface. a R1cth"tl ha~ been de· 

,.eloped for computing the corrc~p'lmlinl! hourly valuc~ I,r iowlation \10 a .urface inclined al ;my anllie and orienled in 
any direction. The method uses a solar 'radiation model in which Ihe di"u~e component i~ calculaled from Ilobal 
horizonlal radiation using Ihrce different relation,hip~: Ihe apprOl'ri'lle equation is selecled according 10 the value of 
Ihe ralio or measmed hourly gl'lbal in.olation 10 hoully gll,bal inSlllalioo compuled ftlr clear sky condilion~. The 
method has been checked lI,ing measured hourly "aluu in Mclhollfne ovcr a ~.yr periOlI of ill~ntalion on bolh a 
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STOCHASTIC MODELING AND FORECASTING OF SOLAR 
RADIATION DATA 
T. N. Goh and K. J. Tan 
Solar Energy 
Vol. 19 no. 6 
p. 755-757 

1977 
Mtl.lcl'"1! •• f WJ;lf r:ll.li;nioll dala 'i' :UI (,"cnlial 'tep in Ihe dc"!!,, 
amI perfllrm"nce plclli(Ii"n "f s"l"r encl,." (""vcr,;,m w'leOl\, 
1 h'" p~pcr ,(\II,i.ler. Ihe reqUlrcment' f,,! ",t,r r.ulial,,'n 1I11111e!, 
frum :t fnrCt:"I ;nf .. rm:lt;"" 'he(, p .. inl t.f 'iew. :mll rmpII'(,~ :t 
nc\\ nll'tlcling :IPl'fllach in whi.:h \t\l~ha'Ii( lime ,cric, nhllldin!; 
IlIeth"\lnl"I!~ i,' "'rll 1(1 flln~ c,Iracl Ihc ,t;IIi,tjGII p"'perlic\ ,,( 
",I"r I;"tialinn ,1;,1" ;md plc'cnl Ihcm in :t f .. rm ""I:lht(' fllr 
r .. rC(;"I;ng, lhi~ j, f.,I1 .. wed ") lin iIIu'Iralj ... c r\:tmp'c alld a 
d;\CII,,;.'n 1111 .hc polelll;,,1 .. ppli~:lli .. n I.f thc mcth''Iloll'~~ in 
wl:11 el1el!!Y Ic'carch 

DAILY AND YEARLY TIME VARIATION OF SOLAR ANn 
TERRESTRIAL RADIATION FLUXES AD DEDUCED FROM 
MANY YEARS RECORnS AT HAMBURG 
Fritz Kasten 
Solar Energy 
Vol. 19, no. 5, 1977 

589-593 Wherc,,~ hlll!!,lUne me:l,nring 'cric\ of ,,,I.lr r:ltli:.lion ;'Ie 
p . av~il.ll'l.:: from mam -'a",,"\ of Ihe \\011<1. "lnIIllU"'" re~llllh (If 

terre~trial wh:ltilln t1U\C~ were nol pll"ible bef"le Schullelll 
had iniwdncc.1 :I wealher·proof p} rr:uliomctcr wilh :10 IR·tr"n,· 
palcnl pot~eth}lel1e dome in 1')53 Up to nll\~. mllre Ih:ln ~Oyr 
record, .,r ;111 ~hortwa\'c :In,llonlt\\a\c r:llh:.ti,," H,,,c, h:.\c been 
onl:lincd at Ihe Mctemohlgkal OI1,er\;lloI} 1I:lmhnrg \If the 
Gcrrn:m \\'e'lIhcr Ser"Ice. In the e:lrl} ye;Ir, of recording. d.lil} 
'um~ "ere obt:lincd by pl:lllill1clcling Ihe rccorded cunc~. From 
19M on. :1IIIom:ll'c inle~r:I\(Ir' "ere u,e.I\l1 ~enc, ;lle 1,,"111\ '111m' 
of :111 mea 'lured ra.Jiation H,nc' 1111 a H'UliIlC h."", 

SOLAR AND DIFFUSE RADIATION AT BARCELONA 
J. 1. Jimenez, J. E. L1.ebot and J. 
Casas-Vazquez. 
Solar Energy 
Vol. 19 nor. 6 
p.775-776 

IQ77, 

Tn mea'lIIe ,l1nrl ";I\C ralli ... illn. we ,,'cd Iwo Mlllt
Cinrc/}'ll\ki '1l1;lrimctcl' 111Il1lnted ,nn " ptatfllrm \.,·cr Ihe r" .. f "f 
nne of Ihe llni\cr,ilv\ huiltlin~'. 'I he plalf"lm \la, :.I'I.ul ~ m 
hi/!h :'111' 1111 :Ipprcciahlc uh" .. de' wcrc in Ihc ncil!hl'Nhnml .. f 
the 'Illarimctel\, 

1\' Ihc \",facc h 11111 '·,IIi.lhk "ilh Ihe ": .. ,,,,, Innl n"J!c\"hte). 
Ihe <.tIlf;,(c\. :llhr.'n \las III" ml'a\lIIctl ",",i"",,,,,I\' IIn"c\cf. 
Iht; ,,,,f;lcc\ ;111ll''''' ":I'. pcri,"lit:ll1r II1c •• \llle.1 "ith :1 Kipp, 
/'lIIcn ;11I'c.I,'ml"l'r with llilklenl \"il Cllllltili,,", (weI ;If,,1 "'\) 
:11,,1 "ilh ,hITercni wl.lr hdehl', 
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VALIDITY OF THE ISOTROPIC-DISTRIBUTION APPROXIMA
TION IN SOLAR ENERGY ESTIMATIONS 

J. V. Dave 

Solar Energy, vol. 19, no. 4, 1977, p. 331 - 333 

Cilialog of Solar Radlallon Measuring EquJpfIlenl. 
E. A. Carter, W. G. Breithaupt. C. S. Dahagam. and A. M. 
Patel. 
Alabama Unlv. Huntsville, Kenneth E Johnson 
Environmental and Energy Cenler. Apr 77, 164p 
OR0/5362-1 Price code: PC A08/MF A01 

Alr.ltnd-Re$ults of numeric.1 simulation are pre~ented for the diffu~e and direct enerlY p"illl! throuth a 
Sun-f.dnlllat, surface located at the bottom of plane-parallcl models of non-a"'orbinl. 1Io~netlU5 8I_'PfIcrel_ 
Comrutations oHhe diffuse component were carried out with. hillh degree of accuracy. and also were carried out 
usilll the well-kno ... n. isotropic-distribution approKimatiol! for the sky enerlY. It is sllown lhat lhe results obtained 
with the isotropic-di~tnl)Ution approKimation are consistently smaller thRn those obtained with the eud procedure. 
These two sets of ruults can differ by I factor 1-6 dependinll upon the optical chftrlcteristics of the model and the 
position of the Sun. 

A listing of national and international manufacturers of 
solar radiation measuring equipment is presenled. Product 
performance. applications. and economic datA for each in
strument are included. The diHerent instruments included 
arc pyrheliometers. pyrgeometers. pyranometers and net 
pyrradiomcters. 

THE BIG PUSH FOR SOLAR. }mASUREMENT 
George L. Kirk and Walter J. Scholes 

Optical Spectra, June 1977, vol. 11, issue 6, 
p. 38-39 

A national solar energy pledge has implanted the 
urgency of precise. solar radiation measurement and the 
instrumentation to QO with it. 

METHOD FOR EVALUATING THE SOLAR ENERGY PROVIDED BY A 
flAT INSOLATOR 
R. Gicque1 
International Chemical Engineering 
Vol. 17 no. 4 Oct~ber 1977 
p. 575-582 

A method ,:<; !,ro!msedlor evalllali1l~ the .~o'ar ener/D' !,rouidl'd by a 
flat irr.solat.or at any inclination. and orien.tation. on. tire Ims':~ of 
alf(lilalJle. me/"oroiogiml dala. The o!JlimrWl incl;,wtion ,: .. S1lOW1' 

tQ depend on ti,e use to which tire heat 1:~ io Ill' Imt, and the ovrrall 
efficicncv of tlw collector is fouml10 he stnmg(y dc!,ende1lt on tile 
teml)(~ratllre level at which 'he heal if 10 be ddille,.,.d. 

A NUMFRICAL SOLAR RADIATION MODEL BASED ON STANDARD 
METEOROLOGICAL OBSERVATIONS, by M. A. Atwaternnd 
J. T. Ball 
Solar Energy, vol. 21, no. 3, 1978, p. 163-170 

THE SOLAR SPECTRUM AT TYPICAL CLEAR. WEATHER 1)AYS 
1{.~ t-t.- Boer . 
Solar Energy 
Vol. 19, no. 5, 1977 
p. 525-538 

Ab<lrart-· The wl;lnl'cl\r1l111 in the fangcnf ;1(1) .... A -:. 1500 nm i~ liven fur ~ t~l'ic:" dear \\catherda)'~. The~e ');1)" 

me \clcdl'\l to I cl'le\cnl I) I'i~-al ~ea~onal tondition\ in re\('cct 10 3irm.l«. water \ ;'r(1l. MIlIl!: and IIII"idil~'. Prc<cnt 
dala lIrc rnk ... .:tI :1m' "rtC1fiC' conJiliol1< ,IIC ,dc'ted, The <('tetral tI',lri""t;"n of the irr;II\j;,n.:e i< !!iv(1l for the 

• ,Iirect (01ll11(mCnl. the <caltered \k~lighl. the lolal nil, Oil II hnri10ntal \lIIfa~e and the ntJ~ on an inclined <lIIr.,c.: 
0<\101:,1 10 lhe direct bc"m_ 

CORRElATION EQUATION FOR HOURLY DIFFUSE RADIATION 
ON A HORIZONTAL SURFACE 

J. F. Orgill and K. G. T. Hollands 

Solar Energy, vol. 19, no. 4, 1977, p. 357 - 359 
AWnc:t-lhk paper .,reKnll In lnalysis of hoarIy Mae .... iatiotI 011 • IIorilOlllalMfIlCe 1M ftCMlIIJf"', • 
equaliOll.to tlelennine 1M hourly ntio of ctitrll!e·t~tClfal t'IdiItiOII receM:d ill .1Iorir.OIIIaI~1ICe.11Ie ftMIb of tile 
~ con~lation equation are compared with eartitr fl\latiOlls with ftCOIIImendat_ "'_ IS to itt ae willi .... 
:nerty computer simulation prOlflms. 

ON THE RELATION BETWEEN INSOLATION AND CLIMATOLOGICAL 
VARIABLES--II. PREDICTION OF INSOLATION AT FORT 
HOOD, TEXAS 
Donald Rapp and A. A. J. Hoffman 
Energy Conversion 
Vol. 17 no. 1 1977 
p. 31-35 
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Intp.rnational Solar DleJ:nySOC1~. UK Section, 
F.aJnCJ'l\i.c & CXJl'tOOrcial asses~t of 

solar energy cunversion : oonference (C12) 
at the Jbyal Institution July 1977. 
J.nrxb1 : UK - lSES, clQ77. 

9R p. : ill. ; 30 ern. 
Inclo:1es bibliograPhical references. 

The nine papers discuss imPortant cur- ~ the le,;t. A sample of the contentS: 
rent Issues dealing with the economics Cost factors In photovoltalc energy 
of solar heating. commercial aspects conversion with solar concentration by 
of solar water heating, heating pumps, J. E. Parrott; and Projected market 
solar cells, return!; from Investment r: penetration 0' solar heating and cool-

and projected markets. Charts, tables, U Ing in the USA. bv P.C. Spewak. 
equations and references complement 

TJ 
810 

So~ar e.er.y en.l.eerl •• ', edl~ed by A. 
A. M. Saylgh. He. York : Acade.lc 
Press, 1977 • • S623 

:xx, 506 p. : l~~. ; 24 elll. (Ener(IY 
l!Ierlee) 
The tot.1 II!ld spectral sof.r jrradisllCe is considerl!d alon9 with I 

tollr enel'llY lvailability prl!dittlon from climatological dati. heat A 
tr.nder for sol.r energy utilization, liquid IlIt plUIl collecton,' • 
convective heat transfer eflects within Hon~ycomb stfuctures for nit n17 
plate solar collector., solar air heaters and their applications, 
concentrating collectors, I solar pond, and solar furnaces. Attention 
is .lIIto given to pholovollaH: conversion. an application of solar' 
energy in spact!, the converslon of solar energy into electricity, the 
storage of sol .... energy, rerrlgeration and air conditioning, solar 
heating .. d cooling of homes, the solar production of hydrogen, 
sollf energy me~uring equipment. the fundamentals of watef 
dflSIIIinltion, .nd questions reg3rding the economH:5 of sol .... energy. 

G.R. 

SOLAR ENERGY RESEARCH: MAKING SOLAR. 
AmR THE-NUCLEAR MODEL? 

Gina Bari Ko1ata 

A. 

Science, vol. 197, no. 4300, July 15, 1977, 
p. 241-245, 294 

.,....,.-, • < -. ;" ,:$ .. ;;.~~ ./-..... ,.-

TECltNICAL AND SOCIO-ECONOMI~ ASPECTS OF SotArt 
ENERGY AND RURAL DEVELOPMENT IN DEVELOPING 
COUNTRIES. 
R. Ramakumar. 
Solar Energy. 
Vol. 19 no. 6 1977 
p.643-649. 

A .... lra(l- In devel"l'in/: ("Ilntr;c~. lbc lo~in!!- race he.wecn demography and dcvcl"l'mcn. i~ IC\IlI.ing in Ihe 
cmcr\!CIlCC of Ihe dlJal Cl"(ln',my. Unlc,,, chc.:kcd. Ihi~ .. ~in \cad 10 ,,,d,,1 :md l'(lhli~';I1 Il:o,i,'n\ ... ·jth 1\1011;" 
1I1O'cqncnce~, J\ he;,I.h)' :IRd d)'namit tllml ~ruwlh i~ ncc(\sary 10 Cllrrect Ihi~~i\llalilln. t:nerl!Y C;IR 1'1;1),;t \ital 
rille in thi, I'IIlCC'~. ,\ '\CI',lly,\tcl' "I'"roach i~ pre'cnted for Ihe a.lnl'lilln or Ic,h"'.ll"l!lc~ dc\ii!ned In e~I'I,'it 
fcncwlIhle (",Iart enertY WUJce~ ;11 Ihe rur~1 levet I. i~ centcfc,l"wulld .he c\lahli\hmcnl of rllrn' encri!V (Cnler~ 
'0 iml'r!lvc .he I>a~ic living cnvirlmmelll. In dlle eOUf\C. Ihe role Ilf IIIe'c ccn'er, j, 10 1>c C~(\3""ed III en~'\'mr~\\ 
Bl!/kul,ural ;11111 <rna!1·\cille in.lu\lIial atlivilic\, The le.;"n;cal ;10.1 \\ld •• ec"nomic ;I're,ls of the sICI'·I» .. tcl' 
inlroduc.illn of ~.)I;lr encr~y system, in rural afea~ in devclol'inll ctilrntrie\ are dj '(\I\\cd. 

AUTOCORRElATION AND STOCHASTIC f«)DElLING OF 
INSOLATION SEQUENCES. 

B. J. Brinkworth 

Solar Energy, vol. 19, no. 4, 1977, p. 343 - 347 
t: AWnd-The output 0( 10111 thermal systems is ~",icift to nrialioM in the 101. enaay inpIIt. AlIIOIIIlhe rimpor13nt futures of IMsl! varialions it tMir sequelltial chncleJ. wlricllhalllOt hitherto Mellllb. itlto accOllllt It i<s 
',' shoWlllhltlhe sequenlill characteristics of lhe daity in5Olation can berepretented ill simple _ricalttnM. deriftd 
trrom the autocorrelation funclion. 0( a .lnIiahlf_l1d stochastic 1IIOCId. S,lIthetic WflRIICet ealllhen beJdlented. 
IWhieh match the Ionl·term chlnctemtics of the insoilliotl with mrect 10 itt IequeIItiaI propmiet, as wen II 10 the 
telSOftal trend and lhe variance of the lluctultiont. 

Applied Solar Ent.rgy (G~11~t~~hntt.~) 
:v.13\1 nn .5 0 p,:l o 5 

1977 

,AOYI'J!CES m A~O r-nOS~ECTS fOR THE DEYEtOfif.fENT f?F 
;~ St\.I\R POHEP. GEUERATIOM I" THE USSR"S" An A!.irnov, 

,THF. OF.VELOPMfNT OF SOLI\R EQ)JIP~'ENT SfANOAROS. 
C.I\. Beach • 
Solar Heating & fooling, Oct.t977, p.18-2l • 

florida is leading the others'ates, and the 

The fiTst in a series of Research News articles federal government. 
examinjng recent developments in solar energy research. 
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FMrgy develOfJTmt 11 ••• clq7~. (card 2) 
roverim papers nres€'nted at the National 
J'o.~I Eooineerinq Society r.1eetings." 

1. T"o\orpI resnur<X:!s--('.on<:Tl:'{>.9!';es. , • 
Electric .rn-~.nnqresses. I. IF.EF: 
rower T:nqineerinq Society. ,IEF:E FtMer 
~eration Omnittee. Fnp..r:gy nevel~t 
S1Jlxnrroittee. II. Series. 

Solar P.adiation and Energy /"lea:;urerJ'F'nts. hy D. Bir.1n amI II. llru'lnstein ...... 

TJ 
,810 
• .S48 
1976 
v. , 

IntematioMl and n.s. nroqr~, solar flux : 
joint oonfcrencc, l'IrrlJrican Section, Inter
national Solar Rnerqv Society cmd Solar En
ergy Society of C.cmar1c'l, inc., l\uqust 15-20, 
1')7(" l'7lnnipeg I editor, K. ,,yo Drier. - ('..ape 
C:"t~"l .. -~ral, PIa. : ~ricm Section of the 

111E CLIMATOr:OGY~OF AVAILABLE SOLAR ENERGY 211 
FOR CANADA 

SOLAR RADIATION DATA BASE DEVELOPf.tENT 
BASED ON BRIGHT SUNSnINE DATA 

226 

DISTRIBlITION OF DIRECT AND TOTAL SOLAR 238 
RADIATION AVAHABILITIES FOR 'IlIE USA (01J<I\.). 

CLHIATlC LOAD 'FACTORS. THEIR GENERATION 
AND USE 'FOR SOLAR HEATING/COOLING DESIGN 

CHARACTERISTICS OF CLEAR SKY NORMAL 
INCIDENCE SOLAR INSOLATION f.tEASURED \~rm 
TIlE RG2FILTER 

CORRELATION EQUATION FOR HOURLY DIFFUSE 
RADIATION ON A HORIZONTAL SURFACE 

PYRANO~fETER DATA--AUTOMATION n.IPROVES 
ACCURACY, REDUCES COST 

CALCULATION OF f.UNntLY AVERAGE INSOLATION 
ON TILTED SURFACES 

286 

288 

298 

307 

37€ 

''''--~''-:'':':''.~al_M1MJi~''~~~":: 

666 .. 

.-~ .. - 7 .. --r'>,:;~''''''''-.~ ..:::~~~ 

INSOLATION DATA FOR SOLAR ENER~Y CONVER- 313 
SION DERIVED FRml SATELLITE p.mASUREMENTS 
OF EAR111 RADIANCE 

EXTRATERRESTRIAL SOLAR IRRADIANCE P.tEASURE- 329 
MENTS FROM TIlE rnf.mUS 6 SATELLITE 

EXPERIMENTAL AND THEORETICAL STUDIES ON 338 
SOLAR ENERGY FOR ENERGY CONVERSION 

DETERMINATION OF AVERAGE GROUND REFLECTIVITY 356 
FOR SOLAR COLLECTORS 

RESULTS FROf.l CIRCm'SOLAR RADIATION P.fEASURE- 363 
MENTS 

P.fETIIODS FOR ESTUIATING TOTAL FLUX IN TIlE 369 
DIRECT SOLAR BEAM AT ANY TIME 

A METHOD FOR ESTIMATING IIOlffiLY AVERAGES OF DIFFUSF. 
BOIAR RADIATION UNDER A LAYF.R OF SCATTERED Cr..oUD3 
Marvin r~. Wesly and Robert C. Lipschutz 
Solar Energy, v.18, no.5, 1976, p.467-473 

The rllrrme ",r Ihi~ rarU" 10 rro\jde • ~imrte rr(lc~dllre rllr 
~~tim~tin~ V3111~~ or " and , thaI can he u~d in comrariwn' of 
lhe IlIt-ordieal ~,rOn"3nC~' or ~oIar coll«Ion of di"~re"t 
de\i!\n~. The alll<'lInl. of ~\tlar energy colkcted:'1 lhe focal roin! of 
" SlIn.lracking r:traoolic rt:"~ctllr ;$, or C\llll~e. ~;\!rcmciy 
sen,jtjvc 10 the: direcl-beam allcnllat'on callsed hy cI\llltl~ On the 
oiherhantl.thc collect inn hy "at-rlall: rccQlllrs i~ les, ~ensitivl: 10 
~uch shading. because the decrease of tile direct cnmponcnl is 
lYrically 3ccomranied I\y inc,ca~d ditru~ ':I<I;]lillll. llIc 
<h"r,tclerislics of dc\'icc~ sitch ;IS lhe ellmroulld raraholi<: 
conccnlratorll J lie in hctw.:(ft.1M~e collcclllfs vic •• raidy lar£e 
f'(lflion of Ihe <fly (011\';3Ii", lhe need ror ctlnlintlOu~ Sun Ir3d.inl) 
~o Ihal ix'th lite direcl and ~ "",lion t>f lhe difll~~ radiation is 
lathered. 

It POSsrnIJ; "A1-"ERAGE" WEATIIER YEAR ON ISRAEL'S 
COASTAL PLAIN FOR SOJ.J\R SYSTEM SIr.mATIONS, by 
S. Schweitzer. 
Solar Energy, vol. 21, no. 6, 1978, p.5ll-5l5. 
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lAW AND SOIAR ENERGY SYSm.ffi: LEGAL lMPEDll.tENT$ AND D1-
DUCEMEN'rS TO SOlAR ENERGY SYSTEMS 
Richard L. Robbins 
Solar Energy, vOl.18, p371-379, no.5, 1976 

_Innovations in 'milding design and con~truc,ion an,1 in the 
lise of new heating and cooling melhod~ have been slow to 
be ;Ipplied in Ihe United Siaies. Much of Ihio; io; tiue 10 Ihe 
fragmenled and conservative structure of the construc
tion induo;try. Dul 1()Cal and ~tate laws. as well a!l 
institutional constraints. haveal50 5everdy limited 
change. 

TJ 
Alf) 
.R]I; 

.~;;;~. ,7 1 '~,' 

Pankln.q, Willian H. 
'DIe mlar t'!ne%fIY rotehxlk I written by 

ltillimn H. nanJdns III Md revid A. Wll.son: 
pmt.oglaohy hv Faris A. 1\.«Ihklu:. - Blade 
tbmtafn, N. C. : I.ori@n IbUge, cl976. 

51: P. 

CLIMATOLo:aCAL DATA 
29 Chapter? Normal Total Heating Degree Days 

Design Outside Temperature 35 
31 
44 

Chapter 8 Mean Daily Solar Radiation 
Sunshine Percentage of The Horizontal Valu 
Mean Total Hours Sunshine 
Local Climatological Data 

TJ 
810 

So1.ar Ener~ySe"'.nft.r, Unlv~rfll1;y .,~ t 
Pen.!n!:' n.nd Unlveral~y oof S",nJ .. ",t;ch"'!1f\n, ~ 

41 Chapter 9 
53 Chapter 10 

~ 

t n 
t 1 
l 
~ 

'~ 
~ .: 

~ 

• S49 
1976 

19'16 • 
AflP1.lcatlona 01.' 901.1;\1' encrp.y : 

rroceedlnr;s 01: -the So1.ar F.ncrp:y 
Seminar I edItor, Pet~r J. Ca1;anla. 
R~Rlnn, Snsk. : Unlv~rRl-ty 01.' R~r;lnn., 
Cnnndian r1.nlnn Pes~nrch Cpn~er, 1976. 

165 p. : J1.1. ; 23 CM. (Cano.dIan 
plo.Ins proc~cdlnrrs ; 3 0317-6-101) 

I\spccts of the Radiation Climatology of SouthC'rn 
Saskatchewan of Relevance to Solar Enerqy Engineers, 
John E. Hay, Dep<trtment of Geography, University of 
British Columbia, Vancouver, B.C. • ...••.•• 

TJ 
810 
.. St18 
1976 
v.lO 

Business, c:xmR!I'cial poster session, mis-
a!llaneous ••• c1976. (card 2) 

Inclu:!es bibliographical :refp..rences. 
1. Solar heating-C'ongresses. 2. 

Solar houses-COngresses. I. Doer, 
Karl l'blfqang, 1926- II. Inter-
national Solar Energy Society. 1\rrerlcan 
Section. III. Solar Encrqy Society of 
canc'lda. rv. Series. 

4 

'DIE SEASONAL DISTRIBUTION OF TUE IN
COHING SOLAR RADIATION IN }.tEXICO 

2.59 

, 1 b-.... .Jt, ____ .~_ 

Environmental Action Reprint Series 
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SOtAR GUIDE AN~tCUlATO". by Ed ... ",d 
M""i. ,,"d o.v", Winillh 
lh,$ IS It SImp"""" n,,.,,,ocI fII r .. icll1llhng Ih,. '!>'IO 

;tngl,.~ III'" ~v'''I"blr h"~I .. "e'gy emil v"'ht,,1_ "hr.!. 
o. """'(101 .. 1 su.I .. rr ',om 11IhllJif", :18"0 .. e~ '" 
II '''U~'''''"I~ Prov,d~s ~ ib.s.c Ufid"'!I."d'"Q of 
wl,r'l! 0111if how Ih" sun .... (j,~;." ,,,hl1'on 10. bUIld 
'''11 IIrod .. -'" At"'')I'! ove"IlY5 ~.mp"ly Ihl! P'OI'f' 
"", .. '0 "9,,,,,111<: mt>l-.. oif 
~O""'1"~ p.mp!)I""e 1916, • U 25 ,_ ... -- ... 

·"Solar I~MrJY ~e~arch snd l)evelor!Mllt: ... ~'" ''''IMKe.'' HCPt 
M2(9) (2 'votllme~l. Frbmary 19711. 
t .. ~t:v EMrJY. A Comraratjve Anaty~h to the Year 2020." ERHQI2l22-
711. Marc'" 19711. 
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3.1 

3.2 

3.3 

3.3.1 

3.3.2 

3.3.3 

4. 

de Winter, Francis 
Solar ererqy mill the flat platEmllector 

I an anmtated bibliograpty / by Francis 
de \'lj..nt..er. - Santa Clara, calif. I ~ri
can SccietY of Heatlng, Refrigerating and 
Air ('cnditicning FI.!gineers, c1975. 

,\1... • ~ 11 ....r. . 
SOLAR IUPUTS FOR SOLAR ENERGY EQUIPNEtJT 

Solar Flux, or "Solar Constant" Outside the Atmosphere. 

Effect of Atmospheric Constituents on Solar Energy. 

Insolation Values at the Surface of the Earth • 

Calculation of Insolation Values and Spectra from Fh'st Pr 

Available Neasurements and Correlations of Terrestrial Ins' 

Adaptation of Insolation Results to Flat Plate Calculation 

REFERENCES. 
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InteTSociety Energy Conversion Engineering 
Conference, 14th, Boston, 1979. 

Procl!edings of the lilth Intersociety 
Energy Conversion Engineering Conference, 
Boston, U<u~snchusetts. August 5-10. 1979. 
__ t~ashington, D. c. : American Chemical 
~ociety. cl97~J. 

799001 
Weight Minimization of Sandwich Type Solar 
Collector Panels, R.C. Rcufer, Jr •.••••••••...• 
799002 
Elastically-Deformed, Linear FOClising Solar 
ReRector, R.A. Powell .:.':' •.•.............. 

1 

1 

799004 
_____ Fixed Mirror Solar Concentrator for Applica-

tion to a 100 MW(e) Electric Generating Plant, 
J.R. Schusfer, I.M. Neil and J. Bass ....•... , •. 15 

799005 
A Simulation Exercise of a Cavity-Type Solar 
Receiver Using Ihe HEAP Program. F.L. 
Lonsing ..•..............•••.............•. 20 

799006 
Ceramic Solar Receivers. P.O. Jarvinen •••••• 26 

HEAT lOSS CHAqACTERISTICS OF AN EVACUATED PlATE-IN-TUBE 
COLLECTOR, by G.T. Roberts, Solar Energy, vol. 22, no., 2, 
'979. p.137-'4'. 

Ahlred-An ex"erimenlal and theoretical invutillition is de~fibed into Ihe heat lo~~ from /I ftat "Iale "Iacell 
i,,~ide II "arlilllly cvacunted Ilia~s lube. The conditions required to "revent convection los~e~ IW:: di~cu~scd and the 
elrecl of inlroducin~ II low thermal conductivity Il"S evalullcd. 

669 

111M.'..., N.tional Technicafln'o""",,,," Sem«!. St>ImgfJf!ld. 
v. 
flAT PlAtt SOlAK COllECTOIl DESION ANO PE.fOll. 
MANeE. CITAflONS f.OM THE N"IOATA eASf P,..... ...... rt. "7 •. J .... ,.7 • 
Aud,e, 5 Bundemann 5ep 1979 Hie p Supersedn 
NTl5/PS· 78/0840 
(NTl5/P5-79/0928/6. NTI5/PS.78/08401 Avail NTIS 
HC S2100/MF S28,00 CSCl lOA 

feda,8f!y·fu!lded ',elSelrell on ./te desogn andmermM.ffteiency 
of eir· end liqIHd·typ. Pat pI.t. cohctonl a discmMd. Topic 
.,"" cover eon~tic>n ch.'lIClenstits. rrMlllMMfs to reduce .... 1 
lou, optic.1 COllings. .nd corrosion control, £~ of t ... 
bibljog~lph, is on basiC ,es".,ell sfudies, Illlts updaled ~ •. 
phy eonl.ins 160 .bsl,.els. 83 of...tloctl .," ...... 1* 10 .... 
p...,;ous _lionl G .. A 

_.' .. 71 N.tion,. TllChntclllnkxmetion Se!Yice. Springr.td. 
v. 
flAT PlAtt SOlA .. COllECTOR DESIGN AIIID PERf~;;. 
MANCIE. CITAflONI f.OM TttE 1E1IHI11IIH'''NOfNOE. 
DATA .ASE I"rovren Report, '''0 • J .... 117. 
Aud,ey 5 Hundem.nn Sep 1979 leo p Super~ 

NTiS/PS·78/0841 
(NTlS/PS.79j0929/4. NTIS/PS.78/084H AVlil NTIS 
HCS21.00/MFS2100 CSCll0A 

Cit.lions from WQfIdwide lil",atu,,, on t ... ·~. It.et",af 
performlflCe. and OIlhmil.lion 0' .... and 1iquid.1ypII 11M plale 
coIIt!cloni e'e cove,ed Topic arees include .... t loss and "'M 
I.ans'er. "neet of orientation. co,._ ptOlection. OPIIC'M 
coatf19. enhancement 0' 'perfofmlflCe through I'" UISe of "'lIoar 
,,,fleel.,... .nd IhIt "flect or ho""ycomb '.vefs on collector 
"".formlflCe A few Titudies pe,.ain to goooved. co,rugaltld. Of 

V·lrough coIIt!clOtI> AbstrACfS deafiog w,lh ~tlMMfs of rntIlKti''''II 
t ... performanc" of ft.f plalllt coIIt!ctors .nd Cf)IIIfIUtlK optimllatlQft 
studies ere included, lhis bibliograplq conlains 174 .,rIlCIS, 
30 of ...tIoctI ar" new enlnes 10 the ",evious t!dit;on GRA 

SOL.1ffi COLLECTOR PAllfrS-HOW DO !I.'IIE.Y COMPARE? 
RQPular Science" vol 211~" no 5" !-by 1979" p. 13J~· 

, ,,!,"~'" 

'1 , 

I 
I 
I 

a.1_-i:.,~,___~ __ __ • ....J.:...... ,~- _~, ______ • ~c ~_ &S rffl".!lI! .... 



~ 
~, 
'[ 
1 l, 

C',",jii-
II 

l ~ 
11 
!I 
ii 

! 
! 

t ~ . 

I r , 
t 
~ 
~ 
" 

~ , 

_ ,'" II"r"T'j .. ,.-.----~ 

A general design method for closed-loop solar 
energy sJstems. S.A. Klein, W.A. Beckman. 

Solar Energy. v. 22, no. 3, 1979, tl. 269-282. 

AlMtr.d-A ItCn~ral desilln mcihod is presented for do\cd loop c"cr~y sysl ... m~ conshljnllor '1I1~r (ollcetln" 
scn"hh: energy ~Inmge and a dosed.loor ftCIW circuit in ... hich tlM:rmal CRelllY i~ surplied I1hr4ll'~h heat e~ehan~) 
10 u load a!xlvc a sp;:cificd minimllm temj'Cmtnrc. It is :lssumtd t"ar. the enefllY stJprlictl 10 the load is lise,! at ;. 
con,tant Iherma! elicic:ncy. C<mIt'Uter !imut.tioft, were used to e~~irn.ale the 1o",.Ierm thermal performallCe or 
these systems, and cOfTe!atKm~ betweell the 5y~tem pcrformallCc and tIM: sy~lcm dcsi"n parameters. such IS the 
collector characteristics. load size, climalic dall, and the millimum useful temperature. arc prcsl;ntcd. 

'.r.botie C~~Dtnt1nlJ Collector: A Tutorl". 
Jet Propulsion Lab., JS Feb 79, 48p 
OOE/JPL·I06O·12 PCS6.00/MFS3.50 

A tutorial overview of point-focusing par.bolic 
collectors is presented. Optical and thennal ch.f1IC
&erisUes of such coUectol'll are di8cussed. Dats re
presenting typical achievable collector efficiencie!J 
.re presented and the importJmce of balancing col
lector cost with concent,.tor quality fJ argued 
through ahe development of a figuw of merit for the 
collector. The impact of receiver temperature on per
!o1.m.nce is asses!Jed and the general observ.tion 
m.de that temperatures much in ellce!JS of J500 
to 2000 ellp 0 F can actually result in decrea!Jed 
perfonnance. Various types of two-ois triickinlJ 
coUectors ,are described, including the !Jtsndard 
paf8bolic deep dish, Ca!J!Jegrainian and Fresnel, 
all well as two fonns of filled mirrors with articulat
ing receivers. The present DOE program to develop 
these devices is brieny discus!Jed, all ue present 
and project costs for the!Je collectors. Pricing infor
mation is presented for th~ only known commerci" 
design .vailable on the open market. 

1479·41197 An ewamatro glass tube solar o::>IIl!ctor M>d It. 
appIlaltlon to a solar coot"'" heating and hot _Ier supply tylliem 

for the hospital In Kinl<;i Unlwersity. K. Hino!ani. K. K~na!ani. and 
M. Osomi (Sanyo electric Co~ Ltd .• Hira~01ta. Osa~a. Japan). Sofar 
Ermrgy. vol. 22, no. 6. 1979; p. 53&545. 5 refs. 
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EFFECT OF COVEn MATERIAL AND PT,ASTIC HONEYCOMn Oli 
COT.I,ECTOR PERFORMANCE, by R. K. l-ledel, R.E. Dnmnnnn, 
and S.A. Greenberg. 
Journal of Energy, ,vol. 3, no. 1, Jan./Feb. 191Q. 
p.6?_f)1~. 

DF.PENOIN(; upon their end me. solar collectors ulili,c 
cilher one or two covers. In general. 1iwimmin& rool 

cnlkclor; for mid.~lIInmer applicalion nced no cover: 
huwever. collectors used 10 c"tend the swim season have one 
cm'er of glass or plastic. as do collectors u$Ct1 for spacc 
heating and hOI water healing in mild di/QaICS. for he;ttillg in 
cold climates, hOI water healing, and for air-eondilioning 
applkaliolls, collectors are used Ihal have either a $elective 
hlaek ahsorbcr with one or IWO ,:overs or a :tal black ah~orbcr 
with two covers. The cover malerials used arc dlher gla~s or 
plastic. ':or high· temperature collectors, glass covers are 
prefern.'d because they are op.1que in lhe loncer wavc!ength 

• (infrared) region and improve tfle erriciency by rcdudn,; 
radiation of energy to the sky. The plastics, on Ihe 01 her hand. 
:tiC chcaper and lighler and, Iheu;fore. offer :1l1 allract;vc 
altt'rnatjvc when Ihdr optical "rorerti~ arc !'iimilar or beller 
'halllho~e of glass. 

Perfonuace E.III ...... als.tarFiltMtmdSttee_. 
JoIa ... ·M.nYiOe Salee Corp., Apr 79, 7Jp 
AD·A070 039/3WE PC SS.2S/MF $3.00 

The use of solar films and screens to reduce ener
W1 US8ge is surveyed by means of Markehnd litera
ture Surveys that provide basic infonnalion on the 
.v.ifJbility. manufacture, function, cO!Jt. and .mar 
oplic:.lproperti~ of sol.r fibM and screens. A .im
plified method of determining potenti.l enel'BY .\'_ 
inp Ie given in a step by step fonnat U .. , include. 
considef8tion of solar heal gain, heat loss, .nd d.,
lilJhtinlJ .spects of the .pplication of solar films and 
llerftns. This simplified hand calculation proce
dure should provide an interim means of providinw 
the@nergy saving infonnation required by the Ener
gy Con.. .. ervation Investment Program. More 8Ophis
ticaled methods of calculation are under develop
ment by the L8wrence Der.ele.r L8bof8tory under 
a contract with the Department of Energy. ThI. 
compu&er model technique combined with empiric.) 
d.t8 "hould be available bYi!.iid to end ofyeu1979. 
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EFFICIENT r PES NEL LE NS FOR SOLI\R CI)NCENTRAfION , by f. 
Krit chman , A.A. Friesem and G. Yeku ti eli, So la r Ener qt. 
\10 I. 2?, no . 2 , I 979 , p. I 13- I 25 . 

YSTE M 

'''''rwi-Thr dr' r'.'rm~nl r"orl In ortlCal comrom-ol. iN ""'lmll1~ ((",<rnlralrnl ,,,I,ll rntrrv II •• ,1111' fa 
emrha"7ed re"(C IIlt~ rlf'mrnl •.• lIch a\ cthndnc.' .'1<1 comround pSlaMh. mlrTIv' In II'" p~rrr .. r con.KI 
Ira"'I';,"IO" tlrmenh. particularly a new de'I," fOf an el!ic~nl hnt ., r rr'MI len. c ~ra"fco of III~h (">l1<. r nl,allOn IOf. 
I, ' r" an rl"lnee .n~lr The predlelrd ~rfo'mance of lhe Irn. I' comrara"lr 10 Ihal ('I the KIn'" rrntclor "'hl~ 
",0. Klmll ll'"Ulrr reha"lhly al I 100o,rr co.' 

Characterization of Crunhed G11l88 as a Trannplred 
Air lleeling Solar Collector Material. 
Los AlamO!! Scientific lAb., 1979. 6 p 
LA·UR·79· 1336 PC S5.00/ Mf' S3.50 

The use oC crushed glass mat,.icit>s as the h('at. 
absorbing media in air heating 80Iar coll('Ctors is 
investigatt'd . An experimental program was under. 
13ken to characterize the most lilIel, candidate glas 
types lind sizes by metlsuring pressure drops , 0p

tical extinction coefficit>nts , and volumt>tric hf'at 
transCer coefficients . Bed efficiencies wt>rf' also 
measured and found to be similar to thoS(' (,llpt'cted 

Cor screen matricies unle!!., ;::ritical amount.'! of clear 
glllss were used tiS a top layer, which results in lower 
efficiency. 

fI NEW flPPROflCII TO LOH COST U\P.GE 
F flCFS FOR PHOTOTIIERMflL corfvms TON . 
F. K. Tiwari . O. p. flgnihotri. 

Ffl S[L[CTIVr SUR
B. K. Gupta , 

EnerClY Reseal"ch , vol 3 . no 4 . Oc toher-Opcemhe r 1979 . 
p. 371-377 . 

' -1'·1'-" ! I ,,.. I "' 

I ,' I hI, ! 
I., 

" ~ , 

FLAT-PLftT"r; norM COLJ&'Tm MATRRIAI..G . M. T. D" nnd 
D. 1> . Remr. 

:-"LMJr> Q'Jnrt.erly , v, ) 1 1 I , no 1 , Uovemher lOr '.!, T. 
17. 

l'hp dt'~'rahl"ly nf ~p<'r,fl(, mal "rial" anrt flt', ... j'tll" for ron"rnlinnal nat "Ialt. 
"''' ,ar 1'0111'('10. romp .. nl'nl~ I~ ron"lllirrrri . Thl'n a ml'lhnt1olo~y for ('hooc;,"1{ lhl' 
"'0,,\ N"Onllnll(' I'omponl'nt ,~ Jlrt'~rnl ('(I. ron"j"l in/{ of a romputl'r "Imulal'f'n :tnI'I II 

raIl' of rl'llirn anllh "I" Thf' rrrl'('1 of ,.."inlt I'on\ I'nt iona l filI'I 1'0"1,, '" I'umint.rt . 
.. 'Cam"II''' of U"'"R' I hI' nwl horfol0R'Y IIrl' ~i"f'n . h:t .. Nf on Soulhf'rn Calirllrnia 
1'1101:1"1' anti u<;rr (Irmanri ronrillion" SI'IN"tivl' IIh"(,r~ r "hlp C'Oal,"~~ an,l film 
Innl'r J1;la7InJ( nl' .. holOon 10 hi' r('onomi(' yirlrlin~ I rail' or rrtu rn of 2.1 
rl' ''"l'r ll\rl) 
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HIGH TH1PERATURE SOLAR COLLECTOR WITH OPTIMAL 
CONCENTRATION: NON-FOCUSING FRESNEL LENS WITH 
SECONDARY CONCENTRATORS 
M. Collares-Pereira 

Solar Energy, vol. 23, no. 5, 1979, pp. 409-420 .. 
A'*td-A IIOn~vacuated collector coll1islilll of I!. linear Frt~nellen5 lind a'wecond St3&t cnncentntlOf or die 
CPC type i~ described and lested in detail. Useu! II Fresnel len~ 8ccompli~he, two ditrerent objectives 
simultaneously: it allows for the design of I nearly ideal light ,rollector (of the CPC type) of l1i@hconcentration Ind 
hei~ht.to·:trerlure ratio close 10 I and plays the rott d a cover, malting the collector .less sensitive 10 file 
environment thall one with clIposed rcnector surfAce. The geometric concentration is 15.36 and the acceptanl:t half 
lillie is 3·. The optical efficiency measured with an Active Cavity Radiometer (ACR) i~ 65.6 rer cent and the 
dllciency at A711 of 0.235 is 48 per cent (AT = T .. 1M!- T ..... = 200"C, IA(,":: 850 Wlm2

). Heat loss measurements 
for double glaled configurations are reported and the resulting efficiency at AT/' of 0.3 is predicted 10 be 48 per 
ct.:!t. These numbers are ellpected to be raised by 3 percentage points for a nellt lIeneration of leoses. the co\kctor 
Is mOllnted with its traclting Ollis oriented NS since EW traclting alli~ orientntion is impractical for a Ii Mar Fresnel 
len!;, but its wide acceptance angle permits tracking by I simple cloclt meChanism at constant speed. Two different 
strategies are considered (i) polar mount, (ii) two adjustments of the traclting axis I yeRr (sumnier'and willter): tIM! 
predic\td yearly performance is calculOlted for four locations lind fOIlT worlting nuid temretature;., , ;.", 

The projected co~t is estimated to be S70.00/m2 (1976 dollars), possible because the con,IrUctMm of the collector 
lent!~ itself to the u~e of inellpensive materials such as plMtic and gla~5. 

NIIO·10S93 Orexol Univ. Philadelphill, PI! 
OPTIMAL CONTROL OF DISTRIBUTED PARAMETER 
SYSTEMS FOR SOLAR THERMAL APPLICATION. 
Ph.D. Thesis 
Abraham Orbach 1979 252 p 
Avail Umv Microl,lms Order No, 7923085 

The necessary conditIOns IlIr opllmality. whir-h genellltll II 

set "i equations whose solution yields the optimllt control. were 
derived, " was shown that if the system end the perfmmanclI 
Ind"x were bilinear and if the control ve;:tor was constrained, 
the optimal solutlor, yroMcd a bang·bang policy lor which the 
switching 'tm.-tiQns were obtained" These results wer" applied 
to Ihe optimal control ot the solar colicctor loop systems where 
the IIbjectlve WIIS to control the "uid velocity so as to maximize 
the net energy collected A sensitivity study 01 II nGnliMII'" first 
ortler in Irme and splice system is presented. Three types 01 
distributed parameter models. which represent the dynamics 01 
the lIat plate solar collector we'e derived. Dissert Allstr 

SYNTIillrIC-RUBBER EXTRUSIONS FORM LOW COST ROLL-ON SOLAR 
COLLECTOR. V. Elaine Smay. 

Popular Science, vol 2ll~, no 6, June 1979, p. 120-125· 

You assC'rtll,Ic it on site: Just unroll the mats, 
connect t'le tubes, anrl 91 vc to your roof. 

~- -- - ,." 
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iliASA C'R ... 311.1 
Solar col lectors 

1919 

Aft MA.l YTI CN. IHVESTIGATlOrt OF mE PERfOrt'MCE OF 
SOLAR C.oLLECTOR5 AS NlatTTU£ HEAT RADIATORS I" 
AIRCONOITIONING CYCLES. Cl~ B. Jones and 
fredor1tk o. Smetana. Mar. 1979. 6Op. 

Korth Clr-ol1nll Science and Technology 
Reloarch Cen~r. Re!earch Triangle Plrk 

liMA NASl-1420S 
'''f ' . 'I - ) I G ~ ) 1/ 

11m. Jlmes fA,,:,"I. 1942-
Elpcrimcnlal verification or a standard tcst proccdur\! ror 

solar collectors I James E. lIiII. John P. Jenkins. and Hennis .. : 
Jones; prepared ror the Departmcnt or F..nergy. Research and 
Development IIranch ror Solar lleating and Cooling. Office or 
the Assistant Secretary ror Conscrvation and Solar Applications. 
- Washington: U.S. Depl or Commerce. National Bureau or 
St.1ndards : ror sale by the Supl of Docs., U.S. Govl Prinl Orr.. 
1979. 

iv, 126 p. : ill. ; 27 em. - (NOS btlildin& xience ~rks : 117) 

Indndes bibliographical referCT1ct'S. 

I. Soil' roIl~tOfJ--Testin&- I. Jenkins, Joon P ~ joint :"'tOOr. 1I.1<m~ 
Dcnn~ E. joint :lIIlhor. III. United States. IXpL Qfr:ner~!. Research ~nd 
l]e\'dopmml "!linch for Solar lleating and CooIin.l-. IV. ,litle. ~. ~lIrs: 
United States. National Dtlfe:m of St3ndaflb. Duildm& somce serIeS '. 117. 

TA435.U58 no. 111 690'.021 s 18-600138 
(TJ81O. (621.47'021" MARC 

38142 (SAND-78.703S) Solllr CIlII«fflr ~f.,. ud Fabrlcatloft 
PruIVl1ll. F!nal rl'port. (Rllythcon Co. Bedford, MA (USA). Mi~'ile 
S)'stcms Dlv.). May 1978. Contrllct ~Y-76-C'()".Q789. 193p. Dep. 
NTIS, rc A09/Mf" AOI. 

. The report con!nin~ a de'"ill'ddl'5Cription of reqllirement,. 
dI'SIII,! "nd mn!rUr3c!unng of c()l1l'Ctor mlljor c::omponl'nrs, including 
the mirrors, mirror SUPlX'rt -,tructure, I!h~orbrr lind il5 "'I'port SlruC. 
tille, lind thc p('deSlal and drives, NumcrOUJ i11"strafion~ of the in. 
prOces, and finished nnd installl'd equil'ment lire included. AI!'O 
,"c1ud~ IIrc the rtq"ir('ment~ for the conector control -'ystem, 
alllORJllllc lind manual. ns well II~ II de~ription of a fluid circllla'inS 
-)':tlcm 10 maintain delivcred fllUd lemperalure at " pre~lectcd ~~ . 

rl 
ji 

"' I 
672 

"':K.~_,,. 

~"':"'~~""",-~~";~:'::""' 
.----------~. ~~---~~ ... ~~-~~- -"-~ .-~ ............... ~ -.~- .. *~","""'I>-

-- .......... ~ • ti1M1w4Pr ~".lti.- ---.. .. . ..J 



;'f • r-' 

<, 

v 
" " t: 
t 
{ 
l : 
~~ 
"'~I 

'\' , 'f4~',l 
~ .:~:; 

;,,~·'!I.4< • "i> 

~~~,/ 
'_ .... 

'I 
~I Ii 'i ! 

f 
\ 
r 
\~ 

~ 
\ 
~ , 

! '~ 

~ 
I 

i 
I 

! 
I 

_ • • >:: >. 'ifff;pT -'-,.' 

" 
~~' 

SH4PLE PROCEDURE FOR PREDICTING LONG TERr~ 
AVERAGE PERFORr~ANCE OF NONCONCENTRATING AND OF 
CONCENTRATING SOLAR COLLECTORS. M. Collares
Pereira and A. Rabl. 

.. _....." --- ~~.~ 7,' 

IEEE Ch'cut ts Dnd Sys tems Magaz.hle~ 
v.I. no.3. -

;-. 

Sept~ 
1919 

r 

CIRCUITS AND SYSTEttS CONCEPTS IHENERGY RESEAROI. 
Spectal Issue. 

> ,f ,~"~ 

SOliH' Enengy, vol 23, no 3, 1979, p. 235-253. 
AMtnct lhe UII and Jordan melhod of calculating long term avcrar,c encr~y colleclion of 1131 pl:'lte 
colleclors is simplified (by aboul a f;lclor of 4'. improved. and r,cncrali7cl! to all collectors, concmtrarinSllnd 
nonconccntmling. The only meteorological input nceded IIrc Ihe long lerm avc'"p.C daily IIltal hcmj~pherical 
isolation iI. on a hori70ntal surface and, ror thermal collectors the average :tmbient temperature. The 
l:ol\ector is characlerizcd by optiCo'l1 efficiency, heat loss (or U-value), heat cxtraction emciency.coneenlration 
ratio and tracking mode. An average operating tcmperature is assumed. If the operating temperature i~ not 
known explicitly, the model will give adequate results when combined with Ihe .p,fchart of Klein lind 
I)c(:kman. 

If! MASTER CONTROL AND DATA ACQUISITION SYSTEM FOR A 
SOLAR CENTRAL RECEIVER ELECTRIC POWER PLANT 

I\. conversion r:lctor is presented which mulliplies the daily lolal hori70ntal in~olation n~ 10 yiel,t the lon8 
Icrm average useful energy Q delivered by the collector. This ractor dcpends on a large number of variables 
such as colleclor lempera"'re, optical efficiency, Iracking mode, concentralion, latitude. clearness indell. 
diffuse in~()lation c!c., bl,lI it can be broken up into ~evcral component factors cach or which depends only on 
two or three v!!riahics and can be presented in convenienl gmphical on analylical form. In gencral, the 
sea~onal v:lrklhilily urtheweatherwill !Iecc.~~ilate a sepamlecalculation for each month ofthe y\,ar;however. 
(1)(: calculation for the central day of each month will be adeqllale. The mel hod is simple enough ror hand 
calculation. 

formulas and examples are presented ror live collector type~: nat plate. compound parabolic 
C(lncentr:llor, concentrator with east-wesl tracking. allis. concentrator wilh polar tracking axi~, and 
conceniralor with 2-<Ixis tracking. The clIamplcs show lhal even for relalively low temperalure apJllkalion~ 
and clolldyclimatcs{SO"C in New York in Febntary), concentrating collccl(m; can ,lulperrorm theftal plate. 

The melh(ld has been validalcd against hourly weather dala (wilh mea~urcmcnls or hemispherical and 
heam insolalionl. ,lOll has been rounlilo bave an average accuracy beller than 3 per cent ror the long lerm 
average radialion availahle t(1 solar collectors. For the heat delivery of thermal collectors Ihe a\'erage error 
has becn 5 per cent. Tne ellcellent suitability ofthis method for comparison studies isilluSlrated by comparing 
in a I"cation independent manner the radialion availability ror sc\'cral co\lel;tor types or oreraling 
c()nditi()ns! 2-axis tracking ~crsus one axis tracking: polar lracking axis versus easi-west lracking a~is: li.Jcd 
versus tracking fial plate; cITed of ground rencclancc: and acccptance for "iITIJ~e radiation as function of 
concentralion ratio. 

INVESTIGATION OF A SOLAR nEAT COLLECTOR 
T. Baimatov, U. Kb. Gaziev and T. Z. Ahidov 

"' • ..1 •• \'odl'ntrt1lu/. I>. M. {)lIr1CI', U (' Norlll/n't', 

R. N. Slu'alum tllIIl C. P. :H'lIIflnfd' 

'this paper describes the conceptual design :rrrived :I{ 

through a U. S_ Department of Energy sponsored two
year resc:lrch and development program to design the 
10 mq!awau clcetricSolarCentral Receiver flower Plant 
currently under construclion in U:lrSI(}w. California. The 
Circuits and System!; ~onccpls related to the Masler 
('mnnll and Data Acquisition Syslems arc crnphao;i7cd. 

A7~43671 H Q,;ent81ion ,tlltli'!' for single· ... il cone!!nt ... 1· 
illl] ,collect" ... S. Jeler. J. I. ()aig, and E. G. Grems (Georgia Insti,ute 
01 Tr.chnolo!N. Allanla, Ga.). JOII,mf of Fflergy, vol. 3. May·June 
t979, P. lSI-ISS. 6 refs. 

The u5l!ful heat g.1;n of a linear single a"is concenlraling solar 
coll'.'clOr is significanrJv affected bv the 0';cl113lion of the coll('ctor_ 
The t('mporal dislribt'tion of the heal output, bOlh diurnallv aOld 
annllally •. a<1l' the integrated energv output vary w;lh Ihe !lireclion of 
Ihe colieclOI ilxis. For a Iyp;cal insolalion SC<juence. a norlh to soolh 
01 ientation vields gmater annu31 hcat gain while an east 10 wesl 
oricntation giVr.l a flatter annual distribution. SIllection of Ihe best 
collector oricntalion depends on this distribution, the load profile, 
and the thermal C3J)acilancc ofthl) sv~tP."" The first two fiIClors are 
considered in Iha definition of an economic criterion function which 
is th~n used 10 idemily the Ofltimum distribution of coll!:(:Iors 
amolllJ all possible ocicntntions. A minimum value indic.1tes a 
coll~r.tor arrav optimized wilh respect to th'! characteristics 01 Ihe 
load ",nd the Ol/!l;;;!! solar energy syslem. While applif!tI here to a 
particular colleclor wpe. the melhod is !r.neral and can be used with 
o\hprr.onfigurations;. (AulhQf) ;;tliea Solar Enerp;y .. vol. 15 .. no. 3 .. 1979, pp • .,f

Four different ver$ions of solar heat collectors (SHC) are experimen
tally investigate!!. The maximum equilibrium temperature of each ver
sion is determined, with both direct and concentrated solar radiation. 
The minimum equilibrium temperature of the SHC as a function of the 
size of the air gap between collector and transparent screen 1s estab-
lIshed. 
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DERIVATION OF METHOD FOR PREDICTIONG LONG TERM 
AVERAGE ENERGY DELIVERY OF SOLAR COLLECTORS. 
t~. Collares-Pereira, and R. Rabl. 

Solar Energy, vol 23, no 3, 1979, p. 223-233. 
Ah!i.r.d na~cd on Ihe IItilimhilily conc.;pt of lIottel, Whillicr. Lill and Jordan. an analylkal model tlas 
\lccn dC\'clopcd 10 predict the long term averap.c energy delivery of almost any solar .;ollcctor. Thc 
presenlalion ha, h..-cn split inlo two scparale papers: a IIsers guidc (wilhout explanation of the orillin oUhe 
formulas) and Ihe pn;sent paper (which derives these formulas and documcnl~ Ihe validation). The model is 
al'plic;lble whenevcr the average opera ling lemperature of the <:ollcetor (rccciver surface. fluid inlct, nuid 
oullel ormcan flUid) is known. If the operaling temperature is nol known eliplicitly the model will flit;; 
adequale resulls when eomhined with the .r;.f-chart ofKlcin and IJcckman. Oy conlra~t to the:dlcrnativc of 
hOlir-by-h(lur simulation. prediction metbods slIch as the rrc\cnl mllrlel and the f<:hart olTer the advantap.es 
of autOlJlatically avcraging over ycar-to-yearwcathcr fluctuations and orbein~ sufficiently simple to pcrmil 
hand c:tlculalion oflong term performance. In a eomrari~on with homly ~ummatiQns of insolation data. the 
prescnt model ha~ been f(HlIldlo have an crror of Ics~ than ;\I'cr cent for the radiation available to 3 solar 
colleclor and ;111 crrQr of aboul 5 per ccnt for the heal delivery or solar tbcrmal <:0Ilccll)[5 . 

N19 281826 S"ndlll labs. Albuquerque. N MOk 
OVERVIEW _Of SOLA" _SYSTEM_OUION AND APPlICA. 
TlON PRINCIPLES 
V l Oug3n 197.9 II fj refs rrIlSIJ"t"d at tbe Solar """'lIY 
Symp. Tokyo. 5 Feb. 1979 
(Contract EY·76· COt! 07891 
(SAND· 782419C. Conl.7g0203.1) 
He A02/MF AOI 

A~all NTIS 

Solftr thormal Ilrmrl/Y convelsion systems reproson, a melhod 
of reducing dependency on stored energv reserves. this is donI) 
al Ihe ekpCI1S0 01 an increasr,d depr,mdencv on m"t"';315 and 
I"nd resources. Tho various technologie$ being investigated 10 
corlV!!r, solar rAdiation into thorm,,1 energy nre reVIewed. and 
general guidr,linos whIch should be followr.d in dosigning and 
applving cost-effective 50131 Conversion systems are prf's'!nted 
This information is o~panded upon lind illust"'I'lr.l by n comparison 
01 perlormance results lor a range of solar thermlll technolCillies 
lind bV One solar ,rrigntion applrcalion in the United 5111te~ DOE 

EFFECT OF OPrICAL SURFACE PROPERTIES ON HIGII-TEMPERATURJ! 
soum THERMI\L ENERGY CONVERSION. L. Wen. 

Journal of Energy J vol 3, no 2, Mar-Apr. 1979, p. 82-
89· 

rht' t'rr~\'I~ nr t(-lermal ~Urfll(r "r"pcrlit'~ ,m tl'f pe:rfnrmllnce: "r rrllrr't'nt"lh'C' poin,.-fnc."ill!! ,nb,. ".,wrr 
1,I"nIO: nrc a"r"~r'l in tlli~ p:lper. The: Ir.de"rr rrl.II",,,hi,,~ ." prr,('nlrtl in tffm' of nnfllll.II, .... ~,·'!t'm pcr
r!'rrn:.n~ .. ao: a f:'''l'll"n nf tllt·rm .. 1 UI,II .... 1 dC'si!!n pllrllmr'I'f~. Cruelal snrrSlCC "rnp .. rliro; indnde ."Inr rrfl .... -
11In('f. 'IIn'IlI,rr 'I,rr:lIllnjt ""l' tn mln""'''plr r"nl!hne:~s •• "rface urnf tint' 10 mnnnrn('lurillj! sl"II" .oln.ncr 'nr 
W:"'in" ••• lInrl ",.n("nlnllnr I,.,lnllnlt .l'I:nrllcy. Two rrpn't'nllltivr pflwrf ctlnvC'rslon .yotr"", 11 Ibnlcillf .Ir .. m 

l'~·t·lt' :",,1 :11, "IIell':llr llra~·t"n Cyclf, nr c"nsitlut'tI. 
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SE~MlcS) SOl~R COlLfCT1R, by Dan Ruby. 
Popular Science, vol. 214, no. 2, Feb. 1979. p.15 

Conv('ntionnl f1al-l,lnte solllr col-
IN;:lors nre heAVY, rrngile. And cx-
pl'nsive to m:murncturc. Ami 
Ihey're not the mORt gracl'flll :I(Jdi-
lion to R roof line. Now a one-piece, 
thermoplastic collector has been 
devcloJX'(1 I.hat may overcome these 
"roblems and make solAr heating 
prncl.icnl for more homrowners. 

MflSTER CONTROL fiND DI\T.'\ I\CQlIlSITlOn SYSTm FOR 
A SOLI\R CENTRAL RECEIVER ELECTRIC rOHER PLANT. 
M. A. Sodcrstrand and D. ft. Darsey 

IEF.£' Circuits and Systems, vol 1, no 3, 
September 1979. p. 18-27 

This parer describes Ihe conceptual design arrived at 
Ihrough a 1I. S. IJcpai'lment of Energy sponsored IWo

year research and development pro!,!ram 10 design the 
10 megawatt clcctricSolarCcnlr:t1 Receiver Powcr!'l .. nt 
eurrcnlly tinder construction in lIarstow. Calif(lrnia. Thc 
Circuits and S~stems concerts rdate,1 hl the Master 
ConlW\ an,1 nam Al'ttui"itillll ~~::tc:!n~ ;uc cmphasl7cd. 

A80·18297 • II Adnncl!tl ,ol .. r tholm;t\ re«iwer tedlnolO!lV_ 
A. A. Kudir.ka and L. P. Leihowitz (California Inslilllte 01 Technol. 
oUy, Jet Propulsion L~hollltorv. Pas.,dena, Clllif.l.llmcric.111 fnsllttlle 
(If IIp-mrmlllies ,1nd A,<rrOIl.'/Il/ics, Aerasp"cc Scimrccs Mf'Cling, 18111. 
Pas.1(/rl"', C,,;f., J.1II. 14· 76, 7980, P.1pcr 800292_ 10 p. 6 .els. 
Research sponsored by tho U.S. Dcpal tmenl of Eneruy. 

Development of advanced receiver Icchnolo<.Jy for solar ther"",' 
reC'!ivers designed for elcctric power !)!looration or for industrial 
~j1Jllica,ion~ such as fucls and dlcmlc.,l production or industrial 
proce:» heal. is descrihed. The development 01 this technology is 
loctlsr.d 0" receivers thaI operate from 1000 F to 3000 F ami above. 
Development strategy is maplled in terms of ap"lic.'tion require' 
menU, "nd Ihe rel~ted system and technic,,1 requirements. Receiver 
pl:rformancc requirements <lnd current development efforts are 
cov~red lor five c1a,scs of receiver applications' high tempcratuff!. 
advanced Brayton, Stirting. and Rankine cycle engines. <1l1d fuels and 
dlemic.,ls. {Authorl 
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MIRROR ENCLOSURES FOR DOUBLF.-EXPOSlIDE SOLAR COLLECTORS 
Do C. Lnrson 

Solar Energy, vol. 23, no. 6, 1<]79. rm. 517-5211. 
,'hltract-A convcntinn;11 nat·plate collector panel can be employe.' in a d!lllhle·e~pMurc configuration when Ihe 
p~ncl is ~la7,c:d. on hoth sides and when mirrors an: provided 10 rencet solar radi:lti\\fI onto the hack ~i,lc of the 
panel. In this paper. several flal·mirror configuralions are evalllatcd and Ilptimal cllnfigllralinn~ nre determined fllr 
different solar encrllY "pplieatillns al lal. 35, 40 and 45", The various mirror configurations are evaluated 
Iheoretically hy c;tlculaling direcl·hcam .. nd diffuse solar radiation enhancemenl faelors, n,e enhancemenl factnn 
lIre defined as the ratin of the solar flu~ "bsor!Jed hy bolh sides of a douhle·e~JlOsure panel to Ihat ahS{lIhed by an 
idenlic~1 sinr.1c·c~JlOsurc panel tiIIe,1 at Ihe lalilUde :Ingle from the hurimntal. The enhancement faclors are 
calculaled using the melhod (If images and lake ;Iecount of Ihe variation of glning tm"~mil1anec wilh incident 
angle. Oplim .. 1 mirror configuralions were determined for direcl-beam solar ralljation for holh fi~ed'mirror 
configllf;llions and :tIliu~lable'mirror confilllw~lions with semi·annual mirror rOlalions. Optimal filled·mirror 
cllnfi~umtions Were oblaioclI for holh winler 5pace·he;lling and year·round :lppliealion5. An alljuslable·mirror 
configlllOlti(ln, however, was dClerntincd to be optimal for year·rlll,nd solar collcclion and overall 10 be mo.~1 
:td;tptahlc 10 a v~riclY of \olar energy aPl'liclllions. The ~ame adjuslaNc'mirror configlll:Jlion was delermined 10 be 
optimal M. ;111 Ihrcc l:tlilu(lc~ I1ntllhcrcforc II ~ing'e de~ign can IJe rllll'loyd:ll divcrse 'ncalions. 

A79·37847 The significance of Iongw3vc ,.mi~lion in 1131 
platr. sl)lar collecto, lesting. A, A. Grelln and W. S. Gillen IUniv~rsi,y 
CoIlP9f!, Cordill. Wal~s), tn: In\ernalional Confere.nce on Furum 
Energy Concept5. London. Englaml. January 30 Febmary 1. 1979, 
Prneeeding5. IA19·3784215·44) LO'l!lon, In~lilulion of !;I.,.;!rical 
EIl'linccrs. 1979. p.36-39. 15 rels. 

1\79,,,"557 Thl! infllll!I)t:l! of Imvironml'lltalp:!ram .. tp.rs on 
flat platl! sol~r collector p('rformancl!. 1\. A. GtCt'n (llnivrrsllV 
Coli",!". C.,,{\ill, Wait'S). In' MNNlIoloqv II)! ~olar cnr'!IV :JII"Io .. :. 
liollS; I'ror .. <,dinW' 01 th .. Conl"I~n"r. london. Enqbnd. J3r\tl3'y 101. 
1Q79, (1\79.,"551 19"71 Lonclon. h'lrrn3tional Solar fnr'~' 
$OdNY. 1979, p. !l5·107.11lcls. 

Results 01 compUter modeling 01 $in~le ~ncJ dO\l"le'9Inl~d l1at 
Jlt~le ~olar collrnors ,lin pr~scilled. in Ihe form of conventional 
COIl~(lOr PCI formante Ch3taclcrisli~, indicating the 1IIl1u~nce of 
wind sre~d. amhienl air lemperallJre and effccli~e sky teonrer"I\I"~ 
on col\('Ctn' s\eadystalp. !!Hieien<;\'. for moderale valllt'S 01 oth~r 
pa .. alllclcrs. VMiations in air tem(l<?taltnc. and in wind ,Iwed lor low 
wlllll sperll, lIess Ihan 6 m/,c"l a'e shown to have mor(' sigO\lir.llll 
effeclS than lIrohahl" variations in e"!'Cliv" sky reonreralllr.', Till' 
siml,liIiNI coonputpr modl'l, used in the investigation ar!! dcsrrilmd in 

an appendix. Thcy ar .. bascd 1m one·tlimcnsiollal. s\cady,slatl' h~;ll 
""nslp! a!laty~rs 01 single· and dou\)le·glale<! o:ollCClOrs and IIIi1iZr. 
r~rrnlly pllllli"'!'!! empilic:" Trsl.lts of convcr.tiyl' hral "anslr! 
studies. The models Illkc inlo account "h50111lion of solar rarlialion 
hv thl;' Iran~parl'111 coved,) "nd muhipll' le"cfllon of solar radiation 
h~twpl'n Ihr. ahsnlber 1)lale and transp.1Jenl covel (,I in a collector. 

SLECTIVE BLACK NICKEL COATINGS ON ZINC SURFACES 
BY OIErnCAL CONVERSION 
P. K. Gogna and K. L. Chopra 

IA\tlhorl 

Solar Energy, vol. 23, no. 5, 1979, pp. 405-403. 
While it is evldenl Ihat the lon!lwavn radialive lIux incidrnt on 

the fronl sur lace of a flat plate solar collector can vary signilic~ntly 
and Ihal Slleh variations alleet eolh,etor pcr\orrnancc. Ihe pmblems 
involvrtl in it$ measuremenl n,main displtlporliOll31c1y larqn in 
relation In Ihe small cllpct it has on outdoor eollloctor lesl rCS\IIIS for 
incidrnt ~Iar flux", 91t,ater Ihan 600 W/,q m. Merhods of 
accomlno«latill9 vari~Iions in longwave 'lux in eollf'Clor t~sting aTn 
dlS1;ussrrl and Ihe cOller,PI of environment res\lltin!} lemprratuHl is 
sl10wn 10 be of value lor ils abitlty to accommodalr. not only 
varialiollS in incident tongw;lve f\u~ bUI atso varialions in solar lIux 
abwrhcd hY a 'rol1l transparent cover. S.J. 

Abstrld-An e/ectrochrmical cl)nver~ion technique h:ls been developed to depo~i' sdec1ive h13ck nidel cootin" 
of solar IlbsofJItance O.~.94 nnd Ihermal emillnnce (lit lOOT) 0.os..o.l5 on t:llvanilcd iron, linc.ted, lnet tine: 
declrOl'l:lIed aluminium surfaces. l1te effect of dectrochemical conversion 1'3mmelcrs on tlte micro,tmclure, 
IlPlical and Ihermal propcrtic~ lind durat>ilil)' or the coatin~ hn~ been e,lat>lished. 

TECHNICAL NOTE, by A. Luque and E. lorenzo, Solar Energy, 
vol. 22, no. 2, 1979, p.1S]-191. 
TRAtlSMITTAN.c,LOf DIffUSE SOLAR RADIATION TIlROUGU A SERrES 
OF PARALLEL REGIONS. 

"crein,r~~uit~ are prescnted graphkally for the tral1'mi1tnncc 
of isotropic and non.isotropic diffll~e radiation through one-, 
11'10,. and Ihree·glas\ plates for ~eveml relalive orienlalions for 
Ihe surface as a function of the sun's posilion in Ihe sky. 
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NflO-18557* Nlltionallechmeallntorm"lion SIlIVICIIJ. Sprrngflcltl, 
Va 
SOLAR ENI;RGY CONCENTR"TOR OESIGN "NO OPERA 
TIONS. CITATIONS FROM T_ttE NTIS OATA BASE p,ott'"'' 
R.,port, 19711 - Jut. 1979 
A"drllY S Hundem,lIln Sop 1919 183 p SUporsedes 
NTIS/rS.7B/083B Updales NTlS/rS·17/0'l58 2 Vol 
INTIS/rs~79/0926/0; NTIS/rS.78jo8381 Avail' NTIS 
Be 528oo/MF 528,00 eSCl lOA 

Govl!rnonenl,'unded rescllrch on Ihe design and olloration 
I)f VarIQII5 lVpt!s 01 sol;u energy concentrators is discussed 
A!J5trr.cts cover the efficiency and oplimilatil)n of rrr.snel tmlsl!S. 
V.l!ou!!h eoneenllators, filii plale and parabolic I ... lloetQll'. 
compound P3UlOOlic eoncenlrators used in solar phOlovoltan: 
convels;;;,., lind heliost,,1 systp.n1S, 1\ low abstracts rteat wilh 
heal loss and cost sludies IThis updated hibliogHlphy contains 
171 IIbslr8clS. 80 of which lire new enlrifls 10 Ihe plevil)lIs 
oditil)n ) GilA 
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GALCtJIJ\'l'ION PRINCIPl,ES FOR HELIOSTll.'P I''IBI,DS Oli' 
80MR pm'lER PT)ANTS 
R. A. Zaldd (10v 

At!pljer1 t)olnr NllOrf',Y, vol. 1'" np. '> ll)'('q "'0 ;5. . .)): pp. ' -
The article offers a brief analysis of the current state of theoreti
cal research into the concentrating systems of tower-type solar power 
plants. A need for developjng a general design model is demonstrated. 
The basic framework of a theoretical model are presented, and formulas 
are der;lved for the irradiance on an arbitrary radiant-ene:rgy receiver 
from heliostats of arbitrary shape. 

N79.335JO·H Uwens·lllino,s, Inc., Tolndo, Ohio. 
OWENS·ILLINOIS SUBSYSTEM DESIGN PACKAGE FOR 
TtIE 5EC·601 AIR·COOLED SOLAR COllECTOR 
Feb 1979 19 p P'epared for DOE 
(Cont,,,!!t NI\S8,3Z259) 
(NASA CR, 16 1094) AVail NTIS HC A02/MF AOI CSCl 
lOA 

The subsystem dnSllln of Ihe SEC· 601 solar colleclor w!ls 
evnlllalfld TIle colleclor is of modular dns'lln :lnd is approximalely 
12 locI Ihlee illchns wide and eighl f{:el seven Incilns 11011 It 
COlllalns 72 colieclor lube Ilhllnnnts and we'lIhs 31Ipro .. mal"ly 
300 pounds Inclu<lfld in this repmt are the subsV~lem pcrforman~o 
specific~tlOIlS and the ;tssembly and tII~tallatioll drawinlls of th .. 
solar colleclo,s and manllold. A E.S 

THE: ANALYSIS liND CONPliRISON OF liCrl'UliL TO PREDICTJiJD 
GOr,LECTOR ARRAY PERFOHMJiNCESo W.ll. McCumher, M.H. 
~ve::;'ton. 

IBM Journal of research ana Dcveloplllp.nt, vo1 ?'3, no 3;. 
Mn.,Y 1979, p. p'1IO-?5? 

NIIO 10tI-0!. Sandon tah", AlbllqlllllqllC, N Me~ 
GRAPttlCAl ""PRESENTATION OF TMY SOLAR RADII' 
'nON AVAILARllITY FOR ONI: AND TWO A~IS SOLAR 
COLLECTORS 
L L lflkclI~ and R A Petell; May 1979 113 II refs 
(ConH3cl EY 76'C 04·07891 
(SAND 79 0418) Avail NTIS HC A06/MF- AO! 

InlOllllallon about Iho aVA,lah,I.ly 01 dllee! "oHlial • .,diattml 
to Ihlf~n trar.klllll modI'S of conrenlrallO!l coll.,;tOls Itwo alliS. 
cast wesl, Rnd 1I001h ,>olllh hOlllonlal <lllIS tr;J< kln!l COllr,<;lol5l 
for Ihll 26 lyplc.,1 m'lll'nrolonical year Slalrnns ,0; 11I~SPIII('d lh'l 
dat" prll~cn'fld lOch Ide <!nergy <llIlIIlah,lily, cflrc'''''ty 'm"'ld Illl 
Ihe <fllcel normal rad'ailOn aVllllalJll'IV. "nil enerllY d.st"b""nn 

DOE 

N19 336tU· N Wyle t..,bs. Inc, Huntsville, "la 
INDOOR TEST FOR yttEnMAl PERfORMANCE OF THE 
SUHMASTER EVACUATED TUllE (liQUIO' SOLAR COllEC· 
TOR 
S4<tp 1979 40 p Proparell for DOE 
(ConHltcl NASa 32036) 
(NASA. CA· I 61306; WYlE TA-53 J ·30n) AVIlII NTIS 
IIC A03/MF 11.01 CSCL 10J\ 

1h" t(!~t plnccdures used to obl'lin the Iherm:'! porfornlllOce 
d .. la for II $olar colloclnr uodor sUlIul"I,,!! cond,t;ons DIP. p.osenl~d 
Tes's inchrdnd iI stagllallon test, a lime cOII~t3111 tllst, II thermal 
"IIIci.,ncy I pst, all inclllent <1l1glo nlVdlficr tesl, and a hOI fill 
tesl All tesls wll.e pe'form~d al amh,ent cond,hons and th., 
trRnsinn! offeci and thl! illc.dellt allgll) effect on the 'collector 
werl! dnlermillnd Thl! slllar collr.ctol is n wator workinll nmd 
typo "WH 

",80 11680H S;lO"U'I tnbs. Al!)II'1"'l'QII". N Mel< 
CONCENTRATING SOLAR COlUCTOR niT RESULTS 
COllECTOR MODULE TEST FACILITY CCMTF, 5mrrm.ry 
Report, -'lin, . D.c. 1918 
V f DullleY;ll1d II ·M \oJorkhoveo Mar. -1979 !i4 p refs 
('.onlm':l l'V 76·C·040789) 
(SMIO 78 091.7) Avail NTIS IIC J\04/MF AOI 

Tim ,e-."IIS are sormm""zed 'of le~'S 011 four concpntrntlt'g 
sola, cOIl'lClors lit O"tPllt "uid --te",pcr"tllles from 100 C 10 
300 C DOE 

/ //1' II oil d, \ rhillil'" /IIi.\, ( II l\'In 1'liIIllfilll) IIIU h('(,11 (//(" '11/1t/llnll ll'" /tII III,' ('\ II/tUII ;fI" II/ ( ,,111.'1 [PI' "/1'/,11101/",/,/,'1111,1/111 

/,1/ 'rllI
l 

dl'l m/,'" '{ hi' 1',,/'('" flr/'H'/l1.1 /I (,'( /,,/i'llfI' JlII14 II/'I,/i,., III(' , dl('/ itt 01 \ ,\ /II~ ,\,.. S/(tIIdll/lll)~ .7'; Til I/lt' '/"/,'/I",,,a 
",'11 "I I lie II I\lJ l'r/llllllj'lI ("e!lII'iI'/lI\ ("./1/ //('/01 (/('/In''{ tlII/II. Unlll" ", If,.. tllII/ln;.\ 01'11 \IIlI/fll,' (,,/Tn 1,,1 /111m il/ll\/I,/l1' 

,111' If'( Jml'lIIt' • \ (/ III" (/YIIIIIII/( /"'/ /11/ 1//,lIln',\ tll,'(Ir/OIl.\ (1IIkdO,. ,,"1',1 n /11 ,h.' /id.l (II'(' ('(/",/1111'1'.1 III ,Iw\(' I" ".It, 11'11111 

,II,. ,lerl.IY.HOIC' dIlt'il'lIr'." II/rl(td, 'fI" I/lt' /lIr(,)'/riOI//I,r/l/l'/\, III (,'/ tl/lIll1/\('\. 1111' II W/llIlI/del r""dll{,{·.~ .Iel'llllltl"" ",,,, (I 

Iflll'r /10111 11/1'11,\/1/,('11 "rlllrfr l'I'l'l,lfllllllli 1" 1/11.1 3'i' i /,."", IIInl\tln'" 1II1'"I"h j "'r(,I/I/II/l/( ," II TII'1I I mll/'t"nt II lifT lit" 
,,,,,!JI' ('olld Tnlwfl//U/l ,(111\"" //I"d,I, 1/,"1'1'1 ('I, 11/"'11 ,It. /1r'''',/. fli 1'1111 \\ II mlldl'J i.' '1\1'.1 ,,.\ 11/1' b"H.' ,,/ '/llIlfIIl/I"'1/ 

II,,' 1'(1,11""11"" (' eI('! wIll III , lit I ( /11'" ,1/11 ,. " 11,,111 " 
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Tlmm·l(ITJ ANAT;,{[)J:f;l OF SOl4F. FI.Nl' - rLATE! GOT.fiH (:nr..r.P.CT;)J1 
Dr-;[;IGN$ Ii'OR IMPROVING PI~IWOm.1I\Nr:f~, tty n. I.. f) j/Cl.r. [.:; 

ftrt(1 J1. Vinlmntn. 
.rlllfrw~ I ,,1' Enf!:rIW! vol. '~. lit}. ], .Trw. IFill!. I rl(f.!, 
J" fL I'). 

A7fJ 113591 An cffkllmf ofltlc~1 window for fI~1 plal~ ~"I.r 
.. n~r9Y coll"".n" K S, I<ohli, 1<. N, (,J1nl'r". ",,,I R. Hm,j,W"iI·/t 
IIn~llIlrTI"nl~ flNPmth IInri O.~v .. lopm .. nt hI3b!i\hmp"l. [)tol,,;) {)'IIl. 

Intha!. Jnllm,,' nf a'll;'~, vol, to, M~y ,llIn" 1'l79, 1', 137 1:lQ 11 
r .. f., 

Thl' ('fr~(',~ nf ~1I1111r1'\~;'1II fir ""'nllal r;ulinH,ill, • ., ... 11111;1111 !lllIl'nr frc(' "fill' ('('lion hl':ll In,'; rrmll the nb. 
,,,r" ... r fir" fI;.r."h.h· '"I:1f ':11\1('('''' :m: ;1I1:t1~lin.lh ,III"i,·,I, " 'n".dinH'lI,inlml. \rt':lIh.~':II", 1".:.,.lr;lII,r(,1I" 

:1I1a'),h h dC"(""IIt',1 rllr II ,'"lIl'('IIr f"r Ihh 1"1'1'"'''' • II,' :1II:.I~,h an'nltn" for ,hI' "'1II111'rllllll" I:r:"I;" .. " ill II,,' 
fI"i,. flnw :11,,1 ,",'rliral ,lin'clillns i"lhl' e"IIf,:J.,r, Ih,' tullinJ:lll',f ,,",,1 ,'iff,I\" nalurl' (If \ .. I!'If irr:ldillfi,,", rh,' 
ph)\k:11 :tnd .h,·rmflllrn:llnk Ilrtlp('rlil'~ nf Ih,' rtmh'ri:,h i,l IIIl' c.tllr\'(nr. 1111.' mllllr,rr (,f (lI\"'r J11:IIc~. :In\" 

'cJto(liv,~ \urfll(·,· ... :""llh~ ,'"II,','/o,r IliIllCm;UII\, nIl' ~pl'l'lml !larnn' .. r r."Ii:I,jon h,'!11 Ir:U1\fcr;n Ihl' I'IIlIrtlnr i~ 
"'111MI'd hy ',..1/ 'fIrl"r:.I h:II"'~. ',,'ar mul (/I\'rlll=1I, Th,' n'\I'Ih' m"'lr:u,' 111:11 :1 ,ill,~lc ,('kf'iw ",rf:lcc lin rhl' 

""\(Irlll'r or nlllhee',,!:r I •• :.le ..... 'l' .. t '" 'he :,It'"rh"r In ~"p(ln·' .. (hl'r",,,1 r:llli:llilln h""1 II", h Ih,' "''''1 ,'rr",lh,' 
IIIC!'Ins .,r in",r"vinl~ JlaH.I:tlc ","lIcclllr lll'rl'lInn:IIII'C' wh,'n n"b '"Jlfln"';III! ,IJ'I' m,"I .. IIf h\,:I' 'ran,r"f, 

!llIn,·,l'(·"'"" "lnll'llIn" III:.C(',' in II,,' :.ir I!:'" hchl ('('II rhl' "",,,rh"r :u,,1 ('(""r III:tI .. fe. '''I,,'rc,~ fre',· ""II\'I','Iiu" !II' 
1'1':It''''" ill II nf III" :.ir J::tJlln dilu;n:lflo (II"lm'li"lI :11111 fn'c ,'un\l,,'''nll :'n' nlll :IS ('ff(,I'Ihc" ml'lhu,' (.r i",Jln,,'in~ 
\'nllrClnr Il!'rfHrm:",n~:" "'Jiodhl' ,mfan":11 hh:lwr (" IOlf~( ') C .. III·rlnr lr'IIII'I'r:lll1rc~, 

lh .. dr~i'I" f",'II11"~ ,111d nl('nl~ (11'1 tnf)lhhf'11 Olll"'~! will.''''' .... ttll 
'J.(> ill nnl pb,I' ~"'nr I'tlrr!)y <:oll .. ('t~,.~ ml' ,j .. ~rrih!'d. All 1)1'11":11 
window ('(lmpo~ .. d of IWI' Ihlm!''!!..". ;l('tyhc:: pl.1.,lil': 1'hl'l'IS tlhlw,' 
lo"",h .. , i. ron,i<l",rd, Onl' of lht! innpr sl/ff:l(:r!; of tI.~ -,nl ... "',lIdow 
h~$ triallqulal (Imjre',oll I)ai's, ";Jrh 01 Ihrtn I>l'inq ~"n~ml",1 Imm 
Ih .. ;Jrti~r:t'nI 'IIII' hy .1 rli~lal1rr ('{111~1 '" Iht' widlh of Ihl' Uian'!'.I.ll 
Jlroj"rtioll pair .1\ thr \n[l. 1111' \I~c of 'he 1ri,1lI'luJar Jlloj"CllQll p.liT$ 
Ilrtlvillrd ill Ih(' mod,h .. d dr'ion blin~ ahout i)'Si'lllili(';Jllt inm!:!'!' in 
th.. f'Ukil)nry of lhe solar r.nrl'N (olll'dor ill la.'!" nnqll'$ of 
;nchlrn,,!'. n .. dll('l'/l rI~$np.l r~nCC,iOIl IOS51'S OC'!'Uf ,.,hl''' th .. wI;" 
rmli'llion rnrn!V is Iransminrd th,'"1gh Ihe mll<lir ... rI 0[1"1'.11 window, 
It is ('oltd",I"" lh.1 thr modifird ollt;".1 willdowiJW;"'~ "'a"on;ibly 
hiqh ovr,nll rfririrl1r.y of th .. solar ~nergy rOll,.N •• , ., ~Ilfl nr.." 
; .. to ,I"IJf"" .. nqll'S of incidN1I'P ami also imJllOvl' 11 at 1arrr :mlltrs of 
mdd,,"!' •• , S.D. 

A79,32957. Cntl'ribu(jQn to the ,,,,dy of ollllm.1 conti; 
tions ror oP,ieal conc"ntm!ion in solar I'(lWcr Illant dNign •. 
flcdllction of thr radi.tion s[lOI provided hy a field of hrlio\1ah hy 
USc ·of optimilrd conic.,1 mitrors leonldbl"'on 3 n\udp. rlcs 
condiliom opll",al .. s de I. concentration oJlti"lI" dans Ips Jlrojets de 
crnl,;tl", ~r)'"irps fl~d\lclion de Iillachr. do ray"n""mrnt fournil! Jl.r 
"" r.h:lnlll d'hrliosMls, .u moyen d(l mi,o;r, cnniqllCS oP'itn;s~sl. p, 
M,llila.,d (P •• i, VI, lJllivr,sill~, Pm is, France). Revl/(' r"~ "/lV'lqUf' 
1I"l'fi"flrf', vol, fII. Jml, 1979, p. 21·33. 27 I('fs. In Frrnr.h. 

Th~ paprr t!'(';l11s the limit impor,rd on oflli~nl Collcl'ntrnlion !IV 
Ihp ~rC(JIId 11rin~'flln oflh~rmodvna,"ic' and Ihl' Clan,ill'. t!'l.ltlllrl It 
1\ ,hown Ihal Ihl' bl''' optirnl ill'lrumNH~ tn Ollnin Ihi, limit a'!' 
COllir;)1 fir pYt:lmidal mi"or~, All nppli(';JIinll for n mlm plal1\ Willi 
hrfi"'lal iil-Iel is I'x;Jmiol'(1 D.lln mr q'Vml 011 til!' ltalnnr,' (',lIrul,11;"11 
nl rtl'tn"'tI,!'V nux ""01t(~t a cnnic;!l minOr iHl,i tl1I' ('or .... !'t .. ,lima!" 
of Ih,' losw, cnm;ll\] It'jlll ;n'W, \f·flI'Clinn<. Tl't\jn"'f'ltI"'.ll mlo,. 
mnlirJll <lhmll JllOrrr .rl<1ll'ri;ll, !Jivi",) a I". 91' ,nllrClivf' enrffiril'nt nt. 
hlllh tl'mpprnl't.", is ptovidl'fl. llllllllor) 

A19,37.9~5 Comparative effic;i .. ncir:s of solar ellP.!!JV clIfI...: 
10'~, M. Ollhan (taiJ!)!(I10irc (,h~ Tcrhll()logip O"liqllc, Ma,."mr, 

,rla ... r..·) (I.·vtlf'dr "'/)Isi,,//(, /IP})lil(tII't:!. vol. 14. Jail. 1979,1',576(;' 
• Th .. 'INltllrlrlr. t~fllCi,·nc.cs 01 ha.;e <,OIl"Clor tyr."'s "'1' comnar .. " 

hy rxmnilllnrr Ih" co,lSInncy of Ihell collection of solat !!nrlqy durin., 
~ tlay or V''''', inrl,'pr",lrnt of 'h~ir dimcnsions, a010Unt of "Jjr."IV 
coll~CI"'I, ,:ol1l;~'l\r;llinn. and Ihe 1I~'! 01 the pnrrr.!V. Five- b~"r. 'YPt'S 
of cnllrr.tor all! cOlmdcrcd: the 'un II:mkin[J colh:ctOf, Ihl) 113111,,,11' 
coU .. elor. th" fixed >topped cylinth ic~l mirror, a collrrln, rOI.,lln" 
nhout all axis, and a fixed ,,,hpricnl mirror. A g(ol." co,npari<nn of 
Ihl'~" colt.'Clms is "crrotOlt~1 fnt ;llliatit",,"~ h~twrrn 0 and 50 dr,! 
fly 5 d"9 'Ir,)s. for cvory Olonlh, and for Ihr v;IIIIC~ 0 alld 05 1m the 
fauo of mini'"um pow':r n.'I;"Ss.~, V fnr Oflr.lniJ(lO 01 Ihr, i"'l;Jll~lion 
'n Ihr II1m...inIUtTlIlOwnr. P T.l1. 

EVf\CUATEO II[AT PII'[ Sell\R COLLECTOr. 
f. finhdjuri 

Encr~y Conversion. vol 19, no. 4. 1979. pp. 05-90. 
""'Inll."' A tnbl.l!lr .('\"\11:1",.1 ".IM ("lIrdur willt n',,:m,'Ill,Ir (X'rflll lIlallet: dl;Ir;lctcn~li("i i .. IIIlm, 
,hit:':.! 'I he hC;I! tran,f,'r rn'rtl Ih.' at"l,d-er pl,ur \\l1h <I'k~ It\C l~l,IIIIl~ In Ih~' W;ltCf Iltblfll! O<.'<.'l1r .. 
\"1" a 11(:all'ipc s;:,trm In nnl\'r hI ,,\nttl ;lilY ,kl;ty ill the !1I'1'r:tllnn c,f fin' h,'at pIpe tllle In 'lI(X'rhl'~"m~ 
of the \ap'>!", we haw 1II11",ht~·l·rI .1 Ir.1Jl r,II:c!lilllj'ml for Ih,' \"\llIIl~n~r" !tllll;" , 10 ;l\ni,1 lite lh~lIh;1n' 
tagl' nr th.: hi!!h 1111·1,,;111 .OJ1lliIHl1l nf till' ,'anlfllll ((tltl·{tllr~ We' h.I"" H~l'11 thc I'hY"ll;,I r(';lhlr('~ ,\1 
fhe Crilfl'al p[linl of Ih,' h,',11 pIp,' Will ~1I11! nll,,1 

Ahm"c th,' nihl,t! l':IIlJl"mlnTc, 'r; "r lltl' t\Nl;in!~ I1n'l<l lit ... nlfl,lcl1,,,\illll cITe!;' will ,1i~IPI'l'ar, lhl~ 
rnc:1I1' Ih.II ;Ihnw I; lhl' 1t,';11 tr~""r"r I'wpra\ I>f .1 lJ1';1I 1"11"'- WIll \;mi,1I HII'. ·will \.;\11\1:- "1l1~ :1 
~Iifhl it1(n:;I'1: of lIt" ,on,l, Il~"r 1,·IllI".'I;IllIrt :1\>"\(' 'r. ,.r rI,.. 1"1'1111 11'('" I (IT tlllf hl'.l! Illpt.' W'\Clll 
w.: ha\'t' dtl)~I'11 \\III~,lIIg Ii'!rt.,'·, \\l1h !'filtnllrlllp"lalml' hN\Wl'1I Wi 115 (' 

677 

AllO lBS70 11 Dc~ilJn. ~v~I"~!ion. ~n1Ie~tin!l or a Inl/d~ral~lv 
r.onc~n!r~lin!l, noo'(,nr.king ~Qtar r.nergv collector, 11., Ol.r.a 01",1 fl. 
fl. f1~nIlPr"1 (llouswr,. Univ .. rsil'l. lIollslon, T 1')(,). Aml'rir.lII.'i'lJ(it>1y 
of M"'("I"l1',,{ l'lIqml'f',:r, Wiorl" IInllf}a/ltfl'l'Imq. Nf'W York, NY. 
D('(" :/ 7. 1919, ",If',,, 79 WII ·'$013. 10 p. 33 Jcr~. M"rnb!',s" $1 50, 
nOllml'fl1""r5, $.1.00, 

Th~,.'h"lrnal l)ctlmrn;JnC(' of if rnodClatcly CQnCl'ntr .. II"'I. 0:10 

"~ddnq ~'a, rnmqy collector is Jlm";('t.~d ","'NIall .. 'II'III'S or 
"xpctin1l'fl1f'l rvahl~'iom of its cnrnponCllts. FOUl Il'flrflOr d~iqns 
Wl'r" (:0mlrtlclr.1 and IC~I,..d, Six ~irnnll' tuhular ,('(' .. ,vrr d~'!JIIS and 
a C()II('C[Ol Ulili?i"" OIlC of thr: r('l1l~elor dcslqn~ "!fII one of rhl' 
,rcl'ivcr dcsilJlIS Wl'tr construc'cd "lid les'l'd, Tltr tlrt'dic1ro p!!rrOf' 
mnne!! clf)~Iy "JIlitnxi'"~I .. d Ihl' actl/al th .. ,rnal PNfortl1ann' of Ihe 
ooU""lnr, The 1'.ollll1Olll'nl ('valll,nil/fl' ~ ... di,r,us; .... in drt:!", so Ih~t 
thl' "'1aly>i~ C'A11l 1)(' "x!t'lIdrd \0 othf't drsilJfl5. (Alllh!)!, 

'I I 

~,.Jt __ .~ ........ _ ... <.~._~_""'-~~~_ ......... ~ ..... _ .. ----..... ' .~~ _______ ........... ..,.....ri .... " ...... tfllt1. wtuID. .-~ 
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LUMINESCENT SOLAR CONCENTRATORS. 1: THEORY OF OPERA
TroN AND TECHNIQUES FOR PERFORUANCE EVALUATION. J. S. 

Batchelder, A. H. Zewai1, and T. Cole' 

Applied Optics, vol 18, no 18, September 15,- 1979, p. 
3090-3110. 

'1'I'I'hnilllll'!! nnd Cllkllllll.imr~ IIrt'llresented thnt f(ive uI,lirit eXllrl's~ion~ for the ,Iv('r·all II('rfnrmance of n I,,· 
mitl('~I'I'nt Illllar conrl'ntrnlnr (I~~(') in terll1~ (If the intrinsic ~llCctflll r('sl1"n5(, nnd llltAntum efficiency of 
its (,lInstihwnf-ll. Wf' nallline thf' single dye (or inllfl:nllic ion) LS(, with I.'III"Iln~i~ on the "Innor Itl.'ometry. 
l'relimillAry dnln nn the dl'gnlll .. tinll of cnndidnte I .• SC lIy!'s IIlIdrr se\'rre wl'nth!'ring ('nllflitinn!! nre "I!If) 
"ivl'n. Ann!'d wifh ,Inr e~Jl('fiml'lilnl reslIlls ond nnnIY!lis"r snlnr "hsorption. ~"lf.nhsorJltion, nnd Im'.r cell 
efficil'nry, we prl'Hentn new !(I'nm of 501llr concentrntor with II th('my nf oJll'ration fnr the device. 

A19-51744 Solar collectOf al heat. pump e~aporator. S. 

a · I' A S Roberts Jr (Old Dominion UniverSIty. Norfolk. 
13tl1rVe". ' • .' • 1111 I • 

V I nd V Mei (Illinois Institute of Technology. Chu;ago. ., n. 

~~-~ ,A,' ~"' -",.,' 

A80-18585 iI A comp_non of test fftulh kK na.·pla .. 
_e..lwmn. soI_ coI~ton uti", tM USE aMI ASHRAE .. -
dun!1.J_ P. Jenkins and J. E. Ilill (Nalional Bureau of S:3I1dilfds. 
Washin!llon. D.C.1. American Society of Mec/lan;c;af Engineers, 
Winter Anl/llaf Meeting, New York. N. Y.. Dec. 27, '979, P.lper 
79WA!S0/.4. 13 p. 10 ,rols. Mcm\le,s. SI.50; nonmr.mhcrs. S3.00 . 

• Research sponsored by Ihe U.S. Deparlment 01 Enc'gy. 
Five solar collectors We,e tesled according to Ihe BSE and 

ASHO •. n.E Icst procedure? and the tf!Sulls t;ompared. All five 
collectors lested were modular. lIat plalc. walp.1 heating. and 
included single and douhle-glazed designs with and without selct;· 
lively coa1ed absorlJers. In bolh procedures. collector cllicien<:y 
curves are determined. The ASHRAE procedure consisls e)(clusively 
01 outdoor testing whereas the SSE procedure reqoires a comhin .. · 
lion of outdoor .. nd imloor testing (no irradiation I to determine the 
collector's optical and thermal los~ d12tntteri!'jcs. respecti~ly. 
During the indoor tcsting in this stud'{. the t"vi,onmenta! test 
conditions were conuplledand regulaled by use 01 weeially built 
environmental simulatols to investigate the cllect 01 wir,d speed and 
'sky' temJ)!!rature on the thelmal loss cha.3Cteristics 01 the collec
tors. (Author, 

In~~;s~ciew' Energy Conversion EngineErin~ Conlerellce, '''thi:;~: 
ton Mass Aogust 5010. 1979. Proceedings. Volom~ 1. 
5172623.4.') W'ashlng1on, D.C .. American Chemical Society. 1979. 

p.99.104. . h • analyzed 

AIChE s~s1l111 S'llrtes. y.15. 
no.lag. 

1979 

Ther mal performance 01 iI solar aSSisted eat pump IS 

lor various ambient conditions. In the proposed COllce~t. ,bare 
collector also acts as evaporator for tI,e heat pomP. Results Indicate 

• that evaporator temperature 0 to 15C a!'<'ve aml~i~nt temperature 
can be maintained for wide ranging ambient cOllditl.on.s .. l~ng.term 

HEAT TRANSFER 

>,", ...... 1"""", 

, f the 'ystem for Norfolk, Vllglnra indicates system per ormance 0 _... • • , 
Ihal payback period of 12 years ;s poss,ble tor a base e!ectrlclty ra.e 
of !.o 06/kwhr, 10% fuel escalation rate and 8% Interest rat~. 
PaVI"1~k period can be sigriilLantly reduced if the sv~tcm IS 

optimized and if the heat pump is also used lor domes~l~u~~~~~ 
heating_ 

SAN m£oo 1979. Robert N .. 
t,yczkO\'fsk1. ed 0 (Con;prhed of papers pre
sented at AIChE 18th national Heat Transfer 
Coni' .. held San D,tego. cal1fo. Aug.5-8.1'79). 

DYNAMIC SIMULATION AND DEVELOPMENT OF A CONTROI.STRATECY FOR A 
DlSTnmUTED CONCENTRATING SOLAR COLLECTOH FIELD ••••••••• 1-'. F. Klein 

A .Imilltlo" 01 I distribUted sallr collector field Is developed tit enlulle I,ra,ased . 

A79-37848 ThJdewelopment end conltruction of a ~u· 
lator for the proof testing of .,.. power dna •. J,~. Laidler and G. 
R. Bainbridge (Newcastll.l.upon·Tyne. University. New<:a"le·upon· 
Tyne. England). In: International Conference· 011 Foture Energy 
Concepts. london, Engl;:IKI. January 30·February 1.1979, Proceed· 
ings. IA79.37M2 15441 london. Institution of Electrical Engineers. 

1979. p. 30-35. 13 refs. 
"ariahles aflecting collector petf!lfmance are- reviewed and the 

dilCusslon focuses on the different types of solar radiation distribu· 
tions. This information is then used to e)(lImine the principles of 
tol. simulator construction. with attention given to direct radiation 
simolation. diffuse rMliation simulation, and environment" simull' 
tion. Th" solar simulator at the Energy Centre in the University of 
Newcastle-upOf!.Tvne is brieflY di~ossed. 8.J. 

,CDlllrol cDncept. TIlt Ilmulition Is deslaned III lesl wIle"'er Itte IIel. Ilm,I,.I.re I. 
t acct,Ilbly conlralled wilh varlaul types 01 claud co,ef _ Relillvel, sImple tompanenl 
'1"",,llInl I" combined inla I cample. model. Selected slmulaUlln resulls are 

presillted. • 

678 

A79.47795 Relation belW~n concentration and lICftIt" 
Mnat In solM collectors, F. Gr3$$0. f. MOUlmeci. and A. T. igti. 
'(Catania. Uoivcrsita, Catani~. Italy). Soldr Em:rgy, voL 22. no. 6, 
1979, p. 521 525.7 rels. -

The maximum concentlation ratio ha~ been defived by Winston 
for- optical systems having an angular act:r.J"ance deJCribetl by a step 
function. In this paper a more comp,cllensive relation be.-.n 
maximum t;onccntration ratio and angular aa:eptance is obt:lined. 
This relation is valid for any acceptanc:e function: the proof is b~ 
on thenn()dynamics and is valid for large angles 3S WIlli. The total 
energiel t;ollected yearly by concenlratorS having different acCI!P" 
tance functions are compared. (Author' 
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'4 
Gf 

, G. 

TNEXPErt5IVE CO~ ~TnN 
SYSTOI H4 GPo.l~~rL 
4. Tiwari. 

Enerqy Research, vol 3, no 4, 0 
p. 379-387. 

Op'om',,"on 0' ,~ 

NIIO 1'625' " Acu'l! . C'.nfP Moun' •• n V.~w ,., A', ... nll' .. 
D'Yt~KHl 

SOLA" CONCfNf"AfO" 

o £rs~.ne R A M ••• "rh." W " 
.nd P I Over'y '6 M., 1!H9 

we. rR 7Q 3401 AVII" 
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A79-53490 Optimizalion of • fix~ solar thermal col· 
lector. J, D. Garrison «San Diego State UniversitY. San Diego, Calif.', 
SO/ilr EfIt!l9V. lIel. 23. no. 2. 1979. p. 93,102. " rels. 

Cnteria are presented for optlmi~in9 solar thermal energy 
collection. lhesc criu!.ia alc thenuscd in $euin9 the design of a fixed 
solar thermal energy collector. This design is obtained by I1roa!cding 
carelully through a sClics of oPtimil,ation steps. While seeking ncar 
optimum performance. features ,have been retained which should 
lead \0 low cost. Initial optimization st~ps lead to an all !ilass vacuum 
collector tube whose side and lower walls are internally silvered to 
provide OPtimal Winston concentration on an interior glass tube 
coatt!d with a selective. absorber. Heat transter calculations. per· 
formed for an arrilY module of these collector tubes. protluce values 
for Ihe radial ion. heat conduction and pumping losses and indicate 
operating conditions whicll minimile these 'o5Se~. Near this ",In· 
imum. Ileat conduction and pumping losses are small and can usuallv 
be neglected. liquids provide much betlcr Ileat transfer than 93Ses• 

IAuthor) 

SOLAR COLLECTOR MANUFACTURING ACITIVITY, JULY 1977 
THROUGH JUNE 1978. 

Solar Heating & Cooling, vJ4, no.), Apr.1979, p.7-

OC 
171 
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nhvsics of. thin films : ~~vnnceR in res~nrch 
I\nc! developMent. v. J.O I p.rlit~~ 1", r.en·rr-e 
l:'ns!t. ~'nurtcp. 1'. f'rnnc~he. -- PP.l-1 York .: 
.~CAr'emic nrp.~", Itl7!i. 

f(K. xi, 12~ o. : ill. 
Spectrally Selective Surfaces for Photothermal 

Solar Energy Conversion 

U. E. 11"1,,, ami II. O .. ~~·r(if1j,;tr 
I. Introduction .......................................... ,,, .............. . 

\I. Pundamentals of Photothermal Solar Energy Con\'c(sion .................... . 
Ill. rhy~ical Processes anti Materials Systems for Spectrally Selective Surfaces •• " 

Reference";: ...... " ........ ,. '"'. "' ........... ,. •• " ..... "' ... ,~ ................. ~ ............. ,. ........... /I ..... "' .. ,.. .. 'O '" 
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TIlE DEPENDENCE OF OPrICAL PROPERTIES ON THE 
STRUCTURl\L COl.fPOSITION OF SOLAR ABSORBERS: OOID BLIlCK, 
by P. O'Neill, A. Ignatiev andC. Doland. 
Solar Energy, vol. 21, no. 6~ 1978, p. 465-468. 

Recent infere~1 in fhe IIlilizalion of ~olar ener,;y hao; 
prompted Ihis inve~til;!alion inlo an understanding of Ihe 
basic physical concepts underlying the ab~orrlion of 
solar radiation by a malerial. Malerial~ known as "solar 
"lacks" (gold black. carbon black, and many olhero;} have 
been classically u~ed as good solar absorbersllJ. The~e 
malerial~. generally Sf able only below -3OO'C. are noted 
for their extremely low ref1cctivity IhrouShoul the solar 
speclrum. R < I per cent,and yet Ihey are absorrtive 
enough to provide complete extinction withi!1 3 few 
microns of matcri:'1l. The basis for such ideal optical 
properties lies in Ihe particulate. low defi~ity nalure of 

-.--.the film~121, However, the preci~e dCJlCndence or abo 
sorrtance on microscopic structure is unknown. 

The analysis of the dependence of solar absorrlance 
011 absorber microscopic siruciure has been umlertaken 
for a lest sora, black: gold black. The informalion 
obtained will he usdul in lhe development of a high· 
temperature slable solar absorber throuch the concepl of 
modifyinC the surface morrholot:y of a material so as 10 
obtain the optimal 51",clllral properties for ma"imum 
solar radiation ah50rrtion. 

TECHNICAL NOTE, APPROXIMATIONS TO THE CPC-A cor.tmNT ON 
RECENT PAPERS BY CANNING .AND BY SHAPIRO, by M. 
Collares-Pereira, J. O'Gallagher and A.Rabl 
Sohr Energy, vol. 21, no. 3, 1978, p. 245-246 

680 

~~. 

The JlulJlO~e of Ihi~ nole k 10 clarify lhe: i~,ues invnlvtd in 
aPJlrollim:llin~ lhe compound I'araoolic concenlralor! (('PCIf I_ 
II Of' olher "ideal" conc~nlralor, (c.~. a~)'mllldric ideal 
concenlralors'"'' hr non,~ie:ll rdh:(lor 5harn, F.rrors itt recent 
anicles hy ('annind~1 bee GlIflIee/flII and Shallifol71 show Ih:lt 
some lIIisconcel'tinns rcr~i~'. 
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IlI/Ar;OW\I" 1 'i1v\tlIUI\L AWl CLHGUlAH ('OIll. 
Oil •• ! I ( j . i'urkh"lrd , Gf.'orl',e 1. . :;t; r()l ,~ I , 

Ilavj d L . :1 : ,\1 y 
I\ppl.il 1 OJltl t::;~ Vol . 1'{ , '10 . I J , /I')I:U:;1. 1 
I ' I'IB , r . I, \1 - " ',1, 

In Ihle: p.I .fr>r \\(, e:II,,1\ I Ill' ",,,I H ,.,IIIC !'1I1 nt III/! prop 
Nli. 's "r " :'f'llIhr" ft nt',lin/! Inlll. II,d pH,/I!l id,,1. 
hp\O'!!'''I:!' ' :111<1, 'ft IIhr I'"III 'C:; II,,· Ilr ., 1 h\OI (""1i!! ,, 
mlll'" .... p:l -1< \\ (." ("r (·:ls.\" I r:lII"porl al i,," nlld ll';H'mbly. 
Rlld \~"I''' ,,<;(·d mllillpl\' prm if It· II IIi for III 10\( r.11W of I h 
I .. III'( I", I1n',1 For llIos l ,./lHI ' ,,> \,.,,.. II", "','lllllll'ln 
11 1( ' " of • Ill' I "n,· .. \\, II II(' poi III Nf I- ,ward 1111' 1'110 \\' .. I1r' 

.i 

1<;11 III I ('n·.;I!'( I. hO\\I'\ I'r. 111 111(' Iwrl mlllll III (' .. f 1111' ( OIW" 

V-"(,II Ihl' p"int,ng '" ,mpf'rfl'(,t.. For I"is purp""" v
d,·fl nl' I III' d I r('d lOll "r I hI' ""Iar r :n-c:; h,' a pohr 11 ngl 
lor i) lind 1111111111" 1111I1gll' ./I \\Ith rt "'p('d III Ihe norm11 
,,(Ihl' all('rlllr(' \,(Ihl' ('OIW'" R'" .. hOV-11111 I 'll! 1. 'Ill(> Ir 
mdlnn( (. 111 III(' h:l I' tI( I h~ I "111' will 11I',lf'l1d liP"" I h 
lulf 11111-:1('" 11I1\\\ ·('I1 Iv.flIIPIII ... il(' .... idf· .. "f I h(' t "II(' \\llI'l1 

Ihl' <;uk" I1 rl' 1' ,I I'!lIkd 10 thl'lf pOI1I1 of inIN<;"1111I11 'mel 
nl ... , "1'011 I I If' mlnimllm I1l1mb"r of rl'n .. d Itll1"'. \ 'h 11 
111 k,' ,,1:11'1' \\11 h III I hI' (11111' hl'f"rl' I hI' r:I\''' rl'ilC h I h 
hn <; ('. 

PLAN~R SOLAR ENERGY C J NVERTE~ ANO CO NCENTq~ r OQ 
BAS EO ON URANYL-D OPED GLASS. 
Nature, v.214 , July 1973 13th, , .1~4-14S. 

MAJOR Improvemenl of solllr cell effiClCO<'Y i~ dc~nhcd 

hert' whICh u~~ I nuort''>C'l'nl plane ~I a,\ In con\.erl :lOd 
concentrate Ihe ullra \.lIlle l (lJV) and hhlt' P;HI of Inc ~I"r 
"pt"etrum. 'hu .. IOcrea~tn~ lhe pos .. ib, I,, 1C" of pho ln,,"II 'IIC ... lIar 
enerllY conver'lOn An IIdvan lll~e of our c1cVl<"t' I" tha: thC' he"t 
ener~ comtnlt directly from Ihe Sun Will he df<;~i palC'd o\.C'r Ihe 
lallle :m'lI of the' ~I:l" lind only lhe C'nerlty in the ~iblc parI of 
Ihe .. pretrum WIll reach the solllr cell Moremel. the e ll~ 

hcl\\een the IMorhed and hand' gap ener~ .".h,ch j, evolved " ' 
h('al tn the solar ttll .".,11 be dtnllntshcd by d«TCI'IOIt the 
ctlflcrl"!\C(' 10 wavelcnglh betwcen Ihe useiulllnd extt<;;s ener, 

nd Ihu\ the ,olar cdl .".,11 he hellted to I much ~ser exte 
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ATING COLLECTOR. 

Alt~rnative Sources of Energy , No. 32 , Jun 
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- TUBE ~OLAR OOLLECTOR : EFFECT OF CONTnoL 
CY AT IITGH Ot'ERATDlG TEi-IPERATURE 

William C. Louie and David C. t-1illcr 
!:iURAE Journal . vol . 20 . no . 5 . Mav 19'78 . 'D . 39-42 

A SlMPLl-: PLATE CLl1fCH FOR SOLAR CONCf1ITRATORS . 
Ramnkrishn 

PllrrJ hasnradl! i 
Journal of the 1n1ian 1nstltut~ of Science, 
Vol. Go . rio. I) . M8.v lQ7A . n . '/f..7-'/f..Q 

TJ 
"10 
• 173 
1'l7 " 

puts of a .imple plate c:tutca aRd ror .,la, 

C'Onc:mtratofl art dacrlbt4 

Intcrn~t!on~l Svn~oslu 
J:ne:·~~. r~t.ro . l'n~ . 

Worksholi Go; :olar 

I.~:f' I·M::i."o;,"\l SYMposiUl"-Po rltshoD 0, 

Soler r~crrv : rRvn~oslun lectures]. l ~-
22 Ju,e Itl7r , Cairo , E~yut I pre.cnte~ by 
Cle3n E~~rr.Y ~c.enrch Institute , Unlvers1 
of 111 ... 1'I!- , 1:'l(lri<'" ; sponsored by tbtion41 
Science foun~~tion : .d lt.~ b. T. ~j.t 
Vez1ro~lu. P~er ~. riser. -- r •• l.: •• n •• 
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PAST AND 

H. ". Sclcuk, Jet PropuHiora Labor8tory, -Pasadena, Callfornh 
U.S.A. 

SOLAR COI.I I:CTORS PART II - RECI:.NT DEVeLOPMENTS AND FlTfURE 
PERFORNANC£ UATA AND ECONOMlC ANALYSIS ~ / 

R. 11.. Collil' r, Los J\lamos Scientific' Laboratories of the 
University of California , Los Alamos, New Mexico , U.S .A. 
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THERMAL CONVERSION OF SOLAR RADIATION, THOORETICAL 
PERFORMANCE OF COLLECTORS FURNISHED WITH AN ABSORBENT 
SELECTIVE SURFACE, by R. PasqueUi and F. Papini 
Solar Energy, vol. 21, no. 2, 1978, p. 29· 38 

TIt~RMAL OPTn.fIZATI01~ OF C(l.fPACT f:.(";!'~" '-""'1 tll!tA '''' ~. ....~,~ WAJ.I:. 
or. TERS. 
K~' Bar-Cohen 
Solar Eoer., v.20, no. 2, 1978, p193-196. 

A ...... -Thc present study is cOllCmled with the determination of the behavior of selective • .r1CeS ill tMwIai 
convcrtou of sQlar encrlY. By means of all idealized model,lhe inlluence of various par.met~rs such as selectivity; 
concentralion drio and workinll temperature on :.Ite elliciency of lhe collector is thus brou~1 QUt. The study !e1lCl. 10 a" 
optimised selective surface for each condition or use, eilher by considerinll the instantaneous ellitiency or, ill a more 
realistic WilY, by introducinll die daily ellieiency of an installation. Furthermore, • "temperature-concentratjon" 
ct.m allow:; us to make an /I priori estimation of the suitable yalue of the selectivity if the temperature and the 
concentntiott ratio ate externally determined. It is also shown Jl.jw convective phenomena have to be taken into 
KCount ill I~ establishment of the characteristics of the c:oI1cttor. 

CCle!paC! 'Solar healers. incOfJ'Or3linll I~ ~!Ofar;c volume and 
co\'ect~:n a single.sballow unil. are one 31mcljlleallernalivol: 10 
lhermos,.-phon syslems. The etimil\31ion ,of (he verlical slor.lt:e 
101'" in alle compacl units co1l1d m:tlltedly reduce lhe COliI of 50Iar 
.3ler healing and may well remove :t(fl1hetic objeclions to 
roof.lor installalions. M~t compact hcatcrs and particula,Iy lhe 
inclined tank confilluration shown in Fi~. I. offer hiKhly dIk'icnt 
sobr ellCr~y con\'Crsion durinJ rcriods of ahundant in~alion. 
but their overall rcrfonnance i~ adver~ly affected by sipiicalll 
ni&f\t-coolinl due 10 l~ 31:~l1Ce of a ~tparate fllny·inslIlated 
storate l.llltll.21. The use IIf removable. coIleclOf "'ale in· 
sulation OJ lanlt drainilll ~ the ~hlIIJ call raniany alle
viate Ihnsituation, but it appears preferable to base cOIIIpaCt 
solar heater de"elormcnt oti lhe lhermal ortilllintionof the 

THE OPTIMAL F'NERGY DESIGN OF STRUCTURES BY 
llSING THE NIJMERIC.l\1,. SIMULATICIU OF THE THERt1AL 
RESPI"lNSE - \JITH Ef-IPI-tASIS ON 'THE PASSIVE 
COLLECTION OFS'OLJI.R ENERGY. 
A. F. Emery, D. R. Heerwagen, 
S. V. Stol tz, & G. B. Varey 
Energy and Ruildin9s, VoTe 1, 

c •. J. IHppenhan, 

No.4, June t97A" 
p. 367-382 

(\ 

f'l 

l'/IC paper dc.~cribes tile dcuelopmcnt of 
'Urll a w-;;Iculational program as part of tile 
lI'orh Of ,a team of arcllitects, climatotog;''>ts, 
"'id ,.ngillcenl 10110 Ilaue been worlling 011 tile 
fo~': o( incorporating and ~xecutitlg cotlser
!'inK desiglls in tile mediumsiz,e group residen
tial structures. 'i'lre responsIVeness 01 tire P;;;:
gram to tile needs. of lhe llscr." and tire demoll
stration of its accuracy is,lllustraled by several 
comlJUlationul e;mmplcsof sillgle and mlllti
room configurations, Tire erfectsiJf typical 
design choices and clrDrlges are illustrated by 
calclllatiOIl$ for sllort lillie summer and 
willter extreme weather conditions alld also 
(or long time auerage wrather be/lOuior. Rot" 
model('d and actual weatller data an? used ;n 
t"ese calculation .... 

-, stCJnie YOIume to colleclor area iiitii;, This CIfIIimilllion call 
of tell provide lhe desired end-of·nillhl s!","~ 'IClllpcflhIrc (Of 

. Jivcll climatic condilions and collector characteristics. The 
",estill effort focusl:s 0" 5uch an opIimizalion. subject to the 
limilalion of a sinp:lc end·of·nipl w:ller -draininll rcriocl. and 
aS~lImcs Ibat all auxiliary ,heat source is available for periods of 
inclement wtalher .nd, for heavy hoi waler dem3r.t. 

AN J\PPROXlMATE EQUATION FOR PREDIctING THE SOLAR 
TRANSMITTANCE OF TRANSPARENT HONEYCO~mS, 
by K.G.T. Hollands, K.N. Marshall and R.K. Wedel 
Solar Energy, vol. 21, no. 3, 1978, p. 231-236 

A,",nd-An apI'rolimate tqlla,ion is pre~tnt~" for rredktinJ: lhe ~oIar transm:,113oce or Iransparent honc,.;~. 
The mtlhQl1 accouols rn, sc:,"crin~ y,-hich "ccllrs in ,uch hnncycomhs lIy introd"cin~ dilfu5e compolICllls for "lIlh 
lhe rtn~clivily and Iran'tmi\'tiviIY of the: hOllCycomh Yo'all. Requircd inrllis In lhe cqUalion arc the orlical I"OfI"I'ics 
of the honeycomb wanmalcri:II. ;IH-ra,,:d "ver the 50lar spectrum. Method~ nf dettrmin;,. lhese I"0rcrtie, arc 
dcscrihclt. Allholly.h \Iriclly arrlic;l"le Ina \qllarc<tlled honc:ycom".the equalion ~hould htarrrn~inuldy 1r.Ilid ror 
he~ .. ~nal honeyc"mh~:t\ wt,ll. The: eqllalloll i~ comrared to lhe rncll~ured tran~.!IIillal\('e nf a he~:'tr.nnal·nllc" l.e~1Ift 
honeycomh wilh r.ood resllll~. 

N78.2.1.·, WyIe lew .• Inc .• Huntwille. AI.. Sol .. tll8f1lY 
Splems .oil(. 
OUTDOOR THERMAL EFFICIENCY EVAlUAnON OF THI 
YING .OU'R COLLECTOR, 
14 M.r. HI78 17 p ref ReVised Prepared for DOE 
(ContrllCl N;~!I'·32036) 
fNASA·CR·\S0675; WYLE-TR·531-21-Rev.A) Avail' NTIS 
He A02/MF AOI CSCL 10A 

The lesl procedure usetS and the test ... uIts obtained during 
.n owelualion test progr.m to obt.in I",rm" eff'lClency perfofm
.nee dlla :are presented. The flat plate collector used walerl 
prestoni! antifrllellt solution as Ihe working "uid, Aulhor 
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AU ANALYTIC :EVALUATIOU OF THE FLlT"{DEHSITY DUE TO SUN
!.IGHTBEE'LECTED FROM. A FLAT MIRROR RAVING A roL'YGOtiA~L 
OOmIDARY, by F. if. Lipps and M. D. Walzel 
Solar Energy, VOL. 21, no. 2, 1918, p. 113- 21 

~" :::"!~:-.,~ .. ,,..~~ .... - f'::_'7:~'" 

TECHNICAL UOTE, EFFECT OF SURFACE CURVATURE ON 
.' MEASURFMENT OF TJiE."ABSORP.rANCE PRO.P.ERTIES OF SOLAR 
: COATINGS, by R. B. Pettit 
I Solar Energy, vol. 21, no. 3, 1978, p. 247-248 -l ___ ,: __ • • ~. L.-~' __ ."_ 

~ ~te OJ!I'"'- IIHfI1IIIIetIt1I011 ........ ,~ c_-..tefrtt _ 
~ -(:1IIIItIUkr ~ foc dae ... ..,.,.", tdeded ...... '",..1IdiMtar ___ UIriIIiII,." .. ' 
dleo,tbl,illnataliotapraMeM foc dlecntralrem.ef.,...AIIeudaMlylieftlllll ....... '.~~, . 

'1 co.l~ " meat ofieft .,... to aa:lJmlllOlb~ bt ~ 
~ ~ clllitlr;ation Pl'ocedwe, 111m be ~ itt aider 10 

f; 

f 
~ 
~ ., 
c 
~ 

r' 

~ boII!Idaries. All aulyti;aI_1hocI roc rOQIId berlOSlm is,n-ea in Appe1IdiI A. ... is exrre-ly ~~ 
... ~ qUartic foots, A IHefuillUlMriclllMlhod is ,n-e1I itt ~ B for IriottIIs ", artIiInry .... IL 
c~ is made bet_eell the analytic _,hod alld die Hermite fllllC1io1 ~1kId. dick is JMd luter '-l .... : 
lItetnle. TIle ;;~'alytie method Pl'ovi6es a basis for nalatint ali otMr!luI densil\. aIcuIIIioM. "$ 

... _--,---------, " ..... , """,,, 

OPrIlML GEOMETRIES FOR OIiE- ,.&2ID T'WO-FACEB S'il-2.mr:ro:C 
SIDE-WALL BOOSTER MIRRORS, by D. D. I-Bnnan and 
R. .B. Bannerot. 
Solar Energy, v-;)l. 21, no. 5, 1978, p.385-391. . 

III this paper two trou~·like (irifinitely Ionl) east-welt 
ali,ned collectors are discus,ed. 'AIMrmal absorber or 
J'OJ,ibly wlar cells lie located at !he bue of the troup. 
SeasonalliJl adjustments occur aboulihe east-west ui5. 
11Ie $'-* walls are symmetric aboUI lhe plane normal to 
,~,e base. One collecrot' type uliJius a sin&le plane 
rellector on each side; the other,!.", plane relledors. 
The 1"-0 cOnfil'JralioM lie illv!'(ral.:.!. eros, section in 
FJI. I. 

SPECULAR ImffiORS FOR SOLAR ENERGr APPLICATION, 
by H. Taketani and W. M. Arden. 
Sampe Quarterly, vol. 10, no. 1, OCtober 1978, 
p. 54-63. 
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The refledanee erracieney of heliOltat mirror .urf~ is a mtieal parameter 1ft J 

the eentrai tower c:oneept for ~onversion or .olar energy. RefleetaDft! eflieienq~ 
was measured on silver coaled surfaces and on second-surlace mirrors of float and t. 

sheet Klass for comparison in a solar beliostat. Abrasion tests were conducted to ; , 
determine the effed of impingement o[ sand partkles on the reflectance or the : 
heliostat mirror. Wlahin, studies were performed to identify ...,e.. __ eltedive ' 
lIOIulion and tleansinK proeedure for the heliostat surfuet.. . r. .;~ "': c; 

i' 

. .1 lItCW2Idy ~e I~ opcicaI. PI'.run of coal~ 8ClPf1Cd II, 

~ 
cwned; svrfaces. These Pl'oadores "'ere developed fortbe 
~ement of the ,spectral bemispbericaf ICtlec:fmee foc ~. 
.., appfied to uca!w tr«Mr lubes Dsinc an ilItcp2riftc JrM~ 
rdectomeler. The .accuracy of the meawmf rdt.runce VlIr.cs 
deJ-d~ upotIlhe optical c~ of die rel\ec101!1efeT aM 
tile amine 5toolCd. However. by lIS"" lhila. OP3qlJe caf.tn!",-
1IQIeriah,:atrxbc1f 10 tile lubes. the 3CCtIDCJ' of tbe rclIecbnce 
~-.es Call be easil,· 6ttttMM oc ctuwpeh~ foc ill ~," 
meaMmIIaIt, nu Pl'ocedure 1m IIS& IlmI appd to eI!IillAllCt' 
~s", COlI"", ~ 10 anH Arflltn IISitIJ an IR 
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FlEXIBLE ALUlillUZED WALL.:WINS ARClIlTECTUR~,= 
AWARD. . 
Solar lieating and Cooling, Vo1; 3, NO •. 4" 
August 1978, p. 7. 

~ ~ Flextble aluntfnfzed .al1serves as sol.rcollectar 
~tn architectural award design. n ., ~- "- ,."..·_, __ " .. ~~k...-· .. 

4AIR HEATING COLLECTORS --SlHPllFlEO. 
~ llewf I A. Elwood 

lAlternative Sources of Energy, No. 32, June 
~1978, p. 21-23 
"---"'-- .~.-,---.,,--,,----. 

;li1m~viNSTON' soLAR. CONCENTRATOR. IS NOT"'An 
,1 ELtlPlTICAL CONCENTRATOR. 
~l.E. Jones 
'Solar Ener., v.20, no.~, 1978, p.179. ... ~ 
1.3;,."-'-- n. r;,.i ~ -.;r~.;;.; ... e~~ lit 
10..rt0 ft_Jt.. R. W. Bertram WId G. Norgill. tOntMio ,, __ ~ 
tFClUl'ldttion, l!itsitsaup. c.n.u}. In: ,,~ .'Mm.u-; Pre.
~-... of tbI Fourth Annuli Ccr!~, MndDrI. Ont.io, 
1c:.n.s.· ~ 20-24, 1978. Volumt 2. (A7 .. 3140112-441 W"mm. 
!'!...~ Energy Socfttf of c.o.d., Inc... H'78. 18 p. 8 Jm. 
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THE MEASUREMENT OF OPl'ICAL PROPERTIES OF SELECTIVE 
SURFACES usnm A SOLAR CALORTIOOER, by H. 'fTi11rath 
and R. B. Gammon 
Solar Energy, vol. 21, no. }, 1978, p. 193-199 

Altsfrid-lln in~lrlJmcnl ha.~ heen con\'rllctcd to me~sure tile ~ol~r ahsorptivity and IP. cmis>~Yily of surfaces 
u~nE. calorimetric me:thods 10 d:lermine 'heir sc:lectiviJy lIlI'J hence the;r J'Ossihle uw; in wlar tllcrgy devices. 
AhwfJllivity and tolal ~mhphrnc;" emhsivity can be: ",Iodated as a funcrion of lempcr:.lUre: hy mc:aslJrinp; 
rcsreclivc:ly, IIIe rate:!l which 1I1hcrmaJly iwfalcdsample in an eVlICllalc:d cMml>er incrra\,C\ in temreraiure whcn 
etpllsed 10 reai ,or simul~'e" sunlight. 3nd the f;!ie ~I ",hlch it cool~ .-hen shaded, The~e parameters can be used 10 
c(lmparc: the relative: cllicicndes or ditrcrenl slIrbct$ at variou~ oreralip1.lcmIlCJ;ltures. 

CALCULATION OF FLAT-PLATE COLLECTOR UTILIZABILITY, 

by S. A. Klein. 
Solar Energy~ vol. 21, no. 5, 1978, p.393-402. 

Amlnd-The "ulili13hiliJy" or ~.curve metllod developed by W'liJlicr\11 and laler ~ener~li1.ed by Liu and 
Jordanl2. 3). can be: a very llseful desi~n to(lI for wme lypc5 of ~olar elluJ:Y ~ys'~m5""'hich urilize con"enliona\ 
lIal'plale ~013r collcclors. The ~nerali7.ed ~<urve method in il~ ori,in;d form. hllwever. has ~e\'eral drawbacks. 
The calculalion effort require<llo a~~U lon,g.-Ierrn colleclor performance is significant. The ca1cularion~ can nolbe 
completely automated on a co'mp:Jt~r or hand calculator becall~ many ~allh$ are nceded for ""hieh l,"alyrical 

rtrre~entaljons are not 3V3iJable. I" Ihis paper, the 6<urve method is revie,,·cd .. nd siruatillns for which lhemelhod is u$cful arc de~ribcd Then. 
an usier methJ)d. \lsinlt daily ~<harts, rather Ihan the original hourly ~<urves. is presented. Thc 6·charls ,rtally 
reduce the calculations nquired 10 dettrmineJlat·plale C!)lIectOf ulilil.abilily. +-cham can be: easily implemenl~ 
on :\ Jlfwammahle halld calculator. A cOfOparhlln of the oriKinal hourly al'd lhe new daily calculation melhodo; is 
presented. An cxample demonslratinlthe use aod utility of the i<harts is also included, 

TltE PLACE OF EXTREl-'E ASYMMETRICAL NON-FCCUSSING 
CONCEN.rRATORS III SOLAR ENERGY UTILIZATION, by 

D. R. l.fills. 
Solar Energy, vol. 21, no'. 5, 1978, p.1~31-434. 

The physical f'orm of 3n ide3ltrou~h concentrator j~ very clD~ely 
lbllt not invariatlly} related 10 tbe or1ent:tli{>nof i!~ accertance 
angle .ith respect il5 entrance aperture. The "lilt"' of Ih!: 3C' 

ceplance anr;le ri,idly atrecl$ Ihe performance of the concen· 
trator ;lnd can be U5ed III qU3111ify lll'ropcrly .... hich .,..i11 beca(\ed 
the "symmetry" oi'lhe device. This I'arer .... i11 sho .... Ih;\I asym-
melr.iclll non.focussin, ;&31 concentrators-in parliCtllar. Ihe 
ex,reme asymmetrical forms-are often to ~ Jlreferred to sym· 
metrical concentrators such as Ihe ere in solar applications, 

_~~";:..o-.;.< . .-.... ,"" ........ ,".~. " •. '-'!~-,-~-
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OPfiHAL DISTRlBUTIOU OF nEAT CONDUCTING HATERIAL III 
THE FINNED PIPE SOLAR ENERGY COLLECTOR, by 
M. Kovarik. 
Solar Energy, vol. 21, no. 6~ 1978, p.,477-484. 

F..conomic analY5is has heen applied in the "ast to some 
problems in Ihe de5i~n and operation of 50lar energy 
collectorsll-3}. The value or some such 5tudies tends to 
be erodetl by subsequent changes or cost levels anu 
production techniques. The present article attempts a 
revi~ion of some t:arlier 'work. with emphasis on general. 
isation of the results. The intention is 10 Tcduce those 
rarameter~o( the design process which are inlluencedbY 
the chan~ing cost contlilions to the sm.1l1est possible 
number. It hao; been found that only two cost parameters 
are relevant to the main de~ign problem set in the 
rollov.in~ rorm: What <Ire lb~ ~i'"1t:nc;jons and profile of a 

• finntd tube solar energy c(,~let£Dt''Which. subject to con
ventional assumptions and some constraints. produces 
maltimum quantity of hcat per unit investment. 

The above problem will be solved rOf the case of linear 
heat transfer within the collector structure with and 
... ithout I.he additional constraint of unirorm fin thick
ness. A particularly simpie equation for the fin cross· 
section area will be obtained and the main results 
pre~nted in graph form. 

COJ.fi'ARISOIf OF TRAnSIENT HEAT TRANSFER MODEIS FOR 
FLAT PLATE COLLECTORS, by N. E. Wljeysundera. 
,Solar Energy, vol. 21, no. 6~ 1978~ p.517-521. 

In the rJe~nl ~tudy -..e hayc compared the >3l'proAimate model 
of Kltin f1 or III .... illl the nact method of analysi~ ,iven in 
Ref. IJl for air .healer ~y~tems, On Ihe ha~i~ of !his com· 
pari~Dn ... e hal'e introduced a modified 3pJlro.imation which 
,ives heller ""eement wilh lhe rc~ulls of the enct calculalion 
ror nOll plate air heaters wjlh two aod Ihree co\'er~., The im· 
Jl()rlance of Iht lhermal capacitance of ~uch culieclon in Ifle 
prediclion or the lonl lerm hehavioor j, abo con~idered in lhe 
pre~nl ~lUdy. 
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1.79 ... 2895 A reflecti", radiation trllP for producing 
hlth« temperatur", in flat-plate solar colleeton. J. H. Morehouse 
(Texas A 8< M UniversiiY. Collcge Station, Tex.J and R. I. Vachon 
(Auburn Univcrsity, Auburn, Ala.l. In: International Heat Transfer 
Conference, 61h, Toronlo, Canada, August 7.11, 1978, General 
Papers. Volume 2.lA79-42886 18-34) Washington, D.C .• Hemisphere 
Publishing Corp .• 1978. P. 135-140.10 refs. 

The paper presents analy"" of a proposed reflecting radiation 
trap as a mecI1anical means 10 decrease the effective emissivity of a 
flat.plate solar collector, The proposed trap involves the incorpora
tion of rectangular channels with serrated walls on the sun side of the 
flat.plate collector. These channels effectivelyreduCl! the surface 
emissivity by reflecting wme of the emitted radiation back onto the 
emitting surface. Engineering-model traps are analyzed as functions 
of trap configuration, wall reflectivity and emissivity, insolation, 
conduction.convectionlos"", and equilibrium temperatures. The 
effective absorptivity of the collector)s increased. while effective 
emissivity is decreased. The results indicate that although the trap 
increases the operating temperatures of fI.t·plate collectors for • 
given set of insolation and environmental conditions. the optimum 
use of the trapping concept is expected to be in conjunction with 
sun.tracking collectors. S.D. 

ECONOMETRIC ANALYSIS OF ffNCENTRATORS FOR SOLAR CELLS, 
by Aharon S. Roy. 
Solar Energy, vol. 21, no. 5, 1978, p.3Tl-375. 

HEAT MIRRORED SOLAR ENERGY RECEIVERS 
Phillip O. Jar;in 
J. of iEnergy. 'vol. 2, no. 2. March-April 1918, p95-
99 

A simplified model of a heat mirrored cavity receiver IS 

considered herein and used to predict cavity opera(~il,'J ef. 
ficiency as a function of incident sun level, cavity opi:rating 
temperature, and heat mirror reflectance edge position. The. 
resuiis are compared with those for a windowed receiver 
where escape.of reradiated energy is prevented by a process or 
radiation absorption 'j(Jthewil1dow, rather than by reflection 
back to the cavity interior as in the case of the heal mirror. 
Experimental data on some cxistinl heal mirrors ;ire sum
marized, and achievable performance improvements with 
existing heat mirror films are calculated and compared with 
idealized predictions. 

THE r;:FF~CT<; OF Alq tf.:l\KS Otl SOl~P. AJR COllFCTOR 
nEH.I\VIOUR. 
D. J. Close & M .• R. Yusoff 
Solar Energy, Vol. 20, No.6, 1978, p. 459-

. .. 46]. 
Alr.!Irlt'-When concentratin~ collcelors arc used with 'photovoltaic ~olar ccll~. tIM: Cllsl of the ~eneraled electn:lt) A~r.rI-The construction of conventional ~olar air collecton .nd the fac't"althey will orerate wnh a si~nilicant 
is CllnlrQlled by the concenlrator cost. Thi~ enables Ihe use of hi~hl}' efficient cell~ ~nd colleclors of. h!g~ pressure difference hetween the heated air slre:am .nd .Imbient. 5UI!~51S that ~iJ:llilicant quanlilies of air may leak 
concentration ra,ios, thereby redudn!! bolh Ihe cdl.and Ihe non-cell cos I component~ per IImt generated electnc't)Jinto or out of them. A scare" of Ihe lilerelure reveals M consideration of the elfecl5 tlM:~e air lcab m3Y have on 
Co~t anJlr~,f~ indicate the sillni~nce of distinguishing between the c<:II'cosL and Ihcnon-cell cost·components. the validity ofeol!eclor efficiency measurements, on the efficiency itself. or indeed ""hat Ihe meanin!! of efficiency 

. • • . - , • is under such Qpenling conditions. This paper discusses the meaning or collector efficiency ""lM:n kalts inlo the 
. collector occur. analyses lhe effecls on efficiency meuurements, and solves 11M: collector efficiency ror the ~implc 

N7'·2"'13~'._W~I. litis .. Inc .. Huntsville. AI., SoIlIr Energy case or a con5tantleab~ratc alon~lhe collector. AS5umi", thal.alr ,Ieakinll in frllm amIJienl can rcplace deliberale 
S~stems Div. . rresh air supl'ly 10 the load as in build;nll he.tinl. tllen si,nificant mea.~nremcnt errnrs arc made if air leaks in 10 the 
INDOOR TEST FOR. THERMAL ~ERFORMANCE EVALUA. collector are not accounted for. Further.lhe collectnr efficiency is int:re.1~ed over the no leak case. ~o that complex 
TION ON THE SUNWORKS (AIR) SOLAR COLLECTOR construction methods to make the collector air ti~ht are probably not warranled. 
Jao. 1978 34 preIs P'epared for DOE 
(Coniract NAS8·320361 
(NASA'CR· I 50666; WYlE· TR-53 1-171 Avail: NTIS 
HC A03/MF AOI CSCl lOA 

The test procedure used and the results obtained from lin 
ev.luation test program conducted to obtain thermal performance 
data on a Sunworks single glazed. air- solar collector under 
simulated conditions lire described. A. t'me constant test and 
incident .ngle modifier telt were conducted to determine the 
tflnsient effect and Ihe incident .ngle effeet on the collector. 
These results' and the .rl!lllults of the collector load test Ire also 
discussed. Author 
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THE APPLICATION OF THERMOGRAPHY TO LARGE ARRAYS OF 
SOLAR ENERGY COLLECTORS, by Robert G. Mansfield and 
Anthony Eden. 
Solar Energy, vol. 21, no. 6, 1978-, -p.533-531. 

Thermol!rarhy may 'be effectively "'cd 10 produce a more 
efficicnl solar encr~y Cilllcclion $y~tem Ihrollgh it~ di,pl~y of 
othcr" .. i,e undetected problem area,. liquid $013r colleClor$ can 
e~pericncem~ny diflicullies associ~ted with their J!1:dormance. 
One or the~e concern~ the maintenance of linirorm now 
IhroughoUI ;In array. Aow imbalances can c:"ht wit"in individual 
collectors and can reduce the overall efficiency ur thtrmal 
collection: thererore. deleclion or these im"al~nccs I>ccome~ 
iml'ort~nl. One I'ossible detcclion mclhlld is thermograph),. This 
rcport deals ",-ilh therm~aphy and its $I'ecial 31'1'licalion to 
~'ar enern te~earch at tIM: United Stale. Air Force 
Academy(l). Tories covered include the I'rediction <lind "hser· 
v"tion "f r~w problems wilhi" 3 13r~e ~olar collector array. as 
well as the rc:,,,lls of aclions taken to allevia, them t"HIIl!!h the 
u\e of therm",raphy. . 

,~ ~. ,<f. '~~_J!:+.;t,. -""':":l:".: ~ .• ~. Ii, ____ ,_ 

iA, o.L"'_;.L __ .~ ~ __ ' •• ~~~'''''-"''1I'kMlth~,,,;....;.<._· : .... _~-"..:.. .•. __ ~,_ .. __ ..1.... __ ~"""""-, ...... ~ __ 
.~ __ ~~_-----a.._ ................... ~.~_~~~~>",,-__ ~.~r.. ·~ ___ """"''''''''''_3at_l!!!!l!.!l!IIlI\!!!! __ _ 

f1 
I' 

I 

i j 
1 



au-\ Jtlfil', "~I " • ~.-u, ___ _ """'< 

} 

~: ' 

~/ . 
t 
" , 

~' 

~" .. 
t * (' 
:'}, '~~ ,I 

~~{ 
~:..~, 
~:+..- '~l\;-, 
~,I;'1;I." 

K·-t4,a: .. ~," , tA,·t 

i
"'~:'r1 
I,?, .~~! 

L -·t 
.f, .J 

1" , 

: ,.~ 1 

f , H 

t i j~ 
~' . , 

~". i t i, 
S ~ 
r,; i 
r· ~ 
~ ~ 
" I 
I 

~, 

~~' ,,,,: 
~' 

.. 

1 

I 
:t 

"it 

COtlCENTRATION OF THF. SUN'S RAYS lJSItiG CI\TElll\P.Y 
CIJRVFS. 
,G. A. Rotti gni 
Applied ~~tics, Vol. 17, No.6, March 1978, 
p. 969-974 ' 

The pllrp()~e of the present work islo sh!')w t hal it is, 
possihle to concentratc the slln'5 rays usin~ ren('cting 
liurfaces the curvature of which, pni(]lIcedhy gravity, 
is descrihedhy a catenary equation. As we know from 
optics, a parabolic curve concentrates mys parallello 
its axis in one point givi ng zero dispersion. 1 f however 
the rays are not paralJello the axis of the paralJ()la, t.he 
concentraticm giV(!li a dispersion that increases as the 
angle grows between the axis of the parahola ,and the 
incident rays. This fact creates a serious problem 
concerning t.he construdion of sun-ray concentrators 
of the circular-parabolic and the rmraholic-cyHndrical 
t.ypc. hl~cn\ls(,. due to t he movement of the Slln, it is 
ncc(·:;.~ary to reset the cnn(:entrator continuously. 

OPrIl.fAL SIZING OF SOLAR COLLECTORS BY THE METHOD 
OF RELATIVE AREAS, by C. Denni~ Barley ana C • 
Byron Winne 
Solar Energy, vol. 21, n9. 4. 1978, p.279-289. 

A method is presented lor calculaling directly. without itera· 
'!Ion" the approximate collector area which minimilCs the total 
life·cycle cost 01 an aClive solar space ~ndfor domr.stic hOI water 
heating SYSlem. The method is based on an empirical relationship 
between annual solar load fraction and relative collector area, This 
relaUonship was determined by correia tin!! data that were generated 
by the Klein. B~ckman and Duffie F·Chart program. which in lurn is 
based on a correlation of digiJal computer simulation results. The 
calculations may be pr.rlormed in a few minutes using a handheld 
calculator. Requirp.d data arc tabulated lor 170 locations. anrl a 
solved example is included. Comparerl to results from the F,chart 
program. deviations of loial life'cycle costs from the mInima are 
IVpicallVless than :3 pr.r cent. Uncertainty of future energy prices is 
rega.ded as Ihe limiting faclor ill the accuracy 0' the ortimilatioll 
calculations. A detailed economic analvsis is inclufled. (Author) 

~~--- - ,- ~ ~I'~""'''''''-fl'''~-:''~'=-"'''''''''~' t:,~,~.~..:} ~'- ~~""'~"""'" iifiR'~lt~ 

RADIATIVE COOLING OF Ti02 wniTE PAINT 
A. W. Harrison and M. R. -Walton 
Solar Ener., v. 20, no. 2, 1978, p .185-188,. 

Selective surraces have htcn used exlensh'cl)' in solar C!lcrgy 
collectors [I J. bul to date have nol httn e~pJniled 10 any !:real 
eXlent in radial ion cooljn~ devices in which advan'a~e is talen "r 
lhe almospheric window fCl!ion 11-13 I'm. As noled by 
Johnsonl2J hath nalural and man·made 5tOlctures arc known 10 
cool below ambient temperalure under cerlain environmental 
conditmns. In a recenl uperimenlal study Clllalanolli 1'1 al.131 
have shown Ihat subslantial cnolin.: of a ~Ieclive 5urface below 
ambient temrcrature can be achieved provided cerlainconditions 
are satisfied. The wOlk re",ulcd hC:le is similar to that of 
Catalanolli t; al. but has been cauied oul under dilferent 
environmental conditmns and with a dilJerent selecli>'e surface. 
"The underlyi:!!!'theory has been IEiven in the arlin' ~"Kfy'" and 
slwws that the rower radiated frorn a <eleclive surface of spec
tr:tI i~mi'lo<ivily t.(A) and which obeys l.amhcrfs cosine law is 

DUCT AND PIPE IJOSSES IN SOLAR ENERGY' SY3TE1·f), by 
VI. A. Beckm'ln. 
$olar Energy, vol. 21, no. 6, 1978, p·531-532. 

Thcen~r!!y I"~' flom ducI< :lnd ri~s leadi"!! III a"" returnin!! 
fr!lm Ihe c!llledor in :l ~ol:tl enel~Y ~y~tem can be ~iI!niIiCllnt. 
Tbi~ nllle rlesenl~ a me;hmJ for t":I!n~tinllhc inll~nce of the\C 
lo~~e~ on tht o,'el .. n sy~'em pelrolmance. It i, ~hown 'h~1 the 
comhination of duc'~ I'lu~ wlar coll~ctor i~ equivalent in lbermal 
r~rrolm~nce to ~lIolhcr ~C)br co"~ctor wl1h diffelent vaillu of 
(i, lind (m) 

A7r. 19829 • Irr~di."c.. fo' 'kew '.Y' incid~nt "pan • 
,lrough,Ii"!! s>}l", co"~c'or 01 ~'bit,.,v shape. G l S"""", a!Jrl D. G 
Ollrlthortl IGr"Hlm. lJfl\v .. r~iIV. 1\1/'''n5. aa.l. Sol." l'i?('(!lV': vol. :/0, 
nn I, ml~, 11 '5:27 NI\SI\ '''''I'm ..... ' .. ~,\tdl, 

A11J.19835 Goomelt;c facton for p'_ IpKUtllf reRec
tors. N. E. WijeySlJOriera (University of Sri lanl(a, I'eradeniya. Sn 

lanl(a). So/.lr E"...rgy. vol. 10. nO. 1. 1918. p. 81·85. 1 refs. 
The solar radiation collection 01 flat plate collectors. hot,ho)( 

OVellS, and thin film solar cells mav ~ increaSOJd by P'III'! specular 
reflectors. A !!,!ne,al formula is derived lor cak:ulating the geometric 
faclor between the plane specu'ar reflector and the coflespondiog 
collector surface. It is based on mal,il( transformations. and is 
thererOfc 3pplicabtll 10 digilal computer programs. Specific !!'!omet,;c 
factors 'Of r.asl wrst and nOrlh'soulh -configurations Me also dis
amed. S.C.s, 
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A TEST FOR DE"l'ERMDUNG A BEST FLOVT RATE THROUGH 
SOJ..AR COLLECTORS, by H. C. Hewitt Jr., B. K. 
Parekh and G. L. Askew. 
Journal of Energy, vol. 2, no. 6, Nov.-Dec. 1978, 
p. 342-345· 

Thi~ p:>IIrrllhr~ Ihl' Ic'linJ! IPllaralll~. in,lrllmrnl:>lilln. Ind Ir,linJ! pfllcednrt' .. hich can he IIs('dlll d('lrrminr 
a d('~i!:" fill" r:Ur IhnlllJ!h Ih«' manil"ld rllr .n~· p:ulicIlI:ar syslem "r illcnliul fI:aI."l:lIc s"Iar ('lIlIe,·llIrs. Thr liS(' 

"r 1,,'11 ith'nlil'al <:lllIrelllrs in :a sh'r-h~-sidr Irra"l:('nll'nl is rm"I",cd_ ,\ IC3SI-"IlI:lrrs mllhrmalic:" m"drl is 
d("rl"IIed III fil IIII~ 1I:lla III II,,· fltlnln,,"I, arcrpled cullnlllr p~rrurm:lIIrr r llll:llilln. I:R = 1 ('(;/(,', I II-r'IJ 
(- ,." V,/GO] , A uri:"illnllr IhI~ mlldel i~ ",I\rd h,· Iri:lI·and-('rrnr "n a COlnlllll('r. I'rr~snr(' dmp dal. arc 
Cllrrl'Illrd II, llrasl-SIIII:IrCS ,,:>r:lllllia (Iif"r. and In cClinllmir mlldrl is dC''''""ed I" find Ihe IIplimnm nIl'"~ rill' 
fur Ihr "arli<'l.I:,,·I, pc III (,lIlIrclllr. 

FLAT - SIDED RECTILINEAR TROUGH AS A SOllV! 
cotJCOm~tI,TOR: AN A~IAl YTICl\l STIJDY. 
Oonald G. Burkhard, George l~ Strobel, & 
Daryl R. Burkhard 
Aoplied Optics, Vol. 17, No. 12, June 1978, p. 
1870-1883 

A78-19837 lne."ent;"e tOlar conectors for agric:ultural 
requirements. J. H. Schlag, D. C. RaY.A. P_ Sheppard. and J. M. 
Wood (Georgia Institute of Technology. Atlanta, Ga.l. Solar Energy. 
vol. 20. no. 1, 1978, p. 89·91. Research sponsored by Georgia 
Institute of Genetics: U.S. Department of Agriculture Contract No. 
12-14-7001·566. 

FILON PANELS: A TECHNICAL REPORT, by James E. 
Whitridge. 

Two types of jnC)(JK:nsive solar colleclors are discussed: the 
black film, hot air collector system. and the rock absorption and 
storage collector system, A revi(!W is presented of collector instru
mentation. noting (1) the automated data collection system used for 
assessing collector design research, 121 the remote data collection 
system for field collector evaluation. and 131 tlte 50Iar instrumenta. 
tion component design_ S.C.S. 

SOLAR AND INFRARED RADIATION PROPERTIES OF PARALLEL
PLATE HONEYCOMB, by J.R. Felland and D.K.Edwards 
Journal of Energy, vol. 2 ,p.o. 5, September 1978, 
p. 309-31"( 

Sunworld, vol. 2, no. 1, February 1978, p. 18-21. 

All Filon panels arc manufactured 
with acrylic-fortified polyester resin 
reinforced with fiberglass, and a/l con
tain ultraviolet (l)V) light absorbers 
to reduce color degradation; but it is 
generally agreed that Tedlara -clad Fi
Ion panels with a weather-protective 
surface of DuPont's polyvin)'lfluoride 

film are best suited for use in solar 
application~. The Tedlar surface pro
vides additional UV rrotection as well 
as protection from surface degrada
tion, and its matte finish tends to re
duce reflectivity. The film is virtually 
impervious to erosive and corrosive 
atmospheres. 

ThrCt' r: .. liali\'l~. Ir:lII~fn probkm~ ." ~fI"'~d fur d~!'l'rihin. Ih~ Ih~rmll P«'rfnrmlnl't "f plrl"~I.plll~ 
h"I,~'''1II11b arr:l~~ used I .. clln,lruel sula'-lrln\parrnllnsul:Jlrd "'1I11~, .·Iul. slIIar Iran~millincr 15 Iruled "Iilh 
nallullllC :lIId IIIIlari'lililln. S\· .... nd. ('rr«th'~ emillancr 1"1' passlI!:«' Iransmillllnl'l'I Is drrht'd fo, partially 
lrall'parrnl 1111111 mlllrrl:"~! Third. Ihe Inrhlrncr lin Iht' dfrrli.,«, emillan.,,, of Ihe rl'·radi:ll"d ~ncrJl) cllnlrillul,,11 
hy Ihe ah~orbcd )iola, ndl:llilln Is drl~rminl'd. Rrsulls Ire "llelll.I"d for Ihin-,,'~IIl'd JC'a~s and m,lar 
hllnr)l·omhs. Wilh II!!:r~slllts, Ihl' "nllint' .. , "' lIehllt'el can e .. h,alr Ihr merllllr .pplling hllnt,(,lImhs III )illlar 
e .. I ..... I .. 'S. Ilrl't'nhIllISC'i, rrsidrn.·cs. and cllmrnl',rilll ImildinICs. 

A79-33217 H System dab on n.t ....... collector. 8IId it. 
optimization. H. P. Garg (Centr.1 Arid Zone Research Instilut", 
Jodhpur, India). In: Brazilian Conference on Enl!lgy. ht, Rio Ge 
Janeiro, Brazil, December 12·'4, 1978. "Proce~ing~. Vol'!me A. 
IA79-33212 13-441 Rio de Janeiro. Universidade Feckral do Rio de 

• .bIneiro. 1979, p. 65·86_ 45 refs. 
Design parametefS .,e discustet! for 101., energy nlt·plate 

collectors employed for such applicatic:m IS water heating, SIJl3Ce 
l]I!ating. air conditioning and crop drying_ Among the parameters 
studied for optimization .,e the air 9-lf) between the colleclor and 
the first glaling. coating types, and colleclor tilt. In addition. the 
effect of lnrt on the transmittance of the collector plate, the 
interconnection of absorbeR. and collector·boOlter systems are 
considered. J.M.B. 
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A79-31447 The honeycomb he.t trap· It. af>PIication in 
fI.t pilOte solar collecton. 0 .. Hart IWater$hed Energy Systems, lId .. 
Toronto. Canada I. In: Renewable al!!!rnativ~s: Proceedings of the 
FOIJnh Annual Confetence. london. Ol)lar'o. Canada, August 20-24. 
1978. Volume 2.IA79-3140112-44' Winnipeg, Solar Energy Societv 

" of Canada, Inc." 197~_ lOp. 
It is poinied"'out that a collector oPerating under Canadian 

midwinter conditions loses the major portion of its energy .back 
through the covers and sides to the outside air. Theprimarv 
mechanisms for this heat loss are. examined along with the 
approac/1es used to redoce the effecti~eness 01 these mechanisms. It 
is fOlJnd that very few collector designs incorporate anv means lor 
suppressing free convection, which is the major source of heat loss. 
One such collector is the evecuated·wpe collector. A description is 
pri!SI'nted of another approach irwolving the use of honeycomb cells 
to suppress cOllvection. It was' found thaI bV partitionin!! the air 
layer between the hot and cold surfaces, convective motion could be 
virtuallv eliminated. In a comparison of the performance of various 
solar collectors it was found tha.t honeycomb panels PlOvidcd 61.7% 

of the annual hrating load for a house. while air collectors of the 
$ame area supplied only 44.2% of the load. G.R . 

A79-31408 Thermll performance .,.alu.tion of a flat·plate 
cylindrical parabolic concentr.tor and • flat·pllte collector. P. Singh 
and K. F.Schenk 10nawa. Universltv, Ottawa: Canada). In: 

J flenewable alternatives; Proceedings of the Fourth Annual Confer
ence, london. Ontario, Canada. August 20·24. 1918. Volume 1. 
(1'79.31401 12·44, Wlnnipep, Solar Energv Society of Canada. Inc .. 
1978. 13 p. 6 refs. Research supported bV the National Research 

Council 0' Canada. 
An investigatIon is conducted regarding the design, building, and 

testing of I flat·absorber cvlindrical parabolic concentrator (CPC) 
aod a conventional type-of flat·plate collector. Experimental studies 
showed that the flat-absorber CPC is more cost·effective than the 
conventional flat·plate collector, if operated at solar noon under the 
specified conditions. Although the flat·absorber CPC utilizes much 
less absorber plate area, the tota' cost per unit area for both the 
coIlecton balances OIJt because of the additional cost of the 
reflecting sur'ace. However, it is e::pected that the cost of labor in 
building the parabolic surface would be reduced marginallv bV mass 
production. Anothe, important consideration is thM since the 
absorher width is large enough to receive even thc off'aKis incident 
rays. no tracking mechanism is nceded. The collrctOl can al.o ho 
OJl!!rated on cloudy or hazy d.ws. G.R, 

1'79-31451 Studies on solar collector performllOCt! at 
NRC. S. J. Hani$on and J. R. S.isakflNational Research Council. 
Clv. of Building Research. Onawa. Canada). In: .. f!enewable alterna· 
tives; Proceedings of the Fourth Annual Conference. london. 
Ontarin. C.,nada, August 20-24. 1918. Volume 2. (A 79·3140112,44) 
Winnipeg, Solar Energv Society of Canada. Inc., 1978. '2 p. 8 refs. 

As part of NRC's responsibilitvfor the development of- solar 
heating stalldards and test methods. a facilitv has ')I!im e$tablished at 
the Division of Bullding Research (DBR) to ,obtain data on the 
thermal Performance and durabilltv of solar collectors. A variety of 
solar collectors are being tested to determine ihe factors that ·affect 
their ptlrlormance and life. A review of tcsting procedures is 
underway to assess their suitabilitv lor use in Canada. This paper 
describes the solar calnrimeter apparatus and the in·house activities 
currentlv being pursued at DBR. ~ (AuthQrl 

....... .~'-.<; ~>."~.!\, ... "-1:t:,J~.,,.~;,;~ ...... ..,. .... c-~-:,~ ....... (,...'.,.,.~\,.!,.,.'t~'" 

A79-45216 Graphical reprete"tation of .,Iar eo'ector 
perform.,nce. ~1. G, Paul (Alahama. llniver"itV. HUlltwille, Ala.l. h,: 

1\79,43018 An owel'WiP. .. of interm .. di~t" t."., .... ",ure sol", 
collector and p...."gV~tor"'l1!tec"nology. F. K.ellh. J. N, Ca~".!. and 
C. E. Wyman (Sola. Ellcrgy Rese'lI('h 11l~litutc. GtllrI.'II. Colo.l, In: 

Application 01 solar energy; PIOt;eedings of the Third Southeastern 
Qmference, Huntsville. Ala., April17·'9, '1978. {1\79,45201 '9,114, 
Huntsville. I\la., UAH Pres~. '978. p. 233·240. 7 rer~ 

International Heat Transfer Conference, 6th, Toronto. Canada, 
AUgust 7·n, '978, General Papers. Volume 6. (1\7943012 '8·34) 
Washington. D.C., Hemisphere f'ublilohil1g Curp .• 1978, p. 255268.-
47 refs. 

Determination of the therm.,1 performance of sol .... collector 
modules bV test according to ASHRAE Standard 93·77 involves a 
n.mber of variahles. such as incident !IOlar radiation. amhlent 
temperature, fluid inlet and exit temperatures and inaS$ flow across 
the collector. A diagram arrangement is presented which elucidates 
the roles of these variable$ as to elficicncvand useful el1fll'!JV output 
of the collector over an ample operational ""'!Ie. A blank QUadrant is 
provided which allows lncorpor<!tion of the straight.line or .other 
thermal efficiency curve of collectors for cl)mparison. extrapol"ti;:, 
or analvsis. The go aphical method presented should greatlv facilitate 
th~ interpretation of the ASHRI\E Standard 93·77 recommended 
~lottpf.Whilli." ·BIi .. plot of the ,"ea~ured thermal pp..formance of 
~.,1a. CIWI'IY col1!'ctOl modllies. (Allthor, 

This paper presents 8 survey of concentrating solar collector and 
energy stor. technology suitable for the mid·temperature range 
between 370 and 670 K. The thermll performance of generic types 
of concentrating collectors are compared and t'lf) variOlJs methods 
for providi,'!I energv storage in the temperature ranges achievable 
with thesc collectors are summarized. The ohj<:ctiwe of this review is 
to compile the information n!!Cessary for the .I<!sign of solar I!nc"lV 
$VSlelm in the mid·tr.mJ)')rature ran~ ;",<1 to indie-,Ie arr~ that 
lequire additional rcsran;h to make solar cnclllY ,,'CollomK-",IIv viahre 
for illl"lstrial h.:at :.pplicatiom. (Authnr' 

A79-31406 Dimensional rl!i.tiom fM frllt! conwective he.t 
t,,","er in flat·plate colleeton. 1<. G. T. Hollands (Walerloo, 

'oJ University. Waterloo. Ontario, Canada'. 'n: RenewilTJff: alternatives~ 
Proceer,lings of the Fgur1h Annual Confereoce. london, Ontarlo. 
C;mada. August 20-24, 1978. VolUMe 1. (A79-31401 12-441 Winni· 
PI!!I. Solar Energy Society of Canada. 'nc., 1978.12 p. 11 refs. 
Research supported bV the U.S. Depilltment 0' Energy. 

Free convection heat tramfer i$ one of the dominant modes of 
hp-at loss in II flat plate solar collector. Recentlv there have bl!f!n 
reported new data and correlation equations for free convective heat 
transfllr in variOlJs geometries similar to those fOlJnd in solar 
coltectOB. 'n most of this worle. the results have been reported in 
terms of dimensionless grouPS. This "",thod of presentation does not 
immediatelv indicate how the results may be used for design 
decisions on collectors. A description is presented of the new results 
In terms 0' dimensional equations und graphs. thereby pointinli the 
way to improved design techniques. Particular emphasis is placed on 
the new 'ree convective information resulting from studies carried 
nut at thl! University of Waterloo. G.R. 

A~~31~ Enet1Y anafytis of 8ft .... minvflllOI. caIIec
tor. W. A,hicn and J. E. Robil1Son (Waterloo. University. Wate.'oo. 
Ontario. Can-1da). In: Rr.newllble alternatiwes; PrOCl!'!dings of the 
Fourth Annual Conferl!!1ce. london, Ontario. Canada, Al19'Jst 20-'24, 
1978. '\ftiiume 1. (A79-31401 12-44) Winnipeg, Sol"r Energy Society 0' c.nllfla. Inc.. 1978.9 p. 20 refs. 

An analysis was conducted of the energy consumption lnvolftd 
In It!1 imfaflation of aluminum solar collectors to zscertain the length 
of iimttwhich would be required to recover the energy invested in 
manuf..:ture. It was fOlJnd that approximatelv four years of 
operatioo will be required to regain the energy consumed in the 
manufacture of the sol .. collector system from r_ material •• It wa 
Il1o found thlt the tJSf! of recvcled mttt.I substantiallv reduces the 
energy paV·bacle period 19 just over one vt!M'. In this case. then. lhe 

energy viability of one new technology, a SO'M' collectOf' .ystem, Is 
enhanced significantfyby parallel devt!lopml!!1lS in othen such a 
metal recvcling. G.'" 

PERFORMJ\NCE TESTING OF SOLAR COLLECTORS., by B. Justin. 
Sunwor1d, vol. 2, no. 3, August 1978, p.66-71. 

Agreell1el1t on test 
procedures is the 
first step. 
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A79-31413 A IOlar CDlIector ,.nwI perform.,ce , .. for 
dwllopmen .. 1 prograntL E. C. Shewen and K. G.·T. Hollands 
(Waterloo, University, Waterloo, Ontario, Canada), In!' Renewable 
altematives; Proceedings of the Fourth AnnUli ConferenCe, London, 
Ontario, Canada, August,20·24, 1978. Volume 1. (A79·31401 12-"4, 
Winnipeg, Solar Energv Society of Clnadli, lhe., 1978. 13 p. 8 refs • 
Department 01 Supply and Servic;es Contract No. 
12S0·31155-7·4409. 

An alternative thermal test procedure for solar collectors to tllat 
described in ASHRAE Standard 93-77 is described. P.ticularly 
suited to in-house developmental programs, the method permits a 
substantial reduction in 'the time required fer test oompletion, while 
yielding an accuracy that should be oomp.rm!e, for a given tyPe of 
design. Considerable use is made of indoor heat loss testing .nd only 
one outdoor test is required. In thislMPl!f the method is outlined and 
• procedure for correcting the resuhs to s .. ndard ambient conditions 
is dl!!lcfibed. A description of a test apparatus fcit air·heatin~ 
collcctprs. built at the University of Waterloo is $liven and somi'! 
eKperience in dl!Sign of mixers and thermocouple collars is r.c.ax>,:ed: 

11.79-31423 TIw performance of • Ii .. built. air '-'i,.. 
venicll collector with ... _ r.n1lC1IIr in OutIbK. R. G. Kerr and M. 
M. SlJapiro 'Concordia ,University. Montreal, :Canada". In: Renew· 
able alternatives; Proceedings of the Fourth Annual Conference. 
London, Ontario, Canada, August 20·24, 1978. Volume l. (A79· 
31401 12·44) Winnipeg, Solar Energy Society of Canada, Inc;, 1978. 
12 p. 10 refs. 

A screen-type vertical air healing collector with double glazing 
was installed in 1975 as the south wall Qf a house near L. Macaz., 
Ouebec, 170 km north of Montreal. The oollector was built on sitl!, 
using norma: construction materialS, for a gross cosl of $70!sq roo 
and • net cost of S45/sq .ro, in 1975 dollars The house and solar 
heater were monitor4Xl during the 1976-77 heating season. The OOOIl 
efficiency curve of the collector oompares favourably both with that: 
of an eKperimental and with that of a factory·built collector. The 
monthly average efficiencies ranged from 32% in March to 42% in 
October. Tile ratio of 50lar heat to tile sum of solar and basllboard 
heat supplied ranged from 0.29 in November to 0.76 in M.ch. and 
was 0.5 .over the entire heating season. Daily and monthly solar • 
radiation and solar heat COllected, plus monthly average erriciencies 
and solar fraction are presented, (Author) 

33028 (DOE/NASA/CR-IS0860) QusllfiClltion tHtend analJ· 
Ib report: ICIlar eolleclors. (Owen5.l\Iin~is. Inc., Toledc>, on (USA). 

Solllf Energy Producl5 GroUI')' Dec 1978. Contract EX·76·A-29· 
1037. 148p. Dcp, NTIS, I'C AU1IMF AOI. 

Test rcsult~ show that tht: Owens·l11inois Sunp:dt/sllp TM/ 
Model SEC b(Hair-cookd collector meets the national standards 
and codes as defined in the Subsystem )'erfomlance Specification 
and Verific:llion I'lan of NASA/MSrC Contract NASS·322S9, 
dated October 28, 1976. The lucllitectural and engineering firm of 
Smith, Jlinchtllan lind Grylls. Detroit. Michigan, acted in the capac
ily of the inuependent certificalion agency. The program calls for 
the development, fabricatioll. qualification and delivery of an air· 
liquid solar colleCtOr for s,11ar heating. combined heating and cool· 
ing, and/or hot waler ~y~t(,ll1o;. 

~;;-~~ .- ~ .. ".,rio:r~-"'_'rr:-... ~·~_1·;:'-~""""'~'f,.,~ .... _" -'< .... ~~..;~~~ 

SIIADING ,AND SPACING IN PARABOLOIDAL COLLECTOR ARRAYS, 
by B. P. Edwards. 
Solar Energy, vol. 21, no. 5, 1978, p.435-439. 

Tbi, "a~r cval1l3le~ Ihe varialion~ ill 10~5e$ due 10 
shadin, "' I funclion of 5r~cin~ for square amy~. It is liol 
rcalis1ic 10 increasc the ~racing belv.'Ccn collcClors 5ufticicntly 10 
complelcly eliminate ~hadinJ: caused hy adjacent colleclorS •. as 
several costs incruse with increascd !lpacin~. These costs are 
del'Cndent upon the lillks between lhe mirror~ and lhe cenlral 
conlrolfpowcr "Ianl, which In turn dc~!Id uron lhe syslem used 
10 cOlllrollhe mirrors, and the 'System used 10 colltct the el\Cr,y 
'rom lhe mirrors. In Ihis paper the work of Williams"l on enefJ:Y 
lran~rer costs is used in c(lnjunclion .. ilh Ihe 1h~dinl! cal· 
culations 10 evaluate the orlimum 5paci~ for colleclonrra)'S. In 
addition Ihe minor costs of the links for both communication and 
SUJIIIlyinl! rower 10 lhe cnlleclnrs for movemenl are considered. 

HOMEMADE SOLAR ENERGY COLLECTOR, by Dean Kramer • 
Sunwor1d, vol. 2, no. 1, February 1978, p.22-24~ 

Three years ago I ccnstructed an experi-
mental solar collector at my home to 
test the feasibility of solar house heat-
ing. In searching the solar energy litera-
ture in preparation for the project. I 
found general agreement th;)t about 
one square foot of collector is nl.'t!ded 
for cach,two square feel of living area 
for optimum solar heating. Optimum is 

~about 80% and is synonymous with 
cost-effectiveness because overdesign 
has severe c()~t penalties. 

A78·198l7 Sol .... me.!\' collector ,,,;.n,.,;on and IUlck;"! 
mode. R. C. Neville ICahfo,ma. UniversllV. Sanl. 9arbllra. Calif.!. 
SplM Encrgy. vol. 20. no. t. 1978. ,l, 7·' t. 7 refs. 

The ma.'mum solar encogv available 10 .... 1!3.lh·sur1ace col/ec
tllr is P.l'~min~ as .. funcllon 0' latitude. Ihe north-south lilt 0' the 
colleclor hom Ihe earlh's slII'ace. and whelher Ihe colleclor is an 
ideal tracker !follows Ihl! SIlO bolh norlh·soulh and easl,westJ,an 
cast·west Iracker (follows the sun east'west btll is fixed in Ihe 
northsoUlh direcllonl or a fixed Iype. II Is shown Ihal lhe ideal 
tracker gives mal<irnum potentially ..... ailable energy. the usp. 0' an 
eaSI,west tlacking device results in 5· 10 per cent degradation in 
pOlenlial llel 'ormanrn, of fixcd collector1 ,is drgradfld by clQse 10 50 
percent. Insolation da\a hv SP.3son of the year is also provided. 

(Aulhorl 
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; .' i A78,19828 De$iqn ao" I'e.lorm.nee nl an "ir cnlleclor lor f; . indu;\.,"1 crop rt~hvrtral'o~. P W. N,lrs. E. J. C"rn"gin. J. G I'ohl. 
~. y ~nd J. M. Chcr"~ fC,,!ifornia I'olYlechnic SI"te IJniv~rsiIY. San I.lIis 

I, 'I' Ohi~[Jo; TRW. '''c., SysII:ml alu' E['Ic'OV Div .• R"lonrl(l Bpach, 
t Calitl. So/a, Ene'gy. v"I. 20, no. I, 1978, rr. 1923. 7 rels. NSF 

f' . ; Grant No. ERT·74·190GJ. 
~. • Tesl ",\,,115 arc r~Il()'l!'d lor Ihe opcration .01 IIlIn'Me" and 
.•.. sin9Ic'9Ialc" 501.11 colh'Gto,s IIs~d 10 heat air to thl:' 90 C (194 FI 
~ , . range. Th/) oollccl<)rs werr. c(ltlslrllCII'fI of Slan"ard hlack.painled 
'.'-tt. ",ctal deckin!l an" were ;C\I~" in varipus lengths so Ihal nrCISU'c 
r.:l' , " dtorrs amI cOllver-lIVe heat It anslcI' rales cOllld be varied independent 
t?, *'/ 01 COllector "I)p'''Ii,,,, ICII'Ileral'"c. It is shown Ihat Ihe rxpcr"nenMI 
J(' ".1 eollCClor Ilc,Iorlll"nce rpSllils with ,ir'!lle rral\ operation are in 
t":.:;- sub,lan'hal all'C(',nr"" wilhslal1ll"ICI 1;0llO,clo, analvsis "roc,·tfUlcs. 
~; ~ These results 'I'Vr, a firm ham 'or COIl~Clo' an!1 Sy$'~'ll nJl\IIOIlation 

~~J~:" (Author) 
f..;iI\' 
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pe"IIJ1nanCC o. fI.t.plalr, solar collectors. J. D. 'r,.ts"c (MIT. 

Cmnbridge, M~ss.I, Solar EI/ergy, vol. 20. flO. 1. 1978, p, 29'36.9 
,e's. NSF Grant No. PTP.75·05156. 

There arf! many inslances in which an off·south inslallation of a 
flat· pi ate solar colleclor is more compatible with a builrting's 
orientaliol) tban a due·sou,!] inslallation, In Ihese caSeS it is 
imporlant to delerm,ne the magnitude of Ihe performance sacrificed 
by conlorllli'lg to I!]e buildin!l arc!]ilecture. The sludy investigates 
Ihecolleclor performance and oplimum tilt as functions o' the 
oll·soulh angle. collect;on lemrrerature. number of glass covers and 
Ihe .elative amounts of direcl 'and diffuse radiatillh. " was found 
'I!]at t!]o year'y energy collection for a given colleclor till is 
insensitive 10 t"e IIff·south angle and Ihalin Some cases it aClually 
imPfoves wilh increasing azimuthal angle. II was also fouod Ihal for a 
given azimulhal ;lnglC an oplimum collector lilt edsls which is 
belween J and 10 less Ihan the lalitude. Calculationl we,,~ ha$\!(l on 
New York City weather, (Aulhor' 

1178,"101 Nalionel Technicllf Informlltion Service. Springfield. 
Va. 
flAT PlATE SOlAR COLU!CTOR DEatGIl AIIDPER'OR~ 
MAliCE. CITAnOIl. FROM THE ENG.NEER.IIG .NDEX 
DATA .A.E 1'...- Repett. ,.70 - Jun. 117. 
Audrey S. Hundemann Aug, 1918 150 p 
!NTlS/PS-78/0841/3) Avail' NTIS He $28oo/MF $28.00 
CSel lOA 

Citations fmmworldwidlt lileralure on Ihe des'lI'1. thermal 
performenell. lind optimir.tiofl o. air- and liQuid.type flal plalll 

col'eclors II", coverlld. Topic lI.en include he.I 1055 and heal 
trllnsfer. effecl of orienllltion. co"oslon prolection. opliclII coalings. 
enhancemenl 01 performance Ihrough Ihe use 01 plllnll. reflectors. 
anrl Ihe :ell'lIc1 01 honeycomb laYllrs on collector perlormlloce. 
Grooved corrugaled. or V·trough colleclors are sludied. Amlrllcts 
dIIaling wilh mel "ods of rne.suring Ihe performancll 01 nlll p/llle 
colleclors lind corn puler oplllnillllion sludi", .r" includ"d (This 
bihliogrllPhy conlains 144 lI!r.;t'IICIS' GAA 

~~ ". "-."':"-"'''''1-T~~'''''"~'::-'''''·-''~''''''~~~'''A,,.''''''':.Pij .*il$~ 

CONTROLS: 
1I\Jfo • 

REDUCING SOLAR COI,LECTRO ARR/\ BY 3510 'IO 

Alwin B. Newton 
Ashrae Journal, 
117 

vol. 20, no. 9, Sepl;ember 978, p. 115-:-

NIO 101131 Ballelle PaCIfic Norlhwe~t lahs. RIchland Wash 
SUMMARY REPORT OF THE SOlAR REFLECT.VE M;nER •• 
ALS TECHNOLOGY WORKSHOP ... 
M A lind and l e Aull 0<;1 1978 93 p Workshop herd at 
Oenver. 28·30 Mar 1978 
lConlrl1<::I EY 76,C06 1830) 

IPNl·27e3; Con.·7803BO) Avail: NTIS ~C A,05/MF A.01 
SOlar reneclor m.le.ials technology was IISS4ISsed, Metals. 

metllllie films and alloys. and dielectric or ceramic stllCks were con· 
.idllred ItS renecling 5urfllce mlllerials, Proleclive COlllil1l!!l ~tJ5S' 
ed included polymer pllinls and films. inorgllnic coaliom;. and thin 
glass. The mirror support 51.uc1ules .considered we.e polymer 
foams. cellular glass. aluminum honeycomb. wood. and fiberglass 
and ep!I.y composilllll. The requi.emenl. and properlies for 
refleclor male rials were discussed lIiong with environmental IIllIIS 
and aclual field e.periences with tota, collector structures. HigII 
concenlralion 'lltio and cent •• 1 receiver concepts were empha
sired. K L 

THE PJIOTOCIIEMIC/\L HEAT PIPF., by Bo Carlsson and 
Gunnar Wettermark 
Solar Energy, vol. 21, no. 2, 1')78, p. 8'1-92 

AIIIInd-TIle performallCe of a sol. collector ."Iaa for hiprelllpeflflft Itat Idimy .,... tilt • photod1lOlllic: 
reaclion is discussed. TIle syslem consisls of • lKIII·foc:usir!a colleclor .nd • relClor i*lnttd into. low syslelll. 
In lhe colltcfor, kerl close '0 IlIIbientlemperalure, lhe chemical potential of lhe photoc:hromic system is increased 
Ihroup In :endolhermic "holochemical reaclion and is used to drive the revers'" tltermal,eaction takin, "Ixe in 
the reaclor at a hillh temperature. No separation of the pftotoproducts i. involved. Accordi~y, the h_t 
lempenture at which heat can be delivered from the reactor is determined by the mnimum .Itbinable phol()j. 
lationuy state in the collec~or and not, as in I conventional flat-plate colleclor, by heat.lo!s from the colleclor 10 
lhe surroundinss. Accordingly. the hiahesl .Iemperlture It which heat can be delivered from the reaclor i. 
determined by the maximum allainable phoIoslationary slate in the collector and not, IS in a conventionaillat.plate 
collector, by heal-loss from lhe colleclor 10 lhe surroundin". TIle fanc:tionina of the device is elltmplified by 
Circulations for a model system !JtiJizillllhe JIItotodissoc:iltion of laseoas nitrosyrc'lIoricle. TIle resulushow lhat il 
should be ponible 10 build :t syslem which, on • clear day, delivers lbout 100 W helt It lempenlllre above 2OO'C 

'for each m
Z 

collector Irea. A tenfold reduction in lhe radiltion IluJl densilY of lhe incident litht will only ".hlly 
rtdac:e output cfliciency_ 

693 

1 

j 

b~ .. 'I ~ '. _,;_._J.." ..... ;,>G~~,~~~_. ~ ... _,'"""'"'-~!......... . ..L..~._ .. __ •• _~_~ ..... ~. ___ ~< 

T~ 
._~~_~ ,._":,,._"'~~_~~.:W'i~~i"'l i_.tthfW. ibm.::auJ£~ 



. 
r. 
~~ 

f, 
",'iI 
~4! 
~.:" 

[ 
~ 
L 
~ 

f 
~ 
~, 

F 

t 
r 
~ 1 

I 
'1 
! 

1il;' 
~;~, I 
1"'." J 
~'I: , \1 

~, 
[

I 
;:\ 

, '[\ 
'1 ~ 
1 
t 

~~L • .I 

t' 1 ""I 

~ 

j" • 

" '~r""""1 ~ --r - ~. _______ _ 

\t 

~ " /:~ :'*"i;' ~" i:'""'''' 

IDEAL PRISM SOLAR CONCENTRATORS, by D. R. Mills and 
J. E. Giutronich. 
Solar Energy, vol. 21, no. 5, 1978, p.423-430. 

"~trarl-Non.jma(:in~ solar,'concentr:llors u~in, both ;ymmetriclllll-JI and asymmetrical min"r5 have reccntl) 
hecn dc\cribed b)' sevcral worlr.cr~I4-6I. In this pllrcr. a completely separate butparallcl family of non.ima,int 
cO\1Ccntrators i~ proposcd which utilise~ the phenomenon of Total Internal Rcncction within a material of hi,b 
refmctjlllC indcl{ 10 achie\'e concentration. In bolh symmetrical and lI~ymmctrical forms. the new concentriiolors 
salisfy Ihe m~iimum cllncentralion limits for idcal radialion trandormcr5 for:a gillen acceptance anglel71. LiJhl 
r:ldialin(: from thc c~il aperture is restricled in :IOgle. bUI concenlralion performance is ",ery ~ and irradiation of 
the exit aperture i5 much more uniform for II distant point source than in any other desi,n. The new forms lire 
easier 10 conslruct than epe concentratoo filled wilh rerraclille medium hecau~e. in mo~t desips. only tlat 
511lfaces :Ire rcquired and far I~~~ refractive material is used for a liven arcrlure. Stationary concentrators wilh 

acceptance af1l,\cs lip to that of II nat plate are ros~ible. 

N7.·.7141 Sendia Labs .• Albuc!t*que. N. M ••. 
UNEAII CONCENTIIATING 'O~II'COll!CTO"': CU,,
IIINT TECHNOLOGY AND APPUCAnON. 

\.. Jam" A. Leonllrd Jul. 1978 38 fI r.rs 
(ContrlCt EY.78·C·04·0789) 
(SAND·78·0949) Avail: NTIS HC A03/MF 11.01 

Unear concentrating collector technology is reviewed. 
Incfuded Ire fundament lIs of the technology; descriptions of 
collec:tOfs with pllrticular emphasis on the types t"tad It the 
DOEISand;a Midtemperature Solar Systems Test FaCility 
(MSSrF): performance test resultl; problems ldantiflld through 
operating e.periencI: cost projections; and I disculSionof 
applications of linl" c~,"clntr.tinll and mim.m". .. ture ,oIar 
collectors. DOE 

1'71-31402 Itlllll\nt and~aIIIation of flit· ..... CGItKten 
• Two new IPPfOIChet.J. H. White (Oilwonh. Secord; 'Meagher~nd 

,Associates. Ltd.. Toronto,Canada). In: Renewable alternatives: 
Proceedings of the Fourth Annual Cooferenee. london, Ontario. 
Canada. August 2()'24, 1978. Volume 1. IA79·31401 12.44} Winni· 
peg. Solar En~r9Y Society of Cllnada, Inc., 1978. 12 p. 

An index format is develoPed whict: will allow ~~ ranking of 
a collector's ability to delivcr heat to a seasonal·sto\:agQ systcm. It is 
location sensitive but no! configuration sensitive. Therear! indica
tions th.t the index-could .Iso be applicabte to short storage systems 
and be developed further into a system design tool. When used in 
conjunction. with a reference sy.sJem which presents the optimum 
efficiency in terms of a number of 'equivalent reflections' Ind an 
'P.qUiva!ent resistanee' concePt, it is ~i!Jte to see that lingle'glazed 
cellectors. to date, are quite rHtricted in their abilitY to deliver hut. 
while some antireflrctive double.glazedcQ"~ton wi~ selective 
coatings have HlIhlished double the indeK margins and therefore 
almollt double tbe heat delivering clpabilitywb!nllsed in seasonal-

G:R. 
storage systems. 
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11.79-31403 Optlmiz";on of tile flow .... ,.ometry fOl' 
air heatint tOlar coIledorS. E. C. Shewen and 1<. G. T. Holla"ds 
(Waterloo, U"ivel'$ity, Waterloo. O"tario, Canadal. In: It_wahle 
alternatives; Proceed! ... of the Fourth Annual Confe~nce, londQll. 
Ontario, Canada. August 20-24,1978. Volume 1. {A79·3140112.44, 
Winnipeg, Solar Energy Society of Canada, Inc.. 1978.12 Po 9 refs. 
OeJw~t of Suppty and Services Contract No. 
1250·31155-7-4409. 

The flow pauJljl! geometry for air heating solar collectors of me 
undefflow type has been examined from the point of yiew of 
""lIimiting me colll!\:tor effICiency fOl' a tp@CiflC prenu~ drop. 
'lfameten ltudied Include the ~ to air stream !leat transfer 
coefficient. the flow p~ dimemlons. me pmwre drOP and the 
air flaw rat •• A gener.lized ttudY of improvi", me heat transfer 
cIJII!fflClent for a specified pteSSUte ~ is presented. This ,tuJy Ita 
led to a nO'ltf air- heater design refet'red to .. me 'short path 
~t" (Authod 

1'331" Pei"" __ anaIytIt fA .................. 

coIIactur ""'" ·fotpftn· .... K. F. ~.c. A. Du.~and J. T. 
Muno~ (OnIWa. Uniwenity. Ottawa, Canada}. In: Renewable altern .. 
tlves; Proceedings of the Fourth Annuli Conference, loodon. 
Ontario. Canada. AU~JSt 2G-24, 1978. Volume 1. (A7g.314011~.44' 
Winnipeg. Solar Energy SocietY 0' Canada. foe:.. 1978.14 p. 9 refs,. 
P.esearch supporKd by the NaIf 00II1 Research; CourIcil of Canada. 

An analysi~ is cOflducted Of a flat·pl~te SOIM coIltctor Utillli", 
Internally finnt,d tubes to obtain its thermal performance. ThMe 
'fOf9l!'fin' tubes enhance the heat transfer be~ ftuid and 
ablOfbing plate. A solar test facilitY _ built and the;cllector 
effICIency obtained. It _ found that the effICIency of the proPOled 
coIIectOl' using 1nternally finned tubes is about ''"' higher than that 
of • COfIftfItional type of flat·plate collector undlr ,imilar outdoor 
conditiom. It h .. been pointed out by Watkill$Ofl et aI. (1974' that 
2 feet of 'fOfll·fin· tube w. equivalent to 8 feet of smooth tube in 
heat .Jlchangm due to in !augmented heat transfer propenies.. After 
.... Ultion of -the, flllrforlnlfll;l! of tfIa proposed flat·plate sol .. 
coIltelor using theR tubes. an 'i~ Ita been noticed ower 
dlat of a collector using smooth tubes.. Howawer. 'fOfJl·fin· tubes ... 
mont .. pensive Ihan convention a' II1'IOOth tubes ~ this intre_ 
me COlt !lei' unitarn-of me pr~ed col\@ctor. G.R. 

.,..~ NMioNI Technical Information s-Q. Springfiefd, 
Va. 
IOlAIIEIHRUY COtlClIlnlATOaQl". a.., ON"A· 
TIOIII. CITAnON. FIIOM THE ENGINEERING INDEX DATA 
u. .......... Il8pOlt. 1a1O . J_. 1an 
Audr.., S. Hundemllnn Aug. 1978 174 p 
(NTIS/PS-78/0839/7) Avail' NTIS JlC 528.00jMF 528.00 
CSCl10!l, 

Worldwide research on the design aod operation of various 
typK of solar energy concentrators is OiscusMd. Topic _., 
cover t"'arma' and optical peJf~rmance of fresnel lenseS, 
oompound parabolic ccncentrators. fi.ed mirror CO\1centrators. and 
..- ,aftactor enhancement of flat plate ooIIactor systems. " 
.... abstrKts delll with V.trougt! ccnc""t .. tors and methods to 
caIcuIat. perJormance of concentrators. A MIII .. 'e published 
MMCh on MI~tlt systems IS availlhle, (This bibliography contains 
187 abstrlcts) QRA 
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Tell'tln. 01 lIcl ... col.1.ec<torll .nd lIYlIte.s 
: [proceedIngs d1] con~erence (C'lll 
a1; the the [sic.] Roya1. InstItutJ.on, 
AprIl 1977. London: International 
Solar Energy So~iety, UK SectIon, 
19'17. 

[I], RZ p. : i1.1.. ; 30 em. £4.50 
Cover title. Includes 

biblIographical re1erences • 
1. Solar col1.ectors -- Testing 

Con~reBeeB. 2. Solar hOUBe~ -- Testing 
-- ConRreBBes.I. International. Sola~ 
Energy SocIety. UK Section • 

6n7.78 77-377410 7RV44146 

Abdelrahlllan, Hohamed A. H. 
Technical evaluation of 8aeeou~ a08-

pendone of graphite for the sbaorption of 
concentrated ~olar radiation I par 
Mohamed A. H. Abdelrehman. -- Zurich : 
Jurie-Verlag. [197-] 

[iv), viii. 164 p. : ill. : 2j em. __ 
(Communication de l'inatitut de thermique 

<appliquee: nr. 6) 
Bibl1oaraphy: p. 159-164. 
ISBN 3- 26o-04S~2-9 
1. Solar collector.. 2. Solar 

heatiq. ........_~ ___ ~ __ _ 
I. Title. II. Serl... Inat1tut de 
therDique ap~liquee. Coamunication; 
nr. 6 .• 

~~ ~.,. ~ ~'·\.,. ... ,.,.>~ .• :_~~~:;t ..... ·_~, C, , ~.,- "L"f" ~ ¥Mt e:1f"(~'" 

TIC 
2960 
.078 
1976 

.. '.-

T.r 
nUl 
.S1!l 
H) 7(, 

Optics in solnr utilization II. August 21~-25, 
1976. San D.iego. C~i:fornia /editor: 
Clifrord Selvage. -- Palos Verdes Estates, 
Calif. : SocIety of Photo-opticnl Instru
mentation Engineers, c1971. 

xxvi, 158 p. : ill. - (Proceedings of 
the Society of Photo-optical Instrumenta
tion Engineers ; v. 85) 

InclUdes biblio~rs.phies. 
1. Solar energy--Congresses. 2. Solar 

rad1&t1on--Qptica1 IDstruments--Oon«reeees. 
I. S~lvage. Clifford, ed. II. Soc1etT 
of Photo-optical Instrumentation Engineers. 
III. Title. IV. Series: Society of 
Photo-optic&l Instrumentation Engineers • 
Proceeding!! ; v. 85. 

Sol ... r rnarry Sonlmu', nnlvc-~olt:y n~~ 
rc-r. ln·\ nnd Unlvc-rn tty o~ oS",nl'" tchotrftft, 
197( ... 

Appllcntlonn o~ !1ol ... r ~ncrrY : 
proC'cc-dlnr.n o~ th~ SQtnr finoT'rY 
S~ntnnr I cdttOr, r~tcr Jft CRt~nln. 
~C"lnR, S~!1k. : Unlvcrnity 01 ~cnl"~, 
Cnnndtnn PlaJnn Ronc~rch Center, 1976. 

1(,5 ~" :: Ill. ; 23 em. (Cn~'''tHan 
ptnJno procccrlinr~ ; 3 03t7-G~O~) 

SoJ:ar Collectors, 
RGb~rt w. B('sant. Faculty of Engineedng. ')nivcrsit;:y 
of Saskatchewan. Saskatoon. Saskatchewan •••• ~. 25 
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SEASONAL SOLAR COLLECTOR PERFORMANCE WITH MAXIMUM 
STORAGE. 

~ 
2960 
.068 

Opt:iC9~liedtn ""lar ene,'mV (Dtwrsion 
(~], AugU!lt 23-2<\, 1(}77, San Diego, 
eallfomia / tbland WinstOn, 1\. I. 'Mlavslt¥, 
editors 7 pre5E"l1ted by the Socie~ of pOOto

GPti.cal InstJ:\r.l!l\tation ~i,neerS in an
jUn':~cn with the :ME {"D'lf'Utp..r Society 
Inta-"1rr:ationa1 Optical Q"ItpUt.ing eonfer:ence 
77. _ Be1l.inghan, ~h. I SPIE, c1977. 

P.J. Lunde. 
ASHRAf: J., Nov,. 1977 , p. SS-

An integrated form of the basic solar collector heat 
balance equations ;s derived which per",;rs us. of 
average temperature and radiatiOn data (0 ~' .. rm!pe 
seasonal performance when the av.rage s,p(lIge 
temperature ;s kno't!n. For the limiting case ofinf/nile 
storage and hence constant storage tempe~wre. a 
typical collector performance ;s presentedfiraphlc~lIy 
for a vRrleiy 01 collector operating conditions. 

A79-339I1 .... ~P.1!.n~ ..... ,..... coItKton. ~. J. 
Spitzer (U.S. A.my, Mobility Equipment ReseaiCll~nd Developmeot 
Command, Fort Belvoi., Va.l. In: Alternative energy .,u,,:es; 
PI-~if19'l of the. Miami International Conference, Miam( s9cti, 
Fla., December 5-7, 1977. Volume 1. (A79-33984 13·44' Waslling
lOn, D.C" Hem:sphere Publishing f.orp., 1978, p. 179·190. 

Models .nd prototypes, of bid liquid solar collectexs were 
fabricated and tested. The concept of using • bI.ck fluid liheet 
simultlneously as abso.ber and l1eat t(lmfer medium flliultedin-I 
mnside •• ble performance enhancement against cooventional sol. , 
roIlectexs. The weight of II t-Ola' device st.uctu.e also coml*~ 
favorably with conventional collectors. The greatest potential of 
.,1. therm" collectors based· on the concept of the hlp IiQ\lid. 
however. lies in the possible am reduction pe! unit are. of collector 
1h.oogh the ISti!izltion of modem chemical engineering techniques in 
plastics materials. (Authex) 

......._lWJtl~ __ .~--...-._ ~ ..J.~_..!.L_ 

viii, 95 p. : ill .. J 28 an. - (proceed
ings of the Society of Jb:)to-oP

tica1 In
st.r:\JtB\tation Engineers J v. 114) 

(O!mtinued on cat:d 2) 

SESSI~ 3. THERMAL SOLAR ENERGY UTILIZATION 1 ••••••••••• , ................ , ••••••• 21 

1J4.p7 Option, for:So'ar Thermlll Conversion •••• ~~ ; •••• _ .•• ~ ••.•••••••••••••••••••••••••• 22 
Frank Kreith, Gerard F. Lameiro, Kenneth C. Brown, Solaf energy Research Institute 

,,4'()8 A Vacuum Solar Thermal Collector with Optimal Concentrltion ••••••••••••••••••••••••• 3S 
. Jo,m D. Garrison. Department of Physics. S2n Diego State Univ,rsity 

114.10 Optical Evalultion Techniques for Reflectin!l Solar Con"ntrators • , ••••••••••••••••••••••• 43 
8. L. Butler, R. B. Pettit, Sandia Laboratories 

:SESSION 4. THERMAL SOLAR ENERGY UT.llIZATION 2 •...••••••••••.•••••••••••••••••• 51 

114.12 Five MW Solar Thermlll Test Facility Heliostat Focus and Alignment System ••••••••••••••••• 52 
L10Vd P. Oldham. Martin Marietta Corporation 

114.13 Nonimaging Solar Concentrators ••••••••••••••• ., •••••••••••••••••••.••••••••••• 60 
William W. SChertz, Argonne National Laboratory -

114.14 Comp.rison of the Solar Concent,."", Properties of T~ H • ..,nal.Pvr.midaIMtd 
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D9n.td G. Burkhard, David t. Shealy, George L. Strobel, University of Georgia 
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-InteJ:'SC)(!{e~--ftlergy'Cmversia1 Engineering 
Qn£erenoe, 12th., WashiMtal, 1977. 

779181- Solar Powered Steam Generation, D. 
Magnoli, M. Saddy, A. V. de Carvalho, Jr., Cen
tro de Tee. Pwmon, Rio de /anerio, Orazil; ,. D. 
de Siqueira, T. Oniga, Inst. Nacional de Tech., 
Rio de Janerio, Brazil ..... " . __ •....•........ 1127 

779163 - HiSh Temperature Solar Col~dor ~H" 
an Archimedes Concentrator, Z. Antoniak, H. 
n. Palmer, Penn. State University, University 
Park, Pa •••.•••••••••••••••••• , •••••••••••••• 1134 

779184 - Developm~nt Status of Ihe Fixed Mirror 
Solar Concentrator, J. l. Russell, G. H. £ggers, 
J. R. Schuster, Genera! Atomics Co., San Diego, 
Calif. . ••...•....•...•..••......•.•.•.....•. 1141 

779185 - Considerations for UsinS Solar Concen· 
trators in Pholovoltaic Systems, C. E. BaCKUS, 
D. L. Evans, L W. Florschuetz, D. L Jacobson, 
8. D. Wood, Ari7,ona State University, Tempe, 
Ariz .......•.....••... " ..•.••.....••.. ~ ....• 1147 

779186 - Solar Cell Array 'or Concentrated Sun· 
fisht, G. Yekutieli, B. Haber, J. Mandelkorn, E. 
kritchman, A. Brandsetter, R. Joulzary, Weiz
mann Inst~ of Science, Rehovot, Israel .••..• «. 1154 

779187 - Photov('lliaic Applications in the Na· 
tional Park Service, P. O. Jarvinen, c. R. Peat· 
field, Mass. Inst. of Tee h .• Lexington, Mass.; H. 
Haiges, National Park Service, Denver, Co •. ,. 1159 

!5. 

Advances in instrurn~l1tation. v. 31. pta. ~-b; 
proceedings of ISA Conference and ExhibIt, 
Houston, Texas, October 11-1r~, 1976. -
Plttsbureh : Instrument Society of J\mericn, 
c1976. 

~(\t. 

.A5 
v.3l 
pt. 1-4 

b v. : ill. ; 29 CI:l • 

~. Scientific apparatus and instruments-
Congresses. 2. EngineerlnB 1nstrur.tents-
Congresses. I. Instrument Society of Ameri
ca. II. ISA Conference and .Exblblt,Houston t "'_____ ., n'7t: 

FLOWMETER CAI.IBRATlON FOR A SOI..<\R COLI.£CTOR TESTING 
FACILI'IY. H. C. lIewi!;!;. Jr. and 1,. On'~r ••• P.N:.~.lz? .•......•.... 

" 6gr 

. ~.,. _ ~',' ... ~ ... __ \<,;:,., ~.-.t.;r::.'_'."04·_-. 

"79·33981 AceufKV of "lftpifieJII ,etlltions for nM pllIte 
ClIJfI'1Ctcw pnfonnlftC'! ptediction. P. Caetano lobQ and P. I.F. 
Almeida (PMail>:!, Uni~m.i"ade FedP.r .. I • .Io50 PCS$OII. "'lIZil). In: 
Alternlllive energy sourC6; Pr(lO!edj~ of lhe Miami Intero.,t;onal 
Con'l!r~flQ!. Miami B"~, lOla .. Oecember 5·7. 1977. Volume t. 
jA79-339M 13-44) Was!ttngton. D.C .. Hem~" Publiming Corp., 
1918. fl. 161-118. 5 refs. R~arch SUpPOrted by the Fioanciadorll de 
Estudos" Projetos. 

ComPIM'iwns of measoreO and prt!dicled flat plate collector 
effidency ae ~nted .3$ft)l1ctinnsof collec,or Inlet trmpenlfUre at 
g1ven ambHlnt air tem ... rat'.!(eand incident solar radiation intensity. 
Efficiency i-5 also plort~ ~nst the ralio 001lolef!fl collector inlet to 
air temperature diffmtlQ: and inc~l sola radiation intensity on a 
horizOIltal surface. The resul~ lIrt! uwd to we.tfy the lICCl.:K;Y 0;r,.;1 
limits to validitv of the' matht!matical modd .nlld to dncfi~ 
ooltector performance and of the cQuesponding ""mcrical wiutiOll. 

SPECIFICATIONS AND DRAWINGS 
ON HOW TO 8UILD YOUR OWN 
SOLAR HOt AIR AND HOT WATER 
HEAT COLLECTORS. By Daniel r. 
Hadley. 1916. Daniel I. Hadley. 
PreSident, Hadley Solar Energy Co, 
Box 1456, Wilmington, DE 19399. 13 
PP., paper, $1. 

Request 'rom thousands 01 d~il,yourselfcrs 
binformalion on how they C.," build Ih('lr 
OM'! solarfleal CoIIeClors l.ilS prOl11ptjOd ,.!, 
HAdley 10 Ilt'ep;ue a sel of d':\"';1\1$ 
lPeCificll'ion..O:.lnSlrucfi<tns ::md ""1<,,, 'I.~! 
foenablc a pcrson with carpenle:y and 
plumbing skills 10 build solar hOI ",ir or hot 
waler heat collectors. The solartleal cOllec
lorsare 1Tl<1de 01 standard. m<lteria1:;. A ", 
X 8 " unit which will heal a well inSUl"lcd 

space sil( times its area. in the coldest 
weather, can be built ror less Ihao$15O. 
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AES Co.~lnJl. 10 .. Sola .. Co'lt.ct .... 
,S,..poaJ,u •• ··At·i.anta,,! 916. 

AES Coatlnus 10r Solar Collectors 
Syncosiuft, A~lan~a, GA, November 9-1~, 
1876 : or~anized by Glen~ McDonald I 
presented by Sy.s:osla Co ... ~ t ~>S.l. 
A.erlc~n Blectroplo~or6t Socl~ty, Inc. 
.~nter Park, FL : ~he SocIety, 1976. 

. 138 P. : lil. ; 28 Clfte 

InclUdes bibllo~raphlcal reZerences. 
I. Solar collectors -- Conuresses. 

OptiCSappliedto90lar ener:qv exnversioo 
[SE!'ltinarJ, A~t 23-24, I'l1', San Diego, 
california / Foland l'linstDn, 1' •• I. Mlavsky, 
. editors : presented by the Socieqr of Rnto

.' cn""..ical Instru::eitation Engineers ip cx:n-
jurlc::i.cn with the IEI!E Ccftl1Uter Secieqr 
Inta:':'~tional ~tical catputing Confet:moe 
77. - Bell.inghtr.t, Wash. : Sl?m, 0,1917. 

viii, 95 p. I ill. , 28 an. - (PJ:ooeed
ingB of the Society of Phot:o-mtica1 In
st:nl1eltatioo Engineers , v. 114) 

Heat tmnsfer in 801ftX' el'\It'.%9Y systems· I pre-
1!Ient:!d at the winter amUZlI ~ of the 
J'tfterlam 9)ciety of Mechanical &lgineers, 
Atlanta, ~ia, lbValiJer 27-T1ecenber 2~ 
1977 / 8pJn9Ored by the Heat Transfer Divi
aim, MJ.1E 1 edited by J. r<. IbIell, t". Min. 
- NeW Yon : ASME, c1977. . 

v, 135 p. I ill. , '-~ erne 
Inclu1es hiblioqrayirl.cal mf~. 
1. Solar~. 2. _t.-

698 
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AlI.21690 Soillf coIIKtor de""'_ D. K. Edwards ICalifor. 
nia. University, los Angeles, Calil.}. Reselfcfl supporled by thl! 
National Seiene'! Foundation lind Energy Resellrch and Development 
JI.;tministralion. Phil adelphi., Pa .. Frenklin Instillite Press. 1977. 53 
p. 153 refs. $6.50. 

Solar collector design is diKussed, with attention given to a;, 
healers and low· and hi\:h-pressure waten heaMs. fixed and tracking 
roi/ectors, single· and dooble1Jl::.zed coI1ectan and honevromb 
rollt:ctors, Antireflection coatings,the control of reradiation and 
ronvection. as _1I n therm.' insul.tion. 1ft: c:ohsidered n means of 
rollector heat lou control. In 8ddition. he.t collection and working 
fluid flow in solar collectors a'e analyzed. The effect of conduit 
~3Cing and ab!\O,ber plate thickness on the cost effectiYell"'-ss ofa 
typical solar coll<:ctor is ;mp.ssed. J.NI.B. 

__ '1.1" NatiorMl Tedlnic:eI InfonnMiun Service. Spmgfoeld. 
Ve. 
HElIOITAT SYSTEM DE .. GN AND OPERAnON. CITA. 
nONI fROM THE ENGINEERING INDEX DATA _AlE 
........ Report. "70 - J .... "7' 
Audrey S. Hundemann Sep..1979 61 p Suptrs.des NTIS/PS-
71/0142 
INTIS/PS.79/0930/2: NTIS/PS·7I/0842) Avail; NTIS 
He S28,00/MF $28,00 CSCl lOA 

The design and 11M 0( !'4i",ell in sol ... cent; .. fect!Mr 
IIIenneI power syst"ms ere discussed in ebstracts fr;;m worldwide 
literelure, Topic- .. 'au inc:tude he!ios'et IyItelM ~IIfIC •• 
-ICietIcy, end Clptimizetion. Emphnis 0( the bibliogntphy is on 
be!oic _rch. !This updeted bibIioer...,tly Ccii1teTns 55 iltiStrects. 
17 0( wtMch _ ~_ entries t(> lhe prWious edition.) GRA 

Nn-121U' Sandie 'labs.. Albuquerque. N '-'ex. 
HIUOaTAT.EAM CH"R"~RIZAnO" .yalEM 
E. Don ThRlh.mmllf end Gery S. Phipps 1979 :37 p ,.r. 
'Merited I' ,he 25th ,~ Intern. Instr. Sy"",~ Anlheim. CeI,f1 
1 Miy 1979 
(Contf8Ct EY.78·t-04·0789) 
(SAND.79.0697C; Conf·7J0505·10) Ani!; NTIS 
He A03/MF AOI 

'The b .. m chlf8Ctarizltion system utilizes, Yideo redIometef 
tedlniqun ~o qulntitltively describe the soler -vY plOjected 
br e helict~ .... · This system ,is dMlgned to ev .. u ... prototype 
heliMllts end to Improve lhe performll"lCt of the Centre! Receiver 
Test .Fec:iliW hellos'e". The system consists of • bHm tervet. 
video cemera. eneloa imege In"yzar. celijJfetiion system. Video 
digitizer end e minicomputer systim. The c:elitirlltion tec:hftique 
corrects for bec:ltgfound illuminltion. te!get irregularili(s, vIdic:on 
INding 8fId cemere derk curtents. A computer C')de conec:ts 
for off·e.is cemere engle end converts celibmion end belm 
date into e map of Krettn irredilnce. DOE 
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N80.1I531,.-$andia labs .• Albuquerque, N Me~ 
HEUOSTAT BEAM CHARACTE'UZATION SYStEM· 
CAU.RATION TECHNIQUE 
G. S Phipps 1979 23 preIs Pres.mted at the ISA Natr 
Co'll. Chicago. 22 Oct. 1979 
IContract EY-76·C·04·07891 
ISAND.79-1532C, CONF-79,OO5·2, Avail NTIS 
He A02/MF AOI ...... . 

The beam characterization system which di'litizes the output 
signal from a standa.d 525 I,,,,. video came' ; to obtain raw 
data 10' measurements of solar heliostat wnllges IS described. 
AbsOl .. te ",adiance values are obtain' ,(I from " calibrate" 
pyrheliometer included 0'1 the target screen. /II. video camera 
m enures the relative i .. adiance values 01 areas of identical 
spectral composition. Measurements lire made over a two 
dimensional spatial a"ay 01 N screen locations. ClIlibration 
correctionS are applied to the data from the N locaiions to 
obtain a single calibrated illadiancfl data matri. Methods of 
obtaini"" these corrections are discussed and measured results 
are presented to support the variolls assumpt~ DOE 

NIO-13M2, Sandia labs .• Alb;.q..erque. N. Me. 
SOLAR 'THERMAl TESTFACIUTYHEUOSTAT OEvt:lOP
-~. . 

D. E. Arvizu Jun. 1979 57 p refs Presented III Intern. 
Symp. on Corn:entrating Soiar Collector Technol,. Albuquerque. 
N. Me ... 14 Jun. 1978 
(Contract EY-76·C·Q4·07891 
(SANO-78.1177; CO~F. 7806153·11 Avail.- NTIS 

HC A04/MF AOI 
The STTF heliostat $ystem is descrihed. .nd perform.nee 

dat. ..e di~ussed. The STTF. which liSt!' .n "rrllY of 
222 heliostllts in a north lield .conr19ur.tiQ!!. is c.plble 01 
supply''''' 5 MWth energy onto I target on the tower, DOE 

A79-44L.1l1 AccurliCY .nd efIefIY chlrac:terittia of par'" 
Ioidal hetlo.'ltlIt Iynam.A. A. Zakhidov and A. A. Vainer [Ak:KIemiia 
Nau4t Uzbekskoi SSR. Tserttral'noe Proelttno·Konstruktorskoe i 
Tekhnologicheskoe B,uro Nauchnogo Priborostroeniia, Uzbek. SSAl. 
(Ge/iotl!khnika. no. 5, 1978. p. 41-44.1 Applied Solar Energy. vol. 
14, no. 5,1978. p.30·37.. Translation. 

A general theory developed by Zakhidov eI II. (19711 for 
multimirror concentrating systems Is used to analyze a paraboloidal 
/leIios"t system. Consideration is given to both ,apertureldimensional 
design and accuracy/em!rgy design. 8.J. 

....... 
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IMt:itut.e .of El~.riml am .Rlectmnics 
FrY:JiT1~rs. RP-nion ". 
~:r.av • "7t) ___ r:l fl7P. (r;n:d ?l 

J\ Status Re£Qr t on_lhe_?~la.!:..ll!£!m~l T«;~t F~ci~itY 
B. w. r1ar5hall~ Sa.ndia Labm'atones /-,1', 

The wO'r-ld's"i~';g~;'tsol~r ';;p-;ri~r'~ 
f.lcnity is rilpidly nearing op\>rational c;tatuc;nd 
ilt Sandia Laboratories in Albuquerqur • tlH. 
Construction of the facility is expected to be 
completed by late spring 1978 and solar rrN 
ceiver tests will be initiated shortly there
after. The facility, funded by Ule Department 
of Energy (DOE) and designated as the Solar 
Thermal Test Faciltty (STIF), is made up of a 
field of mirror assemhlies (heliostats) which 
concentrate sunlight onto experiments located 
on ~ central tower. The facility is de~jqnrd 
to deliver UP to 5MW of thermal power to 
expl'l'lmental equipment and successful oprl'a-
tion at partial power of approXimately 1.8HW t 
was achieved in r·lay 1977, The STH will serve 
as the DOE's primary facility to test cOm
ponents required in solar therma1-to-electric 
power plants and will also serve researchers 
from other government agencies, research 
in~titutcS. universities. and industry as a 
major research and development center for 
materials and process work which requires hiqh 
solar flux conditions. 
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NIO·1011Z, System Development Corp. Sallta Monica. ClIlif 
THE 'OMJ!!'-(.~ __ S_O.LA'LJHERMAl .CEIlTIIALRE.CEIYEIl 
PilOT PLANT: HElfOSTAT FOUNOAT10N AND INTERFACE 
STWUCTURE INVESTIGATION 
:R. K. Shogren and J T. Phillips 28 Aug 1978 87 preIs 
:Sponsored by Sandia labs 
~Contracl EY·76C0407891 
~SAND.78.1!180l Avail rms He AOS/MF AOI 

FoundatIon design requirements for heliostats for the 10 
IMWe Solar Thermal Power Plant ISTPPJ were irwesligated Soils 
data were revIewed and a soils investigatioll Specilication and 
~ecommtlndalions were prepared as required, Foundalioll to 
;::oIlector interface requirements were studied. Candidate Ioonda. 
~ioll rfesigns werl! prep ... ed WIth associated COSI studies. Grading 
,equiremcnts recommendlltions consIstent with technICal and 
budgetary .estrictions. and recommenrfahons for construction and 
lest of prototype foundations were rfeveloped. DOE 
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N1IO-12.101 Brookhaven N.lional Lab .. Upton. N. Y. Accele .. tor AUALYSIS AND DESIGN OF A FIELD OF HELIOSTATS FOR 
Dept. " . 
• OLAR.POWERED ST£AM GENERATOR HEUOITAT Flnet 

Report 

A SOLAR PCMER PLANT, by J. L. Abatut and A. Achaibou. 
Solar Energy, vol. 21, no. 6, L978, p.453-463. 

J. G. Collingham Dec. 1978 143 p refs 
(Contract EY-76·C.02-oo16) 
(BNL-50974) Avail: NTIS HC A07/MF AOI 

A small.size centrat·receiver-typo solar energy colletting 
system delivering commerical grade steam is analyzed a~ a 
wind avoidance type heliostat designed. built. and successfully 
tested. The heliosta' design ellort is described. including 
reflecling surflce malerials .nd measurements. optic considerl
tions and mirror field ., .. ngemen". mech,mClI .nllvsis .nd 
f.brication techniques. .nd economics Ind cost effectiveness. 
me.surements of normal incident sollr energy .t Upton. N. Y .. 
are repOrted and I method is proposed for estimating this input 
per.meter for other loc.tions proposed. DOE 

Ahlrld-Foc lile cIe!i,llof lhe minor field ror Ille-CNRS (Cenlre 'Narion:tl de Ii' Recherche Scientifiquell'l'ojccl of 
a several MWe solar enerln' conversion power plant. <In an:llysis of this concentration system i~ prorosed. Usinl 
~i.uIa,io. MOJfams.the problems of the choice of an optimal height of the tower :md Ii convenient sIalIC of the 
IieW are solved. By analysi", the variation of the therm:.l rower durinllive te~t days. it is shown ihat subject 10 
cettain .. ~suillplions lite muimum output power is aboul IOMWe. 

" 
N71·3~'~' f!!I!!"lIe Pacific Northwest Labs .. Richla",l. W.sh • 
HElIOSTAT REFLECTIVE IURFACE IU.STRATE CHARAC· 
TERIZ..lJ;TION 
N. R Gordon Nov. 1978 29 p refs 
(Contract EY-76·C·06-1830) 
(PNL·2Bl01 Avail: NnS HC A03/MF AOI 

Reneclive surface substrates were characterized and specific.' 
tions tasks are presented. Th. propartiel of fo.m co .. sandwich 
construction were emph.sized. Th. rellltionship b.tw •• n 
viscoelaslic deform.lion 0' the .dhesiv. .nd deftection of the 
mirror module was investig.ted. DOE 

lteHosta.ts, ltjfe 

COMIUI'ER BASED SUN FOLUMING SYSTEM, by B. P. Edwar4is. 
Solar Energy, vol. 21, no. 6, 19rB, p.491-496. 

Ab5trlKl-This paper is a desi~n study of .. computer based system which controls. large II\Imber of: paraboloidal 
collectors for 5unfollowin~ operation. The system operlles with the computer chlnlinl the speed, of ClIc~ of lhe 
colleclor actuators in the field at regular inlervab overthe day. " is assumed that each collector requires iA!iividual 
attention in the .calculation of appropriate speeds. Sources of following error within Ihe system are evaluated. a"d 
for specific data ratc$ over the communication link between the central controller and the ~eld of collectors. !he 
variables w;lhin-th!"system arc chostn'tominimise the followin~ error. Accurale SUI! follo"jJ!' is 5hown tl! require a 
data oUlput from the central conlroller of only 500 bit/sec for 10,000 collectors. ' 

Further I compuler ba~ed learnin~ l'I'ocedure which is functionally equivalent to an a1ig'lment ",oces, is 
detailed. This rrocedpr.c is implemented by collectinl data from each collector in the leld. Accurate "alignmcnt" of 
a 111.000 colleclor field i~ !ihown to require dala collection by Ihe central controller It • rate of '!nl, ~OI) bil/sec fQr a 
single day. No new !echnolo~y is required to accommodate the data rates mentioned. 

1117 •• ~ N.lio ..... Teehnic .. InforrNIiort service. Sp.ingroeld. 
Va. 
MUOSTAT .... ITEM. DE_ON A .. D OPERAnD... CITA-
no ... fllOM THE ENO'''fE'"NO ... DEX DATA .AIE 
........ lIepeIt. 1!170 - Jun. 1178 
,\ud!ey S. Hundemann Aug. 1978 44 p 
INTIS/P5-78/0842/11 Av.il: NTIS He S28.OO/MF S28.oo 
CSCL10A , no. dHogn .nd use of heliostats in solar central receivl!f 
thermal pGWer .,.stems ... discussed in abstracts from worldwide 
literlture. Top;.: .rees include heliosllt _yst.ms p:!form.nce, 
afficiency. and optimization Emphll!l;s 0' the biIJIj<.IQraphy is on 
belie _rch, This bibliog,.phy cont.ina 38 .bstracts. GRA 
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SOLAR - HEATING AND-COOLING BUILDINGS 

Pow~r ~our-e~~,.~6taf- - HeaHng·t tooHng STANARDlZATION IN SOLAR ENERGY. G.T. Pytlinski 

;. 
"" 

The National Solar Heating and 
Cooling Information Center has a 
reading list numbering over 40 
technical and non-technical 
books and periodicals for the 
solar buyer.. 

They can be reached at P.O. 
Box 1607, Rockville. Md. 20850. 

The Information Center is op
erated by the Franklin Institute, 
Department of Housing and 
Urban Development and the 
Energy Research and Develop-. 
ment Administration. 

N7'-21503·, Contemporary Systems. Inc., Jaffrey, N H_ 
IOLAR HEATING SYSTEM FINAL DEIIGN PACKAGE 
May 1'$79 69 p Prepared lor DOE 
(Contract NAS8-32243) 
INASA-CR·161228) Avail: NTIS HC AOIi/MF AOI CSCL 
lOA 

The system ill composed of a warm air collector. a la>!ic 
control unit and a universal switching and transport unit The 
collector was origina"v conceived and designed as lin integrated 
roof/wall system and therelore provides a dual function in the 
structure, The collector serves both as a solar energy conversion 
system and liS a structural weather resistant skin. The control 
unit provides totally aut~matic control over the operation of the 
system. It receives input data from sensor probes in collectors. 
storage and hving space. The logic wa. designed so es to make 

ma.imum use of solar enllrgy and minimile use of conventional 
llnergy. The transport and switChing unit is a high-efficiency 
air-handling system equipped with gear motor valvlls that. respond 
to outputs Irom the conirol system The fan unit was designed 
lor maximum durability and efficiency in operation. and has 
permanentlv .Iubricated ball bearings and e.cellent air· handling 
efficiency, R.E S. 

..... _~ .... ""....,._ ..... ..,i,..;i_,:.& __ ~ • 

" Standardization News, vol 7, no 8, August 1979, p. 8-12. 

In the current climate or energy shortages and soaring 
i'uel oosts, solar ener!ry is receiving more and more 1.1-1-1:
attention from indust~, thn government,. and the 
consuming public as an alternative to rossil i'uels. And 
that puts the spotlight on solar standardi.atio r ., as a "Ii 
prerequisite for the. orderly development or 'the mnshroomin 
solnr market. 

AN OPTIMAL STANDARD FOR SOLAR HEATING S YSTH1S, 
D.M. Auslander, M. Tumizuka and U. lee 

Jour. of Dynam;c Syst., Measure., and Cont., v.IOI, 
no.2, June 1979, p.13B-

Confml prob'~III.' in ~o'ru htntin!1 /Cy.~rem., rue ~tlldicrl, Ulling II InM tempcrBlurc 
rrgllinfion 3prrijifnlion ')Il~ed on minimllm temperoture, fin opti",al ("ontrol proMrrn 
i.~ formulafed (nroll/p"fe (1. 10lrer bmw" nn tbc Rmollnt of flllxi/tary cllcrgy needed, 
OI'er a. gir.'en cydr:, for II fluti 1I0(nr heRtil/!! !lys/clII. In order to C3till/ate the ~phi~ticn
(ion oj COll/rol nrrr.,~ary jar nchirr'ill!1 lri!1hrr llcrjnrl/lRllCr, a rOllll'nrnti{'c 8tlICly i:l 
11""1,, mllong ,~lJcrnlllimple rOl/tml1cr.~ with bolh proportio/lnl find Oil-off iJl;:tllation. 
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CAS'E JTISTORY-HYBRID PASSIVE/ACTIVE SOLAa SYSTEl.I: 
PERFORMANCE AND COST, by Bruce p. Huon. . 
ASHRAE journal, vol. 21, no. 4, April lCJT9, p.25-30. 

The design, construction, cost,aod Initial operation o/a hybrid passivel.c
live solar-heated house in Los Alamos, NM, is described. The syst~m ;s 
dominated by a two-story Trombe wall, constructed 01 O.3-m-'"ick (t-It) 
slump block, that can be operated in either a passive or active mode. In the 
active mode, a blower circulates air through the Trombe wall air space and 
into 8 rock bed. A three-zone forced-air distribution system is connected to 
the rock bed. A separate flat-plate collector array heats a prehealer lank for 
domestic hot water. Energy consumption records indicate that approx
Imately 60% of the net space heating load was provided by solar energy. 
This paper was presented at a Symposium on Passive Solar Systems duro 
ing ASHRAE's 1979 Semiannual Meeting in Philadelphia, PA, and will ,p
pear.unabrldged In ASHRAE Transactions, Vol. 85, Par' 1. 

roMPS FOR SOLAR SYSTEMS, by Douglas Bingler. 
Solar Reating & Cooling, vol .. 4, no. 3) April lCJ79, 
p. 27-29. Among the many types of solar syslems that are 

presently' being installed, there exist specific lind in
dividual system design and application .parameters that 
must be considered for proper pump selection. The con
struction and performance of the pumps to be selected 
must satil\fythe system design to assure optirnah:fficien
cy and dependability of the system. Specific pump i"ror
nlation pertaining to the matcrials of construction. 
pumping npacities, power consumption, and recom
mended systcms applications should be obtained for 
each system to be considered. By relying upon the exper
tise that exists among the many pump manufacturers, 
information can be provided to assist in the pump selec
lion. 

~ . Power sources, 'Solar - fI 
lIASA Cn"'"_~;n._.Heating &- c90 ling 1 ... 19 

IJf Ilnp! YTICJ'L INVESTIGATION OF mE PERf'ORrI~C£ OF 
SOLAn {~llECTOR3 AS NIGHTrIf£ HEAT RADiATORS IN 
AlnOONDlll0HING CYClES. Cl~ B. Jons5 ~nd 
Fflda~1ek o. Smet!na. Mar. 1979. 6Op. 

ftGrth teral1na Science and Tsc~nolo9Y 
~!Q!rch Ca~~pp Ro~~lreh Triangle '~~k 

o"~.$A NA~1. .. l420e 

........ ~~~-~---.-, 

~ .. 
::;~~;~-""l!':""~-"'" ~·~"'~~l¥ji( ii\\':""" 

-_'U,· J/.":,." 

SOLAn EUERGY: FOUR SITES DEMONSTATE PO'l'ENTIAL. 
IEEE Spectrum, vol 16, no 4, April 1979, p. 60-65. 

CUANOO: SOLAR WALL HEATS A GYM, by-.Jane Who1ey. 
Popuhr Science, vol. 214, no. 2, feb. 1979, p.24-26. 

New York City's first, IOllIr air 
heate,ig now complete.· Built on 
the south-facing wall of a block
long community center named 
CUANDO (Cultural Understand
ins and Neighborhood Develop
ment Organization), the solar wan 
needs no assistance from electricity 
to power its mach~nery. It depends 
aolely on the natural flow of ther
mal energy to heat the gymnasium 
behind its collectors. 

mBDICTION OF THE EE:RFmMANCE OF SOLAR HEATING SYSTEm 
<mm A RANGE OF STmAGE CAPACITIm. R. J. Lunde. 

Sp1ar Energy, vo123, no 2, 1979,p. 115-121. 

A ..... A .. ....,. 'or preclictioft or ,fie peden., or !OfIr fIea'iat SPINK ... lWdI-lllil!ed .. it 
~. wIIidI prtdiclllllOllthly and annual systelll~.,p,.8IICt (relative to a computer silllulatioftl oyer a wide 
,... of .ystell varilb'es includilll minitnum or boft sforase letllptTllture, storaae caracity, and aeopapltic 
Ioc .. ~. TtIe metltod relies on heavily Pre-processed site-specific radialion and .-ealller data .... ich is used -ith 

·s), •• properties (0 pre\lict the quantities necessary ror correlation. The method yields long.lerm monthly and 
IIIIlIIIIl'frformance prediclionswhkll are 50 ICl;urate lhal Illey can ~rve simultaneously for prtlimiury desip. 
etOIIOmH: oplimiulion. and IIna' design. eliminaling lhe need ror simulatioft. 

TROMJ3E WALL DESIGN'MANUAL, by Alex Wilson. 
Solar Utilization News, vol. 3~ 00.02 February 1979, 
p.8&9 
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FREE CONVECTIVE LAMINAR FLOW WITHIN THE TROMBE ~ALL 
CHANNEL, by H.Al<bari and T.R. Borgers, Solar Energy, 
vol. 22, no. 2, 1979, p.lb$-175. 

""'I"d-Fr~e convective laminar heat tr3n~rer IJetween the channel ~urrace~ of the Tronitie wall ha! mr 
investiflaled. Considered in this study were Iht velocity rrolile~ normal znd "mild to the direction of nuid tlow 

yhe prusllre dror due 10 ftow acceleralion allhe channel enlrance, lind Ihe eftect of dissimilar bul uniform chanM 

( surface temperatures for a wide ran~e of ftow rales and temperatures. 

) 

A finite difterence I'rncedure was used 10 solve Ihe KoverninK equalions in dimensionless rorm usinK air" a5 Ihl 
uid. After comparison wilh available e~perimenlal datR. results have been reduced. and ~everal correlalion' 

• developed '0 enable imrorlant performance characterislb 10 IJe utimaled given Ihe channellhiclmess. hei,ht. aft( 

~ sUfbce temperalures. 

NH-32101f los Alamos S4;ientific Lab .• N. Mex. 
PASSIVE SOLA" HEATING 'FO" BUILOINOS 
J. Douglas 8alcomb 1979., 16 P Pr~sented It 'Ihe WorkshOP 
on PlSs\ve Solar Design. Perth. Australia. 23 feb 1979 
(Contract W·7405·eng·36) . 
ILA.UR-78.427; Conf.790224·11 Avail: NTIS 

He AOZ/Mf AQI A passive solar cnergysystem is one in whi;:h the t)-.er~al 
el'l8rgy now is by natural means. that is by rndiati~. condu;tlO

n 
• 

or nlltu'III convection. A survey 0' pllssive 'sotar hoatlOg e"per~ence. 
especially io the U.S .. is provided. DUlOillrt 8~roaches IIle reVIewed 
lind examples show". Miscon~eption$ <\'I,e-dlscussed. Ad.vanta~es 
are listed. The los AlaJ1los program 0' performance SImulatIon 
and evaluation is described Ind a simplified method ll!perfor

m
• 

Ince estimation is outlined. DOE 

SOLAf~: A HOT ITEM THATIS COOL, TOO, Environment Science & 
Technology, vol. 13, no. 3, March 1979, p.269-

2
7
0

• 

Honeywell is lIsing it to mee~ f~e ~tajor .' 
portion 0/ its General Of/ices bwldlllg s heatmg. 

Irot water, and air cOllditioning needs 
SOLAR WALL PERFORMANCE. J. Cash 

International. Journal of Energy Research , vol 2, no 3, 
,July-September 1978., 'P' 229-245. 

N1'.31105f Midwest Resclllch 'nst. Golden. Colo. 
CLA"IFICATION~CH£MJ_.fg~ THE COMMON PASSIVE 
ANO HVB"ID HEATING ANO COOLING SVSTEM,S -
Michael J. Uollz. W Place (Cahfornia Univ~ 8eJt<eley, Lawrence 
8eil"~ley lab). and R C Kammerud (California Univ .. Berkeley, 
lawrence Berkllley litb 1 Feb 1979 9 It refs Presented at 
3d Nail Passillo Solar Conf .. San Jose, Calif. 11 Jan. 1979 
(Contrllct W.7405·.cng·481 
(lBl.8814; Con'.79011S·6) AWlil NTIS He A02/MF >\Ql 

A systematic nomenclature and classifiCltion ~cheme is 
proposed for passive splice healing and cooling syslems, It is 
based upon the mode 0' energy transport to Ind from the space 
and the environmental resource 'fom which the _rgy is received 
or to which il .s discharged. A number of passive Ind hybrid 
space healifl!1 Ind cooling systems are charKteriled, ODE 

IIH·2H8Jf Californie U,,;y~ lI.rkllley." .la.r_ lefkeley 
lab. 
MODUI",O PASSIVE SOlA" BUILDINOS WlTHHAND 
CAlCUlAnONS 
David II. Goldstein 1979 9 pre's Presented It 3d "11111. 
P"sive Solllr Conf .. S.n Jose. Calif. 11-13 Jln. t 979 
lContract W·7405·en\l.481 
(llll-8!)83; Con'-790108·31 Avail: NTIS ~C A02/MF AOI 

An Inllytic model of passive solar building pt!r'ormlnce was 
derived, Hell ballnces were used on the surflces of mlteriels 
thet ebsofb sUnlight along wiltl solutioflS to the di"usior! equation. 
to derive response functions for surface temperature," I 'unction 
of lOIar flux Ind Imbient temporllure. These expressions are 
eombined to fOfm building response functioos. The.e explicit 
building '"POnse functions aUow one to write relatively simple. 
analytic axplessions 'or room temperatura IS a function of time 

N1 •.• 1&4f los Alamo!' Scientific Lab, N, Mex , 
T"OMBE WAll VS OI"ECT 01'1": A COMPA"ATIVE 
ANALYSIS OF PASSIVE SOLA" HEATING SVSTEMS 
Winilm 0 Wray 8nd J Douglas Balcomb 1979 8 p refs 
Pr"ented at the 3d Nlltl Passive Solar Cont. San Jose. Ca"'. 
11,13 Jlln 1979 
(Contract W·7405·eng.36\ 
ILA.UR.1UI: Conl.790106,21 "va~' NTIS HC A02/MF AOI 

The ,eslilts of per'ormance analysis cllculations for ~th 
Tromhe ""ell lind direct gain systems in Albuquerque. New MexICO. 
Ind Madison. Wisconsin. are reported The comparative analysis 
included plra",ellie variation of fundamental design par!meters 

including building load. glaring IIrel. totel mISS. mll55 thIckness. 
nllmber of glilings. night Insulation vllue Ind allowable temperll' 
tura swing, Thermal comfort within the two ge"!ric types 0' 
buildings 'wllS consideled IS we" I' energy elfoclllnl per'orm· 
lInce DOE 

III,' hasie snlar wall c\!nsisl:; of 1m IlJlaquc inncr lear :IIlda Ir:m~Jlarenl OilIer Icaf. Accordin!! 10 onc·dimen~ionaf 
hl,;,1 Ir:lI\sfer thcor)' Ihe thermal hch:l\'i~ltIr (If Ihe \\'all can he \lcsr •• ihed tlsing a wall thermal lranl'mill:lllcc. ;t solar 
!!;1I11 r:,dnr ;uIII :111 environmenlal ICtnpcralltfC. Tests 0,1 slIlali IInils al nolton Slreet. Dllhlin Ilurin!! Ihe period 3 IJ 
,\pr;1 1')7{>. :Ire :mppllrl ivc of I he I henry. As well as Il",1 rl'<;\llls Ihis papcr includes r:ulial iOIl IIIl-:l~tlrelllcnt'\ made 

Ilnrln)!1 he period. 
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TIlE "SUNBURs'r" SOLAR HOMi'l • 

The MOther Earth News, no. 55, Jan/Feb 1919, p.109-110. 
A79-44295 How • wall u_ sobr enerlY (Comment un 
_r utili.-t-il I'enertie sofairel. F.·M. Camia (Ecole d'Architf!'Cture 
de Luminy. Marseille, France}. Coopir;Jtion Mlidirerrankn~ pour 
"Energ~ Solaire, Revue Internationafe d'Ht!Iiorcchniqrle. 1st Semes
ter, 1979, p. 11·17,7 refs. In French. Rece"tly, o"e 0/ NOTHBR'II .kJl/erll 

a"" II pAolol1rllpAcr wc'" 1o 1.,o""""er", 
Pcnnsylvania 10 look alone 0/ 'Ae ","m· 
pIe" aysfemJJ and to talk to 'fj! deafgner 
-produce·aaleaman·Iurned·buildcr J'm 
Knell-who 1" in the proceu 0/ conal",cf' 
'n" II limon community 0/ pasllively Aeal' 
ed 1I0lar hOU3CII ..• whicA Ae very ap. 
proprialely calb "Sunburllt" homell. N''''' yo", thoullh, thelle ho .... e. don 'f 
"UI~e what you m,,,AI call your "aver· 
age" 1I0lar colleclor, I",'ear.l, J'm 11011 
opled 10 'ncorporale • "Trambe wall" 
'(ftlJmed II/Ier ftll 'nvenlor, French phy;" 

·ct" "'e"~ Tram""" wAtclllOt oldy ~e.'. 
lhe 1aowe without !lnT movln, pa~ or 

,expensive equipment. .111 _Ice. tlae 
dwelling a. aUracUve (a. JfmaC!) 0" a"y 
clUfom·built cm,vefttioftlJ' Ao",e. I,. /acl, 
",,' oUlftflr. oJ Clae AOUlle-V"'ceftC aM 
Kalh" Polldoro-flecideti to buy il w1lell 
'hey JJaw tAe blueprillC • ••• be/ore cms' 
"",clio" oJ the lao me Me! ev" bel1""' 
And, alter ta""", to ,lte PolfdorN. we're 
cOftv'nced CMI 'ley "vell'C ben dillIJ" 

'polnted al all! 

The captation of solar energy by opaque walls is analyzed. A 
simple formulation of the transfer function for a wall is obtained on 
the basis of the assumption that the latter can be represented as the 
.. m of • constant roean energy and a sinusoidal variation. These 
expressions are used to evaluate the coupled effects of conduction 
and convection. The elements of the intrinsic reaction or the wall are 
calculated and dirf!'CtlV applied to time tables of the energy rtceived. 
The analvsis indicates that the energy transfl!!' regime R strongly 
influl!llCed by the nlue of the coeHicient of external exchan9\'. It 
al!lO !!hows that conwl!Ction is • serious obstacle to captation of solar 
energy by _lis.. C.K.D. 

A79-44504 Panive tol. h .. ti,. for buildings. J, D. 
Balcomb fCalifornia, University, los Alamos, N. Mex.,. In: The 
pa~ive collection of solar enet'gy in buildln!l'; Proceedings of the 
Conference, Royal Institution of Great Britain, london, England, 
April 24, 1979. Conference sponllirlld by thjj'nterrntt10nllSolar 
Energy Society. lOndoll, International Sollr Energy Soc!ety, 1979, 
p. 75·85. 11 refs. Rerearch sponsored by' the U.S. Department Of 
Energy and Office of the As.stant Secretary for Conse!llation and 
So'ar Applications. 

A survey of passive solar heating experience is presented. Design 
appro3Ches reviewed ioclude: (1, direct gain, 121 thermal stOf'IIge 
wall. (31 attached sun space, (4} thermal stor. loops, and (51 
convective loop, Consideration is also given to generic categorie.: (I' 
direct, fb} indirect. and fcl itollted. Data is liven showing that 
passive heating can be suc:cenful in regions such. Boston,. M~. and 
Scatl!!!, Wash. Advantages cited include low cost. ease of natural 
operation. thermal comfort. r_ needs for certification, and .. th.ic 
appeal. The los Alamos program of performance simulation and 
evaluation is described and Isimplif'Jed method of performance 
estimation is outlined. M.E.P. 

NIO-1014', los Alamas Scientific Lab .• ,.. M ••. 
.I .... LE ".IIOCEDUIIE FOil A.SE •• ING THEII .. AL 
COMFO"T IN .. ASlin SOLAII HEATED aUILDINGS 
William O. Wray 197911 p refs Presented to Intern. Solar 
Energy Soc. Meeling. Atlanta. Gil .. 28 May 1979 
IContract W·7405-eng·361 
(LA·UR-79·1337; Conf·790541·51 Avail: NTIS 
HC A02/MF AOl 

A therm.1 comlort equation. II procedure lor Issessing thermal 
comfort levels in passive soI.r he.ted buildinllS is presented_ A 
thermal index called the equivalent uniform temperature is 
introduced to relllte comfort levels in nonuniform envirooments 
to uniform conditions. DOE 

N7I·117a-, 
N .t G.rden Stlte "King Associ.tion. CIo .. "y HiM. 

.OU'" HEATINO AND HOT WATEII .YSTE .. INSTALlED 
AT CHE .... y HILL NEW JE .. SEY - . 
18 May '979 299 p Sponsored by NASA 
(Cootract EG·77.A.Ol.40861 
(NASA·CR·lIS12351 Avail; NTIS HC Al1/MF AOI CSCL 
lOA 

The solar heating and hot water system: ,nstalled in e.isting 
btIildings at the OJerry -Hin Inn in Cherry Hill, Ne.!r Jersey is 
dncribed ill detail nUl system is expected to furnish 31. 5" of 
the overall heating lOlldlnd 29.8% of the hOI water load The 
co!lec:toB .re liquid evacuated tube type The stor~ system is 
.n IItKnte groundinsuliled steel ""ater t.nlt with a capacity of 
7.500 gallons. RE S. 

~_ &l!i'Jl!TS OF iR<l4BBWALL CON'lROILS'lBATmIES 
A .. V. Sebald, J. Re Clinton and F. Langenbacher 

Solar Energy, vol. 23, nOe 6, 19T9;pp. 479-481e 

~-T""'" wall p!:i11lfJ1W1U " anafyttd for a variety of contror slrlll~ in AIbuq\JcrqUe, Ne. Me.ico. 
... ~ CMomia n Madison Wiscons;n. Controls were considered in boIh lhe pmence and absnce of 
.... nalY. TIle analysis wa~ performed usilll hourly simulalions on Solmet WUIMr da'a in a lhennal net"'Od: 
"'1, ~vily 011 the results 10 nil Ihicknessand size. builcfilll azimulh and hou~e insubtion levels is 
tGIIII"Ik-a. 

r,., cOllfrols we,c ,~ 10 reducc backup requiremenls as much as 50 per cenl. Altemalively. lhey appear 
IQ ,",_.valellll solar fractiows with thinner and smaller waRs. finany. in the absence of backup tllrfIY. 
"... ~. 011 diNt wall. JIfOyi!ie beller performance than SI:IIIIbrd WJlI~ of doatlIe tllictnes~. 

De raults PVetl III lhis' paper are bast<! entirely on computer sillulaliom I~ are Ihmf~ i.Itt~ 10 
~ .. ruder's iIIsiPt into the Trombe Wall COIIIroI problem. Efforts are underway to verify lhe major 
coeclllsiolls .i. lest stt:ucturcs and real hou~s. 
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INITIAL EXPERI~NTAL TESTS ON TIlE USE OF SMALL PASSIVE
SOLAR TEST-BOXES TO MODEL THE THERMAL PERFORMANCE OF 
PASSIVELY SOLAR-HEATED BUILDING DESIGNS. D.P. Grimmer" 
R.D. McFarland and J.D. Bal~omb. 

Solar Energy) vol 22" no 4, 1979, p. 351-354. 
AIIIInd-Smail ,,a~sive·501ar test·boles can he a useful tool in the .hennal·ntO<k"in~ of :I pauively ",'~r·llealed 
I"lilding desips. Several cubic-meier si7.rd lesl·boxes have been conslrucled Ihal inc(lfpllrale ba~ic eletMnis of 
pa'live·solar design: fIIluinp to admit solar radialion, ~ thermal insulalie!!. end lar~ IMrmal 510fl11C_C8Jlftcity 
within Ihe in~ulation·envelope. The e~perimental lhermal behavior or I"es:!: lell·holt.' has heen :lccurate/y 
compuler 5imu/atcd lIsing weather and solar radiation data inpu,s, Ind correIa led. wilh the performance of larlC 
(llSsive test rooms nearby. Similar small. lest oole~ cln he constructed 10 perform 15 thermal models of I pirticu/llr 
passive· solar building design,. by normalizing the .n"rtrprtriate lhermal desillin parameters 10 one critical -parameler, 
such .5 soulh,'acling lli/azinl! ,area, or buildinlli lloor area. Thus a lhermal model will nol rt.~emble I scaled 
erchilec.unl model of the buildinl. bUI will he distorted in appearante ,., IS '0 exhibit IJlermal behavior .imilar to 
llIe real buildinl. For a particular rtat.i,e·,.,Iar buildin. desi,n 10 he localed at a liven sile. a small IMfIII" model 
of llIe buildinl can he conslructed and placed at lite sile to inve5ti~ale Jll)5sible micro-climate effects, such II • 
south·facin. slope or nearby Irees. The use of small passive·solar lesl,ooJl:es comrtlemenls simulation analyses of 
the inllue!lce of macro-clima~e and 1C0melry on Ihe J!erformance or passive solar heated bui!dinls. The_ccllracy 
and limitations or using sman test·boxe!> topredicl passive-solar buildinl performance are disclIs~ed. 

• 1117'·287M, los A'arno~ Scientific lab. N Me. 
PIE"FORMANCIE AND COST OF A H,.."IO 'ASSIVIEI 
ACTIVIE SOlAn HOUSE 
B. 0 liunn 1979 26 p lefs Presenled .. at the ,ASHRAf 
5ymp on Air Infiltration, PhillJrle'phia, .Jan. ISt9 

1117t-Dl,.., los Alemos Scientific lab" N ""e~ Systems, 
Anlllysis. and Assessment Oiv. 
T"OM.IE WAllS AIilO OI"IECT OAIIII: PATn""S OF 
iliA nOIllWlOIE APPUCA.IUTY 
Scott A Noll. J. Fred ROllch, and Shaul Ben.David (New Mel(, 
Univ" Albuquerque) 1979 9 p flits P'f!S4!llled lit 3d NIIII 
Pnsi1le Solar Conf. San Jose. 11·13.;Jan 1979 
(Contract W.7405.eng·36J 
(LA·UR·79-239; Conf.790106·51 Avait NTIS 
He A02/MF AOI 

The ecOflOmic Pflr'ormance of Trombe wall and direct gain 
pessive sofar heeting designs are elevated on a natioow'ide bnis 
using lhe LASL/UNM .solar ecOflOlTlic per'mmance code Both 
designs ere integrated into a raflCh style Iract home concept 
thet~ facilitaling regional cornpIIrison\l. Solar add·on costs er. 
tlStllblished for each design with r"gioo" differences ~ .. erial 
end Iabo< prices accounled fOf et each sile System si,~ ere 
optimized IIgainst the neturel gas IMld electric tesistance healing 

alternetives. the current price and future esc:eIMion of IrWfIictt is 
tlSteblished for each foe .... Resull, fOf each PBs;'" solar dn9I 
ere summeri,ed on a .. e,e.by-,tete be.is followed by e 
discussion of 'heir comperative economic performAnce. DOE 

PASSIVE SOLAR HEATING OF BUIIDINGSUSING A TRANSWALL 
STRUCTURE. R. Fuchs, and J. F. a:Clelland. 

(Contract W.7405·eng·J6) 
ILA·UR-7B·2209~ ConI 790tI2·4) Avail NIlS 
HC AOJ/MF AOI 

The design. Conslructior" cost. and inilial operation of a hybrid 
pessive/active solar heated house in Los Alamw.;. New M".ico. 
is described, Ihe system is dominated by ~ two·story Trombe 
wall. constructed 01 0.3 m thick. (l h) slump block. that can be 
OIIereted in either /I passive or active mode. In the active mode. 
e blower cirelllatesair through the Trombe Willi air splice end 
into e rock bed. A three zone 'arced air distribution syslem is 
connected to the rock 'bed. A separate flet plate collector array 
heats I preheater tank for domestic hoI ""eler. Operating results 
01 the system are reporteillor just over Ihe first yea, of opera lion 
In eddition, system CoSt. ,occupant observelions. end concluslo~ 
ere presented, Energy consumption record!! Indica Ie that 
epproximalely 60% 01 the heJ space healing 10lld was provt(ied. 
bV solar energy. OOE' 

Solar Energy, vol 23, no 2, 1979, p. 123-128. 
AfMInri-Pasdve 51>Iar Ma'"'" syslem! can u.il;"e a nomber o[ de5i1napprOltC~, bet tile IIImt I'fOII'Iinent CIfIC'I 
are those emrloyinR "direct pin" ora "Trombe .hmnaI slOflle -:a"". In this wort we ..."e • 1!C.l'2S~ 
system employing .. "transwan". which is • par.ially tDnSr3f1!nt iheni!ar slora,e wan placed adjacent to a window 
admillin. solar Ir!ter~y. rart of lhe solar en~)' _~absorhed wilhinthe transwafi, and the remainilll part n 
.ransmltled tolhe interior' of tlte room. The trans",.",11 isarc:hiteclurany more attractive Ihan the complelefy 

Il180-14545' Departmenl of Energy. Wnhingtoo. D. C. 
COMMIERCIAUZATION S",ATEOY "IPO"T FO". SOLA .. 
WATE" HIEATIIIIG 
Frederick H. Morse and J. M. Davis (19191 35 p lefs 
ITlD-28B56·Dra~t) Avail; NTIS HC AOJ/MF AOI 

The com mercial readiness 01 solar hot water heating il 
discussed. Some barriers 10 be overcome before this technology 
is ready to be used commerCially are identified. Also identified 
ere possible actions that might be considered to remove specifIC 
bllrriers. Technica,. mlrket/economics. environmental. end 
instilutional readiness. IIr\d benefits analysis are discussed. DOE 

• a"'orbi", Trombe waJl,.sincc it admit$ lisht.o the:room and. allows the ocCUJlants 10 see oul throuRh lhe:w;ndpw 
without ~Iare and overheat'n. problems of direct.ain system~. 

Cakulalions using thermal network modeIs;and based on rea!lOftable ':as,ii1iijtiOils for reIa.ive compari!lOft. have 
been used 10 cO"'rtare Ihermal rerformance of tran~w.n. fro. wall, ellll direct pill sysletlt5. The allllly~" 5,",.5 
Ihat the Iran5"311 5y~'em C3n be e_peded fo have therm.11 rmorlllance very close to or ucmJi"l IIIe OIlier 
syslems, IItrendin" on how electively convective Ileal mn~feris quenclled in tllelhenMl slora,e medium~ 

The importanl qtK:stion of visual clarity for the 'ran\wa" ,y~tnn has been evalualed for a prOlOlype by 
phollJlrarhinl a $Cene with and withoutl)Jlf~I IransrtmsiottlhrouRh 1M 51n1c1Uf1!. Optical dnlortiott i\ minimal in 
IIIe mns.,.n trnn5mis\ion photOlfaph. 
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NeO.17IM, Franklin Reseerch Center, Phitaddphia. p" 
F'''ST PA.SlVE SOLA" HOME. AWA"OS 
Jan. 1919 229 p refs 
ICont,ecI EX·76·A·29·10201 
lOSE· l020-T17) Avail: NTIS He A 1 I/MF AOI 

One hundred and si.ty two solar home projects' .are lisled 
and described. The projects are divided into .hre!! genere' 
cetegories: direct solar gain. indirect soler gain, and solarium. 
Discus$ions on selecling the besl type of soler prOject tor- e 
given eree, issues imroMld in """,,\!ling passive soler homes. 
end celculating the soler geinfrom pass",e systems are 
included. A WH 
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AN EXPERIMENTAL STUDY OF CORRUGATED STEEL SHEET 
SOLAR WATER HEATER 
Wang Shing-An 

Solar Energy, vol. 23 .. no,. 4, 1979, pp. 333-341. 

AhInc. ~ AI'! analy~is of the heat transfer JlH'I:el'S in the e\lrrif~atl~d ~teel shecl!lol:tr water heater and a 
simplified test. procedure ror tlctermining Ihe collector efficiency ~u:"ion are Jlfe~nted, By elperiment, the 
collector eRidency equation is rHuml til Ix: " '" 0,611 - 7 rr~ ~ T.V', the efficiency factor or colk-ctoris over 
0,94, and the .~Jlace temperature is 7"C: hillher than the collector temperature. The efficiency equation 
obtained by the simplilied pn,lCeth!re coincides whh Ihal obtained by the $t:lndard procedure. 

A80·211 05 Performanctt effects of Trombe w~1I control 
mategiet. A. V .. Sebald, J, R. Clinton, and F. langenbac11qr 
(California. UniversitY. La Jolla. Calitl, SolarE;rergy. vol. 23, no. 6. 
1979, p, 479·487.12 rets. Contract No. EM.76.S-04·4221., 

Trombe wall performance IS analvzedfor a yarl~W 0, a Cflntrol 
strategil!S in Albuquerque, New Mexico, Sant. Maria. Califmni ..... d 
~1i5~ Wisconsin. Controls were considered in both the presence 
.,d .~ce of backup energy. The analvsis was fIl!rformed lIsing 
hQUrlV simulations on Solmet weather data in a thermal network; 
model. Sensitivitv of the results of wall thickness and sileo building 
azimuth and house insulation levels is computed. Proper controls 
wefll found to reduce backup requirements as much as 50 ~r ce~t. 
Altel nativelY. they appear to Pl'ovide equivalent so!ar fractIons WIth 
thinner and smaller walls. finally. in the absence of backup energy. 
proper controls on thin walls provide bettl!~ p~'or~ance than 
standard walls of double thickness. The results gIven In thIS paper are 
bIIsed en!irelv on computer simulations and are therefore intended to 
enhance the reader's insight into the Trombe Wall control problem. 
Ettor's are underway to verify the major conclusions in ten 
strUctUres and real houses. (Author I . 

THEORETICAL CONSIDERATIONS IN TUEUSE OF st3ALL PASSIVE
SOLAR TEST-BOXES TO MEDEL THE THERMAL PERFORMANCE OF 
PASSIVELY SOI.AR-lIEATED BUILDING DESIGNS. D.P. Grimmer. 

Solar Energy, vol 22~ no 4, 1979~ p. 343-350. 

AWnd-Theoretical (on~ideration~ Ire preRnled for tile lhermal I'IIIlIIeftin, of ras~ively !IOlar-kated buiftIiItt 
delian~ wilh pi.'sive·solar lellt bolleS, Multi·room J!l55ive ~olarbuiMin~, J!I~!ive solar build~ llivittl rellisticaly 
missive wins. thcrmqcirculalM .,.,sive·!IOIar de~ip5 •• ·infiltration elects, ed~ elect correct~. -.I!.."tf micro-
c1imale 5hadih~ effecls are discn~sed. .,' 

':,.. • ...-;,. ~ __ 't-~ 

\ 

;\ FIELD VALIDATION OF THE THERMAL PERFORMANCE OF .A 
PASSIVEIX HEATED BUILDING .AS SJJ.IJLJ\TED BY' THE DEROB 
SYSTEM., by Francisco Arumi-Noe and David O.Northrup. 
Energy and Buildings, vol. 2, no. 1, January 19(9, 
p.65-75. Ilourly thennal perfonnance data for a pas-

sively solar heated house are com/Jared with 
simulated data. Tile house, Solar Village I, in 
Santa Fe, New Mexico, owned and occupied 
by ti,e Douglas lJalcomb family, hat; been 
in.~trrmlented alld monitored si"ce tllC 1976-
77 winter. '1'he data reproduced here were 
collected in February 1978, including on-sitc 
micro-climalic weather data. The simulation is 
carried out with the computer progmm 
DEROn as developed at the Numerical 
Simulation Laboratory of tile Scllool of 
Arcllilecture of tire University of Texa at 
Austin. 

VEROB is a fully dynamic program, 
capable in principle of handling architectural 
desigm; of arbitrary geometry and simrdtan
eously solving thennally coupled multi
space structures. Solar Village 1 is a 2 storey, 
L-slraped, Itybrid structure with a glasshou:fe 
occupying tire front court (south-facing) 
2.storey volume. Hourly data inclflde, in addi
tion to micro-climatic infonnation, tempe
mture readings of II,e air in the glasshouse, of 
the air in the various living quarters, the 
'empemture readings across the adooowal" 
that separate the liuing quarlerr from the 
glasS/lOUse, and also the temperature of the 
two rock stortJl!e bins. -

J\DVEtmJRES nr ALTERNATE ENERGY, TWO SOLAR BEATERS, 
FOR AIR AND WATER, by Edward t-bran. 
Popular Science, vol. 214, no. 1~ January 1979, p. 

46-IJ8. 
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ECONOMIC FEASIBILITr OF SOLAR WATER AND SPACE HEATING, 
by Roger H. Bezdek" Alan S. Hirshberg .. William H. 
Babcock. 
Science, vol. 23, no. 4386, March 197"9, p.1214-1220. 
Summary. The economic feasibility in 1977 and 1978 of solar water and combined 

water and space heating is analyzed for single-family detached residences and multi
family apartment buildings in four representative U.S. cities: Boston, MassachuseHs; 
Washington, D.C.: Grand Junction, Colorado; and los Angeles, California. Three ec
onomic decision criteria are utilized; payback period, years to recovery of down pay
ment, and years to net positive cash flew. The cost competitiveness of the solar sys
tems compared to healing systems based on electricity, fuel oil, and natural gas is 
then discussed for each city, and the impact of the federal tax credit for solar energy 
systems is assessed. " is found thai even wilhout federal incentives some solar water 
and space healing systems are competitive. Enactment of the solar tax credit, how
ever, greatly enhances their competitiveness. The implications of these findings for 
government tax and energy pricing policies are discussed. 

A8o.18578 H An optimization formulation for solar hot 
_ter syttem~- K, K. Chang "nd A. Minardi (Central Florida, 
University. Orlando, Fla.). American Society of Mcch.1nicaf Engr" 
nt!f!f"S. K'ff/terAnnuaf Meeting, New York. N; Y.. ()f!c. 2·7, 1979. 
Paper 79-WI'i!Sof-42. 7 p. 6 refs. Members. $1.50: nonmembers. 
$3.00. 

A mathematical correlation betWllfln collector area and auxiliary 
energy used in a 30lar hot'water system was obtained by using 
TRNSYS prO!lram. Based on this correlation. optimum collector area 
was directly related to both economic factors and system parameters. 
A criteria for economic feasibility was obtained. A comparison of 
optimum area calculated by this analysis with optimum area based 
on f·dlart data was in good agreement. (Author) 

A Markov model of solar 
water heating sys tems .• 
William S. Duff. 

energy space and hot 
Ger.ld F. Lameiro, 

Solar Energy. v. 22, no. 3, 1979, p. 211-219. 

. 
AlI!trlrt-This paJl(r presents 8 Markov model """,oath III Ihe '~cneralilcd ~Illar energy space healing per
formance analysis pf()blem. Srccifically. Markov chain moods are dcvclorcd 10 rerrescnt <Im"icnl temrcralure, 
insolation. hoI water load and ~ystcm rcrfllmlance. From the Markov tr:U1silion prubability m3Irice.~ for tM5C 
variables, lontt·term c~pected rcrformance is c:ilclilated. The theoretical develorment is implemented in 
FORTRAN IV on:a Conlrol Data 6-400 Comrntcr System. ('tlmrlltalional c~rcrience (!ainc:d.llsin(! srOI.AR ),1 
(STOchaslic soLAR enc't:Y syslems modell, indicatcsthe ~tocha~tic aJlf'foach requires :'1'f'f(l\imatcly live rer cent 
IIf the time necessary rill' standard dynamic ~imlllalion :Il'pnl.1ches wilh cllm"amble flCrformancc results. The 
melhod alsl) compared favorably with FCf! ART. a simrlified desiftn rrocednre. 
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SIMJLATION OF TIlE IMPJ\CT OF FINANCIAL INCENTIVES ON 
SOLJ\R ENERGY" UTILIZATION FOR SPACE CONDITIONING AND 
lfATER HEATING: 1985, by H. Craig Petersen. 
Energy and Buildings, vol. 2" no. 1, January 1919, 
p. 77-84. Financial incentilJc$ designed to accelerate 

the use of solar energy for healing, cooling. 
and water Ireating of bllilding$ hmJe been pro
posed by both state and federal legislatiue 
bodies in tile U.S.A. Among tire most fre
quently mentioned incentiues are sales and 
property ta.'t exemptions; ta.'t deductions and 
credit$, rapid amortization prouisions, and 
interelft rate subsidies. At the present time 
there is little available information regarding 
the ability of SUC'l incentiues to advance the 
rate .of solar energy u tilization.This paper 
describes the deriuation and lise of a computer 
simulation model designed to estimate solar 
energy use for space conditioning and water 
heating for giuen economic, climatic, and 
teellnological conditions. When applied to 
data from the Denver, Colorado metropolitan 
area,the simulation model predicts that'SOle. 
tax exemptions would haue little impact ouer 
the next decade, interest rate subsidies could 
more than double ,olar eneTD rIse, and the 
other proposed incentive. would hmJe an 
intermediate impact. 

""'.I1H4S1 Sandia labs,. Atbuquerque. N. M41~ 
PERFORMANCE: OF SOLAR PASSIVE .UtlDtNGS 
R PSlrom/)erlf '979 20 pfefs Presellled·~'!he fir$r 
Intern Symp Oil Non-conventionat Energy. Trlesle. Ital" • 
27 Aug, • 7Sep '979 
(Contract EY·76·C·04 07891 
(SAND.79.1574(;;-----(;ONF-790850.21 Avail: - NTIS 
HCA02/MF AOI 

Test data are Pfesented for r_ di"erent homes dunog the 
same ,.,inter days. Trombe w3ll. ,.,ate.,.,3II. g<eenhouse. and direct 
gain fealliles of the buik!ings display their differing responses to 
rhe same cl,mate condilions. DOE 
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SOLAR HEATING SYSTEM PERFORr1ANCE ESTIMATION USING 
SINUSOIDAL INPUTS 
M. S. Orew and R. B. G. Selvage 

Solar Energy, vol. 23, no. 5,1979, pp. 435-442. 

Alltlnd-A IM~ h presented for the eitilllation or tile fradion of tile llelltinlload slJl!lllied fly IOIIr tIIeIIJ 
cIurinI tile healin. season, This procedure rerrialns lKerul even ",lien system desip parallleters .refnrfroirilhe 
norm, and in particular i5 applicable to systellls incorporatinlseI$OnRl slorace of heat. Insolation, temperatllre and 
IIot water demand are inpul AS sinusoids. and the c1osed·form solution of the he3t mnsfer differential equation is 
found. The method a~ presented here is suitable for domestic hot water lind liquid space heatin, !yitems. 

NUMERICAL COMPUTATION 00 SINGULAR CONTROL PROBLEr'S 
WITH APPLICATION TU OPTmAL HEATING AND COOLING BY 
SOLAR ENERGY 
Hans ~oachim Oberle 

Applied Mathematics and Optimization, vol. 5, no. 4, 
1979, pp~ 297-314. 

Abs'r:t('. The method prc!'entcd here is an c)(tcnsion of the multiple 
shooting algorithm in order to handle multipoint hOllmlary-value problems 
aild problems of optimal control in,thc _$pedal situ;l.tion of singular controls 
Of constraint:; 0'.1 the state variables. -rhis generali7,;ltion allows a direct 
treatment of (nonline;lr) comJitions at switching points. As an c)(amplc a 
model of optimal heating :lI1tl cooling by sellar cnergy is considered. 'The 
nUldcl is givcn in the fMm ('If an optimal controlproblcm with thrce control 
functions :tppearing linearly and a first ordcr constraint on the state 
variahlcs. Numeric:ll soluli,ms of this pruhlclll by multiple shooting 

tcchlli(lu~'s arc.' prco;c"lcd. 

Installing Your First Solar System 
by R.H. l-1ontftomery 

"- ~ -" " t)' 
.:' ~,! ... .( ,{ l.l'" ' • 

Solar Heating & Cooling, Voll h, No. h, June 1979, 
p. 11-21 

Part 2: 
Solar Heating & Cooling, Vol. h, No.5, August 1919, 
p. J7-hO 

~ .. ,- .. ');:~"''--_~':''''",,':..~,~,,;- .. '''<"--'t':~'~:;~ j, .;o,,,t"!!l"f~ .. ;~t,t~ 

Solar Control Insta11ation Instnlction Guide 
by S. Dawson 

Sollr Heating '$' CoolinjT"Vol. h, No.5, AUgUst 1919, 
p. '26-30 

~ J .;../ I . I .. 
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THERMODYNAMIC BASIS FOR THE CHOICE OF WORKING FLUIDS 
FOR SOLAR ABSORPTION COOLING SYSTEMS. 
G. A1 i Mans()Qri and Vinod -Patel -

Solar Energy, Vol 22, no 6, 1979, p.433-49i. 

",",r8d-Throll~ the AI'I'Iication of the first lind ~econd b'l'S of tllennodyllalllics urrer .... to.n' liIIIits for tile 
coclficwnt of Jl(rformllllCc (Corl of a~tion coolitla C)'ck~ are derived. 11Iese ""'" .. tower _its. I!r$i*! 
hei"IJ de~"de"t on the: environment'" temJl(ra'lIIc~ of romflOllCll«~ of the cycle, ,are abo ckrelllknl 011 tile 
thermodynamic rro~rtic:s of rdn,:cranh. ab5tlrhenh. and their IIIhhlfo. Wllft die me "f tlle$e PJ!per lind lower 
limm of COP it i$ now po\~iNe 10 male a qllJntitativt' CI""J':lrativt' ~'"dy of ditfercnt ref.rllfll·~ 
combinations. l1ie technique dcvdoJl(d is aprlk<t f(M' the Cllm"aralive eVlIhmioft of fUl, .. "~. Nn,+ Na.~ 
:lind n:o t UBr combinaliclRs "hkh arc Ihe favornhle rnn"i"al~ II~II in sobr a~""ion cooIinI C)'m.. 

HEAT TRANSFER FWIDS, MAKING A "FIDID" CHOICE, by 
Thomas J. Tragert. 
Solar Heating & Cooling, vol. 4, no. 1, Feb. lCJr9, 
p.30-32- con't on pg~ 41. 

Sometime during the design, specification. and instal· 
lation of II solar heating system •• choice must be made 
:IS to the type of heat transfer nuid to be used. Many 
types of specific "solar" neat transfer nuids are no\\' 
commercially available. An even greater number of 
"uids compatible with today's solar applications are. and 
have been. available for many years. Choosing is oRen 
difficult. The following guidelines can help infmlkinga 
"nuid" choice. ..,-. 
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SIZING PHASE":CHANGE ENERGY STORAGE UNITS FOR AIR-BASED 
SOLAR IIEATING SYSTEf·\s. J.J. Jurinak ana S.I. AbOel
Khalik. 

Solar Energy, val 22, no 4, 1979, p. 355-359· 

A .... -A silftllle method for ~ililll pllMe-Cflanae fMl'JY stOllJe (PCES) units ror lir·ba~ed solllf Matm, 
.ystcllls i, pre.~enttd. An effective Mit capacity for tM pII:nc cha. unit i5 obtained a~ II function of it~ ma~s, 
Iitent lleat. ~pecific: heat~and melli .. tempm~. )lie e"e~tiv!! Mit c1Iracity CIII the" he used, 110111 willi an)' 
convenient desi~n melhod for ~ystem' wilh sensible heat stores, such as the {·chart melhod. In ~tjmate Ihe 
tllmnll performance of the ~y'tem utilizin& peES. 

TRACKING SOLAR HEATER USES TAP WATER TO KEEP ITS FACE 
TO THE SUN. 
David Scott. 

Papular Science~ val 2l4~ no 6, June 1979, p. 82-83. 

Installing your first Solar Syatem. Richard 
H. Montgomery •. (continued in next issue). 

Solar Heating & Cooling. v. 4, no. 4, June 1979, 
p.17- ~I 

A79-37851 Domestic ..,1ICe and .Iter llellm, fouxirti .. 
dwelt"'" uli", • heat pump .... co"",,tionll roof. " I!fter1Y 
1Morben. W. E. J. Neal and D. l. Loveday CAston. Unillerslty. 
Birmingham, Englandl. 10: International Conference olr Future 
Eflt!fgy Concepts, LOndon, England, January JI).February I. 1979. 
Proa:edings. (A19.378"215-""I london. hlSlitution of Electrical 
Engineers, '1979, P. 57-60.6 'I!fs. Research sUPj>Ortl!d by the Science 
Researdl Council. 

~, " "'1't<i<:: ........ ,tI}.:~)¥~:; ... h' .... "":~ .,1f:!, ''''''''''"::t"J'i'i'.'i!.1t',~ 

A1!t-37888 Sol .. he ...... 'MII eooIittt ~_ - I'rKtiail 
•• ~ in dl!$ir MIl ~1ItMJn. D. J. GiltJV ...cf ft. Minder. 1m 
In''''<na.ional Confem><;e on future E~!IY ~ts. London. 
EnglOlfld. January :JO.fetlfuMY 1. 1979. rr~"". (A19· 
3784215-44) london. Institution Of Electrical Enginem. 1979. P. 
256-"259. 

Experience gained in ,he dIosign ...cf op!.ation 0' • sol .. cooIm. 
test facility has been successfully lIIIPIied in des.,.,i"" " IMge sol .. 
system. This installation will ~liver p .. l of the the""11 energy 
required by an indunri" pi .... , located new "om!!. TN system • 
backP.d up by .... oil fired boiler, will provide Mati", ~i", the 
winter month$, cooling during thelummet" months. and tIot wlter 
during the whole year. B.J. 

llESIGN CONSIDERATIONS FOR RESIDENTIAL SOLAR HEATING AND 
COOLING SYSTEMS UTILIZING EVACUATED lU8~ SOLAR COLLECTORS, 
b, Dan S. Ward and John C. Ward, Solar Energy, vol. 22, 
no. 2. 1979. p.l1J-119. 

Allttrld-As solar lleltin, systems !!tCOlfte I cOlIIlMreAl ~ity, treater elort! Ife IIOW !!till etllpio}d 10 
incllfl'Orlte solar ~ooli"lcomponenls in orde: t6 obt.in I c~te solar heat .. 1l1li coolilrt sysfetll .... thus tale 
advanlta~ of the cosl-effecliveness of ,.ear·rouftd .se oftlle solar equipmellt. Because of tile elcqttioMl 
rerfOflllance and flip elficiency of c',lCUlted tnhe solar cO/itttors, Ihe~c; advanced collectors lire (eeem.. 
considenble attenlion for usc ill solar Mali", Ind cooli", s~'ems. Wl\j~ ;mpro\'Cd pufOfllllllt;e ~ .readily 
obtailled with Iht$e sorhislicattd solar collectors. there are also numerous diliaattin .l1li "oNe"" Is~fCII"h 
their tile .. I ,.,.., system. This piper addresses "."y of tM ties ... cOIIsidaations wflich """I he iftc ........ y 
rellistic soIlr systemdesitn. Mon of 1M considerations presented here Ire blsccl (Itt lhe elperience ...... lhe 
dtsip Ind performance of lhe solar Mali"llnd ctIOtinR systems for CSU Solar HOIRCJ I~IV. 

Dl~SIGN S'l'UDY: SOLAR SYSTEl~ FOR COMMERCIAL BUILDmCS. 
A~;hrae Journal, val 2l~ no 5, l-by 1979, p. 37-1.2. 

, PlASA-CR-3U2 
197' 

R£SUL;TS OF trEATING ~ PERFORMlWCE TESTS OF A 
SOlAR-ASSISTED HEAT Pilr~. CJ., 8. Jones end 
'~rfr.~ 0 .. Sr~t~nft. Apr. 1979. 81p. 

rtGrth Ca!"OUn~ Scff!!1c!t and Technology 
Refe8rch Ctmter, RII.arch Trtangle 
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CH~150.632 1979 
HASA .1EO!NOlOGYUTILIZATI0II HOUSE: SUINRY OF 
RESUlTS ~"D HOUSE DESCRIPTlOIt.. (Technical 
Support Packl\ge for Tech Brtef LAR-12134) e 

1919.. 78p .. 

nASA. 
ltn,ley Research Center 

!V'SA.,· 
l.angl~Y RElsearch Center 

"utlcl1ngs, Solar 
1ii11 itt n~s - NASA 

N80.111i1i9·' National Aeronautics .nd Space Administr.tion. 
langlev Rusearch Center. HaOlpion, V. 
AN EVALUATION OF THE NAIIA HCH HOUII,INCLUDINO 
lIVE·IN lEST flUULTS. VOLUME 1 
Ir. H. A. Abbon. Kennelh A Hopping. and Warren D. Hypes 
Nov. 1979 12 p rers 
(NASA·TP·1564: L-13440) Avail: NTIS He A04/MF AOI 
CSCl IDA 

The NASA Tech House was designed and constructed ilt 
the NASA langlev Research Center. H.mpton.Virginia, to 
demonstr.te and evaluate new technology potentiallv applicable 
for conservation of energy .nd rllSOllrCfl and for improvements 
In safetV and securit., in , single.family residencl.A"-Iacbno!ilQY 
Items, including solar·enerlW lIvs,ems Ind • wlISte.wlter·,.use 

system. were evalulted under actual living conditions for I 1 ~t.;;; 
period wit" I femilv 0' four living in tM house In their nor~' 
lifestvle, Results are presented which .how over." savin", in 
energy .nd ,esources compared 'with requirements fo, a defined 
lIimila, conventionni houslI under tM .Ime condition., Glner.I 
operltional experienclI and perforlT,.ncl <flltl Ire .Iso Included 
for all the va,io\Js illlms end systems 0' technology incorporated 
into the house design. Author 

l~lASA Tf-lS64, v.II 

LM-12134-

1919 

At:flVALUATIONO' THE NASA TI(!H mUSK, INCLUDl!lG 
LIVE-Ul TBST U,C;ULTS. VOI.UM£ II. Trlj-ll;:f(~-Abbi:lttt 
!Cenn~th A.. Hopp:i.uf! aud WRX'rcn D. HypeD, LaRC. 
D:!c.1919. 68p. 

DESIGN AND OPERATION OF THE HONEYWELL GENERAL OFFICES 
SOLAR HEATING AND AIR CONDITIONING SYSTEM_ 

Building Systems Design,Yol 76, no 3, April/May 
1979, p_ 3-11. 

The nation's largest high-temperature solar energy system has 
begun operating this Winter - deSigned, funded and buill by 
Honeywell for its new eight-story office building In Minneapolis • 
A field of 252 trough-like collectors on an adjacent parking ramp 
track the sun, concentrating its rays on liquid-filled pipes. Energy 
thus collected is expected to supply 50% of heating, 80% of 
cooling and 100% of hot water requirements for the 106,OOO-sq·fl 
building,. where approximately 500 persons will work. The entire 
system will save the equivalent of 17.000 gal of oil annually 
based on operation under Minneapolis weather conditions. 

Giant. Sol'1r-Enerp'''y Syst.ell1 
h~! R. Stepler 

Popular Sciencp., Vol. 215, No.2, AU8ust 1919, p. So
S), nf.l 

Honeywell sets an enerRy-saving example f"or of".fice 
bnildinp,::; of ~.he ruture. 

SOLAR ATTIC HOUSE, by Richa.rd Stepler. 
Popular Science, vol. 214, no. 1, January 1979 
1'- 68-11. 

Unique two-chamber attic 
heats -and cools a home 
designed by U.S. Dept. 
of Agriculture researchers 

Volmte I of this p..'lp/'!r includes a description and evaluation of the NASA Tech "ouse, 
whereas Volume II incluc:lcs slIpplCfllentary data and inrormation that may be of use in 
a serious study of the house. This infot:1llation inclmlf'n thp. ",onthlY electdcal 
lL'iagp. and its (pst, weather information, infrar."d sci.'\ns of the house, daily "'eter 
r.eadings, a li!';ting of sensors tined to provide data. to the automatic data systelll, 
<'\ listing of the cillClilator program, .mel tabl!"!> of thl" oondi.tion of thf!< gray water 

I 

I 
being reused as flm~h watl"r. 
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i. . REDUCING IBSJlnJ11~AL BARRIERS TO SOLAR ENERGY 
(.;'-: lltROUGH THE USE OF COOPERI\TlVEl..Y-Owr.ED SOlI\R-,ENERGY 

DESIGN-ANDOPrl"lSA-:I~" or AM A8S0RPTION REfRIGE~AnON 
SYSTEM OPERATED BY S'lAR ENERGY, by S.Alf%adeh, F. 

~ : SYSTEMS. tH chae 1 B. Packer. 8ahar and F. Geoola, Solar Energy, vol •. 22. no. 2, 1979, 
p.l"9-155. ~, • 
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Energy, vol 4, no 3, June 1979, p. 383-392. A"""'-'-'IttMral theoretical ~tudy on de:lltn and ~,~tiott of lhe water..tithi_ "'-* anclthe IIl11t1!Onia
liiiltrabsorpilion rdril!,Cration cyclcJ has been unclef1Kell. The rtwlts of tllis ~udy ~ I .... in ICI\Cral fOf btd 
initial conditions and sh'cn $Y5lem .trr~ratioa clflacity hiper acftCfllOf tc.r~ttlrf CMlW5 ~ cooIi", ratio 
Mth 5m~r Ileal uchalllC5UrfKes ... cOllw ...... ,y 10fti' cost. A ccmrariSOf! of lhe ',"0 cytlc5 alSI! iMicale Ab!;tr:sct- Jk!f'il~ Ihe.coneepm11 :\\!rncliyen('~~ of 1(\I~r cnrr~y w~lcm~ fOf ~l"r(' hr)1in't~rrlir ... lh~ ... lh: 

m~llIcl renctrnti..1nmte of sol:\!' sy~.lfms rem,in~ tow. The f'h~~i{';\l. cc.,!w,k. ~It'l il1<.lillili"",1 h.n":; tl) 
llCJ:cpI3f1ce tlJ~l C;lil'il: Ihh di~nf'I.t1il\ting pClfmm3nce :1.1(: c1\\,dy lchlc.l tn 1\.~ r n•• .. :!, f"'1i'i. ~l. ,,,:;'1.'11l!1 
(rl)f1()mk'lr11('ttlfe.:\I\;I'I)"fel'rn1iill~dtllicull:lQlltim("('''I''l!lllinl!,IOlilt' n tt" .. 'IN. ''''1.1' \.,'" ,,,11,, b 
sy~tt:ms illtl.ll;,r;:~r (1".Ii'!;t:llivi· \cllhltt·., el'n llVlli.1 tn'''IV 11111· ..... t"'rWI'l ;111"·-'1 ..... I in- . r! ... ~"rl tit" 
lIrl'n'mchcIl1l1>l1.te!\IIyil\cll,"n~tlh~d'ffu~klnr:"\t"'llfsl)hr«lrrfV~\ ,',,'~" j •• , ,11," ..... · .'k, ,',.11• ",,~ Iffl" i"~ 
rt\~~ll.rutl tt'll'~ """I"r Ilfl.lll) 11 ~[r~ln 1'~1"I;t Iklll rr".il'lll,h 1"': /. t 

Ihal lhe w.ter~il"iQ'" bromide 'Y5Ie", it s~ , .... the _-a-water ~y~kIII and ~cs at • hitMrc~ 
~tio Ind ,,,,.Iler heat ue" •• SUlrKe" (or the _ coMitioll,. 

ECON(J1IC EVAL~?'TlON AND OPTIMIZATION OF SOLAR HEAlIl'tG 
SYSTEMS:l'. 'J~-Brandemuehl and-W.A. Beckman. 

Solar Energy, vol 23, no 1, 1979, p. 1-15. 

Ab!;trad-'-' rrocedure is devclOf\rd lor ll~~e~sinl! the cconomic vht>ilily of --,hr h'::tli,,~ ~r<t~m in 1:flI!~ of tbe 
life cycle S3vincs of a solar "c;lIi"~ sy~h,'m over a conventional he:!I;"!: S)"SI, ,_ !TI1~ lifc'rydc nri!1!!~ i, e~rrc~.!d 
in a !Cneraliled form by intfodul.'il1l! IWO economic: r:'lrmnctcls. ", nnJ 'Pl. Whirl! Tch'e all He cycle cost 
considcrntions III the first year (11('1 cosl or ,Ihe inilia',sobr systrm inv(SIIl"'"! cn~l. lIsin3lh~ r~T'"mI!7ed lire1:)'cl~ 
sa"in~ equat!!)n. a melhml is developed for c3lcul~ling Il!e solar hc:tlinq $}~I .. m 11~;~n whirl, m,~i"';:r"S lit:: life' 
cycle s:\vings. A simibr tn~lhQ!l is devek,rat fo{ dClcrmininc I"~ ~~I llr i;conomic c\wlili·'r.'i Il\ ~hi~h t!1~ tlt'!i"'ftt 
solar hCI'Iinl!. system dc~i~n is jll~1 compelitive willt 'he c,'n\'cntinn~1 he'lin~ 5Y~I .. tn. The rC"l1lt~ (If Ih!"~ 
~)plimilation mtll101ls r:ln toe ;1!e~enlc,1 in la\!Ular or l'J~rhi~~1 form. nIl' ~~n~;li~ilY Ilf Ih~ «onomic c~:>I\la'il.'n :mJ 
oplimi7A'ItiM t:lk\lbti()l1~ to imcctl'tinlic,>.in (:o"slt\IJ(flllhcnrnlllfl,1 ~~'''"mi.; \:1d~1 b~ b ,,\-., in' ""I~ .. ~!~d. 

PREDICTING THE PERFORMANCE OF PASSIVE SOLAR-HEATED 
BUILDINGS. E. Mazda, M.S. Baker" and F.e. Wessling. 

Sunworld, vol 2, no 2, M1y 1978, p.42-49. 

~arly results on modeling direct-gain systems. 

• ~~""'-.- ""-----..... ~-~~~-..""""-~,.----- ...... -~.-- __ .~. ~" ___ ~..K. .. --....... 
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1979 

SOLAR-ElECTRIC ENERGY. (Spectal tssue). 

2S THESOlAR.£tECmlC HEATING AND COOlING EXrEmMENT. 
Eml ellp.!flmcllts. now UIldcr wn'f.l!ftl ft!tt!mptlng to ktentlfy the best sol"r ~ystcms for 
utilities nnd their Ci~'omefS by cnrcfulfycollslctrring "'ianl impact IfmdifrcrP.lllsystCfM 
"1111 hnvo on utility QPomlions and custom~ costs. 

UMIat SIMs. .... ., f..-g.DIthiR ., SeIIr A,,1ItIWaIIs 
Soiai heatiDl u1d molinl demonstration: project summaries 

I U.S~ Dept. ofF.nel'!y.Assi~tant Secretary ror Conservation 
and Solar Applications. Division of Solar Applications. - Wash
inlton : The DcpL : for sale by the SUpl of Docs.. U.S. GovL 
PrinL 00.. 1918. J 

rii. 1112. 40 • ....,. p. : ID. : lIlt n an. tv 11- I r:~- t· ') 
-OOElCS~." 
-UC-59i\." 
-UC-S9." 

t. Solar ~mJ. 2. Solar air CIlftdition .... 

nt74lJ.US2 1978 697'.11 

Unryo{Con~ " 

1. Solar hou!Ic!!. I. 1 itJe. 

11Hi02636 
MARC 

~ 

,!r, 



if-

, .~ 

~ , 

t 
[ 
" . ~ 
t! :oi: ,.. 

f 
t 
r 
t 
~ 

.. ~""\ ... ~ 
"'l· ' 

"",t, 

~. 

t 
I 

~_Ii 

j', ,. i' \. ,". " " ---
-- ~ 

.. :.\ 

....,-10104-' Un.versilV of Western Kentucky. Bowlinjl Green 
M.,e .0lA" HlAnNa AND eOOUNG H,aH .. UO 
",,'O"MANa CH'""''' COOl VALIOAT'O" Fine' 

"epett tienlV M. tieeley 12 Oct. 1919 ,5 P 
(Contrllct NA$8-33387) 
(NASA.CR.,e'3231 .~vail: fHlS He A02/MfA01 CSCl 

,OA llIe status of the Solar Heating lind Cooiing Project is repOrted 
ModifICations to the HISPER program lire outlined. and recom
mendalions concerning the "alidation study 01 HISPER lire 
included. F 0.5 

1I8O-101JO' Pennsylvanill Univ .• Phil~ie. Dept. of 
Mechanical Engineering-nd Applied MechanicS. 
QPnMAl 'N.ULAnON OF .. ,Ha AND TANKa .0" aOLA" 

H"AnNO SYSTEM. 
Ger.rd F. Jonos and N. Uor feb. '979 75 preis 
\Contract EM_78.C.04.53'9) 
(AlO-5319-21 Avail; NTIS HC A04/MF AO' 

A compllct and time ellective insulation design procedure 
lor sola. hellting system piping lind wlter-filled thermll storlge 
tlnks w!lS deve!op"d. Recognilingthe penicular .!Iens;l;"i!\' of 
solllr systel1's to cost. the economic aspect .01 the ,problem ~s 
trelted by I comprehensive present.vllue 1i!e.qcle cost. analysis. 
In the development 01 the method. I numericil -sensltivity Inalysis 
WIS performed to determine the relalive enecta of In relevant 
independent IIlIrlllbles (within their pertinant ,angesl on piping 
Ind link heat transfer coefficient vatu"s. DOE 

'rBSTRFmJLTS ON IDl-C,OOT TIIO~9N SOLAR BEATING 

SYSTEM AVAILABIBe 

Energy Engineering--Journal of the Association 
on Energy Engineers. vol 16, no 6, October! 
November 191'9. p. 30.-34 • 

.,-~';";;"-~~'-

CONTROllER FOR ~ SOlAR HEATING SYSTEM WITH I\ft 
ElfCTRICAl 8AC~P_ Adel H. Eltimsahy and 
Emilio A_ Santos. Jr. 

Sfl1ll1at10n. vol 33. no 2. August 1919. 
p. 37-4~~tGpapf?r describiJlt ali' mltlu.'m(1t~az. lr1(!de1.ir..1 mfl 

cptim:f;=tioPl of a solar llcatir.a nystem that stores 
rG'sl?l've e:nCl'gy from tlza electric pOlJer newarK. Thl1 
p<:/Pl't' focilces on the dctlign of a controUer t.lhich 
mtnimi::cll IlSC of elect,ric C/lCl'!JY, 118es tr.a.: ·inergy 
a t times t.lhml its erst it: ZOlJ, rllld ma:dmi~cii human 
C(W1j".'rt. 

Tile 1fIQthcmatwal mode1. 1ras idcutifiab1.e fit,ate vari
aoleD, ct;mtl'ol input variabZcG.diGturbanee input 
t"~l'iabZes, mad system par.(lmet!'!rs. The state I)ar.i
ab7cs arc tcmperatW"cs ill tJIC Do'Zar collector, in 
tPze first stoM(J1!! tank, i'l tile second ~OOMge tanJr .. 
an.£ i,.. the room and 1J.'1z.ls. electric po!Je1' inp:rf; to 
tTlr hi"(~ti1lfl coils, heat. Plurq}, and eirellZating PI"'" 
form 1 he control inplIt vector. ,(Imbient tcml'eraf..l,retf 
and Dalal' radiation aretreawd aG uneontroUable 
iJilmt l·ariablcs. 

"he cb.jectiveD of the opti.mi:-.atian DchP"",e are 
(1) maximi;;~na the use ·Qf solar energy, (2) minilni
ming the cost of electricity, and (3) ma;eimi%i"!1 
Iluman comfort. Tilese Cl1'C currbincd into an ovnra'tl 
Dystem pel-fan/mICe ir.dC%. A Guboptimal. feetIbaek ccm
tl'olZer based OPt this index uses an eztension of 
Pem:oson's methodb; it inlJolves (1) linearizing ths 
uystem o1)oul; an equilibl'i!6lfpoint Llhic.lJ ,,1lifttf ",U,., 
j!;ime, (2) employing on-liM computer control of tJle 
ltinearized system, alad (3) c1lanai"!1 the contJ"Ol 
3trateoy frequently. 

i/lesul.ttJ oj ~t4!J' .imuZatiou .,,"'" thtt: trw (0,."..
~ted controller aceeptably achieved the de.igft 
.objectivee. 
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roMPS FOR SOLAR SYSTEMS, by Douglas HlngJ.er. 
Solar Heating & Cooling, vol. 1~, no. 3, April 19r9, 
p. 27-29. Among the many types of solar sYlitems that are 

pre!iently being installed, there exilit specific and in
dividual system design and application parameters that 
must be considered for proper pump selection. The COII

struction and perforinanceof the pumps to be selected 
must satisfy thesysrem design to ,assure optimal efficien
cy and dependability of inesystcm. Specific pump infor
mation pertaining to the matcrials of construction, 
pumping capaciti~~. power consumption, and recom
mended systems, applications should be obtaincd for 
each system to be considered. By relying upon the exper
tise tllat uislli among the many pump manufacturers, 
information can be provided to assist in the pump selec
tion. 

COLI.J!X!T(Jl AND STmAGE ,EFFICIENCIES IN SOLAR HEATING 
SYSTEMS 
K. G. T. Holland, J. W. Chinneck and M. Chandrashekar 

Solar Energy, vo'l. 23, no. 6,1979, pp .. 471-478. 

AIMIrIrt.."A ~neral definition or the elrective elliciency of solar collector orn<Itilll in a wr enerlY ~)~ttm K 
pre$l!nted which gives a fair method of comparison of different collectors operatilll in Ihat particular arrlication. 
Based on compariwn between the area required for lhe Ktual collector and that of a perfecl collector-boft. Jivinl 
the ~ame fraction rolar-lhe definition permits lhe definition of lhe effective avera~ value or the collector input 
parameter. P =(T~ - T.)/S.The concept of lhe perfect collector al~o leads to a bir definition for the efliciency or 
the ~tora~ componenl in a solar heatina 5y~lem. T'he5e parameters are evalualed for lhe special cue or 
re~idenlial space heating and service hoi waler sy~tems of the Siandardi:ted !-chart Iype operalilll in a Illlmbtr of 
Canadian cities. Simple melhod~ for collector comparj~ns result from lhe study and indicatjom are that a simple 
solar system desi!!" melhod will foilow. 

CALCULATION OF CLIMATIC SOLAR HEATING PERFORMANCE 
Robert ~. Bushnell 

Solar Energy, vol. 23, no. 4, 1979, pp. 321-32 5. 

Afbtrad-A climatic «le<i~Ii'method is "resenled which u~e~ Ihe lon~·term outdoor temperalure di~tribution as wen 
IS ulillllhilily of iIT'ddl:!t",n to find the solar fraclion for huildin« heat. The melhod consider5 a solar heater to be 
ahle. on the average, 10 ~upply allihe heaineedcit by a Imilding down tOa clIl·in lemperalure delermined by lhe 
averalle amount of ~ClI;lr' hC.1l cllllectell ;\ml the ,heat IoS5:coeflicicnt of the ,building. The amount of au.iliary heat 
needed i~ c~lculaletl from Ihe kelvin day v:,luc below Ihi~ clII·in temperature, The method flCrmil~ Ihe u<e of 
temperature dislributions obtained from Ion!! records ~o thai c~tr(mes can be reprc<cnlcd. This allows calculations 
10 be made near 100";f. ~o'ar heal. Any Ihermo.,tal sellin!! can be u\cd. Several heat <OlJrces can be used. EKamples 
are IIlvcn. 

~ ;s,. 
<M~ __ L "'" 

~.-- •. ~ h·'>£v.·_~~.,.·~~~.;;:;,.r"'-.·~ . ~~.:~ - "?-~iL •• IF+~ 

FCONOMIC FF.ASJ9JllfV OF SOLAR WAfER--ANO SPACF HEATING. 
R.H. Bezdek,et al. 
Science, v.20], Har.1979, p.t2t4-1220. 

Summery. The economic feasibility in 1971 and 1978 of solar water and combined 
water and space heating is analyzed for single-family detachedlesidences and multi
family iapartment buildings in fOUf 'epf~sentative U.S. cities: Boston, Massachusetts; 
Washington, D.C.; Grand Junction, Colorado; and los Angeles, California. Three ec
onomic decision criteria are utilized: payback period. years to recovery of down pay
ment, and yeilrs.to net positive cash flOw. lhecostcompetitiveness ~ the solar sys
tems compared i~O heating systems ba~ Ofl electricity, fuel oil, and natural gas is 
then discussed for each city, and the impact of the federal tax credit for solar energy 
systems is asSessed. It is found that even without federal incentivessome solar water 
and space heating system~ ~~ cQlT1petitive, Enactment of the soi!)f' tax credit. how
ever. greatlyeotJances their competitiveness. The implications 0' these fmdings for 
government tax and energy pricing policies are discussed. 
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.... ,......, Midwest ,,_ .. ell IMt .• Gdden. Colo. 
COMIIlRceAUZINO SOLAR ARCtMlECYUft 
GregmyFranta Mar. 191.9 .. 38 p rats ~ ~ 5(R' 
Architectural Planning Seminar. Golden. CoIo~ 10 Jul. 1978 ' 
IContract EG.77-C.Ol-f42) 
ISERI/TP-62·113;.~ONF-780792) Avail; rrrlS 
HC A03/MF AOI 

Barriers to solar teChnology comm~"ion .... ough 
architecture are eonsidered. Attitudes of architects •. t. alllntS. 
glM!rnrnMt offICials. and design/construction professional. are 
cfJscussed llong wit" techou issUIIS .... ated to the ~ment. 
building design and constructicMl. operation. and mBint_nee. 
Patformanc:e .,.,aluation 0' solar hellting and coor"", of :buildings 
(SHACOB) and the gelMjrat IIICIt 0' technical awareness by 
architects regarding non·SHACOB t!ldmolog~ lwind~ biomass. 
JIfOC- heet. and photovottaic cell.', e,. included. Institutional 
a- ""eted to '.wand government 'end ttIe "'ar ""'"truet .... 
_ identified .. impot1ant. SuggHtions ,.llIted to information,. 
development. acquisition. and disMmination. ectuc.tion and 
Ifaininq. d~mon5trlltiol1S and d""ign competition,. and olhar 
lIctions aim~ at int~gratiol1 0' solar technology into the total 
_rvy·consclOOS destg" p'I'OCMS e,. gNen J,M S, 

Il10-''''111 G-.I Accounting OfrICtl. WaslHngtOfl, D.C. 
Enervy end Minerals Div. 
COMMlIIC'AUZINO SOU.II HEAnNO: A NAnONAL 
ITIIAlEOY NEEDED Report to ... ~ 
20 Jul. 1979 86 p refs 
(PB-297882/3: EMD-79-19) Avail. NTIS He AOS/MF 1.01 
CSCL 131. 

The lldequacy 0' the Nation's efforts to commerciatize solar 
heating systems is discussed. Constraints facing the .... of soI..
heating system •• the effectiveness of ongoing effort. to _c:ome 
~ comtraints. and the potential effllctiveness of ttIe~a' 
Energy Act in encouraging the use of solar heating SVS1,m, are 
covered. GRA 
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Solar HeaUnl S,.1e1D Final DeailD Pacble. 
Contempora" S,.tema, 1M., Mil, 79,70, 
OOE/NASA/CR.161228 PC $7.00/MF S3.5O 

Contemporary Systems has taken its Series V 
Solar Heating System and developed it. to a degree 
acceptable by local codes and regulatory agencies. 
The system is composed of the Series V warm air 
collector, t.he LeU-110 logic cont.rol unit. and t.he 
USU-A universal switching and t.ransport. unit.. 
The coUector was originally conceived and designed 
as an integrated roof/wall system and provides a 
dual function in the structure. the collector serves 
bot.h as a solar energy conversion system and 8S a 
struclural weather resistant skin. The collector can 
be fabricated in any length from 12 to 24 feet. This 
provides maximum flexibility in design and installa
tion. The LCU-1I0 control unit provides totally auto
matic control over the operation of the system. 
It receives input data from sensor probes in collec
tors, storage and living space. The logic is designed 
!'IO as to make maximum use of solar energy and 
minimize use of conventional energy. The USU-A 
transport. . and switching unit is a high-efficiency 
air-handling system equipped with gear motor 
valves that respond to outputs from the control 
s,stem. The fan is designed for maximum durabilit, 
and efficiency in operation, and has permanently 
lubricated ball bearings and excellent air-handfu1l 

eirtclency .. : .;.... .... • 
l,t ,.' '"'.... 4'5 t • .! ... ..,~. :\~ ... 

N80.11570, Blllle\1e Pacific Northwest l/lbs. Richland, Wash 
SOME POTENTIAL MATER'AL SUPPLY CONSTRAINTS IN 
SOLAR SySTEMS FOR HEAT,NG AND COOLING OF 
BUILDINGS AND PROCESS HEAT. "PRELIMINARY 
SCREENING TO IDU.rIFY CRITICAL MATERIALS 
It L Watts, W. E Gurwell. T, A, Nelson. and S, A, Smitl' Jun 

1979 137 P refs 
IContract EY.76.C·06·IB30\ 
IPNL.29721 Avail NTIS UC A07/MF AOI 

Nine solar heating and cooling .. 0 1 buildings designs and 
three agricultural and industrial process heat designs were studied 
to identify potenlialfuture material 'constra,nt§ to their I"rge 
scale installation and ,use The systems '/Vele screened and found 
10 be \ree of serious future .mate,ial constrainlS The screening 
was camed ouL lor each individual system dllsign assuming 
500 million Sq m 01 collector arc', ';>~talled b-; the year 2000 
Also, two mixed designed scenarios. containrng equal portions 
of each system design. were screenc';. Three materials were 
identified that could possibly restrain the -l"pI9ymeilt 01 solar 
systems in the specific scenarios investigated. Thev are iron and 
steel. soda lime glass and polYVinyl nuoride All three of thCliP, 
malerials are bulk materials No raw material supplV constraints 
'were found DOE 

--.-~----~.~ ..... 
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Energy. v.4. no.5 oct. 
1979 

RElfEWABLE ENERGY rROSPECTS. (Speet a 1 t 5Sue) • 
(Prcceed1ngs of a Conference on Non-FossIl Fuel 
and Non-Nuclear Fuel Energy Strategfes. 
Held in Honolulu, Hawaii, Jan~9-1Z.1979. 
Sponsored by the United "attons University at 
TokYo. Japan).Wflfrfd Bach, et al, eds. 

Puri. V.: Stat~ls and prospects of local solar heatinJ.t and coolinr. systems •.. _ 769 
- A~r.cl In Ihi~ rHiper. a st,lIe·or·lhe·arl of sol:1r hC:1ling :111<1 cnoling systems is prescnl':,!. 

Solar :lir healers ,md tlilTerl'nl I}PCS l)f solar watcr cnllcclor~ arc discIIssc,1 in dclail. Stomge 
syslcm~ incl\ldin~ \\';III:r. rocks, an,! ilcaHlf.lilsinn s,jI(s afc ,Ic,erihed as;Ofe space healing sysl<:ms 
cmpl",'inl! solar :til hl"llcr~. in conium:ti!lO wilh HIck or h,-al-of.fusion salt storage', :md tl .. ; 
usc of ,valcr collccl.\lrs plus hilt walcr slor:tgc for space healing lIlllI d,)mCSlic hoI "~tter. An 
in,Ii;;:llinn I)flhc C(ltlllllcrciali,ali.,n or various sl":u:c-hcaling syMcms ;mt! broad ~'C(lnnmic I'rojcc
li'.lns .uc presented The Iln.:c m"jor sIlI:!r eonling .mcll .. "ls allsorl'tion el1(.\in!;. solar mcch:ltli
e,,1 ~y'h·n,s. allli 11i"'I- ill\'olvinl! hllllli,lifk-ali"'Hlclmmi,Iificr.liun cycles .nc ;,Iso t1iscllsSCtI in 
ddai!. I inall)_ all "wrvic\\' nf solar I",alin!! "'ltl c,,,.linlt acthitics in Kuwail .il; :,150 "h·cn. 

(STH1ATION OF SECTOR SALES AND EMPLOYMENT CHANGES ASSOCI
ATED WITH SOll\R SOACE ANO WillER HEATIN~DEVEt1JPMENT, by 
H. Craig Petersen, So1arEnergy, vol. 22, no. 2, 1979, 
p.175- 183. .. 

A~r.t-There i~ little RV:lilable information on sec1or.5recific plu Ind employment ill1Pllc15 of a larllc·scale 
solar ~race Ind .'lIter heatinK industry. This study idenlifies tho~e ~eclor' of the economy .. hieh would be mosl: 
Iffected by incre~~ed 50lar ulili7.alion lind estimates the mapitude (If Ihe chanltes. The ba~ic me\hodolo~y invol\'e~ 
augmenlinK an exisling Inpul/Oulrlll lable 10 include seclors rellectin~ ~olar Icchnolon. Dal~ required 10 au@omen! 
~be matri. were obfained from questionnaires relurned by existinK firms involved in colleclor manufacfure or solar 
spice and waler healin~ syslem sales. The lIuKmented 1/0 matrix is inverted 10 lIenerale a direct and indirecl 
requiremenls matrix. The clemenls of thi~.matriJl estimate the chanles in lolal seelor olltpU! resulling from chanKes 
in limll demand of olher seclors. Esllmates of final demand for solar h~3ling systemshyl9!lS and piojectlons of 

, annual enerKY savinlls associated will) solar inslallations to that lime were obtained from edsting studies. Using Ihe 
compuled direcl and indirect requiremenls matriJl and Ihe 3.~5umed chanKe.~ in the composil,on of final demand, 
estimales of chlnKes in sales and emrloyment were made for 13 I sectors of lite U.S. economy. If l"as delermined 
Ihal lite sectors mosl affecled by solar develorment .. ill be Ihose involved in electricilY Ktncralion and the minin& 
relinin,. and fabricalion of melals, especially corper. Tt,.,~ ~rOl'ortionale chanKes in induslry sales and emr10yment 
are not expected 10 be very srtal. Only copper rollinK and dra .. in, is chanlled by as milch a5 two ,percent. This 
IInding SU~l!e5ls Ihal Ihe U.S. economy cln accomoda\e an upanded u~e of ~olar healin~ wilhoilt unc!ue slress. 
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A79-50531 Economic ""alu.tion _ optimization of .,tar 
heating systems. M. J. Brandcmuell! and W. A. Beckman (Wi$t.;onsin. 
University. Ma!JJmo. Wis.). Sofar Eneryy, vol. 23, no. 1, 1979, p. 
1·10.7 refs. 

A pro~dure is developed for assessing the economic viability of 
if solar heating system in tenns of the life cyde ~vings ola solar 
heating system over a conventional heating system. The lile cycle 
Savings is expressed in if generalized 'orm by introducing two 
~nomic parameters, P1 and P2. which relate all life cycle cost 
consideratiOl)s for tile 'irst year fuel cost or the initial sotar system 
investment cost. Using the generalized life cycle savings equation. a 
method is dllveloped for calculating the solar heating system design 
which maximizes the life cycle savin!JS. A similar method is 
developed 'or determining the set of economic conditions at which 
the optima solar heating system desi", is just competitive with the 
conventional heatin,g system. The results of these optimization 
methods can be presented in tabular or graphic.,1 form. The 
lIellSitivity of the economic evaluation and optimization calculations 
to uncertainties in constituent thermal and economic varilbles is a:=::: 
investigated. (Author I 

A80.18583 II PretiminlfY analy,i, of • total sol .. hellting 
tystem. C. 8. Winn. p. 8urns. E. Trigg (Colorado State University. 
fort Collins. Colo.i,·and J. Lellar (SEEC, Inc .. Fort Collins. Colo.l. 
American Society of Mechanical.Engineers. Winrer AI/nllal Meeting. 
New York. N. Y., Dec. 2.7. 1979. Paper 79·WAISoI 40. 7 p. Members, 
$1.50: nonmembers. $3.00. 
, The thermal and economic performances of long·term storage 
solar systems have been studied by use of a computer simulation 
developed at Colorado State University. The systems have been 
analyzed for M;!{fison, Wisconsin and Boulde~·Oenver. Colorado. The 
effects of long-term slQrage size. long·term storage in~ulation and 

collector lilt angle have been detailed. Economic analyse5 indicato 
savin!JS vs. long.term storage volume for various values of rock box 
insulation. Also. some interesting heat transfer effects are presented. 
Results indicate that long·term storage systems perform well where 
the annual toeat load is hi9" and the values 01 winter insolation are 
low .. Also. relatively small (142 cu m) storage volumes performed 
most economically. (Author) 

54427 (OOE/ERD-OOIII) F. •• lronlM.taIReaellllfft Donlllent: 
sollr lleatln. Ind tooU., 0' ballelln". (De"artment or Energ),. Wash· 
ington,. DC (USA»~'Sep-1979: 28p. Dep':NTlS,I)C A03/MF'AOI. 

The technology is described braeny and the environmental 
concerns associaled with il are reviewed. A status report on the 
technical and environmental Rand D programs is provided and the 
relationship be!ween the technical and environmental Rand D is 
displayed in a milestone chart in terms of desirable timing. The 
likelihOOd or ad\'er5e findings concerning the environmental accepL· 
ability or the technolQgy, the problems and un.;:ertainties stemming 
rrom current or anticipated environmental re8ul:llion, and the poten· 
tial costs orenvkonmentnl c,Qntrols are examined. An assessment is 
offered of the e~isting ,or potential barriers to commercialization. A 
tabulation of environmental concerns isp_r~ented with the .. re.search 
needed to resolve the concl!rns and ils estimated CllSI. (MHR) 
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Intersociety Energy Conversion Engineering 
Conference, 14th, Boston, 1979. 

Proceedings of the 14th Intersociety 
Energy Conversion Engineering Conference, 
Boston, Uassllchusetts, August 5-10, 1979. 
-- '~ashington, D. C. : American Chemical 
Society, c1979. 

799056 
Development of a Solar Desiccant Dehu
midifier - Part II, D. Gidf!svow, Z. Lovan, 
V.C. Mei and H. Ghezcayagh : ............... 264 

j799057 
Sensible and Latent Comfort Cooling Re
quirements of Conventional and P.~sively 
Cooled Residences in American Climates, 

------G. Clurk and C. Allen.. . . . .. . . . . . .. . .. .. . . .. 269 

'n5 

799058 
The Desiccant/Rock Bed Method of· Solar 
Co~1ing with Air Collectors, D~B. Meredith 
and P.I. Wilbur . . , . , . . .• . . . . . . . . . . . . . . . . . . .. 274 
799059 
Solar Ilea ted Ahsorhtion Refrigcratlon Sys-
tem, R. Halami ......... " , • . . • . . . .. . . . . . . .. 27ft 

S<)lar EnerJy Syslem Installed at Mount Rushmore 
National Visitor Cenler In Keystoae, South Dakota. 
South .Dalot. School of Mine •• ad TechDo1o«J, 
Jun79,"2p 
DOE/NASAlCR-161238 PC 56.00/MF 53.50 

Infonnation is provided on the system description, 
the design, and ~nstallation' of th~ &lW energy' 
system installed at the Mount Rushmore Visitor 
Center. The system is designed to furnish about 
45 percent of the heating for the total facility and 
about 53 percent partial cooling for the 2000 square
foot observatory. Such items as Acceptance Test 
Data,_ complete set of as-build drawings, 8Jstem 
perfonnance data, problems, pictures, and other 
pertinent materials are included. 

I 

" 

-, 

..:. ___ .'-----""'_ .. ___ .....-~_~.,.~~o:._._ _~_~ ___ ._.II!I' ___ , 1III11!Ift!m£ .. ,_ '"'" '_!m!!!l.el~ 



aL@p... . ""~HJf't"'l' '" • -~,-- - - .. --~-
'( , lff".f 

~ .. -. "'..: .. """ "r'--rc'~'';;~'~~'''-'-' e;,. .. -w:;~~~~~.;.P ... ~ i.+jit;:'€It~ 

f { ,. 
~ 
~: , 

I 

f 

. 

:;,,~"i" 
.. :r1. ..... + " 
,Ji:l" ~ r 

~, 

.' \) 

~' 

NII0-175e9' Midwest Rcseerch Inst_ Golden. Colo. 
OVERVIEW OF OEVELOPING PROGRAMS IN SOLAR 
OESICCANT COOLING FOR RESIDENTIAL IIUILOINGS 
1979 18 ~ Presented at thi! ASH RAE Soc. Meeting. Detroil. 

An experimentat investiRtltion of ahsorption and desorption of ammonia in calcium 
chloride and strontium chlOride w.)s performed under conditions corresponding 
to those existing in a solar-powered refrigerated system. A simple mathematical 
model was developed for extension and interpretation of the experimental data. 
It htls been shown thai the nccesstlrY collector tempertlturcs are within the working 
ranp,e of lI(lt'plate solar cl)liectors, and reasonable design parameters for a com
bined solar collector/(lbsorber/desorlier have been determined. Preliminary 
tests with a smilll demonstration plant have substantiated the eXperimental and 
theoreticill findinr,s. 

24 Jun 1979 
(Conlract EG-17-e·01-4042\ 
ISERI!TP.34-187; eONF· 790678·31 Avail: NTIS 

He A02/MF AO! 
Open cycl~ adsorption and absorption syslems are examined, 

lhe dilleren! dehumidili.er bed configurations are Ihe distinguishing 
reatures of these systems, Tile basiC! op;,rating principles of each 
dellumidifier concept are explained along wilh some discussion 
of their comparative featuies, .PeiformaOce predictions devel· 
oped by SEm for a solar c.!esiccant solar system employing an 
axial now desiccant wheel dehumidifier are presenled. fn terms 
of life cycle cost and displaced f05Sil fuel energy. ,lie resulls 
iridicate that it should be beneficial to use solar desiccant coolers 
in residentilll appliClltions. . DOE 

TH 
1413 
.151 

International Solar Energy Societ;y. UK-
Section.-

The passive collection of solar energy in 
b~ildinge : conference (C19) at the Royal 
Institution, April 1979. -- London : Uy~ 
ISES, (19791) 
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91 p. : ill. 
Cover title. 
Bibliography: p. 81-91. 
1. Solar heatins--Congresscs. 

houses-- Conr-reese •• 
2. Sola.r 
1. Title. 

~i)}" h~~t~;f7~' "J~ ; •. ~. ~;: 
[1~SiA~~ i~l:: 1\ roN'UMED sOtAR tCttECmil , mr··~I..K:m~tV 
1t~~m~,~il'~~\ ~:;un A~Ot1!D..,fJ~5(m,,~nOM f:'H'~~i~iri/~IU~S 
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A78-49948 DMign of III" '-lint anil COIIiing 'V-- for 
IlOrnsidentiltl huildinp in the eRSt .-til central region of the United 
States. R. K. Ncwman (Dayton, University, Dayton, Ohiol. In: 
NAECON '78; Proceedings of the Nalional Aerospace and Electron
ics Confercnce. Dayton, Ohio. May 16·18, 1978. Volume 2-
IA 78·49851 22·04) New York. Institute of Electrical and Electronics 
Enginecrs, Inc.. 1978, p. 862·867. 

Descriptions of various solar hcaling and cooling projects in en 
area in which 60 percent of the U.S. population iives .e given with 
emphasis on the Troy·Miami County Library system which was put 
in operation this past winter. Instrumentation and control str.tegies 
for the vMious modes of operation <lfe discussed for Ihis system, the 
Columbus Tl!Chnicallnsliwte Phase V. and the Stark County Library 
ooildings which will provide hoth solar heating a1d cooling. The use 
of solar encrgy to provide a large quantily of domestic hot WIIter, 
swimmmg pool hcat, and assislance to hcal pumps is dkctmed with 
respect to the Decr ereele lodge solar project. Brief descriptionS of 
solar heating systems for a Dayton Fire St"tion and a Mound 
Laboratories building afe also given.IAuthor) 

"78-1'''., N.tionatA~-end .... MIlIo_I •• lion. 
Goddlird Specl Flight Center, G~. Md. 
.1II1".ElT COMMUNITY PIlo.ll.:T: .otAR .".IlOY 
R''''OF~T fOR A MUln-fAMll't' DWlW". 
E. W. Hymowiu. R. J. Hennemlnn (Hlnnemann Eng. SeIV_ Upper 
Marlboro. Md.). L L Millman. and J. E. Pownell Jun. 1978 
133 p .. fs 
lNASA-TM-798t21 AVlil: NTIS He A07/MF AOI CSCL 10A 

A coope,ative p.oject wes initiated bet_n Goddard Sp
Flight Cenl.r end the nearby community of Greenbelt, Meryfand. 
The purpoo'..ll wes to design. instell and operate en llIJMIflmentat 
solar hletino !IylItem on _ group of four tlndIIm town houMS. 

Thl IVltem was successfully dlve1opod .nd is operating. A 
description is gIv.n 0' I'" deslen. lost.lIation, aystem opIration 
and performance •• well lit the 'mportant consideretiona 'Of 
judgino the economic fenitMlitv of sOl"r heating Iystems. LS. 
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r \1\·: AS~TIC DEiIIIVrOUR AS A GUIDE TO TIlE LONG TEJlM 

.: PERFORMANCE OF SOLAR WATER HEATING SYSTFP.s, 

....... 

t/· '(' by B. J. Brinkworth 
i·; Solar Energy, vol. 21, no. 3, 1978, p. 171-175 
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N7.·31e031 AlA Research Corp .. W"hington. D. C. 
PAI"VE IOLAR DEIION; A IURVEY OF MONITORED 
8UILDINGS 
Oct 1978 360 p refs 
(Conlract EG·77·e·01-41 13) 
IHCP/CS.4113.2) Avail: NTIS He AI6/MF AOI 

This SlIrvoy consists of collecled articles reporting the 
thermal performance of buildings' using passive solar techniques. 
plus a matri. tabulating the ,,"ormation contained in the reporta. 
and a verbal summary of the '<esulls, Most .of the articles we,. 
published previouslv; additional il1format;on was gathered from 

;;;;~~: and designers and .s, allached as an addendum to Ihe 

DOE 

A79-13857 # Panl" 10'., heati .. and tlOoIi ... R. Naismilh 
(Atlantic Research Corp .. Alexandria. Va.I. Amencan Insrirute o( 

Aeronaurlcs and Astronautics Jlnd ArizanJl Sofar Ent!rgy Research 
Commission., CQn(erMce on Sofar Energy. T~hnofogy StalllS, 
PI,oenix, Ariz .• Nov. 27-29, 1978, AfAA Paper 78.1756.5 P. 5 refs. 

The paper discusses the passive solar energy concept which uses 
the. huildir,g itself as a collector. Three types of gain may be,used; 
direct gain where the energy iutored ;11 a thermal mass, indirect gain 
where the solar energy goes directly into storage and is then released 
into the living space, and isolated gain where the 'solar energy is 
narurallv transferred f,om a separate part of the structure into the 
livilrg 'race. Various applic.1lions of passive solar energy systems are 
described including a 8enedictirn: Monastery in New Mexico. an 
airport terminal in Aspen. Colorado. and a restaurant in Alhuquer
que. New Mexico. S.C.S. 

SOLAR HOT WATER -- tHE EASY WAY! 
D. Khanh. -

AI ternative Sources of Energy, .0.)2, June. 1978, p.II_I). 

Dinh Khanh designed this water heater 
to be • Simple unit. in terms of both 
construction and maintenence. 

111 

-~. ~ ,"'/'\.v'~:-~.;.~~ ....... , ........... ~l.->~~~~'~: " ..... , .. "t""P"'s .. §iti~ 

PASSIVE SOLAR - A CONTROLLED EXPERnENT IN H(lfE HEATING 
Arthur Fisher 
Popular SCience! Vol. 212. no. 4. Apri11978 p76-79 

N7.·318041 AlA Research Corp,. Washington. D. C. 
PAI"VE SOLAR DEltON: AN EXTlNIlVE .18UOO"A. PHY 
Dec, 1978 210 p 
IContract EG.n.e.Ol.4113J 
IHCP/C:S4113·3) Avail: NnS HC AIO/MF AOI 

APJlro.imatelY.2445 citatien'S on pitssive SO'ar design are 
presented Materials included in major data banks " .. of ..Iallt'llry. 
1978 are included 210ng with the proceedings of tile Second 
National Passive Conff.rence. Subject are" includellgricullure. 
costs. design concepls. greenhouses. energy storage. and 
evaporation DOE 

A78.48a,. Sal. w~1 perforfMrlr:e • ..I. Cash (Colley.! of 
Technolo!1V. Dublin, Ireland). InrPmarional Jour"", of Energy 
R~rch, vol. 2 • ..Illly·Sept_ 1978. p. 229-245.9 ref •• 

The thermal behavior of small solar- walls consisting of an 
opaque rnne, leaf and a trc:nSpar4!Ot Outerle"f is character'led. The 
datil suPPOrt application of one-dimensional heat transfer theory 
Which describes thermal behavior in terms of the wall thermal 
transmillance. a solar gain factor. and an environmental letnJlf!rature_ 
Solar radiation measurements. envircomental temperatures. and 
determinalions of ~he 8VCrage sol. gain and the instantlilleoUS solar 
gaills are reported. Um/talions of data obtained from small test. units 
and rnodiflC .. tions of solar wal, deign are considered. M.L 

N7e-J1··11 Depertment of·Energy. Washington. D. C. Office 
of Consatvation and Solar APP/icationt. 
PAI8lVlIOLAR ENE ROY PLANNINO AID KIT FORIOlAR 
I"ROY ~YlTEM' ENOINEER. 
1178 'Of! P refs Presented at the 2d Nail. Passive Solar 
Conf. Philadelphia. 16 Mar. 1978 
IContract EM-78·e-OI --4228) 
(CONF-71t0337.P31 Avail' NTIS HC A~/MF AOI 

Separat. abstracts were prepared for eleven of the Included 
papers. The remaining two papers appeared prevjoully in ERA. 

Author IDOEI 

SEE! PASSIVELY HEATED UNDERGROUND HOUSES CAN BE 
BEAUTIFUL TOO! 
The Mother Earth Ne.Ts, no. 51, May/June 1978, 
p. 101-1.t')3~ 
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PASSIV~ SOLAR HEATING AND COOLING SYSTEMS. 
J.t. Yeltott. 
ASHRAE J., v.20, no.l, Jan.1978, p.60-61~ 
Passive solar systems use the sun's radiation lor 
heating and natural processes (connection, radiation 
and evaporat;on) for cooling. Three passive heating 
systems and one natural cooling system have evolved, 
had extensive resting and are in use in a rapidly 
growing number of residences in the U.S. and abroad. 
This paper was presentedar a Symposium, Passive 
Systems for Solar Utilization, during ASH RAE's 7977 
Annual Meeting in Halifax, N.S., Canada. 

A78-31C2Z Me._ed MId predleted I*formanceof .,_ 
dolMltic _tw "-'_ ..I,M, ell" and J. T. Str~ (OntMio HVdro, 
Research Div., Toronto, c.neda). In: Renewable alternatives; 
Procel!ding! ,of the Fourth Annual Conference. london,'ontarjo, 
Canada. August 20·24. 1978. Volume 1. (A19·31401 12-44) 
Winnipeg. SoI.r Energy Society of Caned •• Inc., 1978. '511. 1 refs. 

Solar w.er heating offers good potential for the conservation of 
electricity in Ontario, since a60uth~1f of existing water h'laters in 
this provincll are electric. To examine the preo;enl state-of·the-art of 
commercially lIv.ilable solar water heater systems, Ontario HVdro has 
purchMed ant! tested sever.I svste"". The paper describes the 
systems purdlned, the test, pr09l'.m .nd the results, The instrumen· 
tltion paage including speci.1 instrumentation deVeloped for- the 
tests is discussed. An outline is given of • simple analytical technique 
whidl _ .Japted to permit accurate prediction of the annual 
perform'neIl of .ny solar water heater system Of' • month by month 
basis. CAuthnr) 

A79-31US SoI.r h ... i". and nntbtion uti". the modi· 
fiedTrombe _" etyl1.." ICh.,,, ... fit ....... Ion ,IOIair ... ' I. 
tyl1ime mur Trombe modlfiil. E. Bilgen and M. Chaaban (Ecole 
PolY technique. Montreal, Canada). In: Rlmewable alternatives; Pro· 
ceedings of the Fourth Annual Conference. London. Ontario, 
Canada. August 20·24,1971t Volume I. IA79·3f401 12·~4) Winni
peg, Solar Energy Sactel'( of Canada. Inc.. 1978.7 p. In French. 

A description is .,resented of the firSt stages of a theoretical and 
experiment.I investigation of thll modified Trombll wall, The wall in 
its or-igin.I form had first been considered by Trombe (1914'. The 
T mmbe wall as • solar energy collector has grut thermal inertia. It 
performs II number of functions related to the collection of sol. 
enel'gy. the passing on of a partof the energy by means of a thermal 
circulation process. "nd the accumulltion of the remainder of the 
energy in its own mast. A major problem of this 5Vstem is tile great 
loss of efll!f9Y which takes place during. the n'ght. The in~eo;tigation is 
concerned with the possibility to eliminate this drawback with the 
aid 0' an approach involving. separarionof the energy collection 
and energy storage functions. G.R. 

" ~_j! "., .... __ . .---...1.... ... __ ..... _-

~. ~- <,. ,,·~~'\. ...... ,ft,:,.;.~:. .. ~ ....... -' t >:::-. ,,,,.a",,,'''t''!I''ff! 4jit ~.'1t'~ 

""'1.,...,- Committee .,., SQence and Technology (U, S. 
Housel 
P".S'W SOLAR £N£RGY PROGR"M' "NO PLA". 
W's!lington GPO 1978 432 p HearinglMlfore the Subcomm. 
on Advlnced Energy Technologies Bnd Energy ConservalionRes. 
ollvlllopm!f!nt and Demonstration of the Comm. on Sci. .nd 
Tec"noI~ 95tl1 Congr. 2d Sess. 19 Sep. 191" 
IGPO·38.211l Avail' Subcomm on Adv.nced Energy 
Tectmotog;es and Ene.gy'·Consenilltion AIlS'., 'Development and 
Demonstration 

Testimony delivllred and stllternents received regllrding 
plISsive sot.r Ilnergv Systllms development under me Solar tiNting 
and Cooling ollmons\ration Ac' (Pl93-4091 a.e presented. 'IIS;C 
IJIJIroacile~ are desc,ilMld lIS well as the us. of specifIC heat 
absorbing materials in building construction and the UH Of 
windows lind ba,nes to control tlie amount of sunlight rec:eived. 
Additionalrese.rell needs are e"amined Markel: dllmand. 
technology' transler, and Il!clJnoIogy utilization .re allO consid
~ UK 

,,71.3071411 TAW. 'rM;,. Mcullft. V.. Ener., Systernt "*'"'"' 
oiv " 
COlT "NO 'E"FO"M""CE EV"lUATlO" OF ''' •• 'VE IOtA" SYSTEMS .... ,. ... . . 

No¥. 1978 68 p rers 
(Contrlct W.31-109·eng-38) 
IANL/EES-TM.341 Avail: NTIS HC A04/MF A01 . . 

This study was undert.klln to produc. a detailed ~. 
ogy for designing optima' passive sola •• ystfl!!"S fcIf eingIe 
fllmify rllSidences. Earlier WOlf< showed that pMsive solar IJSlIIM 
_ ec:OfIOmically more favorable than conv.ntional HVAC 
.,.,.m •• The earlier results _re relined and • broader rangI Of 
p8ftive,.oIar .ystem configurationll _re .".mm.cl in • wider 
v .... tvof eli mat. and imoIation conditions. This study wa. divided 
into the following four major tasks methodology development. 
re,ine01.nl of co.t and performanca d .. ',. development of 
computer program. and In.lvsis of thllrmal/Slorage wall.. om; 

5444IlPanl,e JOin hutinll or hulWIIIII!I. Halcomb, J.D.; lIed
strom, J.e.; McFarland, R.D. (Los Alalllos Scientific Lab .• NM). flI' 
I2l-I.5.5 of Energy from the sun. Chicago. IL; rn~titute of vas 
Technology (1978). 

From Symposium on enersy from the sun. ChicalO. IL, 'USA 
(l Apr 1978). 

Passive ~olar heating concepti· in which the thermal ~nerlY 
flow is by natural means - are described accordinl to five .eneral 
cllIssificlltions:direct lain, thermal .storage wal!, solllr Ireenhouset. 
roor ponds. and convective loops. Eaamples' or each are discussed. 
Passive test rooms built .t Los Alamos are described and results are 
presented. Mathematical simulation techniques based on thermal 
network analysis .re given together with validation compari.sons 
alainst test room data. S)'Stems an3ly~is results for 29 climates are 
presented showing that tile conCeptnhould have wide applicability 
for .solar heating. 
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A79·14720 P.ni" soI.r design. B, N. Anderson and C. J. 
Michal ITotal Environmental A.!:tion, Inc., Harrisville. N.H.I. In: 
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Annual review 01 energy. Volume 3. (A79.1471803-44j Palo Alto. 
Calif.. Annual Reviews, Inc., 1978, p. 57·100. 11 rcls. 

The use of the term 'passive' was introduced several years ago to 
describe those methods of employing solar energy that do not lise 
:'ri..",<;hanical power but instead usc natural energy flows lor the 

'transler 0'1 the:mal energy into, out of, and through a building. 
Passive sol .. ~ :systems in the social conteKt are eKamined and a 
description of the major passive systems is presented. These systems 
are related to the direct admission 01 sunlight into the space to be 
heated, the employment 01 convective loops utili~ing an absorber 
surface remote from ·the building space to abso:b incidental 
rarliation, the use 01 thermal storage walls. attached greenhoUses, a 
utilization 01 various forms of heat storage, and approaches of heat 
transfer control. Attention is given to domestic hot water heating. 
tmrmcsiphoning air collectors, specific designs involving rassive 
schemes, Trombe walls, solar rool POnds, and' cost and energy data 
regardingthermosiphoning air panels. G.R. 

N7 .. 3213.' .New Me~ico Energy Inst .• Albuquerque. 
THEORETICAL ANALYSIS OF A PASSIVE HEAT PIPE 
HEATING AND COOL ;SYSTEM, 
K. T. Feldman Dec. 1978 46 preIs Sponsored in part by 
N. Mex. Energy and Minerals Dept., Santa Fe 
tl'B.296066/4: NMEI·23/SA) Avail: NTIS HC A03/MF AOI 
CSCl13A 

Ca.pball, StU. 
Bu.ld TOUr own lIolar wat.r·he.~ar I 

Stu Caapball~ •• tb Do ... la. Tat:1 ; 
Ill. by Robert YOKel. ~ Charlotte, 
Yt. : Garden Way Pub., c1978. 

ylll, 109·p. : .11. ; 28 ca. 
B.bl.08raphy: p. 104. 
Includes index. 
ISBM 0-88266-129-9 : $10.95. 

0-88266-128-0 pbk. : $7.95 
ISBM 

I.Sotar heatlna. 2. Water 
heaters. I. Ta1t:, Doua1all, Joint 
author. II. ,T. t1e. 

TR7413.C35 696'.6 

A79-31442 Control system for -.olar hot water systl!nl. M. 
J. (,esperance, R. M. Tomita, and S. Cadieux IAtelier Solaire fnrg., 
Pointe Claire. Ouebec. Canada). In: ,Renewable4l1Iernatives: Proceed
ings ·of the Fourth Annual Conference, london, Ontario, Canada, 
August 20-24,1978. Volume 1. (A79·3140112-44) Winnipeg,Solar 
Energy Society of Canada, Inc., 1978. 7 p. 

Although the solar energy industry is relatively young, it has a 
certain maturity through the industries which service it, One of these 
industries is the process control industry. In order thlt the solar 
industry benefits from the experience acquired by the proass 
mntrol industry, it is essential to apply the lCCePted standard 
practices. The processes found in a solar energy heliothetmal systl!nl 
ar" mmp.rable in the;r simplest form to • heat eKchangeloop where 
the sun is the heat !Duree. The varilbles to oontrol include 
temperatures, flows, and prenures. The oomrmn practices in the 
process control industry .re eK.mined, taking intollCClOunt the 
lIJlfIlicltion of thee practices to the solar energy industry .nd, 
particularly. to hot water heating systems using fiKed 'Iat pllte 
collectors. G.R. 

77-28692 

(f\ 

~ .' 
~ 
1 , t 

A totally new concept which combines both a heat pipe 
Ind • nit plate solar collector fer dllytime solar wiler heating 
.nd nighttime water cooling was ~Iudied theoreticlllly. Since the 
he.t p;pe is a passive heat transler device. the entire system 
requirllS no pumps or auxiliary pOw\!r for ils opelltion. This maltllS 
the system reliable lind should require very little maintenanclI. 
This system with II collector lire a of 400 sq ft can meet both 
winter space hl)81ing "I'd summer spa!;"!! cooling requirements. 
For • typical winter day it can provide about 8000 Ibs/ day of 
hot water at 140 F or about 530.000 Btu/day. For a summer 
dlY it can provide about 4000 Ihs/day 01 chilled water lit 45 F 
or about 100,000 Btu/day lor space cooling. GRA PASSLVE COOLING SYSTEMS IN IRANIAN AReDI~c

TURE 
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AJ8-2J42S 
PASSIVE SOLAR HEATING AND COOLING SYSTEMS. 
J.I. Yellott~ 
ASHRAE Trans., v.8), ,t.2, 1977, p.429-44S. 

L Mehdi N. Bahadori 
Scientific American 
Vol. 238 no. 2 Feb. 1918 
:po 144-152 

The vadety of.passlvo solar heating and cooling systems already 1n use Is so great that defln-
1Uve class 1flcat1.on is extr~mely difflcult. However, a relatIvely simple systemJ evolved by 
the Solar E'nergy Research :Group 1n the College of A rchitccture, Arl~on'1 State Un1versl ty ,seem9 
to covcr me,sf. of thc passive structures now 1n u::;e. The namc:> at~").ched to these bulldincs am 
generally those of theIr orlg1n'ltors or their flr:3t users. Several of the :;ystems arc covered 
by U. S. or foreign ~~tents. but mo~t of them are in the publIc domaIn. TIlcre are three prln-
ci~~l passlve heatlng systems. 
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£n~tronmental Action Reprtnt Series 
NATU~Al SOLA" A"CHIT£CTU"E - A 
.. ASIIV£ P"IME", by Oavld Wright, ;;;IA 
A lIuidebooll 'or tha architl/ct, 100Inaer, lIudent, 
cOfIlreclof. hom_If. or anyona who w.nl. to 
know more aboul tha passive .pproach 10 .olar 
erchittIClure. In passive IIOlar design. Ihe buildllllJ ,I, 
HIf colltICI.. Ilorel. and di.tribule, Ihe sun's 
·~rgy; a. oppolild to aClive IOler Iyllems. which 
rely on lOla, colleclor panel. and associaled 
mechanical device, 'or Ip.ce he'ling and cooling, 
In a lmooth. easy·to·'ollow manna,. luch fectors lIS 
the ... !1hou.e elltlCt. heal Iran.fer. heal loss. he.I 
... in, .urf.ce·to·voluma "110, and he'l link ar' e,,· 
plained,- and dilcu .. ad. An aarly Innovalor and 
leading' eoIa, archllac:t, Olvid Wrighl h .. delillned 
nu_oiJa pa .. ively hellad loler IIructurtli 
throughout thl country. 
2&1 ........ paperbound 10 ,.7111 •••••••• n.9!! 
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A79-31437 Oomtl!lic _tar prHteating ulint sol. -rev· 
v. M. Iretoo INew Brunswick. University. Fredericton. '(Anada). In: 
Renewable alternatives; Proceedings of the Fourth Annual Confer

I ence. London. Ontarjo. Canada, August 20·24, 1978. Volume 1. 
(,I\19.3140t 12.44) Winnipeg. So"r Energy Society of C.nada. Inc., 

1978.11 p. 
This paper reports upon the experienCe gained from the 

operatil1n and monitoring of a closed loop wlar energy IXlllection 
System to preheat domestic water. The system has operated 
IXlntirlUously and reliably since it was mmmissioned in late March 
,977. Data IXlllectioo begin on April 1. 1977 and has ~111inued to 
date. The contribution by solar energy to the preheatihg of the 
domestic water has been much less than that predicted by an f-i:hart 
analysis of the system IS: Installed. The disagreement :between 
e)lpet'ience and the f·ch.t model seelM to be principally beclllse of 
poor heat eKeharoger effectiVeness and reverse thermal stratification 
in the preheat tank. It may be that drain-back or drain-down systems 
would be more effective thin closed toop IXlllection systems. 

(Author) 

..,..30113' loa Alamoe Scientific Ub .• H. MI., 
I a'M"LI Tli:!HNIQUI Of lanMAnllQ THE ,,'RFORM· 
"Nel OF .. A ... VI eolAR HEAnNO ataTlMa 
J. O. 81'comb and R, D. McFarland 1978 e p refs Presented 
It the 1978 ISES Conf .. Denve,. Aug. 1978 
(Contrect W·7405·eng·38) 
ILA.UR-78-1571: Conf·780808·15) Avail: NTIS 
He A02/MF AOI 

A method is prflSer,ted for estimating the annual SO," 
p6>~rmlnca of a building Ulln" a pl!!llve thermll storage ... ,,11 
of thl 'frGmbe wall or """er waH type with or without night 
iMulltion. Tables ~! performlnce plirametefS "e given for 84 
cities. The method is Iccurllhi to +.3% .. compared with 
hou,.by.hour computer simulations. DOE 

'---"~~ ... ~.-.'" ~., .. ~~~:~~-.< 

~~. "' __ ",(~-.... {J~-.~.~'::; ........ ~."', c .T,~:g. •. " ... .,~"t"PW1I. i1tf~ 

Solar Heatfng~ .. Coollng, v.l. no.S. O~t. '978. 

APPLICATIONS 
52 CETA WorkerS Inslall Rhode Island Syslem 

53 Domr-sUe Waler Syslem Designed for Mid-AllanticRegion 

54 Collectors Vertically Mounted in Domestic HoI Waler Retrofit 

56 Trickle-Row Colleclorsare Main Componenl 0' Simplified System 

57 Impressions Reslaurant Combines Aclive and Passive Systems 

Neo,1084SI los Alamos Sci.,ntiflC lab., H, Melo(. 
ECONOMIC .. ERFORMANCE Of .. "aan'E aOLAR HEAT· 
ING; A "R£LlMINA"Y ANALYSII 
Fred Roach. Scot! Noll (New Me.ico Univ .• Albuquerque'. and 
Shllu,8en-David 1978 11 p refs Presented lit AIAA/ASERC 
Conf. on Solar Ener9V. Phoenix. Anzona. 21·29 NOli 1978 
!LA.UR·78·286'; Conf·1811331 Al<'lli" NTIS 
He A02/MF AOI 

For the thermal slorllge watllwotypes of storr.ge medium
n!IISonry IT,ombe) and water are e.amined. In addition, a olght 
insulation option is included in the thermal storage ""all conc:apt. 
thus giving rise to four alternative passive designs. The economic 
performance of t~ alternative designs is ev.I ..... ed on a 
state·bv.stlte basis, The architeclural design criteria. sola. 
performance characteristics, and the incremental $OIa. cost of 
each solar design are reviewed. Conventional energy costs ... 
discussed as well as the optima' sizing/feasibility criterion 
em ployed in the economic performance Ifletvsis. Nationwide 
fttasibiillY results are ,eviewed for each alternalive design, -In 
addilion to contracting the 50'" systeml thermelVl@.J!!t! affects 
of Iwo mceotive proposals·the National E"",9V Act (NEAl income 
tI •• · credils and tow interest ,toads,-upon ellch deSign are 
examined Major conclusion. are summarized for e8ch deSIgn. 

PASSIVE SOLAR 
Arthur F;sher 

DOE 

Popular Sc;ence, vol. 212, no. 4, AprU 1978. p. 76-79 
... ~ .~ ~ l'I .... ' ~J "'" t .... 0;0 '. ., 

~. How can 'you k~eJ) ,solat 
, heating simple 7 Scientists' 
~- - -'j.}comparEj· three different 
i approaches in a unique test 

720 

--~ 

it 
}~ 

In 
h ... 
U 
1·; 

II 
I~ 

\: 
11 

~ 
~ 

, 
• 

~.~ ... _~_., • ...-...... c.. ._ ... u_"_, .................. _~ .. !!l!!.!:IIlII!I!! ___ .. , ",,,,,~"._"J"'<I il!!IIIilMM~ 



f. '. , .... L .. '.""' ~: -: 'l'f
r

jh'" ., • '~,i ''i, " < 

, . , -

j' ; ,-.~;.. -, ;.~ 

:' ,{ Altr.rnat1'!9 Sources of Energy, r r ",,0 S.l~- . ". . 
Aug. 
!!lIB 

i I . 
> r ' 
f 

~l 
r -J' 
~ ~J :1 
f!t ii-J I} . 
~.:.~ 
J.·_:t.~l 
.".. '! 
f.~ '1 

~
tti' 
",r', 

[.l.·~~ .,-'1.:": 
. , 
, "1 

t~t ' 

f' 
• 'I,t f r I 

t ·1 
t I 
r I 
} ~ 
~ . j 
/' l , I 

~ 
r 

i 
it, 

. "","'" 
t'~~ 
f~ 

ft!l; 

,;; 
i'* 

EARTH SHELTf.nEO JlOUSmG. Spec1<!1 Edithm", 

P~.sSIYi SOLAR HEATING. Sp4!Ct.l Eclttion. 
Sped" Underground Secdon 

I, 
~ ~ .. 1 I~.,., . 

.l I< ~ " ',,' t'. 't,-.' <I 
< ... ' ..... , , .... 

Introduction to Underground by Don Merltr ~, ,.i'. ,,~ .• ' • ~ •••• ~ • ;, .,,~ •••• 
. . "f.: .1~ 

Gopher St ... ;Underground Owner Built Hant. by Din. McDill J :,~ :' •••••• 
o • "'J., \ rr-fl:r ~~.~~.j.!!e r·~ -

Northem Climate Underground Hom. by Jlnt laultM •• " ••• , ~ .... ~ '. It.: ••• 

ClOIIUp: PasslYe SoI.r Undergr~nd Ho," by.Su;'n MII~ p.ui~:~:·:·~ :~i :10 
.~ • .. .." .,. .~ , •• ....~ Jf .,l 

An E.rtM4.rmed Hou .. For florid. by Olnh 'Khilnh· •• ,,:.; ;' .• ~', ; ~.::~" .1. 
• ';/' •• ,; t 

A79-31444 Passive 101. hUline • ReMliu from two 
s.tIcl1d1ewl1n retidencet. R. S. Dumonl. R. W. oesant (Saskat· 
chewan. UniversilV. Sasllatoon, Canada). G. Joncs (Bo\ti"9 ,aod 

,As!lOciiltes. ltd •• Sasllatoon. Ca!).lda) .• am R. Kyle (Aquilaine of 
Canada. Ltd.. Rainhow 'lalce. Alberta, Canada). In: Renf.)'\lahle 
~lIernatives: i"roceedingscf the Fourth Annual Conference. london. 
Ontario. Canada. Augusl 2().24. 1978. Volume 1. (A79·31401 12·44, 
Winnipeg. Sobr Energy Society of c.."l'aW. Inc.. 1978. 17 p. 13 refs. 

A description is presenled of tYlO houses incorporaling design 
Ilfinciples of passive soiM heating. The dwellings were compieted in 
lhe winter 01 1977·78. one located in Sa9c:iltoon and the secood in 
Regina. Performance tests on Ihe houses were cooducted in the 
spring of 1978. BOlh of the dwellings Were of a direct gain Iype. with 
soulherly oriented windows aod no vertical thermal mas1 .. ch lIS a 
concrete wali behiod Ihe windows. The performance tests show Ihal 
passive solar healin9 can conlribute a IMge fraction of Ihe healing 
requirements. For lhe Regina residence. Ihe contribution of passive 
gains should amount to 44% of the huting requirement during lhe 
heating months. Thermal shutters can be of significant value in 
reducing bolh Ihe heat loss from dwellings and in moderating the 
lemperature falls al night in well insulated dwelli~1 G.R. 

N78-11 ••• ' SoIlr £ngiMering .... Mft· Co~Fi. UuderdIIe 
FII. 
OniON DATA .lIoeHUIII: eO&'AIi HOT WAftll 
SYIIlIM 
Jul, 1978 21 p Prepared for 00£ 
(ContrlCt NASS-322 .. 7) 
INASA.CR.15ot199) AVlil: NTIS HC A02/MF A01 CSCl 
lOA 

A design cllcull1ion II dIIlllled for • linglI·family reaIdence 
hcIUIing I 'Imily 0' four In • nonapecitlc oeoo~ l\11li. The 
IoIat' .. I'" hell.r lyalem II dnlgned 10 plVlfide 80 glllons of 
140 F ho~ wll.r per dey. G.G. 

~~ ::"'''''f~·~I<::''.t·~''''''''''''·~li,.:~:~.-:'i\l''-~ii.''I!ttAf" 

ALTERNATIVE SOURCES OF ENERGY, no. 34, Oct 1978. 

Spt!Cfe1 &effort: Sd", /lot ... ", 

Solar Hot W.t.r and You •••••••••••••••••••••••••••••• _ 
hul.5hippee 

Sol., Mftgicilll"lS [)e,elop low-COlt w.tw ...... T T TO, ~ ~ ••••••• 10 
John L. Parker 

. Shoestring Solllr W.ter He.tar •••••••••••••••••••• ~ ~ •••• 12 
03vid C. Purdy 

BNICIIJoX Dellgrll •• ,. ••••••••• eJe ••• ,., ••••••••••••••• ... I 
Davf..,d...!!in.bridgtl ""d Jeff 11M 

A79-31438 Eronomic design of a 101 .. donetle __ 
hulinl 1Y"1!m. G_ K. Yuill (UNIES. Ltd .• Winnipeg. CaQada), J'l.: 
Renewable alternatives; Proceedings of the Fourth Annual Confer
ence. London. Ontario. Canida, August 20·24, 1978. Volume 1. 
(A79-31/101 124/1) Winnipeg. So,ar Energy Sociel.y of Canada. Inc., 
1978.9 p. Reseann supported by -the National Research Council of 
Canada • 

The described investigalion had the objeclive to minimize the 
cost of a sol. domestic waler heating syst~ designed 10 supply !imIo 
of lheenf!fgy required 10 heat the domestic hot waler 'Of a ten umt 
townhouse in Winnipeg. The 10wnhouse Will h..,e a omtr" mechani· 
cal l!QUipmmt room wflere the .sol... energy equipment will be 
installed. l11e preheated water from the sol. energy system Will be 
fed inlo co""entional gas 'ired domestic water heaters in the "" 
housing units. Aspects of oompUler pr09'Im development for the 
optimization sludy are oonsidwt!d. The invesligllion showed thlt for 
a domeUIe Wit!!' healing syatem. lhere is I physicel optimum tenk 
size. This is not true for space heating SYSletm. 'or wflich system 
performance increases with tank size and Ihe lank size is determined 
by an ect!nc>mic optimization. The dle!f1eSl of sever" single glazed 
mllectors considered. we found to be the most cost effective. G.A. 

PASSIVE SOlM CONHRFNCE: eNTHUSIASM ANO A 
GROWUlG EXPERIFSI;. 
Gary Kah 
Solar Heat'inp' &. Cooling. Vol. ), No.2, April 
197B, p. 39-.1 

The challenge is to inoorporate passive Itechniques into 
current building practices and to inform consumers of 
their economic advantages. 
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A7t-31420 ~ of 'M MNdo ....... ., .. 1IrJ-. 
8. E. Sibbit. H. Jung, and O. lO!'rimao (Nltional ResElarm Council, 
Div. of Building fteselrch, Ott_I, c.nada). In: Renewable alterna· 
tilles: Proceeding5 0' tm. Fourth Annual Conference, london, 
Ontario, c."ada, August 20-24. 1978, Volume 1. IA79-31401 12-44) 
Winnipeg, Solar El)f!rgy Society' of Canada. Inc., 1978. lO p. 6 refs. 

Monitoring of the MeadowVlle Solar- Experiment in Missi,sauga, 

Ontario, ~n in October 1976 and ha5 continued to dati!. The 
, flaPllf presents I per'O!'mance summary,o' ,monitoring results .01 the 
first two complete heating se2sons of rsolarsystem operation. Data 
'or the Pllfiod 'rom October 1976 thrOugti April 1978 show that the 
solar system provided 5l%. of the space heating requirement, 14% of 
the ser"ice-_ter heating requirement and that 54% of oollected 
~ergy was lost from storage. Tm. PIP« also contains hr;el 
df!SCriptions of the 10111" system, the house 310<1 the monitoring 
system. IAuthor. 

A79-31417 TM ... ~ eo-.iDn_""'~~_So_ 
prelimiMfY petfor __ rautts. R. W. 8esant, R. S. DumOnt, and G. 

"Si:hoenau I~skatchewan, University, Saskatoon, Canada). In; 
Renewllble ahernltives; Proceedings 0' the Fourth Annual Con'er· 
e.-, london. Ontario, Canada, August 2().24, 1978. Volume 1. 
(A79-:~1401 12-441 Winnipeg, Solar Ener9ySociety 01 Canada, Inc., 
1978. 17 p. 5 refs_ Research supported bV the Saslclltchewan Housing 
Corp.. Departme"t. 01 Mineral Resources. and Saskatchewan Re· 
_rch Council. 

The perfOrmance of the Saskatchl!Wafl Con~ervlllion House 'or 
the spring 0' 1978 is reported. This house WillS designed primarily as I 
demoO$trltion to the public 0' the energy savings possible in 
rl!!identi.1 construction. The Sricatchewll1 Conservation HOlJSe is 
one 0' • smal' number of l't!Iidences oonstructed which are designed 
fOr 1~ space, heating using active .,Iar rollection systems. The 
pnvided report includes a listing 0' the th@crelical and fl)f!lSured 
heat /0" charaCteristics of the hou ... tht! passive solar gain behwior 
01 the house, and efficiencies 'or the sol .... coll~or panels. Estl/Tllltes 
are made of the annual energy ,consumption of the house blSed on a 
normal occupancy pattern. . G.R • 

. 
TIm SUN BLEST HOUSE 
Bill and Wanda Colyer 
Alternative Sources of Energy 
Vol. no. 30 February 1978 
p. 4-7 

tmDERGROUND SOLAR HOUSE, byV. Elaine Smay. 
Popular, Science, vol. 213, no. 6, December 1978, 
p. 86r 
Our 8OIar-heIlted unde'l'KfOUnd 

leisure home was designed by the 
award·winning architect, AlFredo 
De Vido. Many readers will re
memoor the Sun Tmp he designed 
rOt last November's PS and recog. 
nize some or the I!8me features in 
this plan. Dut inmost ~nYR, our 

u~md hou&e is unique" IbI 
brick llhell,.· curved for strength 
agaigllt the Inftssive earth pressure, 
is shown nestled info n steep hill
side. Dut on flatter termin, the 
house could be built on the surrace 
and benned with earth after corn
pletion. The vaulted walls are ..,f 
corbeled masonry, which ';OOuld, .be 
within I'm RJcills of nn t'XJ)erienced 
mason. 

T'] Inte-rnetion:d Svnt'odtm-llorkshol' on ~olnr 
"10 E1\e;,'~:Y~ C~ iro t 197~. 
• 113 I~::n:m<lti~'iirtl ~ynp~Sl\lI"!-l-'or1cshoD 0:\ 

In!!1 Sol~r E~cr~v : (s:vrtDosiur.l lecturesJ, 15-
22 Jt!~:! I1l7!!, C.siro, E~nt I presc:ntel! by' 
C1enn E~crr,y Resenrch Institute, Univer8i~ 
of. Mi::i'!i,t:'lori~n ; sponsored by ~~tion..'\1 
Sciel!ce Foun~:ltion : ed1te" b., T. t-'ejnt 
Veziror.lu. Honer 'I. 1!1"pr. -- rs.l. :9.n ... 

lNTI~GM Tim SOl .. \R HUI WING SYSTEM f, I? / 
A. nOWell, UnlvrTsity of t-fiami, Coral Gnbles, Florida~ U.S.A. 

17 t .: ... 
'~.v . _ _. 

APPJ.tCA1ilO~ OF SOJJAR CooI.INC FOR A SCHOO!. BUILDING IN SUlrfROPICS 
A. J. T'i1Tkc:r. 'h.teller Ass~d~tes, Baltl.!'!!J,!e. MarYland. U.S.A. .... - " " 

, .... _ t:ae.. ..... .., ........ , ............ 
A ...... _n· .... Retiped .. ~'''Ippe.t.JIIIIW.. 
htp. r. ... Report ollll~'!tw.1he ReNard PIotr .. 
hltta8lr, December 1917-September 1978. 
CeIoradoSiate UniT., Ocl78, 21p 

The purpose 'of building the Sun 
Blest Bouse was to provide a com· 
fortable energy consoervative home 
using only renewable energy sources 
- solar heat, primarily, and wood 
heat for back·up. The architectural 
designapproath was' to provide a 
southwest solar farm house. The ob, 
jectives included building a home with 
small temperature extremes and con· 

structed with readily available native 
materials using simple and convention· 
al buiJdinB techniques wherever 
possible. 

COO·4546·11 PC S4.00/MF 53.50 
It was propoeed to assess the overaU attitudes of 

Colollldo lending institutiQns·towards making loans 
for construction of soJat equfppetl buildings. A 1M!

concI objective ".. 10 i¥ntir, what problems 
.ppraisers have in placing values on ltblar equipped 

Part 1 was published in the Decem· 
ber '17 issue of ASE, no. 29. 

buildinp. Information needed "as obtained throup 
maD .urveys of 132 banks and 103 appraisers Ie
spondio,. 
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A7!..,,453 Fin! .,.. ~ ... .;.. ,-

IeIrned in the NAC 1~ ~.~. demonItrlMn p,,-. W. E. 
Carse.nen and B. E. Sillbitt (National Resurch Coun;:;I, Div. of 
Building Research, Ottawa, Canada). In: Renewable altl!m8Iives; 
Proceedin!JS 01 1M Fourth AnnuAl Confer~nc:e, london, OntarIo. 
Canada, August 20·24, 1978. Volume 2. IA79,3140112-44) Winni· 
peg. Solar Energy SocIeIV 0' Canlldl. IfIC'., '978. 14 p. 

N •. 111ttl UIIII Univ .. SlIt lIlte City, 
CONFERENCE-ON PERFORMANCE MONITORING TECH· 
NIQUES FOil EVALUATION OF SOLAR HEATING AND 
COOUNG SYSTEMS· 
197B 353 preIs ConI IIeld in Washington. 0 C. 3 Apr 
t978 
(Contract EG·77·S·04.4094, 
ICONF.7804321 Avail: NTIS HC A 16/MF 14.01 

A ""ne.al .eview 01 solar energy monitoring systems. tllei' 
relilionship to data users and' illtir needs. and a methodology 
fOr developing instrumentllion syslems .nd performlnc"T 
eVllu .. tion techniques b.sed on • systematic Ploc-1ure for 
addtMsong the actUAl '"!!tlk of ,h!! dAta Uler lie p.ovirled DOE 
13) folm lifl/,",ydrBulic turbine~ Ind (4) mi't lilt/hydraulic turbine 
A preliminlry IS~!lSmenl 0' Ichievlble performlnce il made in 
addition to e description of thl lubsystem performlnee objectives 
which would support ,h. achievement of thl full potendll inherent 
in these concepts. The .esults Ind conclusions include e description 
of thl reHarcll objectives. Icllievement of which mllte open 
evcle OTEC I villble IIIternative .s I nation.1 energy source, 

om; 

N,.·DAl, Aerospace Corp .• EI Segundo. Calif 
10LAR HEAnNO AND CODUNO OF BUILDINOS 
'IHACOBI: REQUIREMENTS DEFINITION AND IMPACT 
"N"LVSIS 
C. I( Cretcher and W. C. Melton Jun. 197B 92 p rors 
Spoosored by Elee. Power Res. Inst. 
IEPRI Prol. 5531 
IEPRJ.ER·80B·SY' Av.il: NTIS HC ,A05/MF AO' 

The economic implct of various (SHACOB) desion concepts 
on thl elect,ic ulilities .nd Iheir customers was ISSMsed along 
WI'" system '8Qu;remel1lS for optimizing tllis irnpect. Wellher 
'lfld insolilion inputs for simulilions were Mteblis"e(UorJocltior.s 
ICrosS the Uniled SlIles. Reference buildingS end their thlrmal 
prtIp8rtiM were defined •• nd detailed;ntern" Ind externll load 
models geneflted to e~arlCterize building therm.I performlnee, 
Both solar and eonvantion,"syslemS. in<;luding 10ld m.na""ment 
syst.ms featuring nighttime thermll stoflge were simulated. The 
systems Inalyzed in dtlli. were direct solar systems with .nd 
without • load niana""ment capability. solar assisted he.t pumps, 
Ind customer loid mlnagement systems. These systems were 
eVI'uI"ed with ,e5pect to conventionll resislive lind heat pump 
Iysten.s. Projections for buildings Ind types of hlating system 
insllllliions in t,",ose buildings were developed by eigl11 p.rticipa· 
ting utilities lor Iheir own service areas. DOE 
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"7).314,. Soler -w ntroflt " ...... for ........ ty,. 
_if", - TIle WiIIi_tt_ -..- project. G. McKiel ..,d E. 
lll<oo~" lJohn Abbott Col •• Sainle Anne de B~Iftue, 0uebK. 
Canada}. in: hffll!W,abI~ iahtroalives; PrOCeo!diogs of the Fourth 
"'nnull Col1fereoce. lpnd()fl. Ol1ta,lo, Canada. AUPI 20-24, 1978. 
'Volume 1. (A79-31.01 12·«, Wtnn", Solar Energy Society of 
ICanada. Inc~ 1978. 13 p. 20 fl!h.Nationll hmardl Council 
IContrlCt No.On·g. 

'The 'Itionale for the retrofit of Williamstown MtBeUm with «I 

'sol. he.tingsystem was to provide ~community with. high 
[profile, easily accessible prototype which would eo,ender inlefeSt 
,end provide I desi!Jl' 1Ms" 'or solar syslemS in e.t..,t buikfinws. The 
'space he.t load IMse _ desitMd on • 50 F indoor moper,,," and 
·20 F outdoor temper.ture to tift • dI!s9't """"'ItO"' diffftenCl! of 
70 F. A flat pille, badt .... modular sol. coItector was deslFed. 
me .... r'''' '31< US ft. 'Thoutf; 18 collector modules _ needed to 
provide em; of the building', thertmII demend 1fI()the, S modulel 
_t Idded to help offset lOUtS in the long duetnms and the c:hangIt 
',0.'" COfrtJ9lted to fl.t absorber p,!ale. 'The coIlPCton ~ hoisted to 
the roof by II cr_. G,R. 

A7 .. 3142' Off·,.. lIIeI:1J.iaI ...... _ .. __ ill 11;. 

...... _. Sollr E ......... '. J. M~IBe" 10nt.lo Hydro, Toronto, 
canad.) and O. lorrrm .. dn:-R~ "ternMiYel: "'~if'9' o' 
the Fourtll Annuli Confl!fellCl!. London, Ontario, Canad., AlJIU't 
20.24. 1978. Volume 1. (/\19-3141)1 12 ..... ' W'lI)nipet, Sol .. EnetTf 
Socielyo' Canada, Inc.. 1978.11 p. 

When elect,ichy ~s used for backup heating in sol .. heated 
hous". the maximum electric demand usually ~ when winter
pealtingutilities are feast CIPIbIe of supplying it. An off:pnlttlectric 
b.ckup system was dl!Signed aoo inmfPOfllted into the.existin9 
sto,age system of the Meadowv. Sol. ElCpeflmf!llt to irweslipte 
the benefits end problems associlled with this mode of opeqtion. 
'The, paper delcribes the design.nd Opeflllon o' the off.pe. backup 
jlystern and mnt.ins suggestions to, irnproortments.A COftIIIII'hon is 
IINde of the "PCtric:al demand and ClIJ-.mp!ion for 1978-77 
itolHfemand electrical b3ckup) to '977·78 (ott.pe. "lectfical bed:. 
!uP,. The electriclliolld rune of the heMe is described end 00fnPIJtId 
with the Ont.io Hydro system load curve with' bdef discussion o' 
,the potenti"s .nd the df~s c>f the me 0' off· ... pow«. 
Reftlftnee is made to other wortt progr.ms in this _.. (Author' 

TH'~ SUNO\·1ElLINr;S PIlOJECT. 
James ~. Dekorne 
The Mother Earth News, No. -.6, J'J1y/Aug\.st 
19'77, p. 99 

About 70 miles 'north of Santa Fe
set amongst the rugged .andstQne cliIh 
of northern New Mexico-is the Ghost 
Ranch. an adult study cenler owned and 
operated by the Untied Presbyterian 
Church. But Ghost Ranch Is far more 
than a church retf~at ••• U's also the 
site of one of the most Important passive 
solar healing experiments In the U.S. 
today: the Sundwl'1\Ings Project. 
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Performance of aealde.tW SaIar Hea .... a_ Cool-
18 1 S,.tern 'WlthTlat;l'tateaDcI-EftCWate4 TuR_ 
CoI1ec:tM1l: CSU Solar Houee •• 
Colorado State Uni •• , 1978, 14p 
COO.2577-17 FCS4.00/MF S3.5O 

Measurements in Solar nouse I at Colorado State 
University have provided comparison data on space 
he.ting 'Water heating and cooling by systems in 
'Which nat-plate collectors and evacuated tube col
lectors 'Were used. nata was procured on 47 days 

dunng operation of the nat-plate collector and on 112 
daYII when the house 'Was h~at.ed 01' cooled by the 
evacuated tube collector system: It was coti~luded 
that the system comprising an evacuated tubular 
collector, lithium bromide absorption water chiller, 
and associated equipment is highly effective in pro
viding space heating and cooling to a small build
ing, that it can supply up to twice the space heating 
and lIeveral timell the cooling obt.imlhle from an 
equal occupied area of good quality Oat-plate col
lectors end that a greater fraction of the domestic 
hot water can be obtained by supplying its heat' 
from main storage. The cost-effectiveness of the 
system in comparison with one employing a good 
nat-plate collector, can be determined when com
mercial pricing data are made available. A lIummlll'1 
of monthly and annual energy use for llpace heating. 
domestic hot water (nnW) heating, and llpace cool
ing is presented. The collector performance is poe
senled. The fll'St two months of data were obtained 
with the lIystem employing nat-plate collectors, 
whereas heatinl and cooling duri .. the followin, 
nine months 'f!ere supplied ~y the ev.cuated tube 
coUector lIystem •• 

In_.3"'" New M".ieo En"'gy Ins' .. tIIs Cruces, 
DEVElOPMENT OF "ET"OFIT f.Nf."OY CONIl"YATION 
AND aOLA" HEAT1NO avauMa. PHASE 1 F ..... "etMKt 
IN, ~eed Edgel Sep 1978 '38 p .els Sponso.ed ill part by 

New Me.lco Ene.gy and Minerals Dp.pt. t"B.295847/8~ NMEI·:iOi Avail NTIS HC A07/MF AO' CSCL 

131' The type .and frequency 01 use 01 various consi,uction systems 
and HVAC systems in existing buildingsln New ",,,jico wn 
e .. mined. Sev",.' on"" most Irequen,ly occurring combinationS 
01 buildings lind 'WAC sys,ems were selected; and ,he mat"nek. 
co~n"nts. and subsystems wltich could be used in ""roli, 
ell"rgy conseNation .nd sol.r "".Imo applications we.e identified. 
When existing I""rm.' "nveloP" ass,,"men' .nd r""olil sQlar 
"".Iing system design were cofTlPlete. pII.IOImance end cOsl 
compllison!< wit" tIle unimproved buildings were m.de to 
determ;Ile c~t "II"ct;v",,"s .nd' "Ile.gy s8"ings, GRA 

~ - - - ~- ~.....- -- - ~ 

~, 

SltaU ... Ther ... S ..... e .. II ......... s.-
EHI'J1 Applicetio.... ----
CeIorado State Unlv •• Jun78,64p 
COO·4523-1 PC $5.25/UF $3.50 

The ibenefits of thermal l!Itratification in ~"",. 
heat l!Illorage 'Were investigated for several resi
dential solar applications. The operation of 1lpae8 

heating, air conditioning and water heating systema 
with wllter storage 'Was simulated on a computer. 
The perfonnance of comparable systems 'With mixed 
.nd stntified storage was determined in term. 
of the fraction of the total 1000d supplied by solar 
enerlJ. The effects of design parameters such •• 
collector efficiency, storage volume, tank leometl1 
etc., on the relative advantage of l!Itratified over weD
milled 8torage were ~ssed. The results show that 
lIignif.cant improvements iii system performance 
16 to 15%, may be realized if stratif.cation CaD be 
mainleined in the storage lank. The ma,rutude of 
.the improvement is greatest. .nd the sensitivity to 
design variables is l!Ima11est in the service hot 'Water 
application. The results also show that the set of 
design parameters which d~ribes U",e opUmum 
system is likely to be substantially dffert:ll for • sy
stem employing stntified storale than (or • mixed 
storage system. In both the waterhealin«.nd 1lpae8 

heatirlg applications collector now ntelliower than 
cunenUy suggested for mis.ed .torage systems wiD 
found to yield optimum performance (or a system 
with ttratified IItorage. 

A"..1945 TlMrINll stDflll'! of off~'" eltctriall "'*IY 
1ft .... Mit'", 8nd coolintl tyltems.. R. E. Cf_~ H. G. lOf!l(:h. It. l. 
Oswald (Franklin Res'!3rchCenter. f'hil~lphj~. "a.), In: 191"8 
Conlerellce on o"cisiim and Control. 1·1tl1, ~ Oiego, c.lif., 
J...,uary ,0-12, 1979, "roceedin~ IA79-419J(}'2J.63) New Yorlt,. 
Institute !of Electrical. ,lnil Electronics Engineers, Inc., 1919, P. 
197·202. '12 rels. 

Thenn'" !!.:-.. age devi«$ol solarheatifl!l antfCQQIing$VsIP.fMaft 
Ui: used II) reduce electric demand ""aks by sto.ing olf-"""" power, 
The d;5C\lniOl\ focuses on cOll1lentioo'" conl.ol st'iltP.gY.. elfl!C1. of 
'~mal rotorage size, COIltn)1 stralegies to reduce ~~rical ""lilt 
dem""d, ,and off·peal( load smoottllng.. I, is conQOOed ttQlolf·peal( 
stora!Jl! can be used to elim,nate "'\tl backup dem...,ds "'" .$01 .... 
healinlJ lind COOling systetm d\JI'ng OIl,,,,,. J'l!fi~s, AdOl~1td 
conllol It)gic devel~t ~ not lIIlD'!"-~. but addiiiQnal 
h3fdwarll must be ;Ilstalled '0 ellm;n"t!! 0I1-pe;llt; dem~ lhe co,t 
01 ttlls l!1.,..tfw3fe must be _i\tle!! .. 1m! the »vi.. <IC~ 
\hroll\tlt'educed on·peak ~netW consumvtioo. s.0. 
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Solar Heating·~ Coolfng, v.ll .no.2, A,r.1973. Al TERNATJVE,SOURCES Of ENERGY, no.33, Aug.1978. 

12 Space Heat and Domestic Hot Waler In Pre-fab Solar House 
Speclal Undl!rground S!!cti~ 

14 Space Heat and Domestic Hot Water In HUD-Sponsor~ Apartment Complex . 
Introduction to Undergroun1 bV Don Marler • ~ ................... t11 

GOJlhtu'St .. to Undcrgr""lnd Owner CuttJ "(lme by Olnl McDill ••••••••• 

Northern ClimatoUndorgroond Home by Jim buk~s. : • " ••••••••••• 1 

Closeup: rmsiyftSotar Underground Hama by Su»" Milas rauls: •••••• 10 

18 Space Heat and Domestic Hot VI/ater In Oh.io In-ground Resldencp 
----20 Microprocessor Controls Space Haaland Hoi Water Systems 

30 Space Heat and Air Conditioning at Michigan Office Building 

32 Space Heat and Relro,it In WI~onsin Printing Plant 

34 Solar Pre-heat and Wastewater Heat Recovery at Commercial laundry 

34 Space Heal. Hot Water and Air ConditionIng at Walt Disney Wot1d 

35 Energy Conservation Pac.kage Standard In 450 Houses 

37 Space Hestand Domestic. Hot Water Systems Run on Sun 

LARGE SOLAR DOMESTIC HOT WATER HEATINGSYSTEH EMPLOYS 
NHI SYNTHETIC HEAT TRAtISFF.R FLUID • 
Building Systems DeSign, v.7S, no.I, Dec.17/Jan.7B, 
p.13-16. 

Tank, collectors, pumps, hear :exchanget, piping. valving and alllomalic con
Itols art conventional equipment ~II, readily available in the construction markel. 

Selection of an appropriate solar' heat transfer fluid ror the pands .hat could 
withstand severe climatic changes from winler freezing 10 .'iummer high stagnalion 
temperature necessitated that a study be performed during Ihe preliminary design 
stage of Ihe project. The h~t transfer fluid selected. in addilion to being 5ub
jected to aOflll,'d wcalher conditions with wide variables, had to be non-tol(ic non. 
corrosive, .and compatible with the materials of construction or the equipment. 
piping and valving in the system. Some of the fluids considered were ethylene 
glycol. propcylene glycol. silc::one oils and paraffinic based oils. See Table I. A 
synthetic oil, Brayco No. 888, manufactured by Bray Oil Company of Los Ange
les, was slected because its performance dati be,'lt satisfied the stringent condi
tions required of the heat transfer nuid for this solar system. 

-.i--.. .. _~.,.~~""'~ .. ~~ _....:......... ___ . 

An Eartt'i·1Jcrlftftd HOlls'! For Florid' by Dlnh Khanh ............... ,. 

Special r~sive Solar Section 
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Introduction to Pmsive SotarHeatinll by Don ... .,ier •••••••••••••• 11 

LIving Sot .. , and liking It by Jim laukes ••••• : •••••••• ~. ~ io ••••• 20 

Wisconsin \'Vat:lhause Stores Solar Energy bV Don Marler: •• ~ •••••••• 21 

A Panive HouSi!lfor tho Man M.tk~t bY David O.inbrldge •••• r •••••• 22 

Updato! Third Gene!ation Cold Solar licht I. Selfd'clptute Unit 
by John l. Parker ••••••••••••.•••••• ~ ............. ~ •• • ••.•• 21 

Colorado Service St3tionDealer Goel Sol. bV 'rene Westbye •••••••• 'l1 
Goin,SoIar in Canada III?,d inTanzani.by Judy Carr •• ; •••••••••••• ,28 

The British Connection: The Nationlll Centnffor Altem_e TedmClf"" 
by Bob Rubadc3u •••••••••••• _ •• _ • _ ......... ~ ••••• - •• ,. .30 

An A'most ',rfect "SIn. Sol .. 'n,taU,don by John L. P.rker __ ••• 
Alternative Sources. Vol. no. ,31 t April ~918. p. 2'-

Southwestern architects and hC2tinl 
ensineers are turning 10 passive heal
inK systems, which really are,no sys
tems a' all. but improvisa~ions in 
buildin~ construction ,'Which can be 
readily and ine"pen£~e1y adapted to 
coilectinK and rctaining solar heat. 

The Irick is in "passive" solar con
ditioning.Such solar llOmes can make 
the addition of an active solar collecr
or .system - hldudin. pipes, .1¥lte,{ 
stOllle and pumps - unnecessary. or 
eYen uneconomical. 
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RF.SIOFNTJl\l ~f.l\TF.1? HEATERS: ENERGY AND COST 
ANALYSIS • 
Fric Hirst ~ Robert A. Hoskin; 
Fnergy and Ruildings, Vol. I, No.4, June '978, 
p. 393-'~OO A detailed computrr model is dC{lelopcc/ to 

calclllate energy flow.<; {or residential electric 
and gas waler heaters. Model equations are 
deriued from applications of tl,e first law of 
t/wrmody"omics, analysis of manufacturers' 
literaluT(>, and related studies. 

Scveral energy·savillg challges arc examined 
using tire model. Changes for both electric and 
gas water heaters arc: increase jac/wt i"sllla
tion thiclme.~s, reduce jadwt inslllation ther. 
mal conductivity, reduce thermostat setting, 
and add insulation to tire d,:<;tribuUOIl /;"e. 
Application of all these clzallg('.'1 (0 all electric 
water heater would reduce electricity lise 17%, 
and iI/crease initial cost 27%. Additional 
changes examined for gas waler Ireaters are: 
reduce pilot rate. eliminate pilot and add e1ec· 
tric ignitor and flue closure, and reduce excess 
air for combwition by increasing flue baffling. 
Implementing all these challges to a gas water 
healer (except addition of electric ignitor) 
would reduce gas llse 27% and increase initial 
C(lst 26%. These results S/IOW 'hat there are 
large opportwlilie!f for reducing water heater 
en{!rgy u.<;e willi ollly small initial cost illcreosclf. 

llUD SOLAR HOT WATER INITL4TIVE MANUFACTURERS AND 
SYST~. 
Solar HeE~ting & Cooling, vol. 3, no. 5, Octol)er 1978, 
p. 41-47. 

INSTALLATION GUIDELINES FOR SOLAR DOMESTIC 
nor WATER SYSTEMS. 
Solar I1eating & Cooling, vol. 3, no. 5, October 
1978, p. 22-32. 

The INSTALLATION GUIDE
LINES have been prepared for par
ticipants in the H.U.D_ Solar 
Domestic Hot Water Initiative and 
are intended to help avoid common 
installation errors associated with 
Solar Domestic Hot Water Systems. 
They are being made availabJe to 
participants in the program so that 

obvious errors can be avoided if a 
participant chooses to do his own in
stallation or so that a participant is 
sufficiently knowledgeable to check 
that his installer has not overlooked 
any essential item. In no way do 
these Guidelines supersede local 
building, plumbing. electrical, fire 
and sarety or health codes. 

CHEHICl\l MIXTURE IS .BJ\SEO OF MIT'S NEW SOLAR SYSTE:1. 
Solar Heating & Cool!fng, Y.), no.2, Aprl.1978, ,.~21f-7. 

The p::-:-~rietary process for pre
p."ng the chemical rore of the solar 
heating tiles was deYeloped by Cabot 
Corporation. 

The package for the chemical core 
consists of an aluminum foil pouch 
internally lined with polyethylen~ 
film. To further protect the midure 
against possible settling of solids or 
.ater separation and so extend its 
life, the pouch is diYided into two 
thin, Oat compartments or layers 
with a polyethylene film. sepa!Ator. 

Each layer ofthe core's phasechange 
material is 3/8" thick. 

The ceiling tiles which contain the 
core were dc.'Velopcd by the Sol~r 
Energy Group of Architectural Re
:iieareh [Corporation, Livonia, Mich
igan. f,,'arke!ed under the trade 
name Sol-Ar-Tiles • the tiles art! 
produced in the form of a lightweight 
polymer con~rete panel, two feet 
square and 1.25" thick. 

DOYLE AKERS $30 HOMESTEAD SOLAR WATER nEATER • 
The l.fother Earth News', no. 51" Jlw.y/June 1978, 
p. 122-124: 

,Ite foIlowlngll.t was released this summer by .... N,w Jersey Department of Energy. Ahhough" I. faIrly 
rtpr.slntatllfe of the completed list expected to be released later thIs fall by the PolytechnIC Institute 0' 
New York, each state "'Jill have the final say over which systems will be approved for use in Its own pro",m. For Information on the approved systems, chcle the reader service numbers that follow each entry. 
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SOLAR CONTROLS: CENTURY TOWN SOLAR HOMES. 

L. Robert Smeltzer 
Ashrae Journal, voL 20, no. 9, Spptember 1978, 
p. 33-36 

SOLAR FRAUD, ROUND 2. 
Carlo fa·-PorTa.~- , 
Solar Heating & Cooling, v.l, no.S,Oct.1978, p.)4-l6.-

A78-3Z409 Th. effllCt of .. 0 .... MIll ditcfttH:filMle 
_mptionl on the ,.,tor_ ""'I of "'.,he_" lystelM. G. 
F. lamr.ira and M. C. Bryson IColorado Slate Uni~rsity. Fort 
Collins, Colo.'. JQllrnaI of Appli«f Ml!teorofogy. 1101,17, Mar. 1978, 
p. 386-389. 5,refs. 

Analysis of the performance' 'of a solar heating system is 
considered by means of II first-ordcr Markov ellain model for climatic 
and therih<JI·b<JIance conditions. Computational limitations re(lUile 
extremely restrictive modeling for the climate. involving constant 
lImbient temperature and two-.... ued discretlrillion of insolation. 
Despite the restrictiveness of the ;assumptions. the results dosely 
match those from dynamic simulations of system performance. 

(Author' 

It is not unreasonable to expect solar manufacturers to offer warranties to 
cover their products, but it is unreasonable to require them to go so much 
further than is commonly required of other industries. 

• 78-.. U.,Copper Development ASMII!ietion .. Inc .. New Ymk. 
N. Y. 
DESION .. ACKAOE FOR INSTRUMENTATION OF THE 
DECADE 80 HOUSE 'N TUCSON. AR'ZONA 
J!JI. 1978 58 p Prepared for DOE 
(Contrect NAS8-32244, 
INASA-CR-150730) Aveil: NTIS HC A04/MF AOI CSCL 
lOA 

A design peckage covering instrumentetion and system design 
for the Decade 80 House in Tucson. Arizona is presented. The 
solar house is instrumented for the purpose of gathering data 
to determine the solar heating and cooling system performance. 
Jhe lIM' of copper in the construction of the house is a first 
Choicll o:onltruction material becau .. it conducts hut and !'ftists 
corrosion bellllr thlln other mllteria'. lind therefore provides a 
more IIfficient lind economical syslem. Equipment and sile 
specifications a'lI reported. IIlong with floor pl8flS showino the 
toe_ion of the site instrumentlllion hardware. G.Y. 

~\oNITORS SOLAR SPACE HEAT 
Mark Hyman, Jr. 
ASH RAE Journal, vot.20, no. 3, March 1978, p.23-2S 

An update and performance data on 8 test of the feasiblflty'of 100% solar 
space heating in the New England 8rea. Results of preliminary tests were 
presented;n the January 1976 issue of AJ. . 
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OEFINITION OF EFFICIENCY FOR HYBRII HEATIN~ 
S VS TEP1S -- .. - . 

U 1 ri ch Boone 
ASHIAE Journal, vol. 20, no. J, Harch'973 
p.31-JJ 

The author introduces a deUnffion 0' energy efficiency 
applicable to equipment using one or more types of 
energy. The definition ;s based on the economics of 
operating efficiency 0' furnaces, boilers, space 
heaters, air conditioners and heat pumps. The new 
efficiency is named Cost Efficiency. " is the energy 
cost ratio of appliance outputlappfiance input. The 
output is the worth or cost 0' the output amount of 
(thermal) energy; the input is the cost of the total (fossil 
and electric) input amount of enerRY· 

THf: HIIJJO COOL "O'O'l F.l(PERIt1ENT. 
David Rainbridge 
Al ternative Sourc_es pf Energy, No. 32, June 
1978, p. 6-10 
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NASA Tl'-1296 19";6 
Power sourc~s,Solar - Heatin9_& cooli~g 

8lMUI.f\TJ.ONMODEII OJ!" It SD3Y-S'J:AGI Lll'HlUM ImOf·nm; -
l~ATI!lR ABSOBPrION COO~:mo tmIT.. !>nvld lUno, L~RC. 
Ims.l978. lt2p. 

COLLEGES, UNIVERSITIES, VOCATIONAL-TECHNICAL 
SCHOOLS OFFERING SOLAR INSTALI,ATION PROGRAM:) 
Solar Heating & Cooling, vol. 3, no. 6, December 
p. 32-35. 1978, 

A computer model of a LiBr-H20 stngle-stage absorption machine has been developed. The 
model, utilizing a given set of design data such as water-now rates and Inlet or outlet tem
peratures of these now rates but without knowing the interior characterl~Ucs of the machine 
(heat transfer rates and surface areas), can be used to predlct or simulate off-deslgn per
formance. Results from 130 off-deslgn cases for a given commercial machine agree with 
the published data within 2 percent. 

MIlO.' .... ·' GeMI.1 Eleettic Co. Phil8delDhi •• P., Sp.ce 
Div . 
PROTOTYPE SOLAR HEATING AND COM.INED MAnNO 
COOLING SVST£MS 
DOE 2 Oct. 1978 44 p Sponsoled in part by DOE 
{Contl.ct NAS8·320921 
{NASA-CR·161340;OR·91 Avail: NTIS HC A03/MF AOt CSCl 
lOA 

The dllsign ai>!f ~vlliopment or eight prototype solar hllllting 
.rId combinlld heating and cooling systems is discussed. The 
pmgr.m management and sjl51em~ .engineeling ale reported. and 
QPellltional testsitll5 are i~ntified A,W H. 

. 'lower sources. Solar - Heating & cooling 

THEP.II!C DJOOl: SOll).RPI.INELS .FOR SPI\f.E II::I\TING. 
Shawn ~uckley 

197R 

Solar Energy, Vo'. 20, No.6: 1978·, p. 495-SD3. 
A~lr.d-Thermic diode ~olat ranel~ arc a new melhod of heatin, llUildinll' u~inll \olar enerl!Y. Each rancl cl;rnhine~ 
all the nece~\aryclemenl~ of !I complete solar eRerllY ~yMem (cnllector. cootllll\. ,Io!alle hcal e\changcr~llnd Ihlclinll) 
inlo a ~ing1e module. They have no movinll'arlS and Ihe)' need nO ClIlernal power. Panal operatilln is Iliscusscd and 
therlllic panels are comrarcd til other typical solar heating systcm\: air heating.:wattr heating. 3(tive and pa\s;'·e. 
Residential and commerdal arp!ications :Ire also di~clJssed. 

The performance of thermic pancls arc compared to convel1tinnal solar systems. A [(lmputer ~imulation (II thermic 
panc:l~ in a residcntiaI5Jlacc.hc.~ting application resulted in Jlf!:dictions of the percentage III snlar heat Jlrovided hy the: 
Jlanel~. The predictiol1s are c(lmpared 10 similar analyses (If conventional solar system~.lhermic pands did a~ well or 
beller Ihan conventional systems in the six climate type.s investigaled. Jlowever. since their inst"lIcd co\t i~ 1e".lhey 
are e:.\pt:cted t(l be mllre economic Ihan convenlional solar syslems. 

Thermic Jlands improve: the economics of nal·plalt colleclors lIy their m'Idulatily and simplicity. Modularity 
reduce~ in'Iallation ellsls and raw materials coM; simlllicilY reduces maintenance costs. Furlhermore. lhe paMls can he 
inte,.-aled inlo the tmj!dinl!s structure. savin[! the ellSl'lIf Ihe "",II or roof elemenls they re!'lacc:. 

l~ch1n9 ~~tgn. Vo$O. no~Z3. p.4. Ott: 12;> 
J978 

r:!~'!ty EI4DS YEAR Hi TEen HOUSE" (rml1!J1fm~ry 
U';l!;l:l t~ o~1Jm S~:lr." ttm~ m~~r~u' (!::tl~!nr:r~t'hm 
StU:1}1 rlt. ~!tSJV~ t!i~r;: '~l~~~m~]Qgy l!tHh:~~1.r.m 
J!CIJr;;~"I) • 

11.1~!\;, 
l~)~gt ~~l ~!~.e{'!lr'-'h eenter 

'CuHd1ngZi IT Solar 

~~.--.;..~~-;~--, 
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YOU CNA BUILD NASArS LOW-COST SOLAR HEATING 
SYSTEM 
Graham Gross 
Popular Science 
Vol. 212 no. 2 Feb. 1978 
p. 106-108 

NASA's technical expertise, 
low-cost materials, plus your 
DIY labor could make solar 
heat practical for your home 

SOLAB HEATING & COOLING: Ali ELECTRIC UTILITY 
PERSPECTIVE, by Dan Nathanson and John E. Cummings. 
ASlmAEJourna1, vol. ~J, no. 12, December 1978, 
p. 42-1,6. 

Sol., h"lIting .nd cooling systems t"al "ave electrical aux/liary power 
should be designed on the basis of a realistic examination 0' costs on bot" 
sides of the electrictlI meter. In t"/s way, configurations can be identified 
which are compatible with the needs of both the consumer and the utility. 
Here, an approach for evaluating preferred solar healing and cooling 
systemS-from the standpoint of the consumer and of the electric utilily
which considers en"rgy conservation meflSures and control of electric de
mand by load management techniques. Is di!'icussed. This paper wa,s 
presented at the Sth Energy Technology Conference and ExpOSition in 
W'!shington. DC. 
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COOLING SUBSYSTEM DESIGN IN CSU SOLAR HOUS! Itt 
D.S.Ward~~G.6.G. Lof and T. Uesaki 
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Solar Ener., v.20, no. 2, 1918, p.119-126. 

Desisn of the coolinssubsyslem for Colorado Slate 
University Solar House III is based on the use or a 
lithium bromide absorption chiller and a "cool" storage 
unit; the cool storage being located functionally between 
the absorption machine and the cooling load distribution 
system. The distribution system collsists of a liquid·to-air 
heat exchanser and an air duct distribution system. The 
choice of a lithium bromide absorption cooling machine 
was based on the ready availability of the unit for 
research purposes, the demonstrated capability :of the 
unit to operate within the temperature capabilities of 
SoIar-delivered heat from Tar·plate collectors and un- -
pressurized storase. and the accessibility of existinK' 
research data and experience .. In addition. current efforts 
at irnprovinlthe UHr absorption unit are more extensive ~ 
than for other coolinl equipment, alfowins for its earlIest 
potential use as a commercial unit for residential appli
cations. 

SIMULATIONS OF THE PERFORMANCE OF OPEN CYOLE 
DESICCANT SYSTEM) USING SOLAR ENERGY, by J. S. 
Nelson, W. A. Beckman, J. W. Mitchell and D. J. 
Close. 
Solar Energy) vol. 21, no. 4, 1978, p.273-278. 

A11.19134 Adnl_' in 101 .... ., lleati", 'Of domeltie 
UII! in Au.tralia. J. T. C1:arnecki and W. R. W.Relld (Commonwealth 
Scient:lic and Industrial ReseBrch Organization. 'Div. of Mecl>anical 
Engineering. Higl)ett. Victoria. Australial. Solar Energy. vol. 20, no. 
1, 1$178. p. 75-80. 

A method enabling retrofitting of solar collectors to existing 
domestic. low p'essure"electric water heaters h'as been developed and 
tested. ihe performance of the proposed system was found to be 
comparable with the performance of corwentional soln water heaten 
when the size of the solar collectors is suitably matched to the 
average daily cony.:m.ption of hot w'-''ei. Other developments 
describl!!! afe a sol., energy operated pump .... ..a an airlift pump. both 
lUitable for circulation of water in dc;mestic solar wilier helters. and 
an electronic controller for the circulating pumps. (Author) 

12.9 

~~-~ .. ~,.n·?'t;"''"-·5~''''''':..4!~:;'·''''''--'· C4·~.» ~~ "'-''''~"'" t. 'ilk iinrt~ 

THE RESULT OF COOLlNG OPERATION OF YAZADI 
EXPERIMENTAL SOLAR HOUSE "ONE". 
Toshihiro Ishibashi 
Solar Energy, Vol. 21, No.1, 1918, p. 11-16. 

1lte purpose of constructiltl the Yazlki Experimenlal 
Solar House One h:t~ been to I'lspjndetail whatiractors 
.·ould be 'nvolved when I'racticl'illy applyint 501ar 
enerlY to operate a residential heating coolinS and water 
heatinll system with the expectation that this would lead 
not only to improvement of Ihe r.onventional air condi-
tioning equipment "ut also to the development of pr"c-
tical eqllipments for a solar house. 

Cooling oreration of lhe solar house waBtiftedOif21 
July 1974 and continued for one year includinl heatinl 

, .- operation. Newly developed solar collectors as well as an 
updated solar healed absorption chiller have been in
stalled at the be,inning of June 197~ .10"1 with some 
improvemenl!On Ihe house. At present. coolinl opera· 
tion is oper.ltinKsuccessflllly. 

---- -- -- ---
CORqOSTON PROBLEMS IN SOLAR ENERGY SYSTEMS. 
I) • o. Thompson and M.". Hayden. ~ ~~-
Materials Performance, v.17, no.2, Feb.1978. 

Corrosion probl~ms Msoci;Jt~d with AI liquid filled solar 
Iffl~rgy sy"'~msror SfTIllfI JCiJI~ IImbi~nt ttlmPf!rllture op~nrio" 
are fisted and suggested preventives and control itemized. 
Commenrr perr,,;n mainly to' systems such as that d~e'oped 
at rh~ Be'uvifl~ Agr;cultur;jf R~jearcll Center which consists 
of AI piping and componems. Suggestions lire made concern. 
ing water conrrols. inhibition. exclusion ;lnd sclIl/enging of 
olCvgen, pH control and design. and operation modes fending 
fO control access of olCvgen to the system. Also consider«/ 
ar" such factors as flow velociry, elimination of galvanic 
couples. delererious ion solurion in warer, conrrols for 
displaced IIapor, alloid;tnc~ of frllJf!zing, MId poss;bilify of 
urhodk "rotl!Ction. A tionrOlCic ,."hi"ito" JlUch ... ,ificllt" i, 
rf!Commended. Economic consK/e,.rion, lind .OIN m"!l";
tudt!s II~ discussed. 
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Solar Heating & Cooling, vol. 3, no. 5, October 
1978 

52 CETA Wof1(.ers Install Rhode Island System 

53 Domestic Water System Designed for Mid-Atlantic RegIon 

54 Collectors Vertically Mounted In Domestic Hot Water Retrofit 

56 Trickle-Row Collectors are Main Component of Simplified System 

57 Impressions Restaurant Combines Active and Passive Systems 

1 S SOLAR ENERGY .AN ANSWER? 
Gordon F. Tully. 
House Beautiful, Jan.1978, p.6~,6S,98, 

Dazzling in theory, potential power from the sun has en
joyed a heyday in the press. We asked an expert to ten the 
truth about solar energy for noW and the years ahead. 

SOLAR HEATING & COOLING, v. 3, no. 6, December 
1978. 

APPLICATIONS 
J.'l!.irs!._<?'pera!~~~~~_~o~~r Ener.~~.!.n~t~lIa~o~_~n Textile In~_us_l...;:ry~ __ 

~12_~:aslde SOla,r Sallbo~!.'p'£.I~ Water·to·Airin Draln·Back Syslem 

14 
16 
21 
23 
28 
_~O 

Active & Passive Make Prominent Statement ____ " __ -_,--.-.-M .. ___ '"""""'~ ________ _ 

So 1m Cleans Up at Doughnut 'Factory' 
. ~~--------.-~----.------

Solar Meets Environmental Health Laboratory's Hot Water Demand 

Draln·Down-System Assures Freeze Protection 
---"", .. 
Villa Doubles DHW Collection with Two Solar Systems 
~ __ ... ~. _ _".,_O+O! ..... __ < __ ... _." ... ____ -;....., ____ ~ ___ _ 

A Ke.v to S~lar Heal In Mldd.!!.~~~!~~~ 

-~".-

[~",:~'$l .• "V,",~.j"" i!~ 

ABSORPTION EQUIPMENT FOR SOLAR AIR 
CONDITIONING. 
Lynn A. Stump 
BllUding Systems Design, Vol. 75, No.4, June/ 
July, 1978, p. 36-45. 

Following Is the outllne-o' It talk about "aome Intere.Ung things which 
have been learned to date about absorption equipment for solar air con
ditioning. 
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THE SOLAR DECISION BOOK - DECIsIorfill:~ BANKTIDr 
COLLECTED ENERGY, by Richard R. Montgomery / 
Jim Budnick. 
Solar Heating & Cooling" vol. 3, no. 6, December 
19'78, p.36-42. A building's hot water needs vary ac

cording to the occupant's lifestyle or 
,,"orkinf! schedule. A building's 
space hcating needs vary according 
to the weather. The collectors in a 
:iolar cncrgy system normally do not 
C<Inecl usable energy for more than 
six hours a day. With ~torage 
capabilitic.'i, the systcm can ImlVide 
heat and hoi waler as needed, night 
or day. 1'I .. ~ardlc.'is of the .·cather. 

'l7e·2H'2, 'enna,"'a. U .... ~_ o.,t. of 
Mechallica' Engineering and Applied Mechenics. 

.:TI .... IE .. ATU .. E MEAaU"IEMIENT AND.N,O.. aELEe
nON FO .. aOLA .. HIEATING ANO COOUNO aY8TlMa 
Hoam liar 1978 2 t P refs Presented at Cont. on Performanca 
MonitOring Tech. for Evaluation of Solar Heating and Cooling 
Systems, Washington. D. C .• 3·4 Apr. 1978 
IContract £G·17-5·02-41421 
ICOO·4142-3; Conf·780432·51 Avail: NTIS 
He A02/MF AOI 

The different methods for temperature and temperature 
difference meilSurement are described as, to their eppIicability 'to 
solar heating and cooling systems. 'The major commercial 
tamperature MnSOrs are surveyed, and their technical and 
economic a.pects are discussed. Inatallation at1d crtlibfation 
techniques ala recommanded. The tampelatuJe manu.ing 
systam implemented in the Univ".ity of Pennsylvania Sola. Row 
House aa a consequence of the above considerationa is 
drncribed. DOE 
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N71-21ISI' Pennsylvania UniY. Philadelphia. Dept of 
Mechanical !;nglnee,ing and Applied Mechanics. 
STANDARDS APPLICABLE TO PERFORMANCE MEASURE· 

• MENT OF SOLA" HEATING AND COOLING SYSTEMS 
Noam Uor 1978 8 p 
(Contract EG·77.S-02-4142) 
(COO-4142-2; Coilf-780432-4) AvaiL NTIS 
HC A02/MF AOI 

The advantage of the utilization of existing standards in the 
performaoclI monitoring of 50la' hltating and cooling 5vstems is 
discussed. Existing applicable measurllm'lInl standards and 
pntcticllS .rll listed." DOE 

'M - Sout.hMstcon ~ion 3 (bnferF.!uoe, Atlanta, 
('..a., 1 q7f\. 

J\ creative e!(ctlame of ideas ••• clt)7P 
5 
.I1M~ 
lQ7A 2. The Use of TRNSYS to Simulate Solar Heating and 257 

Cooling Systems 
K. C. Bordoloi and J. Meadway 
Department of Electrical Engineering 
University of Louisville 
louisville. KY 

4. A Microprocessor-Based Control System for Solar 545 
Heating and Cooling 

R. A. Payton and T. M. Murray. Jr. 
Department of Electrical Engineering 
University of Louisville 
Louisville, I<Y 

SOLAR HEATING FROM THE HEART, by Wendell T. Robie and 

Robert M.McChesney. 
Sunworld, vol. 2, no. 3, August 1978, p.63-65. 

Requests fpr solar-energy financing 
have been coming to Heart Federal 
Savings for several years. In research
ing these requests for loans, this north
ern California bank found that due to 
recent sharp increases in utility rates, 
certain savings could be made by the 
use of solar energy. For this reason. 
Wendell T. Robie, President of the 
Association, together with the Board 
of Directors approved the use of solar 
energy for their new office building in 
Auburn, California. 

~, ~ .... _",.,;\., ... "".--.• !' .. ,,'""'.;..,t...p;';-.... -_~ {' .~>~ .. a.. .. ~~ i~v~..,.", 
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DESIGN OF SOLAR HEATING AND COOLING SYSTEMS 
FOR NONRESIDENTIAL BUIlO!NGStN THE' ~ST 
NORTH CENTRAL REGION OF THE UNTTEO STATES. 
R.K. Newnan • v.2 

731 

NACON 78 (IEEE 1978 NATIONAL Aerospace and 
Electronics Conference, v.2, 1978, p.862-

Descriptions of various solar heating 
and cooling projects in a~ area in which 
60 percent of th!LU.S.P9pulation lives 
are given w,ith emphasis on the Troy':- ... 
"Iiam County Library system which was put 
in operation this past winter. Instru
mentation and .control strategies for the 
various moUes of operation are discussed 
for this system. the Columbus Technical 
Institute Phase V. and the Stark County 
Library buildings which will provide both 
solar heatLng and cooling-

The use of solar energy to provide a 
large quantity of domestic hot water. 
swimming pool heat. and assistance to 
heat pumps is discussed with respect to 
the Deer Creek Lodge solar project. Brief 
descriptions of solar heating systems for 
a Dayton Fire Station and a Hound Labora
tories building are also given. 

SOI;.AR HEATING & COOLING: STANDARDS FOR A HAWRHlG 
INDUSTRY, by Mat Heyman. 
Dimensions, vol. 62, no. 12, December 1978, p.5-10. 

APPLICATION OF SOLAR COLLECTORS TO RESIDENTIAL 
SYSTW.8. 
J~mf'S Norman 
Building Systems Design, Vol. 75, No_ 4, Junej 
,July, 1978, p. 10-18. 

Residential solar systems .re not p.rllcul.rly complic.ted but do require 
good piping and Installation practices and some Innovalive thinking. 
Collector localionr slope, and orientation .re Import.nt, but the 
southern parts of our country, especially from Central Florida 
southward, give a deSigner a very broad lalilude, especially for systems 
with a relalively constant year-round energy requirement. such as 
heating domestic water. The economics of a solar system should be 
handled as a return on the investment required for the system rather 
_han as a stricl pay back, since the solar system is an Investment and 
should, II properly applied, maintain its v.lue for many years .fter 
Installalion. 

1 
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SAWING SOLAR COSTS IN HAlf. 
A. We;nsteln, et al. 
Solar Heat;ng , Cooling, v.3. 

no.5. Oct.1918. p.~8-51. 

;: 

\ 

'llow II Works 
The, WeslinghoUSc Native Sun 1M 

S()lar.Assisted -Tcll1plilicr (S-A .T) 
hot water system is a combination of 
a solar energy collection system with 
a Tcmplilicr heat pump. They 'are 
piped together physically :\I1d opera-

tionally. 

A7.31.19 NRC .,.., -,"orinl ,",,",", •. 5. A. Barakat. 
W. E. Carscallefl~ and B. E. SilJbitt (National Research Council. Div • 
of Building Research. Onawa. Canada). In: Rell1!wable alternatives: 
Proceedings of the Fo~th Annual Conference. London, Ontario, 
Canada, August 20·24, 197B. Volume 1. (A79·31401 12-44' 
Winnipeg, Solar Energy 5qciety of Canlida, Inc., 1978. 14 p. 

As part of the federal solar heating program, the! Division of 
Building Resedrdt of the National Research Counci' is responsible for 
an on-going monitOfing program of various sola:- installations. The 
.ims of the program arl~ to determine the solar oontributlon to the 
heating needs of buildings, to provide tedtnical data fOf' validating 
solar system simulation 'design methods aodto permit analysis of 
subsystem performance. The ptper describes the different levels of 
monitOfing ilSed by NRC .00 lish the buildings in whidt these 
monitOfing systems are or will be Inst.ned. In p8rticular. I 

description is given of the monitoring equipment instliled in twelve 
federally.funded solar 'hNted. ttomes, as well as thflir installation and 
calibration. Some of the problems associated with the monitoring 
systems are also discussed. (Author) 

YOU CAN BUILD NASA'S LOW-COST SOLAR HEATING 
SYSTEM 
Graham Gross 
Popular Science 
Vol. 212 no. 2 
p. 106-108 
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Feb. 1978 
~EngineerS·nt NASA's LAngley-Re

search Center in Hampton, Va., 
have written a do-it-yourself hand
book for homeowm!rs. It describes 
how to build and install a soJar 
heating system that could cut 40 
percent from the heating bill of a 
house immJated to :1974 FHA 
minimum standards. 
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5. A Microprocessor·Based ImtrumentJItion System for 549 
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SoI<!r Energy Research 
C. H. Spencer and T_ M. Murray. Jr. 
Department of Electrical Engineering 
University of louisville 
louisville. KY 

~_lD8, ~1~-~ &V!>~ 9ymosim, IDs 
Ameles, 197P. 
,~ter J.J:)S ~1f!S "rna ~..X';JV ~un 

• Inlhuol1!nlation for Oplimizinr Solar /1,./ ") j , ., 

"calinl S~lems - Gary L. ra'~rr. Jel ',"'" I Ins 
Pfilpu\slon laborafory • 

Anqeles 1bmcil of ~."Iftd Scientists. 
II: ~rlam Nuclear SocietY. Io$ 1\ngel~ 
Section. III. &:ones: IDs 1\ngeles o:utcil 
of D1qineers -,md Scl.mti9t!1. ~ 
serlm - JJJs ~1P.fJ o:Utcil of ntq~..rs 

Solar energy heRlfng systems Involve the colketlon of nn Intermittently avallnhlc thermR. 
energy resource to meet lin energy need thnt Is usually continuous lind descrlbnl:lJ!' only In 
statlstlcnllerms. The energy must 110 drawn from storagedllrfngtimc8 wheh the demllnd 
exceeds tM ImmedIate supply_ The eollectlon capability rnU!!t be t)tlffich,·nt to ntc('t tbe 
Immedlnte 'liemlUld and to rechRrge storage during collectfon opportunities. The opUml:r.ll
lion of such a system requIres approprlntely sizing the somr collection apparatu8 and 
beat storage means In relatloll to the expected heat demand. Integrations of the tlmo his
tories of Ilvnilnble insolation and heating lond cnn provide Information to appropriately 
size .the solar coUector f( It Is assumed that the system contnlns adcqulltc thermRlewraR'! 
capacity. To accurately determine what would constitute adt:qunte storage, however. 
requIres knowledge relntlvc to the time Integrol of the Instantaneous difference betwccn 
the insolation and the load. Data Is not directly available In this format 81nce It 18 a ftJnc
tlon of the particular system belngdeslRTled.1n nddltlon, one of the principle problems 
encountered In many locations. especially rural areas, Is ttll acquisition of apprOl'rfRle 
meteorolOgical data. An Instrumentation system has been assembled which gatlle,s the 
required data and preprocesses Jt to It form that directly facilitates the energy system 
desIgn. n contains a pyranometer to mC8l!1Ure available Insolation. an ambient tempera
ture transducer to estimate heating load and electronic circuitry to dlgltnll\' Integratf' 
both of theS(l as well as their difference as fIln£'Uons or tJme. The measurements arc 
scaled nnd pro('cssed sllch that the datil produced CM be directly flpp1led to lhe design 
opt!mI7:ltlon pro('ess. This trentlse wl1l dcscJ'iJw the amd,ytknl bas.s of tile Instrument., 
tlon, the prototype \'crsf'lIl of It amllhc results of n. trlnl opcrntioll Jl~rlod. 
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N1 •• 301121 Los Alamos Scientific Lab. N, MeIl, 
COMPARATIVE ECONOMICS OF PAISlVE AND ACTIVE SYSTEMS . __ . -- . -

J. F. Roach, S. A Noll. and S. Ben·Davld 197B 41 p refs 
Presented at Ihe intern. Symp Workshop on Solar Energy. Cairo. 
111·22 Jun 1978 
(Contract W.7405·eng.3fl) 
(LA·UIl.78-1878; Conf·180667·3) Avail~ NTIS 
HC A03/MF AOI 

As the in' Jrest in solar energy applications for residential 
space hp~ling grows. it becomes imperative to evaluate the 
economic performance of alternative designs. One passive design 
15 concentrated on-the thermlll mass storage wan. The economic 
Performaflce of this design is examined and subsequently 
contrasted 'with one active design-the air collector/rock storage 
system. Arthite;;tural design criteria. solar performance characte" 
iSlics, and Ihe incremenlal .00ar cost of each design is briefty 
reviewed. Projection. of conventional energy prices are dis· 
cu •• ed. along with the optimal sizing/feasibility criterion employed 
In the economic performance analysis_ In addition. the effects of 
two inc""~ive proposals-income ta. credits and low interest 
loans-upon each design are examined. Results are reported on 
a state·by-state basis for the U,S,. with major conclusion. 
summarized for each design. It is generally the case that incentives 
greatly enhance Ihe economics of both system design,. al
though the contrast il greater for the passive design. AI,o. against 
the iess expensive conventional fuel. (natural ga, Ind heating 
oill the passive design WI. shown to offer a more cost affective 
alternllivII than the Ictive .ystem for most stales. DOE 

N19.3182S1 Sandia Labs .• Albuquerque, N. Me •. 
HAZARDOUS PROPERTIES AND ENVIRONMENTAL 
EFFECTS OF MATERIALS USED IN SOLAR HEATING AND 
COOLING ISHAC) TECHNOLOGIES: INTEltiM HAND· 
IIOOK 
J. Q. Scorcy. ed. Aug 1978 226 p refs 
(Contract EX·76·C-04·0789) 
(SAND·78·0842) Avail' NTIS HC A 11/MF AOI 

General backllround information related to SHAC syslems. 
how a particular material was chosen for this handbook. and 
codes and standards are given. The following are included: 
classification scheme and genmal properties of materials used 
in SHAC systems; chemical composition. thermll !tegredllion 
products. lind thermoxidlllive products: to.ic properties and other 
potential health ellects 01 SHAC malerials. fire h"ard ptoperties 
of SHAC malenals; and environmenlal effects of end disposlIl 
for SHAC materials DOE 

NIO·101Q~~' !!!>n.V'I!I_elf. Inc.. Minneapolis. Minn, 
OCMUlGEE NATIONAL MONUMENT VIStTOR CENTEIII 
SOLAR HEATING AND CODLING SVSTEM DESIGN REVIEW 
DATA 
May 1918 72 p refs Prepared for NASA and DOE 
(Contract NAS8·320931 
INASA·CR-1507061 Avail. NTIS HC A04/MF AOI CSCl 
lOA 

The design of a solar heating and cooling system is document
ed. Solar collector". dllsign approaches. system trade studies. 
and preliminary specifications are' discussed. K;l, 

..~~~""-, ........ ~ ....... , 

....- 'W~'-' - ... ",-;,··~"" .... , ..... >~~;_ .. '~.{.rlP> ... -... --· ['.~~:.£\.,~,~ ..... ~~~ 

NIO.1CM1S31 CQtor:odo Srale Univ .• Fort Collins Solar Energy 
Applications labs 
PRELIMINARY "NAlVSIS. OF _A TOTALSOLAR-HEAnNG-

"SVSTEM Finel ".port, Dec. 1971 ..... , 1918 
JamesA,_ Lenar. P Burns. and C 8 Winn Oct 1978 28 p 
(Contract EG·77.S.02-45461 
(COO.4546·4J Avail. NTIS He A03/MF AOI 

A sel of comp"ler simulation programs W3S developed such 
that the j.lrograms .provlde a useful deSIgn 1001 for the deSIgn of 
10lal solar healing syslems DOE 

Nao·1 • .., ~Ionevwell. Inc.. MinneapoliS, Minn_ Energy 
RII!IOIlIrc" tAtnter. 

COST-EFFECTIVE CONTIIIOl SVSTEMS FOR SOLAR 
M"nNO AND COOUNG APPUC"nONS Fi .... Report 
Ja". H. Pejsa. W. W. 8ass!!!tt. S. A. Wenzler. K. H Nguyen. 
Ind T .J. O/slln &.p 1978 180 p refs 
(SAN.1592.11 Avail: NTIS HC A09/MF AOI 

A melhodology is definl!d, and Ihe results are presented to 
I',iv. at Control recommendations for a varielV of climlle control 
system' designs. applicllions and- regions. strategies. functions.. 
sensors. actuators. Ind the controller" themselves. The-bul'k of 
lhe study effort • an lIilmpt to simul.tl and evaluale System 

performance for several representative residential end COmmercial 
heating and Cooling designs and thus to dllrive improved 
performance lechniq",",s wit!]in .cost effective ItOlllro' systems _ 
are diSCussed DOE 

NIO.108481 Notre Dame. Vnlv. Ind DIIpt of Electricll Engineering 

OP"TlMAl CONTROL STUO'ES OF A IOLAR Hr" T"~.a SVSTEM ... _ 

M. Somasundaram. James L Melsa. and Donaid R Farris 1978 
6 p refs Presenled 10 IEEI; Midcom on Election. Dina •• Tex. 13 D,tc. 1978 

(ContrlCt W-7405:eng_36J 

fLA.UR.78_2SS$; Conf.7812081 Avli!, NTIS He A02/MF A01 

PerfOrmance bounds were establiShed for a helling.,lfIIntilaling 
Ind air COnditioning Svstem in a SOl" healed Ind cooled building, 
Perfecl Icnowfedge of '!nvironmenlll cOllditions !!uch as ambienl 
lemperature. wind velOCIty 'lind insulation "!IS aSSumed in order 
10 delermine w",,~her prior !ltnowvfedge of Such rnformalion can 
be effectively ell!J>/oyed to reduce the IIrnouiot of lu.ililry energy 
Used_ n.e OPtimal conlrol study is based on e model!>f the 
flfIOOOo :sq, fJ. NalionalSecurity and Resources Study j:enler 
III lhe Los Alamos Scientific btboralory. DOE 
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1(l7n 

?,lationalAerosoaoo and Elect-..ronics ronfrreno:", 
navton, Ohio, 1~7Q. 
~~T '70 ••• 1n7". (~ard~) 

1. Design and Solar Heating and Cooling 
Systems for Nonresidential Buildings in 
the East North Central Region of the 
United States, Ronald K. Newman, 
Un;versif',' of Dayton Research 
Institute .................... , .••• 

2. Installation and Initial Operation of a 
Solar Heating System at the Troy·Miami 
County (Ohio) Public Library, Richi1rd 
G. Coy, Dale H. Wllitford. UniversIty of 
Dayton Research Institute • ••••••••.•• -

A7g.3'432 Collector end rio,. ."lciericie. in 101 ... 
.... ti,. system.. K. G. T. Hollands. J. W. Chinnecll. and M. 
Chandrashekar (Waterloo. UniversitY. Waterloo. Onlario, Canada). 
In: Renewable alternalives; Proceedings of the Fourltt Annual 
Conference. London. Ontario. Can.Jda. AIJ!P-lIt '20·24, 1978. Volull'14! 
1. (A79·31401 J2·44, WinniPt'9. Solar Energy Sociely of Canada, 
Inc •• 1978. 13 p. 10 refs. Departll'14!nt of .supPly and Services 
Contract No. OSUn.OOO99. 

A !!,!neral definition of lhe efficiency of a solar colleclor 
operating in a solar energy system is preseOled which gives a fair 
method of camparis,,;" of different collectors operatIng in Ihat 
particular apPlication. Based on comparison between Ihe ilrea~ 
required for Ihe actual collector and that of a perfect colleclor. both 
giving the same fracliOrt solar· the definition permits the definition 
of the aver. value of th!! collector input parameter. The concePt 0' 
the perfect collector also leads to a fair definition for Ihe efficiency 
of the slor. componl!nt in a solar heating Iystl!m. These paramelers 
lire evaluated for thl! special ase of residenti.1 SPlICe heating and 
S!!rvice hoI waler systems of the slandardized f-chart type opera ling 
in a number of ynadlan cilies. Simple methodl for collector 
comparisons result from the study and indicatiofft .re that a simple 
solar system do!sign method will follow. (Author) 

A79-314:JO A COlt effecti .. nrtical ai,/_e, 101. heati .. 
collector. T. H. Markowitz andR. L HummellToronlo, Universiw, 
Toronto, Canada). In: Renewahle alternatives; Proceedings 01 the 
Foullh Annual Conference, London. Ontario, Canada. August '20-24, 
1978. Volume 1. (A79-,31401 12·44, Winnipeg. Solar Energy Sodety 
of Canada, Inc., 1978. 12 P. 13 refs. 

A description is presented of a vertical air/water colleclor which 
combines high efficiency with low cost. The low-cost characteristics 
of lhe total syslem are ohtained bV utifizing an air system for heat 
collection along with a water system for heat S1Ofil!ll!. Tt.e heat 
eKchan!!,!r is in the top of Ihl! collector. It is prolected from freezing. 
and is availahle to transfer heat from tile collector to stor •• or from 

slllm!!,! to the building. The collector can be c~ns!ruc~f!d from 
ine)(ptlOsivl! materials. The inddent direct s~Iar radla,tu)ll IS a.l~ost 
doubled by employing a ,efll!!ctor~ made of mEKpenslve alumlnlled 
Myl~t plastic film. G.R. 

~. 

loreSses. 
:ronics 
Aerosna~ 

862. 'l'i tIp.. 

868 

T 
11\.5 
.I7A 
197Ft 

735 

~., '" ~,~ _ 'OJ ~,. .J.#': .. """' ..... " "'J"'\l'~~,~ 

A19-31424 ~ ~lIChes 'Of Itte lIPfII'opriate UII of 
101. It"",,, in nDrtMm dimate~. T. A.. l;!wand, H. P. 8ud!,IP.n. C. 
lves. J, LeNormand. A. SIIeJlon, -an1 L Gbanime <McGill University. 
S.,int! AnnP. d~ Bellevue. OlH!bec. C3nada). In: R"newabee alterna
tives; Proceedings of Itte Fourtll Annual Conlereno!, London, 
Onlario, Canada, August 20-24,1978. Volum" 1. (A79·31401 12-44) 
WinniPt'9, Solar EflI!fgy Sociel!i' of Canada, Inc., 1978. 18 p. 6 refs. 

A, number i)~ nove! approacMs in Ihe field Ilf .solar helltingal!~ 
proPOSed for an investi9<ltic;>o regardi", a utilization in cold climate 
areas. tallin!l into account attached solar rooms Of !l'eenlmuses, 
modified Trombe waifs, total roof canopies, solar heat pipes. and the 
long term pOtential of storing ambient heal. and (:Old lor the 
climatizi1t;lln of buildin~. It is felt thatlll"s" systems individuallyar 
in combinalion witb standard pauive heat !pin techniques, will malt.!! 
significant contribulions 10 Ihe solar hea,li", fi~ld lnth!! future. G.R. 

Institut.P.of! F.l~..ri,QP'l ~ ~.mniO!l 
f.hrJineers. n'-l("fion 6. 
Eledrfe Power Reeeareh lelltltate Rellde .... Solar lIat .. · 
ud (;ooIias Projeet • . • • • • • • • • • • • • ~ • • .47·' 

T. Michael Lechner 
Public Service Company Of New Mexico 
Albuquerque. NM 

The Public Serwice Ca.pAny of Hew Mexico (rWH) 
.nd the Lons 1818nd Lishtin~ Ca.pany (LTLCO) .re ~ 
p.nicip.tinS in A project funded by the ElectriC' 
Power lteaeuC'h InRtitllte (EFRI). The project will ell. 
result in five residentilll. sobr aUSfI!I!nted he;tt in~ CS 
.nd air conditionins syst~s for the Albuquerque n 
lire ... nd five for the LOllS hbnd Arca. The ,rillM! 
contl:actor, Al:thllr D. Little COIIpaJ;y (AUL) , is "' 
expected to develop a .-odel cllpable of predictinll! .) 
80hr aystees tYlat. ,vill opeute in hal'1llony vith 
utilityayateea. An illporunt fellture o( this JIOdel 
vill be the ahility to (orecnt the i..,act.of 1I1013r 
syateas ~ • t.ypicAl ut.ility srid. 

"" and LILCO ue worUnll! in the C;tracity of 
particip3ting utilities and advise EFRI and AnL on 
queslionG' they h;tve rCSllrding the lIIO~el ta include 
!!au input. the utilities would Il101:1. likely' have 
avaibble anr! outputs thllt woula prove IIIOst belpflll. 
Each utility I:.~ pravided '51'ccific inrarm~Uon 
unique to .its respective oper.tion sllch 3S cost. of 
(uel, incr~nt"l de.and costs, and 1011,1 curv("s by 
the IIIOnth fOI: typical hoUdays and weekdays. 

tile IIIOde! developed wll1 lise the inCor.ation 
liven by the utilities u • basis COr establbhing 
hypotbetiuI ute structures that wi) 1 clasely 
pudll!!l .ctud cdst of II!lectric en~r&Y-". lIte.se will 
be needed ta cOlipute the bOllleowner's life cycle 
coata for the sobr ayatea. 

TIle (ollow-on ph8llesvill constat. of the ere.
lion o( workinl drswinss (or the ha.es. build ins the 
ha.es, .od .lao dat. satherins 00 the residence in 
118!.". 
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Envi ronmenta 1 Ac ti on Rep-ri nt Se"ie~ 

SOLI' A ENERGY CI'LCUtATlONS '" 
PROGnl'MS Fon POCKET PAOGAAMMI'BLE 
ElECTRONIC CALCULATORS by Henry C 
lend. 
TIlls m;o"ul'l h"5 /I <lumb". '01 solin I!"",gy 'ys,"m 
c"lcIII",.ons. des'9ned I". us~ on .lI1geb.itu; log.C 
<,,,IcIII,,'ors S'''P bv slep p.oq'i'ms fa. Oep'l!c,i" 
I",n furnl'cl! S"I!, " ... I<I.ngB .. ", ,Loss. He'" 8.n 
5".. Prn"Ii'h.hIV Ind.o, Pa.llbo'"; R'llll!clo., 511' 
'"c.' hI5nl .. "on, 'lind Wi"'" H()itl,ng SYstems 
1;7 Pilg"5. ""pl!.bollnd ,t 19781 , ' 54 00 . .., _______ , ___ +00_ , .. 

'ltI 
1413 
• 043 

Dean, '11'mfts S. 
'.lbeI:nB1 Storaqe IT. S.OeM. ·-PhilA

delphia: Franklin InstitutP Press, 197" • 
61 p. : ill. - (Sol1!r enPzoy series) 
Incl~ bihlioqraphical references. 
ISm o-®16f1o-05-S 

The problems of thermal storage are examined in terms 
of the design characteristics of systems to be used 
with solar heating units (active and passi~e heating, 
water, rockv and hybrid systems, and specialty 
designed houses). 

'.l\J 
n1f) 
• 1\19 
1911 

AIpen ~ ftmIwt. .,tII, AIIpen IMtlmte far 
It\mm1stic StwlJ.f!1I, 1 q71 • 

Solar architecture: prooeedJ.ng8 ot t:ht! 
1\Bpen JlleI:gy Foron 1971, ftly '-1, 2a, am! 
29, 1971, Aspen, Ch1oraoo I editors, ~ 
E. Franta, ~th Jl. Olmn r graphics, T. 
Michael Mmchester." - Ann 1\rtx)r, Mich. I . ~ 
Am l\d:x)r Science P\i)lishers, cl91~ , 

ix, 331 P. ~ ill. r '-~ ~ 
InclDB iMex. 

Z 
5853 
.H4 
E45 
1978 
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How to BUf Sofa, Heating" •• Without 
'Getting "!'fnttMltTcoTm Wens an.'1 'rwin 
Spelgang. Rodale Pless Iflc.,Emmaus 
PI. '''049. 1978. 266pp .. 56.95 paper 

This book is an answer to a prayer. n 
helps to answer such questions as 
whether 10 ,buy solar tleatlng, what 
type Is best for speclflc needs and 
fltstes, how to choose " contractor, 
how to make sure he does tile job, 
how to apply for a mortgage or loan, 

In additronto 'provlding thQrough 
CO\lerage, it's 'un to read. Topics such 
as Insul3tion. shutters, climate~ mort-
gages, contracts and building codes 
are Important, but can make dun 
reading. Not here! For example. amfd 
the checklist for materlal!t and' equlp-

- ment necessary for insulating an attic. 
a parenthetical note detailS the haz
ards of positioning walk boards care
lessly; "Nothing Is quite so surprising 
as stepping on the end ••• , :over
hanging a rafler, and having (the 
walk board) pivot downward as your 
foot crashes through the ceiling 
below." Wells, -tlnd Sp,elglin9-...-, 
veteran solar-house designers -
write with so imOch sparkle'ha~ the 
reader can hardly lay the book down. 

ER~er9':'.\1t'ft; A. 

--------

Solnr en2r~ for doeest~~_~eatln~ .8ftd 
coC'l:!.n~ : l\ b1b1iop,rftf'hy t/1,th abstr8cts, 
and a. !:urvey of literature and information 
isources I A. f;g~Cr8··:SU'rl\. -- Oxford : 
New Y~~k : Ferr,~n~~ Press, 1978. 

vI, .229 v. -- (Pergamon EuropeftD He1io-
Btud:!.es ; v. 2) 

Includes index. 
ISBN 0-08-022162-1 
1. Dwe111np,s- Rest1n~ and ventUation 

--Bibliop,raphi 21 Solar h~ntinR--B!bli-
ography. 3. So- at' Rir r.onditloning--. ..., 
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Mxlt:gQneIy, Richard H. 
'!he solar decision hook. : your guide to 
~ a 9OllI'ld inve9tmrint: / ~ Ridlard.H • 
fbltganer{ with .:rim l\1dnick. - Midland, 
Mich. : In.1 Coming O>xp., c197Q. 

31')~ p. in variOl19 pagings till. 
In The Solar Decision Book. I hflve rltlempled 10 present a 

logical and practical approach to good solarsyslem deC:;lgn 1 [. 
have religiously used information whIch has befm proven in 
the field, 

The book is opinionated, The opinions are mine Some 
may not agree with them. while othms will rccngnl7l1 a 
.rcstalflment of their own work. 

I would likr} 10 give Ihe reader the same challeng(> which I 
give' my c:olloagues at Dow Corninp: "The prov('n perfor
mance of cmlain components and systems has led me to the 
conclusions in the book. II you can present facts which I 
have ignored or overlooked that might require changing 
those conclusions. I will be happy to consider them. Unlil YOll 
do, this is where we start." 

As a new industry, the solar energy industry is having its 
sham ·01 growing pains. Many systems are failing, Many 
companies arc questioning lurthp.r involvement. 

Bul. energy shortages and spiralling prices demand the 
continued development of S')lar technology and other "solt" 
energy systems. They are essential for our future. We must 

press ahead. 

Write 10 me if you leel that I am wrong And.espccia!lywrite 
if you have a suggestion fQr a beller approach. component. 
or system Also, writp. il yOU have facts which I have seem· 
ingly ignored or ovrrlookf!d The solar husin(>ss needs all 01 
us working togP.t~I()r. 

SOLAR ABSOR"TION SYSTfH FOR- SPACE' COOLING AND HEl~TIHG. 

I. Shwarts and A. Shftzer. 
ASHRAE' J., Nov.1977, p~51-

Space heating and cooling are probably among the most promising ways 
for solar energy utilization in the near future. The purpose of 'he presen' 
study Is to Investigate the feasibility of operating the solar absorption 
system for space cooling and as 8 heat pump for space heating, Such an 
approach permits the year·round utilization of the rather expensive system 
of solar collectors which. has to be installed In any case.. The ther· 
modynamic analysis is performed for various ranges of the operation 
parameters selected to conform to typical Israeli climatic conditions. A 
number of systems have been conSidered. The 'results ind;cate that the 
H20·USr heat pump system may provide considerable energy savings in 
year-round air conditioning application. 
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lfarkne99, Ed'·T8I'd -L¥ 
SOl8~ rsd!ation control in buildin«8 , 

bv EdwArd L. Up.r1-_~~" Ilnd t!nden L. Menta. 
__ London : Applied Science Puhlishers. 

c1978. 
x11i,271 n. : ill. ; 23 em. - (Archl-

tecturftl science series) 
tnclu~es bihliop.rftphicnl references 

and .index. 
ISBN 0-85334-764-6 
1. Jrchttec-

ntion. 
Iluthor. 

1. 
II. 

ture and 901ftr rftdl-
~eht8. ft_ 1.., joint: 
Title. 720 

NI\ . 
'-5&2 .-

Wrltt1t:, ~n.d, 1(1"1-
Nllturalgolar ardd~ t a ,...l~ 

t)~.r / by navili ~iqht , t.ed1nic:al 
ac1vice, Jeff.~ t'hOk : ill., nennis A. 
AndI:ejJro. - ·NeW York: Van Nostrand 
Qeinho1d 00., clQ7P. 

.SF. 
W7A 

737 

2~S p. : ill. : 1.2 x ~o em. 
BibUoara~: n. '-11~?A'. 
Inclu-3e9 index. 
lS8N ~~~"-2~5R;-~ 
1. Arc'lit.ectur' .00 f'Olar radiatim.:'.. 

aolar 'hMtim. 1 •. Solllr h:Ju8eII. 
I. Title. 7~Q 

SOLAR ENfRGY AND LARGE 8UILDING HVAC SYSTEHS: 
Af?E TH~Y CmU'AnaLF.? 
iM. Heck ler. 
~SHRAE J.~ Nov.197], p.4)-

A well planned building designed with energy con. 
servation in mind goes hand' :lnhal1d with 'he baSic 
energy requirements essential Jor compatible solar 
heating and COdling systems. This article Is based on a 
Seminar presentation by the author during ASHR:4E'S 
1977 Ann{f81 Meeting ;n #talifsx, N.S., Canada. 
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1P.'~"'4,.-OepartlMflt 0' Enetgy.W~o:'I, D. C. Office 
of Conservlltion Ind Sollr Applicltions. 
,.,"YlIOLAR ENEROY .LANNINO ,AID ~IT .011 "" 
IUIiNtll COMMUNITY AND QENERAL ,uauc . 
1978 124 P Presented at the 2d Natt PIssive SOhl' Corlf" 
Philadelphia. 16 Mllr. 1978 
\Contract EM.78-C-Ol-42281 
\CONf.780337.P21 AVllil: NTIS HC A06/Mf 1'01 

T_nty.three articles Ire presenltld elch conlllinir>g informl-
tion repr_ntllive 0' soma pllnni"" lid ~pect of the III" of 
the Irt in pessiv. lolar energy. The articles Irc Ofgenized 1"'0 
fov~ clt~in: (11 passive lolllr Iwrollcll. (21 realbuildino- in 
diHerent !oclllions,13\ greenhouses Ind grllllnrooml. Ind (4) dMign 
ideas Ind mustrlltion!t R.E S, 

Nl.,~"'3' Depllrtmef1t Of Energy, Washington. D. C. OffICII 

of Conset:Y.t~ Ind Sol .. AppIicationl. 
.A,,,VE lOLA" ENEROY ,tANNINUAID ItIT '0" 
aUllDlNO DEIION ARCHITECT' AND 'LANNE'" 
1918 97 p refs pi8Senled.t Ihe2d NIII. Passive Solar 
Cunf. Philadelphia. tIS Mllr. 1978 
(Contract EM.78-C-01-42281 
ICONf.780337.Pl, Ava": NTIS HC AOS/Mf 1'01 

fourtHn IIrticles Ire presented ellch cGl1tlining building 
design and planning in'ormation for plSsiv. solllr e"ergy 
appicltion The Irticles ... organized 1;"0 th ... cltlgories; 
111 pllnni"" Ind Inllys;'. 121 residential bu~dillO'. and 31 offlC. 
bulldino-. In I aeplrlle section plSsi ... design ideas Ir' given 
along withpl.nni"" considerltion lipS. DOE 

1'79.13899 PrO!dicting thft performance 01 pmiv!\ solar· 
~atO!d hujlding$, E .Mazria (Malrix, Albuquerque, N Mell.!. M. S. 
8aker (Or~gon. University, Eu!)!!n!!. Ore. I. and f!. C. Wf!~~hn9 INI'W 
Me~irn. Univcrlity. Albuquerque. N. f,4ex.l. SUl'world, vol. 2, Mav 

1978.11. 4245. 
Thi' p3pl:r describes an analytical m!;ldel used to Il,edic! lhe 

perlo!man~ 01 lhermal·mass materials located in a solar·heated 
spa.;e heate(t by a direct·gain passivl\ svstem. Three confJguratlpn~ 01 
IhClmai storage mas~ are considered. and ~omptJtef simUlation results 
showing the relalion between external and internal tempp,ratures for 
the Ihl ce configurations and lor different mllerials ,re presented. 
The le$\IIIS indicale that passive solar'healing systems can supply a 
sil}ntlicanl portion 01 a builrting'$ winter space·heating requirements 
mI(l can maIntain relalively stable ,ndoor air temliP.rallllt!S. M,L. 

A79-46909 lmett.tlon D' the twIII* .... " distribution 
0If~ the width of the _een of low-tempe,."" 101..- wilt ... h .. ten 
with tub" • ., hellt rec:eior .... , G. h •. Umarov. R. R. AVf!Zov,and N. A. 
ltakharov (Akademi\a Naulol Uib~l;$koi SSR, Fizikc><Trkhnichesl.;ii 
Institut. Tashkent~lJzbek SSR). (Gt!liorrkhnikll, no, 6, 1978, p. 

4'.46.1 Applied Sol.". Energy, vol. '4, no. 6, 1978. p. 33·37. 7 refs, 
Trallsl~lion, 
IPreviously cited in i3sue 11, p. 2056, Accession no. 1'79-28671) 

.~.........e~" ....... ~ ........ ,_ 

~. ,h "' ~>·'""~'f':" Tet"f''-...t""'''''''''- ','<:" 

A79-31445 .... fld and noIelfld pastiwe .-b __ ift 
Mt",,, ... l. Palmiter. W. Qmydl,and R. J. Co<ben (Na\ional ~nler 
for Appropriate TechflOlo!lY. 8utte. Mont.l. In: Renewable alterna· 
tives: Pfoceedings 1)1 the Fourth Annual Confetence. london, 
Ontario, Canada. AU!lust 20·24,1978. Volume1.jA1!)·3t40112-44) 
Winnipeg. SI:llar Energy SQciety of Canada •• nc.,. 1978.9 p. 

Several passive solar test units h..,e been constructed lit The 
Natio". ~nt"r '00- ,Appropriate Technology. Tho! design. ins,""""", 
tation -and pp,rformar>ce. 0' the direct gain and Tro~ wall c:etk are 
disorsSlld. Preliminarv 'esul~s of • 1imple cotn~!!f model '0' 
simulating air andnClrage wan temperatures are prescntO!d. CAutflo,) 

.2NO NATJONJ\L PASl)!VF. SOLAR CONFF.RENCE. 

Tom p. Abeles Alternativ'e Sources of Energy, No. )2, June 

1978, o. 10-32 

~o'ar 
collectors 

CH-142,792 

738 

en 
U'l 0 
t..I ..0 

ii~~ 
t:I 

.r-'-<: 
~c;,;u 
Q C r 

z~'8 
_~o 

zCQ:J 
O..o-==NO_..00 
ell:: (",. :I: 
0--= 
:c t: o 

Z 

~_ .. __ ~.ftI~ 

UE..CiIGN MANUAL FOR 
SOLAR WATER IIEATERS 

(No. 201) S!'.OO 

".h,~ only pl3CC I've ~n $orne of ,be 
na.'I:~~'Y ca1cul:aliIlIlS" ~ J. Ibid win. "'be 
(',>cvulu.iun ()u;lI,clly "he on~li"s:. 
.1tt>1c F ... "" (";;a'al\'l!) ",7 

'Illis definilive .nanual is b3!iCd on year.s of cXpericJ1CC 
by :J praclidng ~olar design grou.,. II includes :I step 
by slell proccthuc for scleclinr: the 0l,limunt colleCl.,r 
and !II mage 1:1IIk. cllmpuling Ihc fuel $.1vings~~lItd liml. 
ing Ihe syslcm's rale of relllrn for boU. CUllstan' and 
increasing fuel r:lIC5. To ili.1 those nol familiar wit" 
solarwaler hc.-,Iing, Ihe manual conlains intmdtlctoty 
m:llcri:d amI wiring·plumbing diagrams for :II compicle 
Janl-'C of syslems. l'rufu!iCly ilIlJ:>tralcd, wilh m:my 
wmkcd Ollt cx:unplc:>, it will :lIlllw thc cngineer to pro
fcssiunally design $("ar wal.e, hC3ters. 40 ra~ 
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Solar Energy, v.l9, 1977, p669-75. 

LIGHTWEIGHT THERMAL ~UORAGE FOR 
SOLAR HEATED BUILI)INGSt 

TIMOTIIV E. JOIIN<;O:-l 
Oc,wlrncnl (If ArdlitcclUre. Mas~nchll~cIIS InMilUle (I( Techm,l,,)!},. ('~Olhlll'!!e_ M,\ II!IW. U SA 

(R(((irl'll I~ AII!:IIt/ 1976~ in ft'rim' (flnll 2~ 111",""" 1')17, 

J\"\tr~{I-I\ !lCy. \lllihliil!! clement i~ inlwdllc~lllhall!rc:'lly iml'nwc\ Ihe ihcfOl,'! :lnd ;m.:hil('(IIIr:t!I'~I[""lI.'Il':c ~ll 
I':\\\hclr !ic:,ltJ \hIlCI!IIC\, In'llI~lcII (eilill!! lile, ch~rl!cll willi Ihin ';.~cr\ "f I'll.l'I: th.Ulj:C 111.11~ri~1 ;ill' 1I\f,l ", 
\Iahili/e WOOl leOlI'Cr~llIrc, :lnll ~Iolc lart:c quanlitie~ of hcal ",illn'lIl Il\illt: wei!!hl' OI:.leri:." "h .... 11 .:trt' 
e'~n,i ... el\J "'1'1'1.11 ill Olullir1e ~I\lry .$I!U(l\Ire~. ~~l'c,i01cnlal anll ;,""Iylic;,1 'C~IIII\ ;nc I'I('cnled "hleh ,jl:lall 
Ihi: tile .JI('tfulnl:lnce. 

m 
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1\IIpen ,~Form. "th, J\8pen Institute for 
HmBnistic ·St~..1es.l q77. 

Solar architecture t pmoeeding8 of the 
1\Bpen &lergy FOJ:lI'I\ 1977, ftly 27, 2R, and 
29, 1977, Aspen, Ch1.oracb I editors, Gr:e:JOLy 
E. Franta, JCenneth n. 01BOn , qraphiC9, T. 

-'While the main emphasis is on passive solar design. attention is ch • 
also directed to greenhouse constru<:Iion. acti~ systems, alt~rnalivl1' • • 
energy sources, lIfld educational programs an solar energy. Topics 
include prediction of per!ormance of pass;,te solar-heated buildin~. 
energy.proceuTng building m'teri~!s. lelf""n.ting !llG~able insula· 
tion. northern windows MId Sollf .rdlitec:tu.e hlllCies. energy flows ___ 
in greenhoU!es. wlif collector sizing. lO"" "';nd po- IS a viable~u 2) 
_rgy sotirce. Case studies of projectS in Cq'orado are f!!POrted.llnd 
so/arenerg'( resource cl!nters and their ",ororllmS are characterized. 

THERMAL EVALUATION OF A HOUSE USING A MOVABLE-]NSULA
TION HEATING AND COOLING SYS'l'EM 
Philip W.B. Niles 
Solar Energy, v .18, no. 5, 1976, p. 4l3-1l-l9 

""~trad-A fllll-~il.e hnme ulilizinf; a he~lilllt and elJ()lin~ ~y~trrn com(lO\cd of roof w.llrr·h.lg~ inlermillellll), 
(llYered wilh insubli~," Wa~ desi~ne,1 and 1e\lcd in AtasClu'tlO. California O~ N \:11.1. Twenl)' cenlimelel' \.11 in.) of 
Waler scaled ill plaslic ba~\ wilh i""alable covel'$ re~led on the metal ceiling which conled Ihe 10! m 'living ~racc 
The movemenl of Ihc Scm thick ro1yu,ethanc in~lIlalion rancl~ wele ;mlomaliC:llly c\JIl',ollcd \0 maximizc Ille 
healin! and cooling rotenlials of thc systtm. With family occurarn::y. the h(!u~c rcmain!;d comrorlable in bt'lh 1M 
hcalins and coolinS ~cawns which were tYI'ificd by daily avera.sc oUldoor leml'cr~turc~ IIr liT (.&1'1:) and 2!"f t1!'FI 
respectively. No 3u"iliary healing or cooling sy,temi were 1:mr1oycd dU!i~ lhe 9,monlh le\\' ()pcralinl 
characteristics were favonble. Desisn p:ifilmelers and rcrformancc dala afe given. 

i39 
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Enyironmental Actton ~eprtnt Series 

SUN ""Rl"-»ew TO ""PLY FREE (I\I(RGY 
SOURC(S. :f0 OU" IIOMES "NO IIUIU)INGS. 
~ Rkh.,d·Cro ... ,".' of Sol •• Group ",c;lt;I"C": 

,,' 

Con,'elt'red 10 be Itt. ,aurc&boolt for Info,mallon 
on Sola, Pa,,[ve building -dl!<sign Ewplaln •• willi 
hund'ed, 0' lIIusiralians. ~a .. 10 m~"" you, 
hou!& ~nd 'il~ lIet as. !lolli, collector. Oe,a""., 
desc.lpllon, 01 houseund commllfcla' bulldl"O' 
.se,Tgned ..,d buIlt by Ihe SolarG,oup dr.maflc:
.IIr here.,. eIfI4I', "."!!fl"" 'S 10 Ih •• flecllve 
eppllc.llon 01 SptarPn,lve desIgn, Acllv. 

7Jf/O; 
{76 1'Ill 

c:ollf!ICIOf' '1".m. are ollen 'n'~ra'ed "nlo the 
".,,'v. ""gn,. r.,ulllng In !!nt'rgy oPllml,1td 
."UCIUfH. 
:I'll pltpl, IP.pe.bound Ie t977, 1& ~ 

,."',,~_ " ...... ' :r .... "*''' __ . __ ~_, __ ""~_t', ___ ._,,,,,,,,,, 

HE'RE' S A P,AS'SIVFlY HEATED AND COOLED MOUSE 
THAT YIlU CAN AFFORD ---AND WILL "ANn 
Jesse Savell 
The Hother F.ilrth Nc\"s, "0. "?', November/ 
Oecp!'1be,.. 1977, p. 117-118. Saweft Sysiem ..... 1 .. ec. 

compllst;es 811 Its magic enero, N¥lngs 
-end. 0'''1 ~~ ~e-wllhout Iooitlng 
"slrange" or In any way different from the 
kind 0' housIng thaI we've sil grown used 
to. And th., cost of one of these "wonder 
structures" -complete on a clly lot. In the 
suburbs, or out on YOlOr f~vorlt. patch Qf 
countfYland-ls directly competltl'(e Wl~h 
loday', "~Iandard"(and 'father ,Ieazy) 
wooden·framed dwellings' 

~.<:'!!I'!'"",~~~ 
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TJ J\S!8l ~ ftmn,4th, 1\8pen Institute for 
RIO IfmBnistic St~if!S, 1 Q"77. 
.A'M Solar ardlit:ecture : prooeeding8 of the 
1977 1\Rpen DIergy FOJ:Un 1977, ,try 'l7, 2R, and 2.1· 

PASSIVE SYSTEMS Aspen, (bloram I editnrs, Gn!gtJI:) 
• E_ F AIIIlta, ~ ~ Ols'm J qranhics. T. 
CONCEPTS OF SOLAR ARCIIiTECTURE. ARCIIEO· 

ASTRONOMY AND AUTONOMY 
Jeffrey Cook 

"ARCHITECTURE AU NATUREL" • 
David Wright 

IIUDOLlNG TOGETHER IN MOTIIER EARTII 
Fredric A. Benedict, AlA 

.~-------------------
KEEPING A COOL ~1EAD AND WARM FEET • 

Keith Haggard 
PASSIVE SOLAR HEATING OF BUILDINGS • 

J. O. Balcomb 
PREDICTING TilE PERFORMANCE OF PASSIVE SOLAR 

HEATED BUILDINGS • • • • . • • • • 
Ed Mazria 

ENERGY.PROCESSING BUILDING MATERIALS • 
Day Chahroudi 

SELF.INFLATING MOVABLE INSULATION 
Ronald Shore and James Gronen 

NORTIIERt!l WINDOWS AND SOLAR ARCHITECTURE 
FALLACIES • ,. • • • • • . • • . 
Raymond N. Auger 

HEATING REQUIREMENTS FOR BUILDINGS 
~ William ~'. 1fa'rmon .,# ".' " .. 

1 

17 

29 

4. 

S9 

89 

101 

107 

III 

115 
8 

ENERGY PERFORMANCE OF SOLAR WALLS: A CO.."UTER 
ANALYSIS 
Francisco Arumi and Mo Hounmanesh 
Energy and Buil~ings 
Vol. 1, no. 2, October 1977, 
p. 167-174. 7',,;s lmper illustrates hoI(' the ('omp,,'rr 

model (or tI,e Dynamic f:,,('rJ:Y R('~pmlf:r 0" 
nuUdings (I)lmolJ) COIl II(' uscd stt('cr.'>S(lIlly 
to modd the IJl'r(ormance of I",s, .. i,~e solar 
s)'sk'm~ wilen illtrgratcd into a s/)cd{ic slmC'· 
turr, ami it at$() stltml'sts po~i"'(' IrorioUoU!; of 

• the Trombc M{dracl wall for its 0(la111at101l in 
dimatcsli1U' 111(' onc in C('nlml T(·.\'as. f)f;1l0Tl 
is a fully dynamic r('.ward, I,m/,'Tom 11,01 has 
bren in operation sillc(' J 97:J a"d ii indud('s 
(ull "lermat coupling ammrg tI,<, C'ouslilul'lIl 
moms of a lIlIilding as well asa speclro!iCopic 
analysis of glm: .... Tlriscalml1ility p('nuils 11,(, 
direct wm of ti,e p.f'O"nm for t',r mmty:;;s of 
solar wall ... by trcatillg tI,e space 11(" wren tIre 
I!las,'i aml a,c a"sorbi"g slIr(acr as a l'iram',rr 
tllcrmally eml"Ica 10 the ()c('ltIJic(l $fmc(' Ilia 
the ',('at f\tomge "chaml,crn itr t/,<, wall and 
op<'ro111e ainlrtcls. Various wall cOIrfigumliolls 
arc analyzed and clas,<;ifird aC'('onlillg If) III('ir 
'ret ammal performance. 

S'QJar Heating ~ Cooling, v.2, no.S .. Oct. 1977 , p. 
. 

Seniors' Water Solar Heated in Pioneer Institutional ApplicatlPn -------<-- -~~'~_4_K_'''' __ 

1 0 What's the Best Tank for Solar Hot Water Systems? 
--"'--'--.--------~ 
13 SoJar Hot Water. Where to Get II 

----------------------------------------,-------~~----30 North Carolina Res,dence 
___ ~"'_N_'" ___ "' ___ "'_"''' .",,-.,_.~ _____ _ 

33 Virginia Residence 

140 

"~~' 

-1 

I 
t' 

*: t 

I 

· . " ~~JI ¥ ~.H ___ ~ ,-_.~~~_,_~-=>A;."~ .. _.~ .. __ ._"""'--~ "'"""_~i!!ItMb-•. ... __ ~ _ .. ___ .• _""'._ Jd._,,," __ ••• _Il!!l!l .. .J 



-. t", ! ,. f* ' ... ;'1\':'1-' ,.;:','". >, "l!i:1'1"
F

i't' ',~---------""-

~ ," 
~ , ~ ,~ . .. 

}L~:L: 

. ~ 
'. 

f 
1c • 

;. }' , .. ,. . 
~ , 

!' . 
, '1'.' 
", "1. 
~ '.i ,\: 

~~"i.t.! 
ti,'."1 f;.,.~" 
~ .... "'1;'-
~ ... )f.~ 
l~'- i':~ 
~~~~ 

f'''I'··~··'~· . ' I :: I 
" J 

[ 
~ 
~. 

r~ 
! 
~ 
I 

I , 
~ 
~, 

.. "'" c'.c;~' 
~, -f;:' 

~ 
~ 

1 

TH 
1,n:7 
.t'37 

Pal!l!l \.1.. Ka d S;)lar heating ~n cooling: rotcnt ... , 
advan{'.!;}$ I J. It. P~nl~ ... - Park r.1d9~. H ... 1. 
: ~~ye$ O~ta COrp •• c1911. 

x. 485 p. : "ill. ; 2~ em. (£nsrgy 
tl;c~:!olo!T~ n",1~ ; noe 15) 

DOMESTIC HOT WATER SYSTEMS ••••.••••.•...•.••••....••••.••. 397 
Water Heater with Spherical Lenses. •••.•..•..•..•.•.••..•••••..••• 397 
Closed System for Thin Film Heating of Heat Transfer Fluid •••••.•••••• 3~9 
Collector with Inflatable Eiastic Member for Use at Freezing 

Temperatures ........••.•.•....•••.•.• , •••.•.•••••••••..... .403 
Multielement Semicyli'ldrical Collector ..•.•..••..••••••••.••• , ..•• .406 
Single.level Storage-Type Heater .•.••••.•..•.••.•.•.••..••.••••• .409 
Closed System with Heat Trap. . . • . . . • . • . •. . . •• •. • ..••.••.••••• .413 
Flexible Domed Collector System ......... , ., •• , •.••.•...••••..•• .417 
Differential Amplifier Control for Water Heater ..•.•••.• _ •..•••...•••• 420 
Solar Absorbers at Different Temperature Levels .•.•. , .•.. , .••••...•. 425 
Collector.Awning Device for Mobile Home .•......•..•.........•••.. .428 

SIMULATION ANALY.SIS OF PASSIVE SOLAR HEATED 
BUILDINGS - PRELIMINARY RESULTS 

J. D. Balcomb, J. C. Hedstrom and R. D. 
McFarland 

Solar Energy, vol. 19, no. 3, 1977, p. 277-
282 

Alnlracl-Sol~r g:lin~ through winlll)\\'5. w~lls. nll)dified w~II~. ~k~'lights, dercstory ",iOll"w,. :lIlll roof sc~tion~ 
provide an opportunit~.todramatieally reduce the total healing ener!!y .equiremcnh of ~ building. Many ~uch p~s..;ive 
solar heating dements are currently available 10 a desil.!Rer present in!! a l:trl.!e numller of possihle system desi!!ns. A 
computer simulation ~naly5is has Ileen employed 10 aid in the 1>dection of components. The reslllts indicate that a 
perf()rmance comparabie to Ihatof a conventi()"al active solar heaiing system should he achievahle in an optimilcd 
deSign pa,sive solar heating system. The placement and typC of thermal storage is crucial to good rerformance. 
Mov~hle insulation or Ihe window increasc.' Ihe perrormance. When lI,ed in conjunclion with ~ conventional he~tin!! 
system. temperature variations in the buildin!! can be reduced to tho~e normally cllrerienced. 
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Technical Note - THE ARCHITECTURE OF A PASSIVE 
SYSTEM OF DIURNAL RADIATION HEATING AND COOLING 

Kenneth L. Haggard 

Solar Energy, vol. 19, no. 4, 1977, p. 403 - 406 
Tn ATA.':AIDO noltn In: 

AI Calirornia Polytechnic Sbltc University ,a 2 JT eVlllualioft of 
sue" II rassive ~)'Sle", has been carrie" out with fullds rrOlll 
HUD. This syslem, developed by Mr. Harold lIay, OfICfIles 011 
lhe s:.me !'rindrks as IIIMI vernacular huildi..., fotllld i" lhe 
Itod~ry dilllates or lhe wmld. usinl h~ heal capllCiCy 10 
IIMIIferlle diurnal Ulrl:l'IICS of lemrenlure. Use or IIICMIent 
plaslics 10 cOIIblia Wiler ancl create IIIOfthie iMutatiOll .., .. 
1M use of diurnal rndialions (incOlllinl solar radialion for heatitlt 
and nighhky cut·radiation for coolinl) 10 rnainl,", II IIIOddate 
IHll'Crature. This nellible sysletll plus modern tleclrotlic cortIn!h 
.llow ror II more effective and dlcient operatioft thH Ihli of ihe 
tnditional adobes .nd heu, IIIUOIIrJ but1dinp lypicaI of hoi.., dimates. 

THE BEALE SOLAR-HEATED SUBTERRANEAN GUEST nOUSE. 
The Mother Earth News, no. 45, ~'Jay/June 1977,· 
p. 81-82. 

IrMgIne •• 0f8'·,....tect cottage with .no 
Collectors, no pumps, no storage ""', 
no 'hermostats, no heat exchlmgers ••• 
none oUhe trappings 01 convenllonal"ac· 
11M" s'Olar healing Ins lalla lions. Then 
Imagine that same dwelling recessed Inlo 
the .Ide '01 e hili ••• and you've got. prell, 
gOod Idea 'Of what William T. Beale's 
11,000 s'Olar·heated gue.t house I. all 
about. 

. 350 
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r.anaiHan Ctmgress of .~lim n£.!ChruuC9, .• 
fth, T!niversitv of. nritish f'..olU"6la, 1!J77 • 

r.;\!r»t 77 ; proceedings = f'..t1'ntes ~ 
/ ;'. I.T. ~t:cli, ed.i.tnr. - [s.l. : g.n., 
19771) 'loLl. i v. (xli, 1051 p.) : ill. ; 28 ~. 
l~ld 'laY 3(' to June 3, ln77. 

Pass;~e Solar .Heatirrg in a Northern Climate 
R. R. Gilpin .. - - ~ 3f") 
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B. Givoni 
Energy and Buildin9s 
Vol. 1, no. 2, October 1977, 
p. 141-146. The paper describl's a 1tt'1I! S)'S[('I1I, tllr 

Roof Raciiation Trap. It'bicl1 IItilius solar 
energy for heating of buildings ;11 winter and 
nocturnal radiation {or cooling ill summ"r, 
The radiation trap cmlsists of {i;(('r/ insulating 
layer scparated {rom till' (Ial roof ami glazi1lg, 
protected II);. hingrd insulating pallr /, ill tile 
southern gap between tile roo{ (l1ld ale {ixed 
ins~~lation. This fixl'd il1sIlIatillg loy"r i.r; ('(nrcr~ 
cd by corrugatcd mrtol shcrl.c;. painted whitt:', 
wliicll.'Wrvc as nocturnal radiator.; in slImmrr. 

The radiation trap is illirgmkd with the 
building. thermally as l1)rll (IS ard,Urcturall,)'. 
.In willter tile sun cnrrgy J}('IIC'lral('s through 
the glazi,tg and is abwrbrcl dirrctly in tfu' 
roof, which .scrllC'.'f nc; a combiflt'rl ('ollrctor. 
storage {or one nighl 011(1 Iu'ar (Iistribution 

s)'stenl. . 
The hot air in the !;l'acr lJ€'lw('en the {lal 

roof and the fixed insulation is blown into a 
thcrnltll flloragc o{ grat'('{. lmrlrr tTl<' (Ioor or 
inside tilt? building. Tile slorr(/ /tent is "rcrOl'
cred" by {orccd C01Wl'ctiOIl eluring cloudy 

days. 

SOLAR BATTERY FOR PASSIVE HEATING 
Edward Moran-

popu1arScience, vol. 210, no. 6, June 1977, 
page 94 

'~;;-'r jii ~""'" _",-::'-._ ,,"~,,_ ... 'V"_ r: _ 

SOlJ\q SPACE HF.l\ TWG. 
\I. Hurrle. 
Alternative Sources of Euergy, no.27, Aug.1977, 
p.Il-13. 

~Issive solar systems extend tr,e 
thought patterns of conservation to 
sophisticated elegance in order to 
keep the hardware and technology 
simple. Felix Trombe, director of the 
Ce'ntre National de Ja Recherche 
Sci~nlifjque in Odeillo. F'3nr.e. is 
usually mentioned in discussions of 
pa$Sive systems. The Centre"s nine
story building is solar assisted hy 

Iherm05YPhonin~ collectors that are 
part of t!le wall structure. Heat is 
stored by the thermal mass of the 
concrete f1oors/ceilln~. The only 
movi~ parts are dampers. Three 
homes dsin& his ideas have beef1 
built there, .too. Odeillo is at 43 de
~es north .in the Pyrenees and has 
bouetiful sunshine. 

Power ~otJre~s, 'olar- Heatino DESIGN MANUAL FOR (N'o.201)SS.oo 

t
. ' SOlARWATERIlEATERS 

& 'coo lng 
"!he only place I ve J£Cn S()n\e or the C"-142,792 . 
necemiycalcuiauons" - J. Baldwin. n.e 
C~oIUlion Quarterly (the on&<>inlt 
Whole F.anh CalaJoy q I 71 

This definitive manual is based on years of eX,pcrience 
by a practicing s,:13r design gmuJl- It indudcs a step 
by step procedure for selecting the optimum collector 
:lOdstorage tank. computing the fuel saviny:;. and find
ing the system"s rate of return for both constant and 
increasing fuel rates_ To aid those not familiar with 
wlar water heatin~, the manual contains introductory 
material and wirinz,plumbing diaVams for a complete 
r.mge of system". Profusely illustrated, with many 
worked out exampk:s, it win allow the engineer to pro
fcssilmally design solar water heaters. 40 Pages 
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SOLAR nJERGY NolO ECONOMIC CONSIOERATlOtlS. 
J.F. HILLER. 

ASHRAE J., Nov.1977, p.40-

The energy crisis has made it necessary to compare energy demands
present and luture-with available, finite resources, and to discover new 
non.depletable resources, such as solar and wind energy. The HVAC in
dustry has the capability to reduc,e the amount of energy its products con
sume by as much as 50%, by making conservation and linance the controll
ing lactors in system design. By thinking in terms 01 Btu's per dot/ar, 
owners, architects/engineers and contractors can provide the most desired 
result: A system (solar or non-solar) that saves both financial investment 
and finite energy reso!Jrces. This 8rticle Is based on a presentation by the 
author at a Seminar, 'The Economics of Solar Energy, held during 
ASHRAE's 1977 Annuaf Meeting in Halifax, NS, Canada. 

SUPPOSE YOU WERE GIV~N THE CHARIOT OF THE SUN • 
F.J. Fisher-. 
Exxon USA, 2nd quar-ter-, 1'77, p.18-21. 

''What woul d you do?" asks the Arner-i can lnsti tute 
of ar-chi tects Research Corp. ina nati onal !contest 
supported by a grant-in-aid from EXXon. 

ASHBA~JO\!!'Ml, v.19, no.l1 Roy. 
1m 

SOT...An~YI UPI:IA~ "11. 
J~·.·F, .. t"'Hi 11 er 
SOLI\R FNf:"RGY AMO ~CONOt"TC CONI)JDr:RATJONS. p.4o-lI2.. 

The energy crisis has made It necessary to compare energy demands
present and future-with available, finite resources, and to discover new 
non-depletable resources, such as solar and wind energy; The HVAC in· 
dustry has the capability to reduce the 8fT10unt -of energy its products con
sume by as much as 50%, by making conservation and finance the controll
ing factors in system design. By thinking In terms of Btu's per dol/ar, 
owners, architects,engineers and contractors can provide the most desired 
result: A system (so/ar or non-solar) that saves both financial investment 
and finite energy resources. This article is based on a presentation by the 
author at /I Seminar, 'The Economics of $o/ar Energy, held during 
ASHRAf's 1977 Annual Meeting In Halifax, NS, Canada. 
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ml Davis, Albert: J. 
25"2.3- Alternative natural ere:gy lIO".roes in 
.038 building &sign ••• (1977], c1974. 
1977 SEVEN SOLAR ENERGy..... 123 

7.1 The availability of 
solar energy •..•.. 123 

7.2 Solar energy sUb-- ~ 
124 )'&no;. 

7 .• 3 

7.4 

7.5 

7.6 

sys terns ••••••••••• 
Subsystem integra
tion/house heating 
and cooling ••.•••• 141 
Interface of subsy,s
terns and structure 1'51 

Generalized system 
sizing ............ . 
Low technology 
applications of 
solar energy ..•.... 

154 

156 

MODELLING OF A SOL~~-OPERATED ABSORPTION AIR 
CONDITIONER SYSTEM WITH REFRIGERANT STORAGE_. 
Stuart L. Grassie and Norman R. Sheridan. 
Solar Energy. 
Vol. 19 no. 6 1977 
p.69l-700. 

A~tuct-A delailed d~"namlc model of 3 ~i'lar aIr eondilillnill~ ~r\Irm i~ ,erorled. The mt>dd. indlldi"~ the sobr 
clllkelor 3nd coolin~ iowrr. j~ de~cribed intelm$ of de~i~n rarameten. Am!litnl ' ... el and .II)" "nih lemrcr:tlllrf~ 
;lm) wl.lf ",lIi;II;"n arc Ihe reqlliretl inrll'~. Sy~lem temperatures. ener~y 1\41.,\ and (J~fticient or rcrrllrmancc C;ln 
be rreJkted, Careful alienI inn h ~iven III Ihe e\';Irllrator model and lhe conln.' lOr ,dr;~ran( nllw. T)'rical 
rcrrormanr.e ~C\IJIt\ are di\cu~~ed. finally ~cveral reeommtndalio"~ for future i"~C'lij:.'Iions ;ue made. 
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ASlIBAB,Jouraal, Y.19,&O·11 Hoy. 
1m 

SOLAR TECllNOUlGY, UPIlA'l.'E 1'71. 
SELF -SUPPORTING ACTIVE SOLAR EtlERGY SYSTEM 

R. Zakhari ya 
pp.60-63 

IntlOduclng a new type 01 $olar colleclor and II new ,ype 01 $olar energy 
lOlal system lor which patents have been applied lor by JlJfI author. 

ASHIc;\B Journal, y.19, DO.11 Roy. 
1917 

SOLAR DC!IPCAD'I 1RAft"'" • 
SOLAR ABSORPTION SYSTEH FOR SPACF COOlING & HFATTJ~G 
I. Shwarts and A. Shitzer. P, 51-54. 

Space heatiflg and cooling are probably among the most promising ways 
for solar energy utilization In the near future. The purpose of the present 
study is '0 investigate the leaslbility of operating the solar absorption 
system lor space cooling and as a heat pump lor space heating. Such an 
approach permits the year-round utilization of the rather expensive system 
of solar collectors which has to be Installed In any case. The ther· 
modynamic analysiS Is perlormed for various ranges of ,he operati(Jn 
parameters selected '0 conform to typical Israeli climatic conditions. A 
number of systems ha\'e been considered. The results indicate that the 
H~O-Ll8r heat pump system may provide considerable energy savings in 
year-round air conditioning application. 

THIS $30 SOLAR SETUP HEATS A 30 X 40 
\40RKSHOP FOR FIVE HOURS OR HORE EVERY SUNHY 

HINTFR O,o,Y. 
Don R. & George ~aterman 
The Hother Earth ,News, No. 48, Nov~ber I 
Oec~ber 1911, p. 125-127. 

Weaccompllshed this lellt wllh a lour· 
_, lold secret 01 10w·COlt construction: (1) 

We glazed our 8' X 30' lolar collector 
with Inexpenalve plasUe 111m Instead 01 
glass or plexlglass, (2) we used our work· 
shop's existing soulh·faclng wall for the 
back 0' the coll.ctor, (3) we did not build 
any heat storage Into our deslgn, and (4) 
we acrounged a great delll 01 the mat.rlal 
Ihat w .... t '!Ito the solar hea~lng Iya'em. 

~, - n;·~-tf~:';":":;"')"::,": .. l""~- 'r'.:',~";:'~ .~.,-,~~~ 

ASBBAB Jour_1, v.19, DO.11 IIov. 
1m 

SOLAR TECrulOWGYI UPDATE "77. 
SOLAR fNERGY AN!) LARGE BUILOHIGHVAC SYSTEMS: 
ARF THEY COMoATIBLf1 
M; 1 ton Heckler 
pp.43-50 

A well planned building de$lgned with energy con· 
servation in mind goe, hand In hand with the basic 
energy requirements essential for compatible solar 
heating and cooling systems. This article is based on a 
Seminar presentation by the author during ASHRAE~$ 
1977 Annual Meeting In Halifax, N.S., Canada. 

SENSOR LOCATIONS IN SOLAR SYSTEMS. 
R. lew; s, Jr • and J.B. Carr. 
Solar Heat;ng & Cooling, Dec.1977, p.21-23. 

The proper location of sensors is vital to the performance 
of any solar heating system. 

OPTIMAL SIZING OF SOLAR HEATING COMPONENTS BY 
EQUATING ,MARGINAL COSTS OF SUBOPTIMAL INVEST
MENT PATHS. 
~obert L. Nichols 1111, "".I'<r .IIU~lr;.I(~ a dC'I,!!n ~lh,lJ (Ilr 11K! "1'1In).11 ,,"inS.1f 
Solar Energy hUlIJin); in\ul.llI<ln ':llmIWl<:nh. ,,,br <: .. I1.:,,,,r •• mJ !\lliar h':ll 
Vo 1 19 no 6 ... lllr.tge .\Ien.:c ftlr a budJing hC:'lcd \\1111 flld anJ wllh \('\;If 

P 
7;' 7 _ 7 50 I:~.:rg)' lIIurder hi mimmll': Ihe: '\Un) .,f tir)! .;md ,lpc:r.tlinll\:lI\h. 

• (IIvcn Ihe: mpul 11 .. 1:1. oplimum 1II\'e:,lm<nl Ic:"e:h rn c:.ch lit Ih.: 
I "7 7. ~)~Icm ~omJ'tHlCnl\ •• rc \:,.mpuled in Clnc 'lerJlJnn. 'I1lc I.:.:hm'lue 

dllTer~ In Ilib 11:)1'1:" frllm .:urre:ntly u'>Cd thermal design 
mclhuJt. ~uch a~ Ihe Vor" f.ntr~y Sawr cumruler prOJ;T.lm. in 
"hieh .he J<,ignc:r U'C\ :m I1cralwc P"l(C\\ 1(1 an;dFi! Ihe 
m.:rcmcnl;.1 I:."h .Inc III IlrJC·al·a·lJme .:h;m~(, III Ihe de"gn 
\;ui:.blcs In onkr 10 humc in (In ;10 tll'lm};.1 ,,,Iulion! II. 
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Pow~r sources, ~otar - HeaH ng t, cooH ng 

AIR CON:ITTOtHNG AND HFATItlG \oIITH SOLA!? POWFR. 
Solar Heating ~ Cooling, Oec.1977, p.1P-13o 

QD 

Solar powered residential air conditioning 

is no longer an inventor's dream. 

The proof is in Evansville, Indi~na. 

Electrochemical Society. 
552 
.EIJ2 
1977 
v.77-l 

Extended abstracts. v. 77-1. Spring 
meetin~, Philadel.phia, Pennsylvania, May f\-
13. 1977. -- Princeton. N.J. : Electro
chemical Society, c1977 •. 

1027 p. : ill. ; 22 em. 
W\TERIJ\IS lIND PR:X:ESSES fUR OOIAR HEl\TIm 

l\ND croLllli lIND SEIB:rlVE SlJRFJ'CES c-
Collector eoatings for Solar lleatingarrl OXlling 
Systems 

R. J. H. Lin, H. Y. B. Mar, and R. E. l'et",erson •• o ••• o. 78~ ) 

Selective Black lIbsorbers Using RF-Sputtered 
CrtJycr, Cetnet FilJrs 
J. ;::. C. Fan and 5.A. Spura" •• , ••••••••• ; 0 0 • 0 • 0 0 0 •••• 0 191 

1Ihodized Interference coatings on Den:1ritic 'l\lng!lten 
Solar I\b9otbing Surf~' " 

G. D. Pettit, T. If. DeStefrun, J. J. ClDro, and 
J. M. W::lodall ••••••••••••••••••••••••••••••••••••••• •• 193 

~cal Properties of Alloys for .Central-JC::eiver, 
Solar-'nEnnal ~ Systems 

X. O. Masterson cu~H. S. Gurev ••••••••••••••••••••••• 796 

Hirror Surfaces for' Solar ~ Statiaul 
R. W. leVie .•••••.• _ ••••••••••••• ,.. • ••• •• • • •• ••••• • ••• 197 

'!be Solar-J\nm:Jnia S'jstan 
P. O. Carden, R. W. !levie, an:J O. M. Willii!ll!ll......... 799 

'1'K 
,~,& 

.155 
1977 
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745 
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~ !MMYCD'Ivemim F.ncd.ne~dm 
OJnferenci:!. 12th, l'fashlnqt.m, 1977. 

Pmooedims of the 12th Intersociety 
~ Cooversim Erklineerinq Ccnfen!nOl!, 
W~, D. C., AUlUSt 2q thr:cmh 
Sept:.arber 2, 1977. - La Grll'lQe, Ill. : 

779206 - Stimul~tion of th~ Sol.., Industry by WiY 
of Ihe Feder~1 Buildinss Prosram, l. A. Alex
ander, F. A. Costello, InterTechno/ogylSo!ar 
Corp., Warrenton, Va ....................... 1250 

n9209 - The Pase-Iubon ~menlary Mhool 
So,''' Heating and Coolins System, F. A. Cos· 
tello, A. K. Jain, S. Kumar, H. S. liers, W. 
McEver, InterTechno/ogylSolar Corp., Warren· 
ton, Va .............•.•.•••. 0 • __ ••••• _ •••••• 12SS 

n9211 - A Plaslic So,''' Panel, Heat Siorase, 
laseboard tfeatins Syslem for loth Swimmins 
Pool and Home, T. R. Galloway, Lawrence Liv· 
ermore Lab., Livermore, Calif. ............... 126) 

ERDA FsclliUesSol:tr Oeslgn Handbook. 
En'!rgy Research and Development Administration. 
Washington. D.C Aug 77. H8p 
ERDA-77-6S Price code: PC A09/MF AOI 

This handbook covers design of solar .heating systems for 
commercial and I'aboratory buildings at Energy Research 
and Oellclopmenl'Facihties " includes diSCUSSIOns of solar 
energy fundamentals, solar heating and cooling technolo
gy. systems. and compooonts. as well as a tiiscussion of 
solar·system economics. OuantitaHve analysis. with 
generalized design and sizing curves. is presented for solar 
healing so that collector and other system parameters can 
be cost·economically sized without a computer Simulation. 
Solar-system design considerations and guidelines. as well 
as guidelines for developing subsystem specifications. are 
presented Thus. this handbook is both a primer for the 
solar nOllice and a reference manual for the so'~r-system 
designer. (ERA citation 03.011927) 
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Society of 9lqineP.rinq Scienoo. 
~t adVarloes incmineerinq scienCEJ 

nroceeclinqs of the l"th annual peetingof 
the Society of Enqineerinq Science, Inc. / 
edited by G. C. Sih. -- Pethlf'.heI'1, rae : 
LP~iqh university, c1977. 

Held Jllovarher l.t1-H;, 1977 at ncthle.l'u:ro. 
Inclucles bibliographical references and 

index. 
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Title. 

sofar healing .nd .Ir conditioning for Lhe Southwestern United 
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COEFFIC'IENT- 'OF PERFORMANCE· FOR· SOLAR-POWERED 
SPACE COOLrnG SYSTEMS 
H. H:- Curran 
Solar Energy 
Vol. 19, no. 5, 1977 
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RESIDENCE SP~CE HEATING' COOLING 'OOL MATING. 
M. T. Raf ford. 
,Solar Heating' Cooling, Oct.1977, p.30. 

tolar-assisted heat pump system 
usin, the pool for storaae at home, 
and at the same time to begln 
establishing himself .. a dealer/in-
staller of solar heatinllJttems. 
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J.R. SctWt.ef der and $. F. Glover. 
luld'ng Systems Design, v.74, no.S, Aug./Sept.1977, 

p.29-43 • 

The dHlan program I. pre.ented dtlCrlblng the world'. I.rgett 
centra' solar heating .ystem developed for .he Saudi Ar.blan 
Government. Domestic hot water and building space heating Is 
provldad for a campu. complex of fourt .. n buNdlng •• 
,.nlbllll, .... dIe. through .... ~naI "I", .,. dIscu ... d. 
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Technical Note - LESSONS LEARNED FROM ATLANTA 
(TOWNS) SOLAR EXPERIMENT 

A. Weinstein, R. T. Duncan, Jr., and W. C. Sherbin 

Solar Energy, vol. 19, no. 4, 1977, p~ 421 427 
Construction of the soW Iy;tem bepn in April 1915 .JI4.lIIc 

system wu dedicated 01 26 November 1975. ..... I is • 
plIoCopapil of tile inltalled collectors. Afler a period of ,ystem de.... and shakedown, performano:e data monitorinl waa 
belun on I February 1976. This paper is an interim repon OIIl11c 
problems encountered and performance lest rcsulla ollbe IIOIv 
llealina mode. When results on solar cooli ... become available 
tlley will be reporled in a lubsc:qucnl pi6pc:r. 

Altern.tive Sources of Energy, no.26, June 1977. 

SlNcial Shelter Section: P,rt 2: 

elSR: Doing Something in thl City by 'Barb W.lnshenker: ••••••••• 4 

) C.n-Type Solar Hot Air Fumac. bV Bruce Hilda •••••••••••••• ! .8 

Solar Afld Wood Adobe House by Bill Ind Wanda Coly.r •••••••••• 10 

A Natural House for Northern Maine by Steven Trlvis •••••••• ' ••• 16 

A P.s~jve Solar Home for Northern Climates. Part 2 by Don Marl.,-. -21 

University of Masllchusettl Solar Wind HoUle by Mary Prince 

and Woody Stoddard ••••••••••••••••••••••••••••••• 28 

Who I. Tom Bli .... Aaywlyllntmriew by Ken Mew ••••••••••• '.28 

1\7 
A10 
• 1\79 
1~77 

~ ~ Forma. 4th, Aapen Institute far 
~S~_,1977. 

Solar architecture t pa:~.J.nga o.f the 
Aspen &1eJ:gy Forun 1977, H!ry 27, 28, aDd 
29, 1977, Aspen, <hloram I editors! ~y 

ACTIVE SYSTEMS '""'3' _ 

SOLAR COLLECTOR SIZING. 0 0 • • • • • • 0 • 

Herman G. Barkmann 149 

RESIDENTIAL APPLICATIONS OF HYBRID SOLAR THERMAL! 
SOLAR PHOTOVOLTAIC ENERGY CONVERSION 
TECHNOLOGY • • . 0 • 0 • • 0 0 • • • 0 • • • 

Joel DuBow 161 

~,- ... 1-'j •. "" .. ..., .. .",,""",,_ ... .41"-. • ../.,:----- ••. ~.,f7'7C~,,.. 

HT 
166 
.P5 
1976 

Pittsburgh Conference on Modeling and Simu!a
tlon,7th,University ot Pittsburg, 1916 •. 

Modeling and simulation. v. 7. pt. 1 & 2. 
Proceedings or the seventh annual Pittsburgh 
Conference, held April 26-21, 1976, Uni
versity of Pittsburgh I edited by William G. 
Vogt, Mar~ln H. Mickle. -- Pittsburgh : 
Instrumentation Society ot America, cl976. 

SOLAR ENERGY SYSTEMS-II 
S.aalon Organizer and Chairman; Raymond P: Voilh. UniveraUy 01 Toledo 

A SOLAR HEATING SYSTEM SIMULATION MODEL. Adel H Eillmsahyand 
Clillard 'H, Capasso The Umversny of Toledo 1" -I09..l-. 
A COMPUTER SYSTEM FOB' A SOLAR tfEATING RESEARCH STATION, Mel H 
Eltjms~hv~ Chllord H Copass an~d Raymond P. VOith. UnivlU5Ity 01 Toledo!pll.O 9 ~ . . , 

EXPERIMENTAL SOLAR t-tE:ATING-COOlING SYSTEM MODEl n:srSOF A 
FULL-SCALE BUILDING SYSTEM, DaVid Namkoony. NASA, leWIS Research 
Center. f.1 103 

OPTIMIZATION OF ENERGY USAGE IN ELECTRICALLY HEATED HOMES, 
A~el Ii. EIIi!nSahy and Her.bert E . Harpster, UOIverslty at Toledo ,. III 'f 
SIMULATIOU OF SYNTHEtiC WEATHER DATA FOR THE DESIGN OF A SOLAR 
POWERED AIR CONDITIONING SYSTEM, D K. Anand, E. 00 Bazques and R. W 

. ~D, .Un'Y'IrS!!y 01 Maryland . r. II ~ / 
COMPUTER MODel OF A SOL S -
APPROACH IMPLEMENTED ONA:~~NI~6~D HEATING AND COOLING DESIGN 
Krulz ,and Ricllard DIPOlltlo Carne91~ M _II 'PUUTER INSTAllAlJ..ON; Ronald L 

o ~. t: on nlverSlfy • ~ J I 
TJ 
163.2 
,P4P 

J(J( 

7lJ8 

PerspectiVes at the ~ -crisis: tec:hnical, 
rqrulatory, mvimtlltiltal, eoonanic, pro-
specti~. / advisory editors, Ibward ClOn:1cn, 
Rc!! ~<.br. - Ann 1\zbor, Mim. : Ann lUbor 
Science Puhllshers, cl(\77 • 

~ V. : ill. , 29 an. 
:tncllk1es bibliographies and index. 

DIE i'JORLO'S LARGEST SOLAR-IIEATED 
BUILDING. • • • • • • • • • • • • • • • • • " 187 

(News Report frum SmUT JI':IlIU,g 01 Cooii".. April 1.917) 

111l! Slru.:lurc is at .he Shenandoah Solu Recrealion Center alld 1:.11 been con. 
s';~led ihroupi all -ER'JA arOl1i1 .... he (-.corPlI Instilute of TechnolCli!Y. 'llie 
"''OIk of •• Ricbard Wdliams. r,ojc:cI llilei:lor. lIIId bia associal" is deiaibed. 
Ilr. WiJliilnll CIIp1ailii .... ,y e(fC:':II~ U$C of IOIar Collc:ctoll lIIun illYoille comer. 
YJ'"HI ",jellied deSigns t~.hcr nl~1I slIlll1lr alia.Mi .. Weill '0 LOII\CIII'oml 

cllClfly-lncfflCjclll stIU"IIrCS. 11." ambiuotll pr-.cCI ... ~ how ItlC 'I'phca.iort 
Ofkll"WII tc,h,,,ijJlg)' frOIll the Itart of a ~ ".'1 Q/l nuke ""at CIICt~ 
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N71-12U1f Decj,ions end Designs, Inc .. Mcleen. Ve. 
AN AmTUDINAl 8TUDY OF 1MI HOMEMARKIT 'Oil 
IOLAII DIVlCE. .. ........ 1I.,.or!. M ...... 1177 
Vincent N Campbell. R811 V. Brown, Thomas R. Rhee~. end 
Dominic J. Repic; Sep, 1977 73 p refa 
(Contract NOOO 14-75-C·(426) 
(AO·A045082: TR-77-5-25) Avail, NTIS HC A04/MF AOI 
CSCl 13/1 

This sludy eSlimates Ihal 1.1 million Americen residences 
would heve home and hot: waleI' healed with sol.. energy by 
19B5 if the total cost averaged 520 II month more than the 
cost of heeting with fossil fuels. ario iriitiii' costs were no berrier, 
An addition.' 7.2 million homes would hIVe hot Wiler elone 
he.ted with solar energy by 1985 if the total cost was 55 e 
month more, These ere fairly f.vor.ble cost Issumptions under 
current conditions. Almost half 144')1.1 of potentil' homeowners 
surveyed would prefer to have their living SPICes end hot weter 
heated with solar energy i' Ihe tolal cost aveJlged 520 per 
monlh more than convonlional he.ting and initi.1 costs were no 
befrie.. Although in,.rest runs high. for various economic and 
techniCII reilsons o!lly about 1 in 75 Americln 'amilies m.y 
heva. both their home end waler heeted with soler en.rgy by 
.1985. Any development thet mekes soler energy cost·competitive 
with fOssil fuels 'or !lome he .. ing will increlSe the ,...... of 
merket penetretion. Another key to how qulc~ Americens will 
11- lOIer homes is how 'nt builde,. erid develope,. u .. .aI.r 
_rgy in new homes end c.n essure good performance. 

Author IGRAI 

SOLARHE"TING IftP"CTON. REVENUE SHOULD .8E 
S"ALL. Elect". Light Pow." (lIo!lton): S5: No. 
Z, ZZ-23(Feb 1977). 

1'(71 At a recent Penn!lylvanla Electric 
Aeeoclatlon .eetlng, Harold Lorsch (Franklin 
Inetltute) 8ald soler-assisted "e!lldentlal 
epece heating probebly will not disrupt 
revenues of public utilities In this centurv. 
The Franklin Inetltute studV concentrated on 
the errect or solar heat and hot water sy.te •• 
.Ith electrical backups In elngle-re.llv ho •••• 
Two loeatlone were ~odeled: one In "lien town 
end the other In ?hllad~l~hla, Pee In gene".I, 
the etudv conclusions show that the solar
aeeleted alternatives have an adve"se I~pect on 
utllltv-rev.nue, but due to the sluggish growtll 
or sole" svste~s predicted, the overall err.:t 
Ie expected to be ~lnl~al. The study a'su.el 
that .oler-essl.ted heetlng .yste~s will 
eecount ror only five to ten percent or the 
eLJctrleal heat .arket (for slngle-'a~llv 
~.ea) by the year 2000. A key reason ror this 
elo. growth, the study shows, Is the extra cost 
or eolar energy to the ho.eown~r who .ust 
borrow the cepltal needed over 20 rear. at an 
eight pe"cent lnter.st rete. ("CW) 

~ ~," .... .3IIiV1~~ .. _.~.t...._~.~, , 

- ...... 
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IntematiC'lrl(\1 O:mference on C'lbemetics 
cmr1 Society ,l·l1sh·instm, n.e., 19n. 
:F.nerRY Conserva~ktn by Ad.ptlve Conlrolfor I 

Solar lIealed Rullrl'ing, Donald R. Farris, T. E. 
McDonald, T. E. Springer, and Hugh S. Murray. 
Lo.t Alamos Scientific I.ab.t and James L. Melsa, 

1 . 

Vni"er.tit)' of Notre Dame 329 
IdentifiCltion an4 optl .. l control technique a are 

eo.bined to fOnl an edaptlveoptlma.l controlatrategy 
'which ie uaed to lIIln.1 .. be the au)(i1,1ar1 energy con
aumption for a aolar heatedbullding. the adeptlve. 
optl .. 1 control strategy 1. described end application 
of the edaptive optimal controller to the heating. 
yentllatlng. and air conditioning (HVAC) eye teN in an 
eppropriate building ie 8Odeled. The building ueed ia 
the nevly completed National Securlty .nd leeources 
Study Center (NSRSC) at the Loa Alamoe Scientific 
Laboratory (LASL). The ~SRSC uaes an 8000 aq. ft. solar 
collector to provide ener,y for heatln, ana cooling the 
bulldins. A coet functional to define optl.al perfor
.. nce of the HVAC ayate. and en identification proceae 
to produce a llnearlzedbulldinl model are coabined to 
yield an adaptive linear reBulator eolution. Although 
eolar energy 1a uaed for both heat1ns and cQoling the, 
"SISC, only the resulta froa the heating aimulation 
are available for preaentation here. EnerBY aavin.e 
predicted by the model vhen compared to a conventionel 
control ayatea are deeeribed and an alternate aye tea 
configuration ie briefly 4iecusaed. Plana for ectual 
laple .. ntation of the adaptive optiNel controller are 
diacuaaed'. 
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product development. systems engi
neering, consulting and social impact 
and utilization research, the volume 
compares the relative merits of 
various methods of solar collection. It 
shows professionals how to evaluate 
products and detect ineffective equip-
ment. One sec lion discusses methods 
of incorporating the collection of solar 
heat Inl.o the actual fabric 0' the 
building lise", A major theme Is energy 
conserving design. including weather 
and insulating values of materials. In 
adi"$.ition. the book features .. step-by
step process fOf determining the ollt
put of solar collectors and their proper 
size for a given building. 
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A DESIGN PROCEDURE FOR SOLAR AIR HEATING 
SYSTEMS .u. 

S. A. Klein, W. A. Beckman and J. A. Duffie 
Solar Energy 1 
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2 v. : ill. ; 2~ em. 
ArrU("ATIONS OF SOLAR FJIIERGY FOR IIEATlNG 
AND (OOUNG OFlJUILDINGS • • • • • • • • • •• 191 

(By Ricn:mt C. Jor.I:," lind Benjamin Y. U. Liu, Univcnity Qf Minne-- • 
sola. From:\ I'uhliC.1tioo or Ihe Amerie:m Society Qf lIea!iolt, Re
rrigcr.llinjt and Air.co"dilio"in~ Engioccn. Inc.) 
A dCf~ikd $Uf"cy is pvrn in rClUarbbly C1,"nJR~1 (,,,mat of the (t'tI'urits 1011". 
lIishny "f ,.>131 rt1t"~ ~I'plioli'!n~. f,(lIt1 ;61 ~ 10 the "tCSt"I. !,lindJUI ~!.S 
in the: d~lor",cnl (.r sob, e:ncrllY IrchnolO!1 .rc conorN. s~rr<: :lIw!io. 
lIum 01 loIu c:m:rllY tl) 'r'c:e l)('aUn& :arid c .. ()li"~ :lIrc his!o"olly .ktai1cd (,om 
"Scully', (1l1,l1e" (lq;!q) 11\ l"O,*n'I"""y "lbr lesidmcu. lhh f'J~ (''It,il'C

inl!lydcmoo~r.l1C:5 Ihal wIn a ..... rc~' and "Iilila,jon arc 001 nc .... trol rart 

of • CQntin\lin~ rlt'ttt'>' of dcytlopmfnt. 

~~ __ ... ,,£lI'4 •• mt!ekm;;llfil1f:mt'4! 
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International Telephono and Tale.raph 
CorporatIon. Fluid Handlin. Dly1810n. 

SolGr h~Atlnp syst"~S design mAnuAL 
[Morton Grove, Ill.] : Fluid ij~ndling 
Division, Training f; l:.ducation Dept., 
International. Teler-hon,,~ and Tele~r'Lph 
Corp., (..19'17. 

IJO p. in varlous paglncs : il.l. ; 

28 era. $2.50 
The Building Heat Loss Calculation , p.,-I 

Availability of Solar Energy 
p,2-1 

Solar Energy Collector. f· 3 -/ 

Systems f I 1/ --I 

Solar System Design Examples ,,5"- ( 
ITT Bell &: Gossett Solar Heatingl 

Cooling SysteJTl f. if, -- J 

N1 •• ~MI EnelliV R .... 'ch and D~",efll /I",,, ",o.tr.tlOn, 
WiI.hoogton. 0 C, Oiv, of Solar Energv 
ElIDA fACIUTIES 10LAR OElION HAN08001{ 
Allg, 1977 178 p lefl 
IERDA-77651 Avail NTIS HC AOS/MF AOI 

TIllS handbook cove,s design of solar heating systems (or 
conuiiercUl1 and labo,atory buildings 8t Energy Research and 
Devolop,nent Faclh1l8s, It Includes discussions of solar energy 
fundamentals, sola' Milting lirid cooling tecMologv. systems. and 
components. ils well .s a discussion of solar system .conomics. 
Quantitative analYSIS. WIth g;.ner.li!iId deSign .nd SIzing curves. 
IS prosented for soIuhealing $0 thilt collector and other system 
para mete,s Ciln be i:osl ec:onomic:ally sized without a cOlllput.r 
SimulatIOn. Sotar system design c:onsiderations lind lIuldelin.', 
a. Willi ilS gllllleh'lel 'or developing subsYltem speCifICations. 
afe p,esenttld Thus. this handbook il both '. p,ime, .or t~ 
solar novice .nd. ref.r.nc. ",enu.I for th. liol.r .Vlitllm 
de$I\)'ler ERA 

~.<~h~.......,.. ... ~.-_ •• """,~ 

~, ,.. ')"", '"" ,J:' .",.JiV',·_/"'''''· r 

NJiSII- CP- ;UJliJ 
1111.,.302" •• ' N"!I~I •• ,on.ul~ and Sp.<;e AdInonoeUaI.on, 
Ma.shall Space flight Center, Hunlt.\tllfe. AI. , 
(ROAJNASA .... IfC 10LAR HIEATING AIliO COO·UN .. 
OIEVUOf' ... IENT AND OIE"'ONat""nON 'ROO"". 
.John M P,,,e III i/s PrOC of the ASPE/MSFC Symp on Eng. 
and ProdlKtlVlty Gam, ftom Spa<:e T<IChnOI May 1977 p 9,17 
(For p,imary do<;.umenl:see N77 ·30273 21·3" 
Av.,' NTlS HC A13!MF AD' esC!. lOA 

THE FORMAL IMPLICAlION OF SOLAR RIGHTS 
F. N. Arumjand R.L. Dodge 
Energy and Buildings • 
Vol. 1. no~ 2, October 1977, 
p. 183-191. 

A /umd m£'t/wd to dr,lermille II.e llerlir.al 
limits()! cmlstructiQn whell solar rig/II,. criteria 
are sp('ci{i£'(1 (or neighbor;,,;! slnl('[ltrcs i..~ 
c/cmmlslratcd ami compared willI a cmlJp"ler 
bllsed met/lOti. Till' empllasis is 1)1(1('e(1 <m till' 
mcthOti%gy alld it ilU:iIl((cS all apl1(~IUIi\' 
showing the logic and Ihe 1i.~ti1ig ~)f 'he e()lll

pllter programs. 

TRENDS: COf't1ERCIAl/INDlJSTRIAL APPLICATIONS SPUR 
SOLAR DFVELQP"ENT. 

W.S. Comstock. 
ASHRAf J., Nov .. 1977 .. p.)2-

Tfle s()/a( sY$lem of Ihe Frenchman"s Ree/ .. ·llollday Inll will provKie approxllTtately 
54% olllie heat IElqiJITemenlS loran average 0112 hours pel day/or one of ,he 'INO 20(). 
Ion abSorptlO1I tllillers 

V 
81ft 
.C7(. 
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~;' MdallrdL. 
~ I IDf to \8! ~ ~ cu.tlc_ 

e!I1eE9iea today / nicbard Cr:awther. _ 
~ : Crowther/Solar c;roq" 1971'. 
~~i, 232 p. : ill. , ?o X 32 ~ 
Inclmes hihlloqraphy am iMex. 
ISBN O-~ln202-nl-~ 
1. So~ eneJ:t1Y. 2e IftMr reeaurc.. 

3. adldJ.nqa-&w!rgv OOIIfI6ZYation., I. 
Title. 
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lfr Pittr;btIJ:qh con~erP.nce on ~~linq and. Simnla- \ 
l~~ tion, ~th, University ofPittshuroh, r)77. 

1 .PS t~linq and sir.nllr'ltion ••• c1977. 
\ 1977 Helr1 J\nril 21-n. 1977. 'In;,,,,.~Hv n~ 
I SEASONAL STOCHASTIC SltJlULA nON EXPERIMENTS ON SOLAR ~R CONOITIONIN( 10. K. Anand, R. W. Allen and E. O. Bazques, University of Maryland • • r..'tS~.1- ...... ···· 

Real weather data and stochastic weather models are . 
used in siJrulating the performance of solar powere~. 
air-cooled and water-cooled air conditioning sys- I· 

terns for an entire coo11ng season. The simulations. 
included various para~tric models for the absorp- k 
tion machtne and variation of collector area and 
mass flo~ rates. It is concluded that the stochas-· 
tic dati!' yield satisfactory results for various 
system configurations while pennitUng very in-
expensive simulations. 

A111.3Z1103 ................. ~~i ... G. E. Daniel$. 
New York. Harper and Row, P'uIItisM". Inc •• 1916. 185 P. $8.95. 

The use of solar ene..., to MIlt ~)omel is diIClls~d •.. The 
principles of solar heating are outlined. and fourteen types of 
solar.heating systems, including roof·reser1ioir sun heating. the 
Trombe.Michel solar wall, the Thomason syslem, thermosyphon 
water heaters, glass·vacuum heat collectors, and sun-tracking nit 
plate mllecton. are ~ibMt. Th ..... of insulation 10 maximize 
he.,. retention If1d the __ etion of e"isting slructures for sola, 
heating life contldtred. ScI.,.,a' data on solar radianCl! for the U.S. 
are "'wn. C.K.D. 

ru 7'1/3,8'1-
SOLAR HEATING DESIGN BY THE 
F.CHART METHOD. By WIlliam A. 
Beckman, Sanford A. Klein and 
Jonn A. Duffle. 1977. John Wiley & 
Sons, 605 Third Ave., New York, NY 
10016.200 pp., bound, $14.95. 

This book provides a practical method 
for designing a solar heating system 
that relies partly on an auxiliary energy 
source. It considers all parts of the 
system and hoW best to utilize them. 
Chapters are self contained with in· 
troduction, references and examples. 
The contents include the 'ollowing: 

Description of solar heating systems 
which can be designed by the F·Chart 
Method; thermal performance of flat 
plate solar collectors; effects of col
lector orientation on the overall per~ 
'ormance 0' solaf heating systems; 
the F-Chart deSign procedure; calcula
tiOn of healing loads; and how fuel and 
system ·costs da!a can be used to de
termine the economical optimum de
sign. The appendices give climatic 
data,glQssary~ conversion tables for SI 
and English units, and a description of 
the F-Chart Method computer pro
gram. 
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Solar Cooling aD! Reatin« Forum, Miami Be&eh, 
1916. 

Proeeedings ••• [19161] 

m 
7413 
.K73 
1977 

1. Solar energy--CongresBes. 2. Arehi
teeture and solar radlation--COnRrease8. I. 
Veziroglu, T. Nejat;ed. II. United States. 
Energy Research and Development Admini8tr~ 
tion. III. Tit1ea Solar eooling and heat
ing : a national torum. 

Il.LUS1RATI~U SOI.AR 
I:NrlU:V (:tIllW 

(Nn, lOll S.~.OO 

An inlwlhll:lilln III lI\in~ 'illlar cl1l:rl~Y 1m w;IIeJ :11111 

h"me hC:lIIII~. IIc~ins wilh the l'imI11~'it c\lIl1:epl!' allli 
defines Ih~ wmds med in lhe licld. ("ullIplctely illlI!'
"aled. with det:lilcd descriptions \If lIIany tlitrelellt 
cnlleclllll' ;1IIt! Sllllle .:;illlple syslemli, it i:;:111 c:xcellen, 
way In gel 51arled ill solar. 23 ";age:; 

IIOIUZQN J.NUUSTRIES 
12606 Hurton Street 

North Hollywood, CA 91605 

Kndder, Jan F., 1942-
Solar heating and moling syste!nB : 

engineering, practical resign and ~C9 
/ Jan F. KreiOOr and Frank Kmith. - Reo- -
viaed First Edition. - l-7ashington : Henis
phere Pm. CoJ:p., c1977. 

ix, 342 p. : ill. : 25 em. 
Designed a5 a how·to-do·it handbook, not a 
highly theoretical treatise, the book focuses 
its major attention on these areas: conditioninq. 
• introductory information on solar and lOr. I~. 

conventional ene,.~ usc cOl'lceplsand 78 
requirements 

• fundamental principles of heat transfer 
and the nature of solar radiation 

• practical and c,fficient methods of collect
ing solar energy 

• detailed quantitative descriptions of the 
practical systems for heating or cooling by 
means of solar energy-with analyses of 

. their economics 

~ 
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. Wilbur ,Paul J. m 
7687.5 
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Solar ooolinq I Paul J. "1ilbur an:! Sus\ml 
l(araki. - fhllAdelphia : Franklin Insti
tute Press. c1977. 

IntroduClion .•........••.......•.......•....•.•..•.......••...•.......• , 7 
Basic Concept .......................... " .......... _ •••.•..••.• , ........ 7 
Absorplion Refrigeralion Systems ........... ~ ............................ H~ 
Rankine Cych::·\'apor Compression Refrigeralion Syslems ••.•.•••.••.•.•..• 22 
System Comparisons .•...••.•..•......•.....••.•.....•..•••...••.•.•... 27 
Energy Storage ........••...........•.•..•....................••••••... 30 
Ileal Rejeclion .•....••...........•.....•.•.•....•...••..•.. _ ..•.. _ ••.. 11 
Auxiliary Energy Sources ..•...•....•.•...•..................•.• : ..••..• 31 
Solar-Related Systems .....•.••••.........••. · •• ···•··•···••· - - .•••••.•. 11 

!>(lIar-powered co;iiny systems ilr" discu;~. with attention 
!liven 10 absorption reffigeriltion syslems and Rankine cycle·yapor 
compression refrigeralion systems. An ilbwrption ref';lIIration 'V" 
lem i~ designed on the bilSis of iI del ailed treatment of the 
thcrmooynami<a of the lithium bromide·waler combination seleCtlid 'l 
as the absorbent·refrigoirilnt "aw. IAllenlion i. al.o gillen 10 the ' 
aqua'ammonia combination.1 Compariwn with an ideal Carnol 
system provides an indlciltion of the relative etliciencies of the 

absorption unit .nd a Rankine cycl.vlj)Ol' compression unit, which 
un Ojlerilte ill highet" temperalures than the lithium bromide 
absorption system. Energy storillle, heat rejection, and the ,U5ll of 
evaporative coolers or night radiation for cooling life also considered. 

J.,...B. 

'F11''''ct':l If7) . TII7"'!Jv.i[f7lfn~'J} Action Repr~nt Sertes 
SIZING,INSTALLATION. AND OPERATION OF DESIGN OF SYSTEMS FOR THE SOLAR •• 
SYSTEMS FOR mE SOLAR HEATING AND HEATING AND COOLING OF RESIDENTIAL '. i 
COOLING OF RESIDENTIAL BUILDINGS, by BUILDlNGS.byl."onWinn.5ulumUKar.lli •• ndlt t 
D.n Werd, Susumu Ker.kl. end George Lot Gemlle lot. • 
1/".lhook tI'lVclol.cd lly Ihe SLlla. Energy Al'l'hca· .. ,.Ibook developed by Ihe Solar Energy ~ 
I.ons laboratory al Colorado Sial!! UnlverSlly 10 Applications laboralory al ColoradoSlale un.vcls,,! 
d.~velpp Ihe ca,.alllhllr:s 01 tlOlne bUlld'ng ,nduSlry IV 10 Iram home des'gners and bu.lders In Ihe lun , 
prar. .. "o.\crs Hl sile. msmll, a,ul operale solar heal" damenlals oj solar hydromc ilntI 01" syslems lor' 
mg amI cooling SYSIP.tl'S for feSlden"al hu'!tJlng$ sPdCe he~tlng and cooling and domestic hot wale' 
1 hiS ve.y eah:nS1vt!. detailed. and com"lc1e .na"ua' ht!a"t'ng lor reSidential bulldmgs With SlIln9. In-
covers almosl all a~pCCls()lcurrcnls'.I;" en",yv de• slall.mon. and Ope, .. "on of SrSlllms • • 1 forms i 
s'gn ani' IOslallallon Ollellle/1 toward Ihe .. rch, (olllplllill bil(;lt.llrountl In the de5'lIn 01 solar sys· 
h'C" CPYUlC"'. and bu •. ltlt,. and IIlslalicr uf sola. ~~5 ""1'5 Includt's, ""5'lIn calculahons. healing load. 
lelllS B.hl.oyraphy. wo.io.shcels jAvall,""le ill .:01l"CI0I5. slorilge syslellls. (onuols. and much 
,>I'!'!l,lly I~rr COSI Ir~m Ihe Gove";,,,e"' P;,ollnv' mOle lA,!"ililb!~ ~I ~hghlf .. '~er cost from ltoe 

O"'~I ~ov."r~e,!!!..!!n!'N 0"".) 
460pajl"s,pap"rhuunrJ(OcIObe •• 19771 .. 587!> 610pages.I'lIpeibound,OCloiMrr.19711. 5105Q 
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Col.o"fiido. 8t.t.·U.l" .... J.tF. Port 
Col.!.J. ••• Sol .... ·B •• ray.pp'lJ.c ... lon& 
L.bo .. atory • 

Solar beatina and coo~ina o~ 
re&lden~la~ bulldlnas : desian o~ 
systeas I prepared by Solar BneraY 
applicatioQs Laboratory, Co~orado 
State UniYersity.-- [Washinaton] : 
U.S. Dept. o~ Co.aerce : ~or sale by 
the Supt. o~ Docs •• U.S. GOyt. Print. 
O~1 .. 1. 1977. 

647 p. In YariOUB paaina. : ll~. ; 
~8 ca. 

A1 .. 4l961 Sol. coOl ............ : AlcIIi,ectur" •• !IIi' 
_ri .... end I .... 1IIpKU; ProcleedintI of the Forum ........... 
Fla .• o.c.nber 1~ 15. 1116,. VoIu_ 1. 2. • 3. Forum IUpported 
by the Energy Research and Davelopment Adminislrilion and 
University of Miami. Edited by T. N. Veziroglu (Miami. University. 
Coral Gables. Fla.l. Washington. D.C .• Hemisphere Publishing Corp .• 
1978. Vol. 1. 328 p.~ vol. 2. 382 fl.; vol. 3, 398 p. Price of three 
volumes. $120. (For individual items see A78-43969 to A78-439991 

Architectural considi:'/ations and solar buildings are discussed 
along with flat plilte collectors. coocentrilting trilCking collectors. 
concentrilting passive collectors. i5p8C15 of enerw storage. cooling 
systems. heating systems. cooling iI!ld heilting sy.tems. lJIeSlions of 
system simulation and control. and economic and legal ilSpeclS. 
Attenlion is given to the suntrap insoiator/inwlator, solar aesthetics 
and incentives. the soIilr enerw reseiill'ch fiICility at the University of 
TexilS at Arlin!llon. an integrated wifld/soIiII' dwelling project. lOIiiII' 
ener!lV for the Hotel/Molel industry. iII'I investigition into 101. 
heatinll wilhlOf'Oe methodl for cOIIvection suppreSJion, the com
parative performilllCa of several flat plilt. designs. the cMrecteriitics 
of a subalmospheric distributed flow flal. plale. collector. the 
per'll'lmilllCa ot low CDn iOIiiII' ..... '. a laboratory sol ... pond. 
helionat structural stlbility ill .. function 01 501. heiltinll and 
ambi~nt temperature changes. the optimiution of heat illtchenger5 
for solar concentrilton. long dur.tion lirth stor'lIB of soIlI( ..,.rw. 
the ye<lthtirmill stor. 01 solar _rll'l for electric po_r gener~tion. 
iII'Id a field study of • soI.- enelll'l usilted heat pomp lIeatin" aystem. 

"1 
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j 
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'Internat,lona:l;'Yet.ephone and Tet.eal"aph 
Corporatl:on. Fl:ul:d ftaftdllng Dl:ylslon. 

So~ar heatln~ Aystemq deslRn ~anual. 
[Morton Grove, (tt.] : Fluid Handling 
Diyision, Training & Education Dept., 
International: Telephone and Telegraph 
Corp., t.J.977. 

130 p. 1.:0 varLous pag1.:ngs : Ill. ; 

28 eIR. $'2.50 
Coyer title. 'Bullettn 'tESE-576, 

revision 1.' • 

f!I~ solar ~ : CDtferlPJlOe fit the 
M'>rth EMt Inlcb1 "'lytedldc COl), April 
1916. - Iorltbl : Intp...rnati-onal Solar 
~...rgy Soci~, H.R. ~t.im, [197fi] 

["1, fiO p. : ill., plrm.q , 30 an. 
~..r title. 
Inc1u:1es hih1ioctraphlcal references. 
lS[tJ n-90A963-1l-X 
1. Solar heat~--():)ngl':es~Jl. 2. Solar 

1n\me9-E\.Jrq)e, t-~tern--<:hngresBe8. I. 
International Solar f.herqy Society. 
U.K. Section. ~97'_7R'Oq~ 

Olauliaguet, Olarles 
L'energie solaire dang Ie batinelt / par 

O1arles Chauliaguet assistede Pierre 
Baratsaba1 et Jean-Pierre Batellier. 
Paris: Editioos Eyrolles, c1977. 

2020 p. : ill. J 25 om. 
1. Solar energy. 2. Architecture and 

solar radiation. I. B:lratsabal, Pierre. 
II. Bate1lier, Jean=Pierre. II. Title. 

621.47 

AlIhOllqhhf'ating convcrsions may ini
tinll'lhc 1'IItmlantialinv('stmcnts. "monr'y 
inllc<;lnrl in soJnr PonT'll{ will inCrC1l5f'l thl' 
vnluc of your house." nccorrling to R'"~" 
C;,...;<"iday. illllhnrof .Thc Cowr'e" .$ol<lr .. 
!!£ok lflnr\ll. Mf'n.J P. Go ~ $Il.'l'il 

._It;~~_ ...... ~ __ ._ •. _d'~"~,.~. __ ~ 
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DESIGNING AND BUILDING A SOLAR HOUSE: 
YOUR PLACE IN THE SUN. Vat.on, D. 
Cttarlott., VT; Garden Vay puM"htng (1977). 
282p. '8.95 • 

Solar space he~tlnG In past and pre~ent 
arehltecture I~ reviewed In Chapter 1. In 
Chapters 2 through 5, the basIc .. thods and 
prinCiples or operation or passIve and aetlve 
.oler heating are presented. The purpose Is 
to describe how particular types of solar 
equlp.ent fit Into the overall heatlng-syate. 
daal,n. The operation of a .olar heetlng 
a"ta. la pre.ented a. It .erles of three atepa: 
,olar heet eolleetlon, Its stor~Ge, and Ite 
dlatrlbutlon to the house Interior. In 
Cttapter 6, solar heating Is shown to be part 0' 
a totel approach to energy conservation In 
_.lldlnG, and I~ ter~ed, "eeodes,gn," to 
da,erlbe the .8ny techniques of house-pl.nnlne 
and eonstructlon thet can be uaed to reduea 1' •• 1 consuaptlon. Chapter 7 coapar.a al. 
altarnatlve approaches to aol.r houae h.atln •• 
.ach with dlffarent In.tallatlon costa and 
h •• tlng .nergy rasulta. Th.s •• It.rnetl •• a, 
ran,lng fro. a a.all aol.r Installation (for 
do •• atlc water heating or au.lllatV aolar 
h.atlng only) to a larg.-c.p.elt, aolar .p.c. 
h.atlng .vst •• , .re eoapar.d In ter •• of 
eeonoalc payback In four northern ella.t ••• 
The .ethods of ealculatlon are d.scrlbed In aft 
Appendix bW which reader. c.n evaluata thalr 
own choices In tares of local ell.et., 
In.tall.tlon eoat .nd flnanelng eharga.. The 
_a.lc .t.p' In pl.nnln, •• olar houa. proJ.ct 
.t. d •• erlbed In Ch.p.r 8, froa .It. pl.nnlng 
and da.lgn to con.tructlon, and eh.ekll.t. ara 
provld.d 01 leportant point. to con.ld.r und.r 
.ach 01 th ••• tople.. Th ••• nw wey. bW which 
to proc.ed tow.rd raallRlng a .olar proJaet .r. 
dl.c •••• d. Th ••• Inelud. working with .ol.r 
d •• I,n consultant., .~ulpe.nt .uppllar., and _.lId.u. <"ell) 

(1nuard,Philiwe 
nilan theIMicrue d tune I!IliAOn solaire : 

rnethoOe ~e calcul rapi<1e / Phili~ COO~, 
IJcnri Michel, Michel F. SiIron. - Paris : 
Foitions .Eyrolle.C3, 1°77. 

164 p. : ill. - (Collection de 1a direc- . 
tion ~es etlrles et rechPIche.q d' eleotricitk 
de France IS~] 03C)9-4l90) 

Incl1.rles irrlex. 
1. Solar rouses. 2. Solar heating. I. 

Michel, Henri, joint autror.. II. Sinon, 
!4fchel F. joint aut-mr. III. Title. 
III. serieS. ijQ7'.73 
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THE S~~!:IJ:tQM~__e.QO.K.. By 
Bruce Anderson with Aichael Aior· 
dan. 1977. Cheshire Books, Church 
Hill, Harrisville, NH 03450, 297 pp., 
paperback $7,50. 

An introduction and guide to the residential 
uses of solar energy. it focuses oil the ap
plication o! solar. heating to home design 
and includes detailed discu:;slons 01 solar 
cooling and water heating. Headings In~ 

elude solar arChitecture. fundamentals. 
direct solar heating. passive systems. in
direct solar energy syslems, do-it·yourself 
information. and an appendix including 
climatic and design data. Also provided are 
directories 01 architects, deSigners and 
engineers and manufacturers of solar 
equipment. 

TH 
7413 
.S6 

8o~.r d •• ~~lD. d •• 1.D cODa.pt.. B •• 
York : Drak. Pub1.1shers. 1977. 

111 
7413 
.A46 
1977 

144 p. : 11.1.. ; 22 x 28 ca. pbk. 
: S6,S? 

1. Sol~r heatlns. 2. Sol~r houses 
D •• lsn and construction. 

728 77-6919 0-847315-74-6 77V31587 

AR?licatioos of 1K)1ar enf!X9Y for heatiJ¥} and 
ax>lln:J of buildings I edited by Richard C. 
Jordan and Benjamin Y. H~ Liu, prepared by 
the Anerimn Society of Heating, Refrigera
ting and Ai.r-Calditioning Fngineers, Inc. 
under o:ntract no. H-2352R for the Depart
llBltof !busing and UJ:ban Devekpnent, in
ergy, Building Tech\,l<~logy and Standards 
Divisim and the fnargy Researdt and Develq>
ment Mninistration, Office of Solar, Gee
thel:mal and Mvan02"d &1ergy Systems, Division 
of Solar Energy. - New York: ASHRAE, 
1977.. (cmtinmd 00 card 2) 

~.-'"~ .,.r1--"J .... ~-,I~~.' ..;., ... ;v::_""'-...-....... r.~ ....... >~:~~..,.. 

TIl 
7413 
.A46 
1977 

Arolicatimll of .,1£ .enexgy ftr heating ~ 
moling of buildings ••• 1977. (card 3) 
and 1'dr-Ca1ditiarlng Engineers. N • 
United States. Dept. of lhusing and Uman 
Develcptelt. Divisicn of Eim:gy, Building 
'l'edloology and Standards. v. tklited States. 
'&lergy Researdt and Develqm:!nt Mniniatra
tim. Divisioo of Solar ~. 

'lll 
74U4 
.P7 
1972. 

Practi~u g\iideto solar hcJtes / bv the 
editors of Hudson haoe OU1.<F.3. - New 
York : Van Nootrand Rci:imold Co., 1978, 
c1977. • 

1<13 p. : ill. (sane mI.' : ~9 an. 
Biblicqrarhv: p. 140. 
IsrrN 0-442-22594-6 
1. Solar hooses. I. Hudson hare ~des. 

II. Solar h<ne. 

Hoyal ~-lety OTLonaon 
Phtlosophic.l Transactions, 
S6r.A. v~295. 00.1414 

teD.I. ! 

1980 

SOlAR ENERGY. (A discussion held Nov.15-16.1978. 
OrgAnized by George Porter and W11110 Hawt~rr.e)~ 

G. O. G. 'LoY f]1f 7 
Solar space: heating with air and liquid systems 

B. J. BRINKWORTII 

RC'sults of solar heating experiments!?)' / 

J. B. COMLY . -

Solar healing and air conditioning R<//( 
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InternAtion:'il SvnTlOdUM-'~orksho" -on ~ol:).r 
Ene~·r:y., (C'.il"o, 197!t. 

!',: ::Iwnn ::ir:,,;,l f,yt'lposiul'!-Porl(;shol) 0:\ 
Solc!.' E~(!r!'y : [r.vnt'loslul'l lectures], !(j_ 
22 JU~1:! 11)7:1, Ca1ro, E~ynt / presentee! by 
Cleml Ea~rgy Rasenrch Institute, University 
of. "'l1cmi, T;'l(\rlc!n ; sponsoren hy ~btional 
Science Found:ttlon ; ec'ite<l bv T. Nc,1at 
Veziroplu. J!01'1er T~. 1!iser. -- r~. 1. OCl." __ 

PRINCIPLES OF SOI.AR COOLING AND IIEJI.TII\G .I 
A. J. Parker, Nuellcr Associates, Baltimore., Natyland, U.S.A. 

SOLAR HEATING AN)) VENTlLATlNGBY NATURAL NEANS 1<: ,I 
E. Bilgen, Ecole Poly technique, Nontreal, Quebec. Canada 

TH 
7413 
.T43 

ThermalBtora~e and he~t trRnBf~r In solar 
energy BysteMs : presented st the winter 
annual meetinp' of the AMerican Society of 
~echanical Engineers, San Francisco, Cali
fornia, Oecember 10-15 i 1978 I sponsored by 
the SolsI' Energy Divisionl ASHE, the Heat 
Transfer O!vision, ASHE ; e~ited bV Frank 
Kreith ••• let al.l. -- New York : AS~, 
c1978. 

v, 79 p. : ill. ; 28 cm. 
Includes bib- lioRraphical reference .. -< .... 
1. Solar heatinp.--Congresaes. 2. Heat 

stor8Re. 3. HeAt--Transmisdon. I. 
Kreith, FrAnk. II. AmeriCAn SOciety of 
Uechanical Enp'ineers. Solar EnerRY Div1s~ 
III. Ame~ican Society of Mechanical Engi
neers. Heat Transfer Division. 
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Anderson, Druce. ' 
Solar energy: fUndementalR In building 

design I Druce Anderson. -- New York: 
McGraw-Hill. c1917. 

lx, 374 P. : 111. ; 25 em. 
~ 

Containing practical, nontechnical in-
formation on virtually every aspect of 
the collection of solar heat, this 
reference book covers good building 
design, passive useS of solar energy.~. 
complex solar HVAC systems ana 
solar water heating. Reflecting the • 
author's extensive experience in 
building design, general contracting, 
product development, systems engi· 
neering. consulting and social impact 
and utilization research, the volume 
compares the relative merits of 
various methods of solar collection. It 
shows professionals how to evaluate 
products and detect ineffective eqUip
ment. One section discusses methods 
of incorporating the collection of solar
heat into the actual fabric 0' the 
buildingllsetr. A major theme is energy 
conserving design. Including weather 
and insulating values of materials. 'n 
addition, the book features a step-by
step process for determining the oul-

• put 01 solar collectors and their proper 
size for a given building. 

or" 
810 
• P37 

SOlAAENEAGY FOA HEAnNQ ANO COOLING OF 
BUILDINGS. (Energy Technology Review No.7) by Arthur 
A. Patton. 1975. Noyes Data Corp, Park Ridge, NJ 07656 . 
328 pp., bound. $24. 

The beginning chapters deal with: Components for solar 
- 'healing and cooling systems; Chronology of experrmental 
systems; Descriptions of experllTleOlal sysfems: Slmulafed 
systems: Feasibilily studies lor large scale·appltcalicos. The 
next three chapters are taken from studies prepared by 
General Electric, Westinghouse and TRW. The next chapter 
is about Ihe Colorado Slale University integrated .system. 
The last two chapters are' Other ongoing and proposed re
searet'!. and commercially available solar hardware. 

," ~ '" ~j'~~ -'~i"'I" •• "I 
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Foster, William Murchison, 1931-
Homeowner' II gu1deto solar heating &- cool

ing I by William M. Foster. - let ed. -
Blue RIdge Summit, Fa. ; GIL Tab Books, 
c1976. 

196 PI : 111. ; 22 em. 
A practical handbook for consumer's guidance on so'ar!>eiiung! 

cooling. th~ te)!t covers: $y~tern compon_nls, tvpical system ill range· 
men IS. sizing of system and major components, iIOd Speciil dis· 
cussi!)ns of solar water heater\ and solar heating of swimml"" QADI$. 

Contour rna~ of annual healin!i"a;;giee dav~ and mean solar 
radiation are presented tor the continental U.S. (48 states!. illong 
wilh numerical data for the 50 states, Ahundant di3fjrams lind 
phOIDgfif)tls iltu5trille lhe hlyOUl, iI""mbly, .,d functioning of 
componenl5. subsystems. ilnd s~tems. Numerous particular solir 
Milling installalions ilre deSCribed lIS munraliv. ullmples, R.O.V. 

YOUR HO~'aSOLAR POTENTIAL. Sp.t.eft •• 
I.; Welle.". Berrlngton, NJ; Ed.und 
Scientific Co. (1976). 60p. 

Thle .urv.v book off.rs a prot ••• lon.l 
.ethod at asaesslng vour propertv's solar 
potentlsl. Chapt.r I r.vlews the .ult.bllltv 
of .ol.r .nergy .nd the world .n.rgV crl.l •• 
Ch.pter II pos.s ths t.n .ost tr.quentlv .sk.d 
qu •• tlon. about tree aolar .nergy and provld.a 
the ensw.rs. Chapt.r III aurveva the Irlnge 
beneflta ebout solar .n.rgv. Chapt.r IV ll.ta 
the .evan .aJor lac tors concerning the 
eveluetlon of the ho •• •• sol.~ pot.ntlal. It. 
e.l.tlng h •• tlng av.t •• ; It. h.at loa.; It. 
orleft'atlon and av.llabie sunlight; Ita roof 
.Iop.; It ••• posur& to sunlight; It. Indoor 
lnl'ellatlon r.strlctlona; and Its outdoor 
Inlt.lletlon r.atrlctlons. Th. following 
chepter will t.l! Vou whV •• ch of the •• f.ctors 
I. 10 I.portent, how It etf.cta vour ho_.'. 
aol •• pot.ntlal. T.11V ah •• t. er. provided on 
which to acore .ach .oler potentl.l factor. 
Th. book elao lnclud.s llats of Infor •• tlon 
.ource., book., .uthor., gov.rn.ent 

TJ 
~UO 

.846 
1977 

IV. 

v. 

VII. 
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PmJdna, William H. 
'1!Ie solar energymtehxllc / written by 

WillJ.am H. RanJdnII In and·~ A.W1t.mJ 
rmtogramy by Faria A. Ashkar. - Blade 
~tain, N. C. : IJ:)rien Jbuse, cl976. 
~ p. 

IDWEllSTAHDTIiG THE PROBLEM. 
6 Chapter 1 The AvailabUity of Solar Ehezgy' 

13 Chapter 2 Solar Collectors 
16 Chapter 3 JJeat Storage 
19 Chapter 4 Heating Equipment 
21 Chapter 5 Hot Water 
23 Chapter 6 A Wara House 

Berenv-, . Justin A. 
SuJ:vey of· the ertm¢"!J !IOlarene%qy in

dJatJ:y / <XJTIliled and written bv Justin ,. 
Bemny ; edited by Francis ~'l.iDter. - • 
1977 ad. -- San. Mateo, Calif. : Rolar 
&1eJ:gy Infounatial SeMCP-A_ 01 «177_ 

HEATING AND COOLING - RESIDENTlAL~-?;'...... ....... .. . 

HEAliNG AND COOLING - COMMERCIAL, INDUSTRIAL 

AND PUBLIC BUiLDINGS .............. • et~ .............. e... 8. 
HEATiNG AND COOLING - AGRICULTURE 1l1()7.. ~. ~~ ."'.~. ~ i: .107 

Op&iaaal I ...... U. of Pi.,.. .. T .... ,. Solar 
He.U., S,.Ie ..... Topical Repon. 
AI.O-5319-2 PC SS.25/MF $3.50 

A compact 8Dd time effective insulation design 
procedure for solar heating .ystem piping and 
water~fiUed thennal storage tank. was developed. 
Recopizing the ~rticular Bensitivity of solar sy~ 
steIDl to cost. the economic aspect of the problem 
is lreated by a comprehensive present-value life: 
cycle cost analysis. In the development of the me
thod, a numerical sensitivity analysis wa. performed 
&0 determine the relative effects of aU relevant in~ 
dependent variables (within their pertinent range.) 

_ on piping and tank heat lr8Dsfer coefficient value •• 
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THE ATYPICAL MATHEW SOLAR HOU~E AT COOS 
BAY: OREGON 

John S. Reynolds, M. ,steven Baker, 
Robert L. Gray, Milton B. Larson and Henry 
Mathew 

Solar Energy, vol. 19, no. 3, 1977, p. 219-
232 

Ah5tract-TIle Mathew ~olar hou\e in Coos Bay, Oregon is an alypical ~olar /lolI\e in sevrr:.l re\pech: 
Its location nn the ck.udy winter Oregon cnasl. 
'IS. co~hin;tlion of near,vcrlk:d collector and near·horiz,QnlaJ rCneCI(lr 
lis unusually IMge 11,000 gallon ~IQraRe lank. 
Hs comhination of near.identic:I' (ollt(lIlrs; one on the hclU\c. l/le "'/ler frcestil",l;nr, 
Thi.~ p~l'cr :"5C\S(\ the cQnirihulions made by solar c:nelllY in space hearing, 

NIO·1H031 Unle (Arthur OJ, 'nc,. (Ambridge, M8ft • 
IOlAlt HEAn"o A"D coou"a OF aUILDI"Oa .aHACOa. 
COMMEItCIAUZAnO"ItEflOItT. flAItT.: A"ALYlia OF 
MAItKET DEYELOflME"T. VOLUME 2 F ..... Iteport 
Sep, 1977 88 p . 
(DOE/TIC'1007H Avail: NTIS He AOSlMF A01 

The SHACOB Commercialization Model is designed to gauge 
tfle impacts of selected Federal incentive programs to encour. 
age the development of solar energy equipment for hot water 
he.ting. space he.ting .nd space cooling In ,.,.identi.1 .nd 
commercial buildings, The model was Implemented as. FORTRAN 
progrem .nd is presently running on the FEA computer system 
It is UHd via the !lUp4!r WYLBUR data man.~ment system at 
FEA, Some modeling results are presented DOE 

A79-34017 The ., •• hoIJle. J, P. Miehe;- (Oiiffie des 
Architectes. Neuilly-sur·Seine. Hauts'de·~jne. franceJ. In: Allema. 
live energy sou,ces; Proa:erf;n~ of the Miami International Confer. 
ence. Miami Beach. Fla .. Decembe, (~·1. 1977. Volume 2. (A79. 
34002 13-441 Washington, D.C .• Hemisphere Publishing CorP., 1978, 
p.871-901. 

Research and development relating to solar houSO!S in France are 
discussed. Ernp/Jasis 15 placed on solar :,(stem design, house architec. 
ture, and economic aspects 0' IOlar heating. E)(i5tiO!l solar houses in 
Frana: are briefly $lJr\reyed. 8.J. 
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54431 (DOEITIC-J038S) Sol.r "c.U ...... coolllll.of l'-III.~· 
lap (SIIACOD) commerci.lizatioa reporl: oplioas andllr.lcaln., r.rt 
A. Volume II. Ttchnk.1 repora. FIII.I reporl. (Midwesl ~c:~arch. 
Inll., Kar.sas Cily, MO (USA); Federal Energy AdminiSlralion, 
Washinglon, DC (USA». IS lui 1977.18Ip. Dcp. NTIS, PC A09/ 
MFAOI. 

The nalional and regional perspeclives for SIiACOB .re 
pracnted. An overview is given of the parlicipanls in SIIACOB 
commercializalion. Economic, illSlilutional, Icgal, and olher barriers 
con~lraining commercializauon arc discussed. Vanoll' analYlical 
models arc eJ.amincd which projcc( the fUlure elllen. of SIIACOB 
use or market penelralion and fulure SIIACOD ;0 US cnerlY 
,upplin under aH:rnalive govcrnmc," policies. The resuh~ for (he 
baseline case (no further governmenl actioll, of $iCveral market 
'penelr.lion models are prcscntcd. Possible ways 10 overcome each 
of lhe barriers arc prescnlcd. Qualitalive analyses lue givell for (he 
various incenlives. Each incentive is examincd (0 .ssess ils implCl on 
barriers 10 SIIACOB cOlllmercialization and ils impacl on varioul 
:income .nd inlerest groups. Individual incenlives .rc compared and 
combined inlo ahernalive polic..v stralegies 'and options. (MIIR) 

54432 (DOEff!C-I0386) Solar lIealial aacI coollal of _lid· 
lap (SIiACOIt) commerCi.llzalion report: optlonl alMlllraltlita. Para 
A. Volume III. Appendicn. Final report. (Midwest Res::arch Insl., 
Kansa~ City, MO (USA); Feder .. 1 Energy Administration, Washing· 
ton, DC (USA». 15 Jul 1977. 16Bp. Dep. NTIS, PC A08/MF AOI. 

The: following appendices are included: induslry aClivilics, 
solar commerciulizalion aClivitie~ at the slale and local level, electric 
ulililY inlerface:, description of Ihe compt!lcr modd, and compariiOn 
with olhe .. energy invcstments. {M If R) 

54433 (DOEITIC-I0648) Sol., "e.llnl .... coolllli of "'114· 
lap (SIIACOD) comnuercializalion report. PlOt( 0: .nll),lil, of lII.rleet 
• nlopmcnl. Volunie ~1I1. Appen'ices. F1aal report, (Lillie (Arthur 
D.), Inc., Cambridge, MA (USA». Sep 1977. S9p. Dep. NTIS, PC 
Ao-t/MFAOI. 

The appendices include documenlalion of Ihe SHACOB 
Commerciali2lllion Model, Ihe underlying Model assumplions Ind 
the resulting dala base, Ind incentivd. (MIIR) 

54434 (OOE!tIC-I0744) Sollr .. catllll an' coolla. of l1li114· 
Inp (SIIACOB) commerci.!i~lron reporl. Pari 0: a.II),111 of _Ilea 
•• elopmcnt. Volume I. Execulife summary. Final report. (Lillie 
(Arthur D.), Inc., Cambridge, MA (USA». Sep 1917. 2Sp. Dep. 
NTIS, I'C A02/MF AOI. 

The following are summarized: programs objeclive and 
scope. quanlilative results. discussion of financial incenlives, model 
philosophy and descriplion, indusiry infrastructure, and markel re
~arch. (MHR) 
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B ... den, Sp .. uill-e, 1·853-
GraphIc standards o~ sol ... 

Sprul~~e Braden Ill. Boston 
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MOTHER'S SOLAR HEATING S:~STEM. 
The Mother Earth News, no. 36, May 1976, }>-96-98· 

If. been Ilmost a yellt' .ince MOTHER lit out .to warm 
1,600 square feet of her editorial office SPlICe with the 
sun ••• and-as we reported on page 100 of our list issue-that 
original goal is now a reality. Today,MOTHER's editorial 
department is (at Icast in part) solar heated. And we're tanta· 
lilingly close to using the sun to supply a full 100% of the 
Btu's we need to warm th.t 1,600 squa,. feet right thro~ 
th. winterl 
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, 
CLIMATE BASED SOLAR HOUSE DESIGN: 
1I0T Al'JD HUm D CIiARLE~'l:ON', S. C. . . 
111E SUNEltGY LOUVER DRAPE - A UNIQUE 
PASSIVE SOLAR IIEAT COLLECTOR & 
REFLECTOR 

111E ILUNOIS BOUSH 

1 

8 

IS 

23 

27 

30 

ProceedJng!J ··-of-the-90l8r ~ for hot 'R~ 
hea~ one-day \«)r~, J\pril 15, 1.c}76, 
University of Ha\*lii at Maroa, CcIn1?US center , 
Dall.roan I (oondtX:ted by Uhiversity of ~ .. 
Centp.r for ~ineerin<J Research, IIlwaii 
Natural FneJ:gy InBtitute.n cooperation. with 
1I'nerican Institute of Architects et al.] •. - * 

(1tJm1w.u : University of HaWaii at Manoa, 
(1975] 

vi, 74 p. : ill. , 20 em. 
Bibliography: p. 22. 

A. FORCED cmCULATION SYSTEM FOR SOIAR WATER llEATniG 
G.J.Parker 
Solar Energy, v .18, no. 5 ~ 1976 ,p. 475-J4-79 

The work rc!,<,rled here ,i,,(~ lhe re~ull~ or a fin:t1 )~r$ludc:nl 
fllOjcCI r:lrried QUI llnder Ihe: "llren:i~K1n ,,( the: :llllhllJ II) uamine 
Ihe ro~sibili'y of u .. in~:l fOlced (itclllalil'lI ~)~Ie", aho o~tc;! 
IIY \1'1:u ener~y \'ja 51'13r frh,'lov .. ltaic) ccn~. The 'COloI or ""uch 11 

device c"1I1d he olhel h)' !i.1,inJ;-" illll\inl: Ihe (~htin!; gfQund level 
$Itlr:.~e Ian\: and !i.'win~~ in Ihe ,itc of lhe inlerCQnn«tin~ 
rirtworlc: required, S,'ell a lIystem 'would als.:: he II) some (1.ltlll 
llelf-conlrQlling in that rum ping '4'ollld onl)' occur :1\ the time!> 
",hen the :l~olbcrs v.-cre al~o I~cc:i",ing -sobr radiation. 

The sludy lirsl examined the cbaI3c!cri\tk1i or sobr ce1l1o. lhe~ 
;all estimate of Ihe !'<'wcr requirement ror a typical installation was 
Imade. A molor-rum" unit .I"n de\'CI')rcd "'hkh mel "$Ome or the 
IICqllircment5 and finally tIM: Ullit ""n tCSlt<! ill_ sit!tple sot"" ntcr 
:ht3Ii"« circuil. 

SotAK rOOL IIEATEK5 ,No. Inl) $2.00 

It ~ tilll ;lIl°I'I;1!llIiJl,~ "~111\1"n it'\ub. puctt 'I(':elcr. ,'r :ere
)1\'\1 ('''1\11111'' alll'lIl thl·llI. Ihi .. Imillicatilln i .. :I lIlII .. I. 
SOl 1\ R 1'(}OI.IIIiI\'II,HS sl;nl!'> wilh ;1 descriplion of 
hllw pnnlli III:<OC h(':el ~""' W;IYli hi slnp il. 'nlcn. il gues 

.• 111 In descrihe and cvatllalc many "f the sutar pool 
Illo;Itin,; !\},slcfll!'> IInw nn the lII:nkel. Fin:,lly. yuu are 
!'hllw,~ huw to design. hllild. :lIId inslall your own do
it-ynurself $ul;1f p(")1 hc.,ll;r. Well ilIus:rated. 32 PateS 
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Solar systans, simulatim. design : joint 
oonference, Anv:!rlcan SectkJn, Intemational 
Solar EnergySociet.y and Solar &lergy 
Society of C.anada, Inc., Au;JUSt 15-20, 1976. 
Winnipeg / editor, K. W. Doer. - cape 
Canaveral, Fla. : h1erican Section of the 
Intemational Solar Energy Society, c1976. 

x, 424 p. : ill. , 28 ~ -- (Sharing 
tbe sun J v. 4) 

GENEItAL SYSTEMS PAVERS 

A STRUCTURED DESIGN PROCESS FOR SOLi\R" 
ENERGY SYSTEMS 

. . 
SOLAR ENERGY DATA ACQI.IISI'l'ION SYSTEMS 

SITE DATA COLLECTION SYSTEM FOR SOLAR 
ENERGY APPLICATIONS 

'360 

375 

384 

~lICROCOMPUTER PROCESSOR l~OR MONITORING OF 403 
SOLAR l\EATED BUILDINGS . 

COST EFFECTIVE 'SOLAR HEATiNG OF HOUSES 
WI'l'II SEASONAL STOltAGi: OF ENERGY 

CN-142.372 
SO~ WELLING DESlat a..CEPTS. ....,.1976. 

409 

1976 
146p. 

Depal.'tlrAlnt of Housing lind Ul'ban HUD-POR-1S6 
r~villGPjl)ar.t. W4~h1n9ton. D" C. 
Ot~i'icc of Policy Oeveloprent 'c'lndReselrch 

A!A1R~seilrch Corp~. WasMngton. D .. C. 
COl~tr!tct Jfl.A H .. 5574 

yOk'et" $ourCC:i. So14r - fJcllUng i coo1fng 
Quihl'incls 

-
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1976 
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TIO 

~~ :::i.~,,'~~~,~.,,,,,,,,~ i! ~~~~ .. ~'.,.. ~.Jl\t'~ 

SOlar IIYII-=-, .~iI.tial, ~~~. !~76. 
DESIGN METIIODS AND ECONOMICS 

A DESIGN IlROCEDURE FOR SOLAR AIR HEATING 
S)'STc~.s 

271 

A SIMPLIFIED ME'fIIOD FOR CALCULATING 280 
REQUlltElJ SOLAR COLLECTOR ARllAY SIZE 
FOR SPACE IlEATING 

AN AVERAGING TECHNIQUE FOR PREDICTING 
THEPERFOltMANCE Ol~ A SOLAR ENERGY 

• 295 

COl. LECTOR SYS'fEt-1 (~) 
~ . 

DESIGN MEnIODS" 
-·'·t 

SUtl'LIHEP OPTIMZATION OF BUILDING CON- 316 
STRUCTION l~OR ENERGY CONSERVATION 

mNn.tu~t COST SIZING OF SO~R IlEATING 336 
SYSTE~IS 

A SnlPLIFIED DESIGN PROCEDURE FOR SOLAR 347 
HEATING SYSTEMS 

ON THE DESIGN OF SOLAR BUILDINGS USING 
cmu'unm PROGIWIS 

All·11OU A 101. 1IGu .. ina,,_ ... ion .... con.rol 
ty •• em. R. L Schmiesing, R. N. Miller. -.d M, L BiUmglrtner (U.S. 
Air' fllECiI kitdemV. CoIor-'o Springs, Colo.), In: Amu .. A5ilomar 
Conlerence on Circuill,Svuems, and Computars, 10th, PllCific 
Grove, CoIlil., November 22·24, 1976, Conference Record. IA78. 
1806105-59) North HoIIV_d. CoIl if" Wntem Peri,~jcals Co., 
1977, p. 403-407. 

Thil paper describes the instrumentation and control system 
built for the USAF Academy Solar Test House. It is built .ound it 
microcomputer and includes a 84·c:fIan... anllog multipl ••• r, 
temper.tUnt, flow; and _elher'transducers end flow-rat. controls. 
Dilt. il recorded on-site on either telotvpe PAPer .... -.dIllE • 
c:esseUe recorder. Also discussed j, • remote communication .tartor 
which .,'ows monitoring ohnafog vilriabl. II a remole lite via. pair 
of «:o .. ill cables. CAuthor) 
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810 
.S48 
1916 
v.lO 

"71-221731 Deplr!IT111f1' or Hellth, Educltion. Ind Weff.re. 
WI.hington. O,C, OffiCe of ConsulT1e! Aff.irs, 
lUTING lOlA" 
Joe Olwson Jun 197!! III p refs 
./PII-262134/0; FEA!G-76!1S4) 
HC A05/MF A01 CSCL 13A 

Avail~ NTIS 

Guidelines for the consumf!' interested in buying I setla. 
system' Ire provided to help the homeowner considering tile 
UM of 501.r !;fiNgy for ,space heating and COoling, and domfltic 
water heating The guidelines also help the consumer to make 
informed decisions bu!td on geographic location. type of home. 
QUality of insularjc." prt!~tlr)t tIIlt!rQY costs, and type of M)/I. 

system intended f<;-, purchase Engineering term. ,used to nllulttl 
or dtl5Cribe solar oroduct5 .re a!50, included. GRA 

Business, <X:ItIMtical, poster session, mis
~laneoU9 : joint ronference, ~rican 
Section, Intemr~tional Solar FncJ:gy S0-
ciety and Solar En~ Society of canada, 
inc., August 15-20, 1976, Ninnipeg / roi-

COl-IMERCIALIZATION OF SOLAR HEATING AND 
COOLING OF BUILDINGS 

DESIGN FACTORS FOR A COST EFFECTIVE SOLAR 
COLLECTION SYSTEr.t 

TIlE ENERGY & ECONOMIC ANALYSIS OF THREE 
ACTUAL SOLAR ENERGY PROJECTS .,._-. ._--_ .. --'-
A LOGICAL AND PRACTICAl, METIIOD FOR EVAL-
UATING TIlE HEAT BALANCE OF AN AIR CON
DITIONING PROJECT AND TIlE ECONmnC 
HIPLICATIONS OF DOING SO 

SOLAR HEATING OF BUILDINGS AND DOMESTIC 
HOT WATER (DHW) 

35 

40 

46 

90 

105 

A DO-IT-YOURSELF. RETROFIT, SOLAR HEATING 117 
SYSTEM 

A SIMPLE HOME SOLAR HEATING SYSTEM 120 
(WHAT CAN BE DONE NOW) 

SOLAR HEATING AND COOLING COftfPUTER ANALYSIS- 220 
A SIMPLIFIED SI~ING DESIGN "IETIJOD FOR NON-
THERMAL SPECIALISTS 

m 
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SOLAR AIR CONDITIONING APPLICATIONS FOR 
WARM HUMID CI.UtATE 

TIlE DESIGN OF A SOLAR COOLING AND 
HEATING SYSTEM FOR A CO,.t.IERCIAL BUILDING 

DUAL PHASE ANNUAL CYCLE FOR RESIDEN
TIAL HEATING AND COOLING 

THE WILSON SOLAR AIR HEATER 

DESICCANT SYSTEMS POTENTIAL FOR lIUf.IID 
CLIMATES 
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126 

135 

143 
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Solar ~, aiDulatim- deaign I job\t 
mnfexenoe, 1Iri!rlcan Sectial, Iiltemational 
Solar Energy Soclety ~ S9lar &1el9Y 
Society of canada, L'19~~ ~t lSo-20, 1976. 
Wimipeg / editor, K. W: Doer.,~ Cape 
Canawral, Fla. • Itnerlean Sectim of the 
~ticnal Solar BneJ:9Y Society, c:1976. 

SJt.1ULATlON STUDIES 

INSOLATION AND TEMPERATURE STATIS'flCS 
AND THEIR INFLUENCE ON THli DESIGN OF 
SOLAR HEATING SYSTEMS AND TilE ELECTRIC 
UTI LI1;" . INr.m{FACE 

SIMULATION STUDY OF SEVERAL SOLAR 
HEATING SYSTEMS WITH OFFPEAK AUXI LIARY 

172 

"189 

SOLAR POWERED ABSORPTION AIR-CONDITIONING 208 
SYSTEM PERFOHMANCE USING REAL AND 
SYNTHETIC WEATHER DATA 

UNIFIED SIMULATION CAPABILITY FOR SOLAR 
HEATING AND COOLING SYSTEM ANALYSIS 

PEl~FORMANCE OF A SOLAR HEATING SYSTE~t 
UTILIZING PHASE-CHANGE ENERGY STORAGE 

CLlMATOLlGICAL CONSTI~INTS ON THE DEVEL
OPMENT OF SOLAR ENERGY IN CANADA 

228 

244 

258 

,~, ~>,,,, .......... :.,."-:.._,4·':;-"'""--<~",,,,, " '''''-''~~~.1'IIJ 
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NIO.10171'~ltioJl" Buteau of ~tandlrds, Wlshing!on. D. C 
Nltionll Engineering lab. 
A ""IPECnV£ OF A. WOllUHOP ON aTAIlUTY OF T".1It 
FIlM SOLA" CELLS AND MATE"IAlS Final "epot1 
Hlrry A. Schllff! and Dllvid E. SaWYlr Jun. 1979 17 p ref. 
Sponsored in part by DOE 
(PB.297396/4: N8SIR·B9·177S) Avail' NTIS 
HC. A.02/MF AOI CSCL lOB 

Tile stability of =Iar cells of the following thrfOfO mllteria' 
groupings were considered: (I) Cu2S/(Cdln)S.Cu.ternaries/CdS. 
InP/CdS. and amorphouS Si: (2) polycrysta1line •. MIS. and 
conducting·o~ide Si; and (3) polycrystalline and AMOS GaAs. 
Cor!sidering the reilltive state of immaturity of these developing 
cell. a!ld the goel for high reliability and .tlbility. two gene rill 
Ireas of work Ire recommended. One I' to develop In improved 
understlnding of cell opIIlltion Ind of component structuras of 
these cells. The ,:ther is to develop an improved measurements 
base. Specific n!leds lind recommendlltion. lire provided GRA 

A79-37845 The deftlopinQ rol. of photomltlle genera· 
tion. P. R. Wolfe (Lucas Service Overseas. Ltd .• Haddenham, Bucks., 
England). In: International Conference on Future Energy Concepts, 
London. England, January 3O·February I. 1979,. Proceedings. (A79· 
3784215-44) London, Institution of Electrical Engineers, 1979, p. 
26·29.21 refs. 

The teChnology of,elCisting and future solar photovoltlic devices 
is discussed with a vie"" to the ro'e wIlich they will play and thl' 
applications for which they will be used. A cost·effectilfeness anal •• ;. 
(taking into account savings offered in terms of reliability) [J 
Pfetented in an attempt to set limits of solar applications for vlrious 
projects. 8..1, 

N!IIO.1S583·, Alabllmll Univ. Huntsville. 
A IU"V!:Y OF PHOTOVOlTAIC SYSTEMS 
Aog. 1979 213 p Sponsored in jlllrt by DOE 
!Contrllct NASB·31293) 
INASA·CR.150696) AVllil NTIS HC AlO/MF AOI CSCL 
lOA 

Solar photovoltalc manufacturers and slJppll!!rs lire listed 
Data sheets on specific products and Ivpica' operlltong. installation. 
or maIntenance instructions and procedures are appended R.ES 

~_"".'.,!J~_.",-_"._, llil ~L.L __ ,.~. 

SOLAR - PHOTOVOLTAIC SYSTEMS 

NSO.15581, ~lIndia Lahs. Albuquerque. N Mel< 
DESIGN OF. PHOTOVOlTAIC SYSTEMS FO" "ESIDENTfAI, 
APPLICATIONS IN THE UNITED STAnS . 

G .I Jones 1979 7 p refs Presented 81 the Photovoltllic 
So'ar Energy Conf. West Berli.,. 23 Apr 1979 
IContrllct DE.J\C04.76DP.OO7B91 
ISAND.7B.21B6C~ .cONf'.790457'3) Avail NTIS 
HC A02/MF AOI 

Photovo'taic Svstem configurations lor single family resicences 
lNere ana'Vled 10 determine the optimum design CoSI effeclive. 
ness alld the effect of clim,,'e on the 15 regions sludied were 
determined as ractors in the ana'ysis The inleraction of the 
r!!sidenl/al photovO'tlllC ~Vslem lNith the 10(:11' utifitv is discussed 
lind 'he economIC Vlllblfoty of onSlte energy' 'storage 1$ e""m, 
'ned. AWH 

N7.'2M08., Nonh Carolilla State Univ~ Rllleigh, Solid Slale eleClronics, Lab 

.A THEO"ETICAl ANALYSIS OF THE CU""fNT.YOlTA81 
CHA81lACTE"'IITICS OF SOLA" C::EUI. , .... "-Port 
R. C. Y. Fling lind J. Fi. Hlluser Jan. 19;19 334 p refs 
(Gran! NGR.34.002.195) 

INASA.CR.158872) Avail, NTIS HC Al5/MF AOI CSCL lOA 

The Io/Iowing. topits are diSCussed' II) dllrt. current'voItllge 
characteristics 01 sol,,, cells: /2) high efficiency silicon So'ar Cells; 
(3) shorl circuil cUrrenl density II!! a I"netion or temperlture 
and the rlldiation inlenlity; 14) Keidysh.F'.n~ elfec,. Ind silicon 
SO'ar cell_; 15) thin si'icon lOIar cells; 18) optimilm IOIl1r cell 
designs for COOCf'!ntrated sun'ight; (7) nonuniform iflumilllltion 
effects of a SO'"r cell; and (B) high ·Iow Junclion emitter soIlIr cells 

". 
173 

A79-5OO2II· COntidtntiom for Kalmelydll,"",i""" tie 
_imum ~ ou .... of.,tarcellI.J. W. Lathrop andJ. L Pri~ 
(C'em!JOn University, Clemson, S.C.I. In: SOUTHEASTCON '79; 
Proceedings of the Region 3 Conference and EIChibit, Roanoke, Va~ 
April 1·4, 1979. (A79·50026 22·31) New York, Institute of Elec. 
ttiCitI ilnd Electronics Engineers, inc., 1979, p. 29-32. Contract No. 
JPl·954929. 

The most important single electrical parameter chMacteri7in9 
solar cell performance is Pm, the cell's maKimum power output. In 
order to eKperimentaily delermine Pm it is necessary IICCUrately to 
control both iIIuminlitioo lind cell llemperature ruring ~lIsurements. 
Two quite different ~""rl!ment. appro.1Ches can be ured: an 
equilibrium method .00 a t'llmienl "lith ml!thod. Both techniqlM!S 
are diw::usred in the Piper in detail. IAuthor, 

N,.·127001 Uncotn Ub~ M .... 'nsl. of TlCh~ I.e.ington 
"fLO TEn. OF PHOTOYOlTAIC POWEll SYSTEMS 
M. D. Papeend R. W. Matlin 1979 10 prll'" Presenl~.t 

• the ASME Gas Turbine Oosed·Cycle Session, San Diego, 11 Mlr: 
1979 
(Contrlct EY.76.C.02.4094/ 
(COO·4094·32; Conf·790305·5) Avail; NTIS 
HC A02/MF A01 

Field test experience gained lit e.,sting photovol!aic test sil" 
, is discussed, These sites include • 25 kW peelt power .system 

'

lit Mead. NebrllSka.a 12 ItWpeak~rrayalM'T/Unco'" laborlltory, 
• 1.6 ItW pealtPV POlNer system at the Chicago Museum of 
Science and Industry, lind severa' smalt fapprOl<imale.'Y l 00 _ItS 
peak) arrays 'ocated in various urblln and fUrll1 sites. Dati '.re 
given Oil 'ailures which hllve occurred in .Ihe ffflid lind 'On Ihe 
frequency of unscheduled oulages. Also. lllformalion 1$ presented 
concerning the environmental elltremes to which the systems 
have been eXpOsed. Oper,'ing experience gained 'rom lhese 
projects is discussed in lhe contelllS of storage. reliability •• afety 
Ind COtlt. Finllly, lOme projects which are currently,ln the design 
lire discUSSed. DOC: 
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NIG·11U.' NallOllil1 T.chnlCallnformallon ServIC •• Springfield, 
Vi 
51UCON IOLAR CElLI. VOLUME 3. CITATION. fllOM 
THE NTII DATA BASE P.ollr ... lIaport. D.c. 1111 • Oct. 
117. 
BriilnCarngan Nov 1979 290 p Super.edes NTIS/PS 1115, 
NIIS/PS· 77/0956; NTIS/ PS· 76/0800. NTIS/PS· 75/628 
IPOOO·8oo691. NTIS/PS· 78/1115. NTIS/PS.77/0956. 
,NTIS/PS.76/0800, NTIS/PS,75/6281 Avail NTIS 
HC 530oo/Mf 53000 CSCL 108 

Cllations of Governmllnt sponsored research .eports on silicon 
solar cellllrowth and labrication are presented. Processes covered 
IJlclude chemical vapor deposition. the Dochralski method, 
dendJlIIC growth. nhbon growth, eplta.lal growlh, and stlicon 
sheet fabllcatlon on substrates. Stltcon compound synth.sis. 
pUllfication. and .eduClion are discussed Casting, CUlltng. and 
shaplJlg of .slhcon solar cells iI.e inCluded. Solar energy conversion 
efficiency and performance .are descJlbed. Abst.acts on !:!> .. ,,,, 

and producllon 0' these cells are cover.d. This updated 
bibllographv contatnS 209 abstracts. 75 of which are new entries 
to the previous edilton, GRA 

"80·17610, National Technocallnformation Service, SpJlIIQ'ield. 
Va. 
SIUCON SOLAR CEllS. VOLUME 2. CITATlONB FIIOM 
THE ENGINEERING INOEX OATA BAH p,otIf ... lIeport. 
1978 • Oct. 1978 . .. . . 
Ollan Carrigan Nov 1979 201 p 
(P080 800709) Avail. NTIS HC $30oo/MF $3000 CSCL 

" lOB 
Wo.ldwido research pertammg to solar energy coJlvers.on 

devices IIsmg slhcon flbbons. sheels, films. cry~tals. and ",,~afer.s 
,s cited The preparation. pUIII.". crystal de'ects, and elliciency 
of thes8 clllls a,e covered Solar c.1I development casu; jill' 

discussIld The effecls of radiallon and we3thenng on performaoc. 
are described nus updated btbllography contal .... 19611bstracts. 
none 0' which are Jl4IW enllles tQ the prevIous edllton. GRA 

Nll'32102, Uncoln Lab .• Mn$. Inst. of Tech_ La.lfililon~ 
MICIlOPIlOCEISOII .. CONTII_O_Ll.ED AUTONOMOUI 
SUN.fOllOWING MOUNT fOR 50LAR PHOTOVOLTAIC 

ENERGY PLANNING 
Carl H. Much. Peter L Rossmi, and Dallid G, Stuart 1979 
6 P refs Presented al the IECI 1979 ConI. on Ind, Appl. 01 
Microprocessors. Philadelphia. 19·21 Mar. 1979 
(Conlract EY· 76·C·02-4Q94) 
(COO.4094.34; Conl·'790353-21 Avait NTIS 

HC A02/MF AOI 
A 5un.followmg pyrilho!tometBr mounl and control system 

'Of support 01 a solar pho;ovollillC energV' program wa' 
designed. Tt,a 5yslem 'a.tura5 Ih" USB 0' a microprocessor for 
controlling Ih. Jiii:lllnl and handling campi.. conuol funcllons 
r.quired by lIa"allOns III the mOlion 01 tha sun. Tha syslam i5 • 
l .. and •• lon., unlinendlld SY5t.m wllhcapabilitiea for remotc 
diagnosi5 by telephone DOE 

:~ - .. - ....... ~~ ... ..,.-..~.,-~ .--.~---,--~.~-, 

-~ -..... .- -~~ __ ~ 'r_~-_lP" ------- ~~:--.- ';;" _1'· ... >-.",,~- r-- -. .• ';; .""~~.'''! 

NBO.n .... ' TRW o.len .. and Splice S'($t.ms Group Redondo AIO-11151 The pIIyiic:l and chemistry 0' ... Cltll" K. W. 
8each. Citlaf ' BOer (Delaw .. e, University; SES. Inc., Newark. Dell IllItemarionai 
PEP IOlAll AIIRAY OEfINITION STUOY fiM! TecMiceI Conference on tltt: f'tlOtochemical Converiion and Sror~ of Solar 
lIeport' Eni:i!l;'. 2nd. Dlmlxidge. Eng/ .. "d, Aug. 10·12, 1978.' Joumal of 
31 Dec. 1979 138 p .e'5 i'holOc/temisrry, vol. 10. Jan. 1919, p, 77·110. 52 refs. Reseilfd. 
(Contracl NAS9·158701 supported by SES. Inc. 
iNASA·CR·160457; TRW·35515·6oo1·RU·001 Avail. NTIS The physics 01 the pholovoltaic effect is analVled USing the 
He A07/MF AOI CSCL lOA, eICampte of a 'rant wall rolar cell. The eltect rewll$ from the 

T~e conceptual de~lgn of a large, lIe,llibl., IIiIhtwe.ght ~ar interplav of the em iller_ in which min()Jity carriers ale ~neraled via 
arrav IS pr.sented locusmg on • solar arrilV overview assessment. absorhed light and diffuse 10 tne junction. and lhe Junction in which 
solaf 'a"av blilnket deflf\llIon.slructur .. l·mechanocal systems· • • ~ .• 
defiRl!IOO. and lauoch/reentry blanket llrotecllon features. Th. th~ e~ntlal vall. ~rop OCCUJ5. T~e "!.tcrptay ~eshbllshed ~ the 
overview ass.ssment includes a requlJements and constraints mlno~,1V carner den~tv a~!he emltter'Junctlon tnterrace, act!O!) as 
r.view. the tll.rln .. 1 enVlJonment assessment on tt .. dosliln JIfo~lne~t boun~ condillon, and ~nnecllng current through the 
"Iechon. an evaluation of blan'ket integrallon sequence. a deVice with iIIlflIaed volt •• The chemlitrV of the tnterlOlyer between 
conceptual blltnket/harness des;lgn. and a hot spot analysIs emitter and juncllon has e\senlial Influence on thiS boundary 
COR5idering the .ffects 0' sh.oowlng and c"n (atlule. on overall • condition by determining interfacen~combtnalton and space dlarge. 
array rehab.IIIV. Th. solar a"aV !!>Iankel de'iOluon inCludes the 1 80th of thbe determtne biiand connection and perfofJ1\iOClIl of the 
$ub$t:at. dllsign. hlngedeSillns and blankel/h.rJl4lA lleatboloty , device. A tw.t (t,,,,,w!lf matenal propertieS in the light 01 lhe basic 
aSSe5sm.nt. Tha structural/mechanICal systems detonltlon IOCIud6s i all operalion is given. (Authorl 
an overall Iollds and deflectIOn assessment. a freq .... ncy analySIS , 
01 tile deployed us.mblv. a components w.lghls 8Itlmate; deltgll 
of the bI ....... hoUllng and t.nslOnlng mechalllsm The launchl 
r .. nlry blanket protecltoft Illsk ,ocludes a5HAm."t of a.o'a. 
ceM/cov.r .glIISS cu$hlOning concopt5 dUllng a..:.nt and J_ntry 
night condl~lon. M (j 

Nl.·ua.1' Arizona Sllit. Univ. T.mpe 
COMBINE.O PHOTOVOLTAIC/THEIIMAL ayaT£M r.uD
IU 
D. L Evans, W. A, FaclJlelli. and fl. T. Ouerbetn Aug. 1978 
183 p refs 
IContnlct EY 76·C·04·07891 
(SAND·78-703l) Avail. NTIS HC A09/MF 1001 

Modelling of concentraMg combined collectora !those that 
- produce both electllcilV from solar calls as 011.11 ill lhe.mal 

.nergy Irom the sun'5 ra'($) is discllssed, PartICular ,n.n:ian is 
dotvoted to accuralalv modellillQ th. IV curves of present day 
2 • 2 cm S~lcon cells designed for concentration, AltIO dilCusMd 
is modeHmll of stOfage biltt.ries. r.gulators .nd inve ... ra .. of 
which .re usually found ,n pIIotovoltaic svst.ms. The modele 
devi .. d were 'ormalized in aubroutirl81 thllt are compatible With 
TRNSYS, Soma preliminarysystemt. studie$ for both conalant 
coilKtor tnl.t flUid t.mperatur. Ind Iiolitang temper.tu,. iy15teml 
ar. report.d, DOE 

A1a.ti01M Efficiency 0' tandem tolar cell ~ ..... a 
.fuoction 0' temoeqture and tolar .RellY concentration ratio. N. A. 
Go$:cen (U.s. ' of Mines Thermodvnamics Loiboratory. Alba-
ny. Ore.) all( o[erslci 18rown University. Providence, R.I.I. 
Sol;,: Energy s.vol. " Mar.-May 1979, p, 271.286. 11 reft. i Contract No. E,- . ·COJ.1519. 

" A comprehensive theoretical analysis of tandem photovoltaic 
solar cells as a function of temperature andsolarl:ORCentration ratio 
is presel)!ed. The relation governing the dJarar:teri~lics of the 501_ 
cells wa$ deriVed. and the overall dftCiencies of tiinllem cell stacks of 
up to 24 cells wilh energy ~$ in the 0.7 10 3.6 eV rilllge _,. 
calculated for temperatures up 10 500 K. and for illumiNtion ~ an 

AMO solir tpfIClrum o( 1, 100, 500. and 1000 IUns concentration 
.atios;, The calcof.tions show that the cptimized overall eWoclency 
for ideiil diodes has a limitill!lwaJu. of "PI)(oximately 7~ 'or 200 K 
ilnd concentrAtion ratio of 1000. ~st of the glin in efficiency 
occurs between 5IX .nd ten 5CnIIconductors in the tandem system, 50 
tnat for 300 K ilnd 1000 concentration ratio,. an optimized six cell 
SY$te~ h~ iI theorelic:allimit etrocienc:y of iIbout53'll. A. T. 
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A79-53494 On the design _d aperltion of electro
chemiCal solar cells. S. Kar (Indian Institute of Tect1l1Olo!IV. Kanpur. 
India). K. Rajeshwar. P. Sin!#>. and J, DuBow (Colorado State 
University. Fort Collins. Colo.'. Solar Energy, vol. 23. no. 2. 1979. p. 
129·139. 64 refs. Research supported by the Colorado Energy 
Research Institute. 

'v The theoretical principals underlying the design and operation 
of electrochemical solar cells are reviewed. These devices are 
discussed in terms of a modified Metal·lmulator·Semiconductor 
(MIS' model in which the inlerfacial laye, in MIS solar cells is 
rep'laced by the eleclrolyte. Eleclros!atic aspects oJ electrochemical 
solar cells arc analyzf1{i with the help ~r 'mergy band diagrams and 
compared with those lor conventional solid 51ate solar cells. The key 
factors for effitient comersion of optical to electrical energy 
utilizing electrochemical solar cells _e llso highlighted from the 
point of view of barrier formation, cMrier tran!port, and equivalent 
circuits. " (Author' 

OPTIMIZATION OF MULTI-LAYER FRONT-CONTACT GRID 
PATTERNS FOR SOLAR CELLS 
A. Fla,t and A. G. Milnes 

Solar Energy, vol. 23, no. 4, 1979, pp. 289-299. . 
AlIsfnd-ln a front·conlad ~rid pallcrn f(lf a solar cell lhere i~ a !radt-orr ~Ce5sar)' tletYittn 5hlldllwilll ~~ alld i 
uces~ive rower loss due to voltage drop in the metalitation ihdr. If the meta!ization .i~ 100 lillie ther~ m:ly be ~ 
elIcusive contact resistance to t~ underlying semiconductor .1nll insufticicnt cover;4«c to control losses in tile thin 
front.surface layer of the 501lr cell. Optimitation or Krid pattem area alld ~metry is cllflsidered anllytica!!y fo 

minimize totallos;es. 
Worthwhile performance advantages are shown to be rossible. particularly in concentralor 5ystems. if 

mlilti.layer grid patterns are used. llIe current carrying fi"~ers should be approximately square in IMbl cross 
section and the main current fwtout bar~ ~hould not only tie wKler but aiM) thicker than the primary co/lectilll 
fil'ICrs. Thi~ 15 termed multi·level metalitatien. 

ElJectiveusc of multi.level Krid mctalitation allows much KTeater concentration·to-105S ratio for • edt of lar«e 
~rea and rermits ~ood rerformance from cells of hi~h front·layer 5heel resistance. 

PH<Y.rOVOLTAIC SOLAR CELL .ARRAY USED FOR SUPpLEMENTAL 
P<MER GENERATION. A. S. Barker, Jr • 

54334 (SERIITP-49.11!5) PIIot!!J • .,lt ••• t"I.1 a *YIft .... 
5ure",cntl workshop: foe.s on ,1ol)'crystllllne thl.. nl", celiS; {Solar 
Energy Research InsI" Golden. CO (USA». 1979. Contract EG·77-
C·0\·4042. 19Or. (CONF·79060I-). Ocr. NTIS, PC A09/MF AOI. 

Solar Energy, vol 23, no 5, 1979, p. 427-434. 
From I'holovoltarc material and device measurement work· 

shop: Arlington, VA. USA (II Jun 1979)_ 

A~tnrt-A study or Ihe perfor",ance of a silicon ten non·lraclti .. " photovoltaic ana, has been ",ade elf'f'i a 11ui~ 
yur renod. Theanay provided rower in parallel with commercial utility power in 1I shared mode which m.,ltes uSt 
of all the solar enerlY ~ntr:lttd. Tests of del!radation. dirt accumulation. comratahililY wi1h teicrhone plant. and 
day by day rerrormance .. cre performed. A method is developed for predicling the encfllY oul11llt of:l fiiI;'·trnckin~ 
~rray ha~ed on standard [!Iohal insolation measurcment~. 

TI,egcneral J1urro~e of the worbhop WlIS 10 accelerate '"t:: 
dcveiq~~.of thin film solar cells by improving the vers:ltility and 
rc\iaM~it5' 'Of n"$lleri:1I and device: measuremellt tc:c:hniques. Paren 
We'(t Jlr~~'fii bnder the following sessions: struclursllchemical 
SCSSIOllj oplicalleltttro-optical session; charge transrort seSSicll; and 
poster session. Each p:lper was processed for EDD. 

NeG.17l1ee, Nalionlll Technicallnlorm.tion Service. Springfield. 
Va,' " 
,IUCON SOLAR CEllS. VOLUME 3. CITATIONI f"OM 
THE ENGINEERING INDEX OAT" aAIE Progress. "-PO". 
Nov. 197e • Oct. 1979 

, B.ian Carrigan Nov, 1979 176 p Supersedes NTiS/PS·ll t 6 • 
N1IS/PS-77/0958. NTiS/PS·76/0801 
IPB80-S00717; NlIS/PS.78/1116: NTIS/PS·7:7/0958; 
N1IS/PS.76/08011 Avail. NTIS HC S30.00/MF S3000 CSCL 

tOB 
Worldw,de .esea.ch on the development 01 sola. energy 

('Qnve.sion devices using silicon ribbons, sheets. films. erystBls. 
and wafets is ciled 1he preparation. purity. cryslal defects. and 
eHiciency 01 tllllSe cells are covered. The economics 'ot solar 
cell development is discus!llld. The _Heets of rlldiation end ' 
weathe.ing 'on por'orr'1ance ere included. This updeted bibliOtlrephy 
coniains '171 ab$I'2!ctS. ,,11 01 which lI'e new entries to the 
previous edilion. GRA 

POWER LOSS IN PHOTOVOLTAIC ARRAYS DUE TO MIS
MATCH IN CELL CHARACTERISTICS~ L. l. Bucciarelli, 
Jr. 

Solar Energy, vol 23, no 4, 1979. p. 277-288. 

"h!;thd-V;orialjon~ io the currtnl.v.,II:t!!l' chara,rcri'lic~ of pholnv(,ltaic cdlscan lead 10 ~i~ificant ro"'r:rlo~s -,Ioe 
til mi,mafch" when Ihe cdl~ ;.rc ,,,nnecte,I t,'!!clher in:o nelwl'rk. This ~tlldy elr!tlfes how lhi~ ",i<"",tch los .. " ..... ·ncls 
Iln varialions in m;I~'I'(IWCr currenl :In.I m;o~-rowcr \"lIlra!:e from cdllo cell. An :rnalysis or a scnes slrint: ~ fiN 
perf"rme,!. I ~1,<C'< in ;, r;lfallc1 <trin!: are ;,l'll ,INcrminc,1. ';'Iim~'~ Ilf mismatch Iosse," in more c,'mrlc)l :rna)" :.re 
then ""lainr,1 In : .. ",jli.," In rrner;,"v C":cilent ellmrm,,'n wilh \(,\'/,1;11 nllmeric,l 511"Iies. rc<ulrs ,10,\11: th;II. rllr:r 
scries 'Irinl!. there CxislS a crilic:11 mal!nillhlc of ,b'iali,'n in cell max-rower cllrrent 1>c:)'tln,I""hich Ihe: r"wer I •• ~ .. tine 
to mi,m;llch is <en,ilkc II' h"lh Ihe numh.·r of cd" rbel"! in 'cric,> :III.III,C ~h;ope of Ihe r,,-:hat-ilitv .lcn\il\' fnnerion 
dclinin!: ":ori;lli,,", in "'''' r.l\\W cnrrent. Til;, (filrc:,llcwl ;II", .lcl'cntl~ nn tllC' cell fill·fatlor. 
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A LCM-COST SOLAR-CELL FRONT CONTACT USllm TRAPPED 
SI.tVER 1~ AND ELECTROSTATIC BONDING 
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Geoffrey A. Landis and PeterR. Younger 

IEEE Transactions on Components, Hrbirds, and 
l.fanttfacturing Technology, vol. CID.tr-2, no.3, 
Sept. 1919, pp. 350-358. 

Ilbll'Qd~Unc 01' Ihe maJ(1f ClISts of n'lIdern "lin-ceil manufaclulc 
is ehae of :ll'l'lyinl a meeallized c"n'act pid ." Ihe ('clf fmne sUlface. If 
5I.lu cllcIgy i~ , .. "ecellne:l vbhle 50urce elf 1<'\\"CIl5t cleehic:ily, lI.is Cl(. 

pense mllst I,e I"duced "ignificanlly, 'fr. ilCCII.dfk,icllcy high.:I mcl:llli. 
laeinll grid must iifli\'~de llaflOW clu:oely~,)aced high cumJuclivily lines. 
A new sy~lem In ple}vide this contact with a silver mesh Irappcd he. 
'ween the cell and an encap~ulalin8 "ass C(IVel "!Is liC4:n dcmonsllalcd. 
OllJosilieale Klass is permanenlly joined Ie IIle cdl by clcelroSI:aeic 
hOllllinll. anadhesive·frce ficlll·aiSislell glass-melal sealing technique. 
flu,ing I •• is pro~css Ihe g':lSs is dcf.lJIncd au.lllml thi! silvcI m~" Ie) form. 
a ~ImanM{ ,'plie:!lIy clllIl'led anleSla' uond 10 Ihe cell. This "elmelie 
seal prevenb Ihe Si'VCf 11uI\1 oxidizing and deslrnying Ihe eleclrical 
cunl3cl fculllc,f dUllng ihelmndingl'JIIcess. Cciis I'rHIIIICcd this way 
haw heen demons'rated with curve fill factors (~f 0.69. A Ihin til:lnlllm 
layer eVal'or:lled on Ihe mc~" ~"IIIS to improve Ihe IllSultS. '$pccific 
Cf)!llaCI Icsisbnce nIL'aSOlCd f .. r Ihis syslcm i~ C"\ Ihe "Itlcr of 20-30 
nl~h·m2. 

Neo.lei14# Mid"""1 Re"a,ch Int' .. Golden, Colo 
PROCEEDINGS; PHOTOVOLTAICI. UIiR REVIEW' PANEL 
S, Canol! Aug. 1979 26 p ,ela Proc'held at Golden. CoIv. 
6·7 Ma,. 1979 
(Conti act EG·17·C01·40421 
(SERI/1P.69.276) AVOId NTIS He AOJ/Mf AOI 

The discussions. I .. commendations. lind' .conclusions of the 
phOlovoIIOIICS user revIew panel ale presented. The pUlpose at 
lhe panel discu§sion ""as 10 determir7e lhe tectmical informabon 
dIssemination \T1D)n .. ds for tar\l8taudience,5.lo ,each agleemenl 
on whal mlolmalional PloduCIS could lill Ihese nnda and who 
should plodue. Ih. male,ials, and 10,lIsIabhsh pClOl'lies for lhe 
need fOI Ihe TID products Technological alea. discusnd lOelude 
phOlovoltaics. solar Ihe,malpower. bIOmass. Wind enelgy 
convelSlon, and ocean the'mal enelgv convelSlOn ODE 
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SOLAR CELL HIQi EFFICIEliCY AID IUIATICIt 
1WWiE.- 1979. (3rd Conf .... lel LeRe. d'.me 
13-14.1979). 19790 307p. 

Conf~renca on Solar CellH1gh 
Efficiency and Radiatton 
o..lg~ 

June 13-14, 
1971 

PIDgreS$ to the eUort 10 loc'ane the .nd·ot·life effICiency 
01 solar cells for splice ose ... lI5sessed, Sil,con ~r cell.ff~. 
fadiallon effllcts. Indgalhum ilrsen.de cell. er •• /llflhuI,ed for 
indiVIdual tltles.:See N7.!t·J2641 th,ough N1i.32613. 

TK. 
l860 
.553 

alttl •••• r.ball 
Solar c.~l. 10r photo.olt.lc 

"enerat.lon o~ .tectr1.clt~ : .a~erlal •• 
devIces, and application. I Varahall 
Si~t.l&. Park RidMe. N.J. : Noyes Data 
Corp •• 1979. 

;r6 

x. 350 p. : ill. ; 25 
t-.chno~o"y revl •• ; n .... 

.Inc:l "des i n 4.x~.. ~, 
~ 

I. ~otar b&~t.rl •• 

".. (Sn.raY 
~.,.. S48.00 t. ~~aph7: 
Pat~fi1:S ...... 

.---~.-__ A ___ J ~~ 

.. 18·un,,* .'ookhaven'NabOiiiJ'lib .• Upton. N. Y. Medic. 
DePI, 
AVOIDING fUTURE HEALTH P .. o.UMI IIII.AROTO 
IOlAR ENERGY (PHOTOVOLTAIC, TECHNOLOGY 
louia V. Slang 4 Apr 1979 25 p refs Pre"nled.t Ih. 
Cont on Health Implications of the Ne,,", Energy Technol_ Palk 
CdV, Utah. 4 Apr. 1979 
(Contract EY·76·C-02.00161 
(8Nl-25935; Conf·79D447.1) Avai'; NTiS He A02/MF A01 

The hezalds involved 10 dispo$ing of aotar cells .1 the end 
of lhelf Hrvi::e lile e,. discussed. Sewr.. chemical "'"*1" 
lhal ale likelV candidales for photovohalc development a,. 
enume,aled. Th. present ... Ie 0' bIOWIedge concerning, 'Uleir 
loxicilies are commtonted on blieflv. ~ aludiM tNt aItould be 
undelUbll in Ih. near fulur. to ptovida' erIeqn.ta inlormalion 
on theM loxiClti .. a'e auggnled. DOE 
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Photoelectric cells 1979 

SILICQN C!)I\THJG 0F Cr:RAI-tTC SlJqSTRATES FO't Law COST 
SOU\R CELL !\~OLlC!\TJONS~';, by R.B. Macfolek, J.D. Heaps 
and J.D. Zook, Jour"aJ of Electronic Materials, vol. 8, 
no. 1, Jan. 1979, p.3l-46. 
Hullite ceramic substratcs 'Wer.e coated with silicon using a 
unique method. of growt.h designed t.o produce low-cost material 
suitable for terrest.ial based solar cell applicat.ions • PieceE 
of mull ite wer.e carbon coated on one side and then dipped 
into molten silicon. Thc silicon ,..et the mullite only where 
the carb('1n \~as applied. Directional soliciificat'ion occurs 
upon withdrawal. The film thickl1csses were reasonably uni
form over lhe area and could be controlled by varying the 
melt tl:!mperature and withdrawal rate, with higher t.empera
tures and faster pull rates giving thinne!; films. Typical 
thicknesses of dip coated layers ranged between 20 and 15011m. 
The layer:; consist of large elongated grains aligr,ed in the 
direction of withdrawal. The mullite substrates are slowly 

~ssolved by the aolte'i\iIIicon·re8ultinl in 80 •• cont •• ln·,:;t 
tion of the sUican byers upon solidification. .J 

.,...,..",,--.--

SOLAR PHOTOVOLTAIC ENERGY. 
1 John H. Martin. 

Henry Ehrenreich, and. ~ . 
Physics today, vol 32, no. 9. September 1979 
p. 25-32. 

The $ tltd>'conduc t~d for the l\me ri C(\11 Phys; <:211 
Socirly inv~sti~~tcd ~ neral systems qU~5tfon., 
solar eel1 t('chnolo!;ies Clnl' dIrections for future 
rcs('arch 

.,' 
o::.~-r. 

HICJt ENERGY PROTCIf MDIATIOI tWWiE TO (Alo.)As 
_ GiA, Solar Cells. R. Loo, L. Gol4hanwner. 
S. i<amath D"d R. C. Knechtl f. JtM197~. 37p· 

HU~OS Researck Labs,~ 
Hughes Air,raft Co.) 

l1bU, caHf. 
NAc;A NASl$14727 

t 

-~.~.? A·,o: ...... ,.,/7: ..,..",,;.'- .... ' ........ -:-
;< •• " ,~"":."'f. ~ .. ~,,'" 

REPORTS: A COHBINED IRRADIANCE-TRANsr..n.'l-rANCE SOLAR 
SPECTRmi AND ITS APPLICATION TO PHOTOVOLTAIC EFFIC-
TENCY CALCULATIONS. 
Science, vol 201" no 4393, Nay 1979, p. 611J)lf5· 

Abstract. SOI.THAN is a jle.f(i",(' cflII/plller IiIfIIld for Ih(' ,Ii"e,' ~':~iI" I,cam in
't'mi'~' spectr"m al ,,,(' ('IIT,'/',f .f""./i/ce. It 1111," h,"'" ,Ieri,'c,I by n.",I.i'I"·-: ,IU' C.tlra
,,',n',\1";1I1 _"'!'" spe(',m", lI'ilh JIlt' ,/I",fI,f/,llr'"k I"mumittm/cc .\I'c'r !<;... 'l'I,lin.,i,,,, 
I!f SOl. TRA N I., 'he rak"t",im/ of "ll' ,,,,, .. II1;al r.tfiC"'"CY ,11"',':1" ., /' ,', ,'rlls ""m
"'I.flmlt's Ihr ,ffrc, nf almiJsphc"ic "h.W,.,,';"" btlntl,f, Thr.ff' 1m"," fT' • >·r "If",,,i,,,,
rd' dJlilt""'rlf' of npl;mHm ,nf'r.-:r It"P ",,1"1'$, 

A Burst of En~rgy in Photo.&ltaics. Speci~l Report. 
by J. Javetski 

Electronic!}., Vol. 52, roo 15, 19 July 191), p. 105-1a2 
Part 1: Gnverml'entsLook to the Sun. Page))1}. 
Part 2: 'fhe Push to l)roduction in Silicon. p. loB 
Pnrt J: Alternstives to Silicon. p. 113 
P'trt It: C~entrator systems. p. 117 

~ ?:trt 5: Subsystems and Ap~·lications. p. 120 
!~ ...... ~ _"'-:0 __ d ',", 

f' ";',.., lei AIemoe ScierItitIc. Ub~ ft ...... 
~ Dletll'.AUIID .OLAIt PHO'OYOL'A.C 1IIIltaT ,) .""M. 
,t M, C. lit..... Jim, t'7I 110" ,... 
l'i iOtMreet W.7401.eng.3t11 
1 (LA·711"·TASEI Avail: NTIS He A06/MF AOI 
; II model ,esidential photovollaic ~ystem which utililllS a solar 

cell 'lray roof shingle combination is ditcwssed in relation 10 
dIIwtopIng and generating the environmen'" dall ~r decentr~red 
sol', ph02ovolt.ic systems, M.,.ri .. requirements, ope;.'ine 
residuals. 'and requirllmllnts. watllr requOremlntl. prOduction 
procesSM. .nd productien Iftidualt far ""' ... mt oper.,"," 

.; ........ Mined. £nwitenmental. he."". lefwty. end rlllOUfCe ......... t, impec:rs .,. reported A W H. 

1-" 

Tn; 

14ft7 (DOE/ET/lll03-6) ..... ,~ ...... ".... _ ......... ':fJ ... .--hII ... ,.. ....... Boeer, IC.W. ~ .. w.re Univ" 
NC'Wart ( SA); SES. Inc., NeMrt. DR (USA»). 1'79. Contract 
EX·16·C·23·IOJO. 'po (CONF.190541-44), Dep, NTIS, PC A02/ 
MFAOI. 

From Internation.l Solar Ener8Y Society meetin8: Atlanl .. 
OAt USA (211 May 1979), 

The present phenomenolo8ic.1 undentlndin8 or the photo
volt.1e: effect Ind solar cells is di~ussed. Unexpl:tincd questions Ind 
problems with the elTect. of variaUl device plraJMten Oft IIIe 
ctlfftIIt·voll'r;1! c:hlracleri1tict Ire ctitclmed. and IIIe ~ ror more 
IOIIItftlicllcd Iheoretic.1 .".lyleS of photovolt.ic c:elb is .treset!. 26 
1'Ilemtc:et. (WHK) 
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1979 

lntersociety Energy Conversion Enginecrina 
Conferencit1..4th~ BOston, 1979. 

Proceedings of the llith Intersociety 
Energy Conversion Engineering Conference," 
Boston, tfussnchusetts, August 5-10, 1979. 
- Washington, D. C. : 'American Chemical 
SocietY, c1979. 
799045 . -.-
Til. 0.'.1. of Plaolovoll.lc S,.I... fur 
1n1 ....... di ••• ·Siud ApplicaUoa. B.L. Eu,. ... 
.nd C.I. lonsi ." ....................•....... 
799046 

t 
a13f' 

t 

) 
'k . 

P.rform.nc. of the M •••• N ••• k., Z5kwp 
Pholovollaic Solar Ener., S,.t.~ .nd Com· 
parison with Simulation. L.L. Bucciar~JJi and 

-----H.F. Hopkinson ............................ 21, ~ 

799047 
Physical and Electrical :Degradation of Photo-
voltaic Modules afler Expolur. io Tern.tri.1 
Environments, S.B. Formon and M.P. 
Themelii .............•.................... ~31; 

799048 
Environmental TnUos of T.rrntri.' fI.t 
Pl.,. Photovoll.le MOdules. A.R. Hoffman 
and ,.S. Griffith ..................••........ 230 

799049 
Static Inverlers for Use in PV Systemll, E.E. 
Landsrnan .......................... ,...... 239 

799050 
Pholovollaic Concenlgator SYlitem for Rox· 
borough Park. R. Donovan. W.D. Miller and J. 
BurJeson .................•................ 245 

799051 
Hybrid Alternate Energy Sy,tems, P.B. Poyne 
and J.L. Sheehan ........................... 251 

799052 
A Combined Photovollaiclfhermal Electric 
Central Power Plant. D.F. Gluck •... ......•.. 255

f 
799053 I 
Applic.tion of • G.A. Photovolt.iG,. Sol.r . 
System in a Utility Subltation, H.,.R. PtfaBel .. 21t 

799:083 
Eaars, Storaae .nd Coovenion In Conjune-
tiUD with Pholovoltaic Energy S",.tem •• A. W. 
Johnson. G.C. Chang and H.L. McCarthy. . . . •. 313 

t . 
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~.Je.;UIet·' Spite CorP. 8~d, M .... 
•• ".IIAL GLA" I.CA •• ULA1IO. fOIl SOLAR AIUlAY.· 
Qrl .......... ......, 
.Jun. ,1111 l' P Sponsored by NASA and DOE Prepared foI' 

· J'L 
CCenuea JPl-154621) 

• , ... I1..",.1823e1; DOE!JPlI645Zt.79/2. QPR'101 Aveil: 

I
NTII He AO'l/MF A01 CSCl lOA 

'roer-' in the d.veklpment of permanent, in,.... ..... 
..-peuIetion of te" .. triellOIar photovoltalc a .. IYS by ..., .. et· 
Ie bonding is reponed. Two baSIC types of electrostatICally bonded 
module, were demonstrated Ind lhe~ reliability proven in 
eccelerlted environmlnlll testing. Economic an"v", indicate 
tNt electro'tatic bonding can be a C05t effective, precticel. end . .-me.... pt'ocwa fOf' large·KaIe productIOn of .".ys with 

1 ~ of mora then 20 yelrt, J.Y.S. 

f;;~·' Na~ AeronIutka end Space ~ •• 
t ~,,-"rdI Center. HamplOft. V. 
~ LAHLlY .IIoaR_ Of QaAa aGLAR QLLa 
;; E. J. ~'v In NASA. Law.. JI .. , CenterSalar Cell High 
: Elliclency Ind Radiation Oamage. 1979 Aug. 1979 p 13·14 

(FOI'pt'imlry docum .... ' He N79·32S40 23·44) 
Aweill: NTIS He A 13/MF A01 CSCl lOA 

A brief overviaw of tha development 0' GaAl i(Qr cell 
technology i, provided. An 18 to 20percltfll AMO .fflCiency. 
'''lity under radiation .nd alevlled·,emper.tu(e operation. .... 

' .. power·IO·weighl ratio .ra .-. the factOl'! ....... Cell 
.~ ~ .... aveillbillty .,e eleo e .. mined. J .... s. 

n
·-· .... ~'·-.. ., . 
MIll (CONF.711191-) Pr~a .. 01 ... U8 001: .... "'01-

· "'Tecallolou ne"ao,.c" ... Ap,lIcatlOM ..,..,.. ."lew. 
;~ (OAO Corp .• Beltsville, MD (USA)). 197&. Contract NAS·7·100-
· 6I9tiOt. 54Jp. Dcp. NTIS. PC A2J/MF AOI. 

From DOE pholovoltaics technology development and appli. 
<:.-liom; program review conrerence; Arlinglon. VA. USA (7 Nov 
1978). . 

111e proceedings include summaries of thiny·ciaht presenta. 
tioo!S under Ihe: rollowing sc:ctiOO$: overview .nd project MatUS 
repQn,; standardl perrormance criteria; c:ost/CCOllOlUci; COlIc:CAIOi' 
lor IUId nal panel tccbooloi)' .Iternalive for ~ c:alllw.u; :balance: 
01 ~~ .. eM 'echnoloJY; and cllpc:ricOt.'t,ained from die dai,n and 
.C.,k .. of poolovollaic ')'~Ieml. 

·718 
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1978 

Ita PbGtcmtltde S,u~cf.ali.t. Coftfueee. 
Ilth."a.ld.llstcm, n.e., 197R. 

11\e cenference record of the thirteentb 
lEER Pbotovoltaic Specialist8 Conference 
__ 1979 : June 5-R, 1978, wAshington, D,e. 
__ New York I Institute of Electrical and 
E1ectronic8 EngineerS, clQ7R. 

1346 p. ~ ill. ; 29 cm. 
"78C1t1319-3" 
Includes bib1io~rAphica1 referen~e. 

and index. . 
1. Solar bllt,"', ,terie8-COftIr......;;, 

oX. Inltitute Ol. IleetTical .... !tee- ~. 
trcmiee IDlill .. r.. 621.475 ;1 ..... --~,~- .. . ... ---

A79-3Z239 Eftid.nt .,1 ... with 1ft lnt .... ~·...,· 
.... h GD.",.nion for opentlon with GDneentrllon. ZtI.I. AlfefO't. 
V. M. An<,1reev. O. Z. G.bUZO'f.I!I.V. Egorov• V. R. lIiflonov.

V
• O. 

RumlallUev. afl(! O. M. Fedorov, (Alo:lldemihl Nauk SSSR. Fizilto
Tshlltchcskli Institut. lenin.,lId. USSR). (p;s'ma v Zhumal Teich
nicM5kol Fiziki. 1101. 4. Sept. 28. 1978. p. 1128-11:1),) Soviet 
Technical Pbysics Lellers, vol. 4. Sept. 1978. p. 455. Tr,,.Ilrtion. 

The papcr report$" fesults of a study of the I·V chllrldl!fistics of 
101. cells with llltermt!dilte wlVellIIlgth COllvl!fsio'1 which have' 
leI'I,itive alea of 10 mm di.metif Ind , photolitho.,8flhic contld 
.. ie!. The .salllPles WeI'e .. own by llquid.phase epitaxy on $Ubstrlrtl!l 
of epit,xill lillfl\ of tirHtoped n·GtA,. It i, foulld liurt celh of thit 
type can be lRetl SllCcesdully ill ,.,1" poy/er sY'tems with extremely 
high col1Cmtratioll of ,unl\vhl tnd effective heat removal. I!I.J. 

_\711.511119 Sol" -rrt GDn •• nio" thlouJh "',," ,,_. 
'01 " .. ,ion,. R, C. SrivlISt'", IBirli.J!!l.U!J!!1! of Technology and 
Sci~n<:c. Pila,,'. lo(hal. A. S. N. Murthy •• lIlt! G. R. Saini (Indian 
Institute of TechnoloDY, New Delhi. India). Inrem;!tiona/ Jouma/(lf 
ElleT9V Rc$t·<lrclr. vol. 2.Jan.·Mar. 1!)78. p. 43,45. 12 Icls. 

Sodlllni thlosuhlhalc I>cnlahydi;\tc .wild 'soilillln SIIlphat~ d1!C3-
hydrate shnw ~pprl'Ciablr potential diffO'lCIII:es and clIrtp.nts when 
the solid I)"asc is III CQlltact with its mull'!n phasc. The sludi~s offer 
, new method lor comlrrti", 'olar el1efgy into electrical power. 

(Author) 

-~:;-y ~ >~'''', ..... '''' ... " ",.,,?, .. ~,~ 

:1 

TJ 
153 
.FA7S7 
197n 

&.p..rqy Techn610ctY Conf.erenc~, t;th, ~~shinc:t::):w 
D.C., 1~7n. 

F.np.rqy technology V ; challcnqes to 
technolcx--y : proc~inqs of the Eif th 
Energy T~~oloqy Conference, Fehr\.l3r1 :'7-
~ch 1, 1970, ~'ashington, D.C. / o:.i::...:--: ~ 
Richar~ F. Hill. -- l-Jashingtcn : ('"cver:'nmt 
Institutes, Ifl7B. 

xiii, lO~3 p. : ill. 
1. Pow'er (r~haniC$) --COnqresses. 

ITATUS.O'·PHOTOVOLTAICSYSUMSANOA .... LlCATIONI ,.,.62.) . 
D. G. Schuel@r. SupervllOr, P'horovoltaic Projecr., Sandia Labor~Of:_ r 

Solar photovoltaic conversion .ystems, baRed on the direct 
-J'contrenJofl of solar energy to ehclr iclty through the use of solav 
';c.lls, have the potential of providing a significant source of clean 

.ln4 renewable energy in a varl.ty of applications. The Depart~ent of 
,Ener,y's Photovoltaic Conversion Program ia a .ultlfaceted approach 
@mp~a.lling the development: of low-cost and reliable photovoltalc 
·Ylt •• 1 and the fielding of applications e.perl~entl to produce data 
on ·the performance and reliability of such systellls. Thh paper vill 
discuss results of system conceptual design and analysis studies for 
residential and central generation staUons. "ntJlllber of currently 
openting and plann!!!d applicatIon •• perllllents ranging In she £ro", • 
few hundred .atts to 0.5 .ega.attl viII allo be reviewed. 

'1 TERRESTRIAL SOLAR 'CEJ .. LS - PRESENT .AND Ft1rURE, by 
~ B. T. Debney and J. R. Knight 1 Contemporary Physilcs, vol. 19, r,o. 1, January 1918, 
i p. 25-45 
I 
t 
f 

III HII~ (1"1"'" 11 .. • ;"rill<';I1"'" or "11"r"Ii" .... r Hl .. i'm,< t~ ,,,.,. .. r ", .. 'n,· ,.,'11 ..... 
.I""rril,,,,1. I'o'!!",'!!.,! i .. "" .... ,,·oll"'i .. ,, ill Irl .... ,,1 'hnl\l~h tI ..... ,."-,·,.1,, .... • .. 1 .. r .1 ... 
IIln"n,·ry"lnIliIWllili.-"" ,·,·lIft, .. ",""'I' II 1",I i,·ltt i,,"'1 wlir ... • tht· rllll.I ... ,,1',. i""I""1 ... ;hilhilll~ 
111111 I,nu"r \\'(·;.:101 .. "ti.,. 'n '('"'':Itl'illl , .. ·11 .. wh.· ... , .h.- "111"1",,,,,. j" 11"'111 ,,"\ ,'I, ... , 
flf",III"'iUII. Tit.· nl'l' "I' ".111'1' r(lIth·mlt·", ,.11I·h II,. IH'I.n·t~"IIIIIIII(' I"lh.· ..... '''tl',rJlh'.~,~ 
1'iIi,'H" 111111 "I1"""n,,, ""I.,"i,I,,;,·,,,IIIII"1II ", .. ,.laill.· i .. ,Ii"" .. "", .. I. II .. , .. ,tI'i ... 1II HI"'; 
~ .. lI'i""1 III''''·lIi,I.· ... ·11" 1Il1l~' I,,· 01""''''''11 ill N,"jlllll'IiulI wilh "!,IIf'nl , .. ",,.rll'nl"'", fI ... 1 
""11 In"'kill!! "'llIi"lIl1'lIl. Thi" "1',,1'1111"" ill ''''IIII''ln'lt \\111, tllt' 11",.,"1 11111, IIn"l, 
"1'Immrh. -rh.· "III'i, ... ,. IlIlt ;lIlIllt ,. .. ".:nlllll" .... IIIr .t,·\""",,;It!! 1 • .,,,,,n·,,I1 .. 11' I"",'c'r 
" .. III.·.·" "n' ,1.·"'·,-il .. ·.I. 1111" Ih., ,,,,,,, 1I11"III",h"'I;"'1 £""'" '"I" ,1"1\11 ill II .... \IIII'r""nll 
J'rr~l!fl',nn'.· Itn' 'f'!""'." .. 1 .. ~ ... \· •• Jrni .... ' .... ' '' .. 'r ~,. .. >".'" at .... ,-,"uln.,,1 u" ... U:"lI\· ••• hnt ." ..... " 
j""!I1I1 ... ' III'., 1'1 ..... " I .. '11,,·r,,"· 111111 IIl1lillhlill. 1111" ill II .. ,. "'''"'1",,'1 II,,'y ,IiIJ.·,.. Intlll 
•• •• ,,\ ....... I; •• nlll ,H."",.. ·""'"1· ... ·:4. '"'rlu t ,~"I ... ",.i" ,·, •• 1.,1 •• ,." n( "".,tt"~t1""i,· ,,,,nnor "I"t'n~ 
.1"111'11.1" ,·rilil·"".\ "1"'" Ih" 1I1"~ .. ih .. I'· "r"",1 il, .. · ... .,., nlh .... ltll.1 "" "II,,'" II",. ,,1"'11 
; .. IInl'"'' j" I"",· .. ,"I .. .,'· .... llItl.I'It .. 'f1\· .... "ir I".",'r "'lIIn.,.,. "n' '~'IIII"'I"j\'" i .. '111111,\ 
:!'Itt.tlnt 'n" •• 

Tr9 

'-'·1 

I 

~' 
b..-...-_, .,.-

-~~~-~,.;.. ----. -... ~;...- .",-,~,---- ._"-" ,,---~ 



rJ .. '.' . : ,..,..,. .. lii'k' "',., p ~~~ ..... 

. . t .;. 

r--~~~-- ...... 

J 
'.' ., 
. 
~~ . t 
~ ~ 
I 

f 
~ . , B 

l. 
;,:~ 

L" ~, .~,-r, .. ~ 
r" II 
IT . ,~; 

!
r;.. .. ~'!!'.j 
... , • A 

, :" 

f 
~ 
~ 

~, 
t I . 
~ 

~. 
t 
~ 
f. 
I , 

t 
j; 
i ! 

~ 

I 
~ 
,[ 

'I 
~ 
~ 

,.'" n 
;.#fU .... ~ 

U 
Ii 
II !l 
il 
i 

" i 

J 

i " 

Pulfrey 
vol. ED-25 MIS SOI.AR CELIS: A REVIEW, by David L. 

IEEE Transactions on Electron Devices, 
no. 11, November 1978, p. r~08-131i 

..ttllI1Q('t • I he nl~IOII-'hil\.mm in~ubll1r~cnli.::on"u\!lO( (MIS) sIlUC' 

lure i~ currcnlly rccch'illJ!: much ~ttcnlion in sobr·ccll ."ldies. Both 
IhcUf\!lk;a1 ;)nd p,;aclic:a~ invesli~;alions indil::ale th;allhis s!ruclure u(fers 
a mcans of overcoming the principal deficicm:y of Sc!i(Juky baltier 
sular (ells. nalllcly low open·circuit pllUtovolugc• while mainlaininl 
the :l11f:1I;Ih'e f,,3lureS th:al h;aye ICI\ Ihe I\IcI~l-scmicondlJctor junction 
10 h,' Cllmi.Ic,':11 :as a possibh.· allcrn:!livc to the p·n junclion for brle' 

arel. I&:rresirial. M.I:wcdl apt)\ic:alions. 
'fhe: Ih:o ill~ublillg layer a"()~S c(lllllol over nol (Inly Ihe magnilude 

of the lbrk tUrrell1 flowing Ihrough Ihe diode. but also Ihc dominant 
IYI,e (nlaj(lIity or minllrily carrier) of Ihh currcnl. Uc)ir;ahly loW values 
of dark current haye Ih'en pl)~lul:lled for lllajmilY carrier dcvices in
cOllwr::ling ~uilab!c chargc.tr:apping cenllCS, located eilller "iUlin Ihc 
illsulalOr or at Ihc semiconductor-insulalor interface. lliid for minority 
c.nicr dc"'CC~ CIIIPIOYIOIl sUllable insula lor Illickne5RS. mctal work 

funclions. and ~lIIkonduC'()f rcsiSliviliei. 
lhcHrics bned on Ihese modds -are Jc\iCln-d in ,"i. paper and lheir 

tc II) c;\plainina pbOIOvollajC c.llan~"m~' ill ,rac
lical 

Si and 
~"S ccll&J. c;\lmine.a: The faclurl arrectin, ul"e .. ~ ylienl IOlu' 

pflll'crlici JpalolOCuPfnt.fiU radIM, ~OIlvc~5io. cm(icn~J) arc 
also l'(In~idcvcd ~an4 IUgt:llionl .. lu til. ,uamelCn Iimiti"ll prucnl 

'l'L 
181 
.A2 
v.37 
pt.l 

p~'~!1Il3nCC arc ,ivpn. 

AAS Annual .*~t'4n,!,; ~ltt.h.' WaablQgton, D.C., 
1918. ,,' ' 

Space shuttle end .pacelab uti1i~&tioQ 
, .... cl.918 ' At head of title: An A~~ican Astronautical 

tical society p\lb1.ic~tlono 
lnc1.lldp.ll bibliographical retf:rencea. 
:nm:-i O_SI7()3-C.9t')-O 
1." Reusable ep8C~ '1ehiclee--(!Ongr~.l3ell& 

2.. 0rbl ting e.s'Gron::.mlcal labora:torieo-
ccngrb •• e6 .. 10 1.~crganthaler, Georg" W. 

111. r.~l.t.~ln. Manfred. III ~:l.1ard 
Advantages of Thin Silicon Solar Cells for use- in Spa 
(AAS 78-024a)' . ce 1 

Owen $. De",,,,n p.::;?5 

,'!'It 
5 

.• I1tll'A 

1'-7fl 

-'~.-"- .Ji"" ' .. 

Southea8t.cD'l~1cn ~ ~fema, AtlantA, 
r,a., lq1Q • ~~ . _ . 

A creative p.xchancre of ideas :nro
reedlnas of Sc7ut~astct>n • 7ft Feqion 3 
rmf.p..renoo, Atlanta, r-a • ., J\.oril 10 , 11, 

• 1?1n, Shc>..raton - Atlant.a. - tleW Yor1c : 
Institute 0" rl~ical and Electronics 
f'nCti.~rs, cl~7Jl. .. .. . "."., -.. . ... 

1. AC Model of Silicon Solar Cells and Predictions 253 
L. A. Mallette and R. L. Phill:ps 
Florida T cchnological University 
ElecuiQl EIl!line~fing ;and CommunM:atioM Sciences 
Orlando. FL 

Solar cells have traditionally betn used 
for direct sunlight to energy conversion. but 
there has been !relaUvely little Investigation 
into their use 1$ • low ddl ,.de optical de
tector. A n~del of a solar cell. and typical 
~rtcal values for the elements. are pr~
s~nted, The resp~nse to ~ pulse of light is 
g~ven. for variatlons in bAckground tl1l1lllna
tlon. using typlc~l values. 

-, ----- .~~~ 

u. 

.. 
CI: l'IIyeiC8 .f ~ fit. I ....... t. 1' .... l'ch 
171 ... &.we1~t. y.10 I edtt.d by Geol'R 
.13 Baa.. Maurice 1!. 1.1r.neaab.. - Ns York : 
•• 10 A~c Pr.... 1978. 

~............ _~ ~~}24 p. I ~~l. , '.0'" ,_$T . 
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/ 1A.oyal Society of london 
Phtlosophical Transactions, 
Ser.A. v.29S, no.1414 

F.b.7, 
1180 

SOLAR ENERGY. (A discussion held Nov.15-16,1978. 
Organized by George Porter and WnUJ1m Hawthome). 

H. DUltAND .. "", P fJj I 

Pre5cnt status and future prospects of silicon solar cell arrays and systems 

S.WAONER 

Heterojunction solar cells !?'1YS' 
,Discussion: H. TAaoR, P. T. LANDSBERO, F. A. HOLLAtmff.CO 

TK 
2960 

Pult •• " D •• ld L~ 
Phatoyol."lalep~w •• ecnel'atloft" 

D~yld L. Pul1rey. New Yal'k : Van 
Nostrand ReInhold COe,Ctg7S. 
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)(1", 218 p. : 111. ; 2~c.. ~- ... ~ 
(netud." blbllo .... phle.t •• :f ••• ~ee. 

~u,d Iftde:!!r:e 
~ 1> ~ '::1_ ...... ". ...,. 

ECONOMIC ASSESSMENT OF PHOTOVOLTAIC POWER SYSTEMS ,111,j 

6.1 Array Output Fixed Costs -:175 ' 
6.2 The Cost of Electricity from Photovoltalc Power Systems 17~ .:> ~ 

;! 
6.2.1 Residential sy~tems _, 
6.2.2 Intermediate". If-inl 
6.2.3 Central power stltiOn I)'lt~ms 
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A"""" ..... s.... 1II!t~ c.."".ce. 'M. WInhI....,... :D.c.. JooM 5-8.. 1W78. Conf._ :R~ Conf~ 
~ by tt. Institute of £kctr1caf aOO Electronics lE",ineorfS. 
New York, lnrtitute of Ekctral and Electronics Eog~s. Inc. • 
11711. 1388 p. ~ sea.: nonmembP!'\. $80. (For individual 
items see A79-"0882 to A7941101! 
~ papers deaf '!Wil" r~nl d~lopmenls in tile dcsi~. 

manufactme. and tertl!St.bl .. s well as SPOlce IJPPlication 0( plIotovol. 
tilic devices. Topics include the future of photovoltaa. tests ~ 
demonstrations of pholowoitaic pOWt!rsys1ems. meliSurl!llleRts of 
plIotovoltaic matefial propefties, radiiltion and $pile" envwon"",,"'" 
effects on sol. eellt. rNterials .00 Pfocen development fOf low'cost 
Pfeductioro of plIotovoltliic celk, solar cells from .~. rNt~ials, 
OInd .,.,ate solar·arr~ techoologv. OtIJef PilPCfS con~ tow-cost 
RIlrD foc 1~ge-.!iCale ""eduction. solar cells from al~ematift rNterials. 
silicon material and .sheet growth, Cu(II'S/CdS eellt. "Iicon cell$ for 
space applicatiom. polyoystalline material.oo impurity effects in 
.IIcon, and In·Sn Ol!ide etIIl. !(lite redlatlon .".:11 an GlAI alII 
•• II., discuMd, a10f11 ... '" ~. 'and 'fM(lJ1e~. for 

• IoW<OIt produdlon. .lIicon MIS cent. IOlar-mroeen.totor 'Y't"" 
ltemeritl,· endur_ ftftt tl!rtl, .ndem eelk. and terrestrial "'Plica
tions 0( photoVOltlic ~ I'(stl!ml. F.G,M. 

'>t"'fl" r' 

t AJI.311N· I ......................... -" ....... 
.....ity ........... ,...... M.IE. AIp!lf fCalifomla l"uiM@Of 
Technology. Jrt Propulsion Laboratorr, 'P.ulldena, C!oIlU.ln: 'Enerrt 
..., ... ~: PrOCftCftnfl of the AntJolAmerlCMI Conflmlnce, 
london, England. Of!eemb@r5-7. 1918. (1\79-3190812-'4) london. 
"oyll AerOnlsutlal SocI.ty. 1919. 111 p. HI reb. 

fihotovoltaic power system technology deftlOf)ment lnel~ 
ftet·pel" silicon solar arnys and ~trati"' .soI1f' cell svn~ 
..... \III ailicon and (Iltler cell materials such " gallium a~nide. 
System dftil"s and appliatlons Include small ~te ~ ~eom 
,... In 11ft from ...,. of ....m to ""' of 1t11owlltll.lftftlffMditote 
Ioed~er liPPfications rlflll", In lift 'rom ""' to fIundntdI of 
Uowwm, lind I.. centr" pI"'t lns1a1t1itiolw, .. .... .. p 
_ ..... ted roorn. _icatlons. 'The tfIem1,. cohftlnlon "' • ." it 
coneamed with I.. etntral ~ I'fStl!ml end IImIIf poMr 
lllllleMiOfOll. G .... 
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T Simulation SYI!WXJSiUQ, 11th, TcItDa, Fla. r 
57.~2 l07Q. 
.Sc)7 P.le..,enth. Annual Sifl1Ulation SVrmosiun / 

A71l'3014l TN _ ••• ~ ..... M. Uti""l. 
(EIClClric Powef RC1oItllldllnllihll., ,., Aho, c.llf.l. £PIlIJOUf'IJ.iI. 
vol. 3, N.1t. 19la.p. 20·25. 

,lO"'7A e<lit:.Git ...,., Philin M. 1\rtams, Etr:Jc.Tle W. 
COrntUDU1'IOll TO SOLVWU TIlE EriERey CRISIS: SIMULATInG TIlE PROSPECTS FOR LOW 

COST ENERGY: TlIROUGIl SlLICOllCl-:LLS, Mr. Aloxander Kran, IBM.1l1--:-;t/)"H" ,. _ .•. ---.--r-.......... 

I\d~oanl~ of lilolOWoIlH: IlKlric ~ltI'!)$ •• ,d .. ted '''' _Ie 
~n''e of inletmediatll ClO,.')veIsion ,,~ involving Ihe;mli ..... llor 
nlCdlaniQI if!f\tOr!l'i. P4tentw1v very 1oJl!i cOlnpooent Met_ncs. to ... 
m;\lnlen3I1C. (1)515. lhe utilization o' diffuse $<Ii. 13(1i .. lk-",. ~ .. doe 
modul;l< $Vsh:m cNflctemtics. The main ol»txle to ,a w;. ... ~ .... .)LJ 

Abstract, PECi; (Photovoltaic Energy Conversion Analysin) fst a h19h1y. 
Int~ra.ctive decl.sion analysis and support system. It. simulate. tl:e proapoctr;1 
for widespread use of solar cells for the generation of electrical power., ! 

use of ~wto.oI"'oe syslCms is currenllv the hi!/1 con of .... ~ 
nl.lllulacIUfI:. In the C;Me of "!'''icon cellI, the COlt of :iJJIt"11.. .... ,~:ac; 
01 ck,cuic!JCfl>'iatiog ~ty is ~l $15.000. This ... ,.,cll3s ,.) he 
COIl\i>;oted wilh lO<by'sConwcntionaiPOOWK plllnt(;onol S~ $1000 
lid kilowaH 01 lOlled gen.trOlliog ~tY' DOE w.)illS lo.od~ .. 

I r. ; I 
PECAN consists of a set of inte9r~ted APL functions for ev.luAtingl~~e pot.ntl&l~ 
of terrestrialphotov!)ltaics. Specifically, the system Is .~dat .. r:lllJ\iatiCI 
simulator, which translat.es. present and f.ucure manufacturing tee 0109r into 
economic and financial terma,uaing the production unit c:~ncep. It gulclcL 
solar cell development in th~ee areas: tactical deci.i~n maki at.r.:.gic 
~lannin~. and the formulation of alternative: cpt~ona. t " 

COlI of SSOO p..'f p"..lk 1tiI~.)u to. ~u:ll ~I"I: .... cdls 
l.'OciIP\ulaled in p;;"t:" for 19116 • .A;Wnlliw apptmle5 ,.,. 1c ...... ~tO!l 
com 4111.' leI .. l ...... 10 !he concept 01 Ihin,.il", $OIOM cdl' "lilol'II1II 
cadmium iUllidc. indium pholiltl-. Of _phwl liIlClOn. ~l'" 
on .. n Ine_pe1\"we M'..... G,ft. 

puarOVOLTAICS REVIEW, A HAY TO UTILIZE THE ELEC
TRIFYING RAYS OF TUE SUN, by J.tlchael C. iMe'rchant. 
Sunwodd, vol, 2, no. 1; February 1978, p. 2-10. 

THIN FILMS - PRESENT AND F~URE (Special issue) 

I 
lhin film 50lilr ulli. , • • • • • . • • : ' ..••••• • .•• J .•• , , , •. ' .... '. , . .,.. 89 

T. J. Celinl (Cranfield, Ga. Ifl ... n.. -116-

SOLAR CgLL MATERIALS AND THEIR BASIC PARAHETERS. 
E .. Buch.;l' 
App1i(;,1 Physics ~ vol. 17, no. 1" September 1978, 
p. 1-26 

TifF. nIFlIJFN~E OF T'mN~LIHG EFfJ:'CTS O~' ni~ 
i='f"FlCfFNr.y OF UETE'lOJUHCnOH SOLAq CFllS. 
p. Oe Vi ssch€'re f. H. J. nc.:un.,eh 
I\!lP!ied hysi-cs, Vol. 15, 'fa. 1t,'oAprii 197.3, 
~1t41J-422 I 

.AbSirac:1. A theorctical model is developed wbich presents ahe transport pr~perties through 
the space charge region or a p .. " hetcrojunction 50lar cell, whcrcby nOl only recombination 
through inl:erfaceslat!!S but also tU'Mcling thr()ugh polenlial barriers is lal\en illln account. II 
is investigated whether tunneling (;.J.1l give rise to optimum heterojunclion struc!urc:s whic~ 
havc belle!' efficiencies tlmn wilho:.n tunneling. It is found thaI only if the strongly dOI1',,"'\1 
scmicollduclOr has an optimum bundgap and Ihc we:lkly "oped scmlconduclor n lar~cr 
bandg:l.,. ll!llnding call make the structure optimum. In ;111 OIhl!r l"aSI!S or opiimum. 
structures" 1~lIlllcling dl!leriordlt.~ the effick!llcy. 

I 
... , • ~".'i!._'" ,.,,_.-, 

RECENT PROGRESS Df THllf-FIIH SOLAR CELLS • 
J. I. B. Wilson" J. McGill and D. \ienire 
Advances in Physics, vol. 27, no. 3, !.fay 1918, p. 365-
385 

Abslracl. Par.Il11t:tcrs such .. s the energy ~:lp E", oper .. circuit \'ollage ":C. '.hort circuit 1'1.., dc,.leli.m or energy ftlIIOu~ Mould Ilt'Otluco an inere .. ..., ill tl..,,,,ngo of 
"I'I,\ie .. titJ.UI fW' lerre..tri .. l1l()tar t-cl.... 11M: .rAi:. factur dt'll"nni"illg the o)(I .... t (Of 
thi. incITase ",·iIl L.: .. <MI. III dli. I'NtloCCa. dllll.film ""lor ..... 11,. flre ,lanir.utarly 
I'romi~ing. "kL'e(lIIl wurk .... Ct,II. '_'1I on .IoJ"'" amu'1,l!o\l1! ... ,h~'n I. nwirw .. ,,1 
ill det"il. The J'mperlieot (jf Ihi. relativrl!, new In_h'rilll ~re .. till I ... orly un.ler. 
atoud. 

cuai'CIlL density i ... fill f:lct(lr F.r., efficiency '1. ;ullirclkctiun coming condition A.R. :lIld 
illumin:llioll conditit)ns of cilm!lllly L."OWIl photO\'llhaic diodes un! h!\'icwcd "'Ill tahu
latcd, foll()wcd by some critic .. 1 commenls. . 

182 
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AUTG~nc T£sr [qUIPMEHT~ (Speci~l i~HC~: (COi\tll.;,l$ 
p¥:!r~ in .five catcQodeSl n j .AlItOlJ!I,ttic Te~t 
S,ster;; ~tchH~cturej (2) AutoWlntLc Test t~ufpment 
O~.o;ignsf (3) ,4l(.tOl7l"ted HOGSU,C!~"t £ub:systaw$j (If) 
,A".to~tic Testing T~chnlque~: (5) ,Avtomc1tic C" .. b·oC 
~1~ tCIl' In:;t["'~C1I.'!nto:tioro). 

'.I;'tr·)"r'~,!~~')f·not!~(1 S'll.n ({II t-k.l"!lr':"It'lIt ~:\<Ir"'~ .. 1'1. Vth'tl\fa r~ 
.. S.,.,jr:-lIoll~U, J. '.t>t4'''!'l'' 

Li CnsrIJi'..:r A Aln/.11II, rI· 

Almract-A mieroprOC:eftor~b.5l'Cl !olar edt ~andlrd chlr.cf~r· 
il'IiC!\ tne .. ~ur~mm~ ~y!t~m .i!l d~eribcd. OICa Iquhition Ind dig,lll! 
conn·~ion 'Of the currenl-lcHoltlige chlraCleri!ilicl' and Ihe spcctral 
respOnse alloM the performlnee of l'e\'cr.t operlllions as avcraging, 
$Iorage, minicomputer conncciioq, and parlmeter determinltion of 
thelheorrtica! models jntroduced~ . I 

SeYerll rl,!!ull!l Irt shown concer4in~ .h~ Iccuraey oflhe m~thotl. 
on tbe ddermination of !ltrl~ re5i~l.nce. revcr!'c :Olcuracion ~rrt",,1 
and :I!e minority C8rri~n lifetime on th~ base rrgit.'Uof 1I0in ~~; 

ImUZiID DOPANT CONCmPATIONS AT tRl llIAVILt 
OOPEb Stffl,lfJ..cE or A 8ILIC(m 80LAR cWa. tmns 
~~i~ho~~, JGc~b D. nrd~erp Gncrf.~ A. t~aarl •• Jr. 
liintil Ly,\\ ttau. !:!JitC. Dac.1910. 18p .. 

NA-~A T p·,3tJ 1 
,,, .. ~j 

A~tro'~.,.uttcs @nd Aeron&utlci. y." 16. no,.l1 ·p,.32 ... 3a . --- . " . 
~j-
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. -HIGH EFFIC~tNCY L~ COST SOLAR CElt Pij~ERu 
h~n flet~y D lind Wilde 81oe:k&r <I (A ""'. eoneapt 
for sol~r p~lmr'modulez cuuld dr~mattcally 
1ner~ase cell eff1cten~ to lower thD co~t 01 
$p.,c9cr~ft fNwor. boost electric p~pu151onD .rcd 
e~t ycur @lsctrie bill!). 

" ~> r 
~ 

f 
f 

? ... r' 
, , .r .,~,r-"', ~ 

Photloelectric cells 1973 I 
f."'~'-

HIGH-EFFICIENCY O~G'\NIC.,CELlS I 
tl. t. Horel, A. K. Ghosh, T. Feng, E. L. Storg r'l", 
P. E. Purwin, R. f. Shaw and C. Fishman , 
Appl. "h'ls. Lett., vol.)2, no. 8, Apri 1 15, 19713 : 
p.49S-491 I 

.J'(:illlic ~llM cdl .. t>;t~~1 011 Rlerocpllir.e dy~ h:tVe uhihilcd "mti~hl cm(i('nc~ in C!~ .. or ,% :1" 

- 100 .",W/cm'. Thi~ rcp'~11I~ it "il;nilicanl iflll'fll\TIIICnl o\'cr rrl!'lllu~l)' reponed vailles ;;tl.d "rin~ ~\i 
"evil-a inlo the re.,111l or Jlr:tclic:1Ijly. 'The ~h:nCC1\ e.hibit i~'Sll' ltif:h 11\ 1.2 \! hut life r'~lly !lmiln 
'}" ficld.d(rclld~"11 cn(ftty·dcJ'('lItfenl qllllnlllm d'",c~lt'.:y. 'llroo,h fIlonOCh!-llfllalie crrtl.1mri~ ~pt'f\u,hi .. 
loo~ (>Ccur III "i8h pho'one"er~i~ 'II~ dimin~ 10 -l,':;. al fhe main .~Iion reak in .she Tisih}, 
Ib'\Cd UJ'llll lIul1li,hl 1I~(lrJliio"" theorelical etr'1Ciettcid ror Ihee devk~ al'JUi'hi,h, 

Ph~l(lt~H·~hi~ Cl!l1t l::tIB 

THEORY ANn APPLICATIONS FOR OPrDUZATION OF EVERY PART 
O,P A PHO'fOVOJ .. TAIC SYSTEM, by David Redfield 
Solar Energy, vol. 21, no. 2, 1918, p. 101-112 

Absfntd-A general method is presented (or qUJlltitalively oplimizi", lhe desip of every rart altlf f~!iofl step 
of :an enlire phntovo!laie syslem, based on the crilCfioft of "",,,mum cosl./Watl f« the $)'siem outpvl power. It i!; 
shown th:at .1\(1' clement Of proce~\ step an be optiillized I"'t'J'I:"Y by c!:!ftsidcrinl only its own cos, IIICI 
rerf"rmance. Moreover.:a frxtion:al performance loss at :any rabricatioft Stel' wilhin the eel «anay pl'oduces lhe 

: same fraclion:alincru\e ill the costIWatt of the. enlire amy. but not of the fun system. One Jenera! equation is 
found 10 be c3,l'able of (IIItimilinl III parts or I ~ys'etII. IhhouP the cell and amy sfel's.e basically .tilfuetll 
(rom tM JIOwcr.h3ndlilll elemenlS. AppliatioM or lhis Irol.'),sis :lIfe liven to \how (a) .-hen should Si ..,.fas he COlt 
to increase thd"r pac"'''. fraction: and (b) what are the optilnvlll dimensions fQf .'$obr cel. IIIIC .. ill"$. 11Ie 
"",imum 'hado .... fratlin .. (\f lhe fint vid is ~ho ... " 1ft be i .. pt .... C1f fllelal COIl and resklivity a weill "tl 
$ize. lltt(llllinlUm thic"M1~' of ""''' the ftne pW .... tile lin bar are substallliafty pcaler ..... iIIe ~ in 
It~ tnt. aM the 10iallnlJ CtKI ha; I 1Mj« clred 8ft IhcJen!ucs. 8y lnaqy. dIh ItIaIyJis is ~ to 

'olllet tolar ciltrIYSY'Ielll5. I 

,~:~.~~::!:!-

DEGiVlDATION OF SOLAR CELL EFFICIENCY BY SHEET f 
RESISTANCE.~ by K. Lehovet' and A. Fedotowsky, 
Solar Energy, vol. 21; no. 2, 1978, p. 81-8t.; 

llKlnd-The ~lriciency dep;1dalion of solar cells due: 10 $Mel resist;ance"f;Cneratof Iones is computed " I 
Junction or liahij inlellsitpnd electrode $jJ:aci"l. ihe Ikl'ldaliott derived by lh:izeulld Ott is $lIowa to be 3) per 
efnt foo lar,e II sIII.n eteclrt!de JplCi",. We ailrC.lllllJll!fo.",,~e a".'¥lie rdaliott lor lhe el&ciency deandaliott, 

1
1Int! deriwe 'rfttnlit lhe eltclrodesl*"'1 wIIidt tninimitcttfle tl)lllbined Ion« due 10 1ktt ftSislllM:t Iftd dcctt~ 
sh2dinl· An dcc:lIode conlilUra!ion wllich prnenls Cllreme pont loss by local shott circuits .. tile pIIoto~ is 
described, 
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la~(')n,,~. 5AMPE.~Y;hI'1 am ~:J:ibition , 11rr1, 
lr8he~" rA1l . • , 1978. 

S~l,,<·t iw" ':r"lic-.a tir;'!1 

nrC' 1 ;r; I..'l ilnd Clif>rqy / ! 
of' rntrria15 for 
.iet" ':01" t'1,",! 

l~'lv:ln('(!"'ol~n!: of n~1 teria 1 nf'}rl PrNX";S In<i-
TlfV'rir>q . - - '\~\I!"l , ri\lif7 . ~h:j"I" r ")r tll~ 
,"-tiv,\Oc-crynl: of t!c"\I. ~riil l :1."1,1 rl·~. ' 5" fmi 
nccrinr .1 , (;]'178. 

U Olj f prill l.'II '~1i ',i) l~. LUI.' lO~C SII.lCllS S"W ctU~ F-oR 151 
, I ~ 1'1 " r" I" \1'1'1 :1. ,\ rll l:S 

'!. 'P ill 1/ I.. 'I" dd 
Tilt: :.Lale oC devclopoWOL or low CO Ii\ j;lroduc ttor. of .. lUcan »hcct 
maLl.lna I Cor u '>1.1 In Len c:.Lna l photovoU. lo eo~I'iY »y:.t llmll III 
rcvlc\wd, lmphalil .. I'> placed OQ tho m o.t6, 1:l 1. requln:monLll botb 
Crum a Lcchnuluglcul "ntI ct.'Ooomlc po int ,' f view. In ~cvcralilrilai . I 
Lhc :,uccc,>sfu I dcvcluvmcnL or cOit~erritCllv ... llIlet III li mited by t~ 
uvualaLllily of ubcCu l ;lUd perh.lp. mon l mpor t aUl low CO!i4 
m:Hcrlab, 

PERSPECTIVES ON l1J'ILITY CE:lTRAL STATION PlIOTOVOLTAIC 
APPLICATIONS , by E, A. DeMeo and P . B . Bos 
olar Enerpy, vol . ?l , no. 3, 1978, p. 177- 192 
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"WET-TYPE"~OU\R rELLS WITH Sf.)tlCOtlr.UCTOR 
lJy H. Tsubomura, M. Matsumura, K. 
Yamarno Lo alld K . 
Solar Energy, vol. 21 , no. 2, 

HASA cp.2Q5B Pho t oe lectr i c ce ll $ 

FUTURE OflHTAl.. PO~R SYSTEMS Tf.CteIOlOQY REQUI 
(.s~O$1Uj;l h2id L: RL. ~~,)' 3~ .. June 1.1D78}. 
322p. 

S)~~1!S1 on Furore 07b1tal P0t!8t, 
Sy~vc~ T6~~~~! ogy r~qu1reQCntl 

~1Q 31"~,-~ 1. 
1918 

A BRIEF SURVEY OF THE SOLAR CELL STATE-OF-THE-ART 
Daniel T. Bernatowlcz. NASA Lewis Resea r ch Cente r 

SOLAll CELL WORKSUOl • - f ( ~ ~ s: _ 
PERFORltlAtJCE OF A TILTED SOLAR CEIL UlIDER VARIOUS 
ATMOSPHERIC Cor:UITIOUS I by J . V_ Dave . 
Solar Ellergv J vol. 21, no. 4) 1978 J p . ?61-271. 
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8OTJ,R ETECTRICITY SPEEDS Da-m TO F. II. hy 
Stanford n. Ovs llinsky 

~rj"ntist, vol. &), no . l131, Novembpr 197P, 
p. u711-(;77 

--- .-- -
Present silicon solar cells are far too expensive for la rge !>cale power generJt lon . But recC 'H exciting 

advances in the development of amorphous devices bring forward 5everJI ye:trs the day when - --
Installation costs could drop below those of nucle:\~ 

PHOTOVOLTAIC POWER SYSTEMS: A TOUR THROUCH 
THE ALTERNATIVES 
Henr y Kelly 
Scienc 
Vol. 199 no. 4329 February 1973 
p. 634-643 

A family of new technologic, i ich in idea" may 

pro vide the ba"i~ for many .. 1'iefLiI energy systems. 

HIGH EFFICIEI1CY 1(1,1 COST SOLAR CELL POWER, by Ivan 
Bekey nnd Wade Blocker. 
Astrolwutics & Aeronautics, vol. 16 . no. 11 
November 1978, p. 32-38. 

A new conccpt Jar solar pOl,rr modules could 
dramatically increase cell efficicncy to lower 
tire cost oj spacecraft power. boost electric 
propllision. and Cllt your electric bills. 

SOLAR CEI,I.oS: PJJJr,GING INTO THE SUN, by J oh n C. C. Fan. 
Technology Review, vol. 80, no. 8, Aug./Sept. 1978, 
p.14-36 . 

Solar cells convert sunlight into electricity silently and 
without pollution. New materials and new fabrication 
techniques may bring down their costs significantly. 
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NOVEL MATERIALS AND DEVICES FOR SUNLIGHT 
CONCENTRATING SYSTEMS 
H. J. Hovel 
IBM J. Res. Development 
Vol. 22 no. 2 March 1978 
p . 112 -121 III Ihe hl'1 r;III "I Ihl' r,IrCI . Ihe ClIlIHII!lK alh ,lI1la!,!e' 

III hl!!h elliClenc~ '111.11 cell, rill '"l1h!,!h l \.1I11(enll.IIII\I1 

,,'Ielll' ;IIe Ilhl,lI aIC" In Ihe 'Cton" 1',111. Ihe Iheolell( ,II 

It"", (,1//1 ( ' , \ltllI 1'//1111'/1( /1'\ III ""ck IlinUlnn ,111.11 cell, 

ale c:.tll.1llalnl a\ a lunl.llllll IIr tempel.lltlle and intell\ll~ 

In Iht' 1;1\1 r aIl. Ihe indlvltllI.11 nll\cl tlevlce, and Ihell 

p.lltlcular atlvantage' anti lIi'ad vanla!!C' "Ie de,cri~d . 

N71.2fS654·, N.hon.1 Ae,on.utiu .tId Spice Admlnlsh.hon 
lewIs A,,,e.,ch Center. Oevel.tId. Ohoo 
DESCRIPTION AND STATU. OF NASA . LERC / DOE 
PHOTOVOLTAIC APPUCATION. SYSTEMS 
Anlhony F Aalapalt 1978 10 P reb Prosented al Ihe 
131h Photovolt" c SpeclaltslS ConI. Washongton. 0 C . 5 · 8 Jun 
1978. sponsored by IEEE 
lContrect EI49· 261· 10221 
INASA TM 78936 . E·9679. OOE/NASA/l022 78/381 AvaIl 
NTIS HC A02/MF AOI CSCl lOA 

Oesroned. I.brlCelld .nd In.,.ned WI,I HI "eogliphlCIUy 

PROSPECTS FOR THE USE OF AMORPHOUS SEMICONDUCTORS 
IN SOLAR ENERGY CONVERSION. 
J. I. B. Wilson & D. Weair 
Nature . Vol. 275, No. 5676, Septe~be r 14, 1978, 
p. 93- ·6 . 

In Ih" :'rIlll'ic. we f('v icw ~ol!le pnlcnlt,,1 apphClli"n~ or 
"mClJphllll~ S, in Ihe lic ld of ~ol"r cllerl!} c(ln\'cr~i()n . Thc>c ;'lre 
n,,1 cllalincd Itl 'he junclion tI('vicc\ mcnlinncd "ho\·c. Ihal is. 
'111M ccll\. !lUI thc\e cerlainly constilule Ihe m('~1 promisin, 
prn\pecl. 

QC3 . P47 
RR MATEPIALS FOR LOW-COST SOLAR CELLS. 

F.A. Shirland & P. Rai-Choudhury. 
Reoorts on Poogress in rhysics, v.~I, 
no.J2, Oec.l978 , p.l 839-1B79. 

Photovolt:1ic materials are reviewed with regard to their possible use in system' 
hat could provide very large amounts of electric power (rom the Sun before the en 
f the century. The key is taken to be the c(Xt of the solar cells which are considere, 

to be presently about two orders of m:lgnitude too high. Only silicon, in single cryst 
r ribbon form, or CdS in thin-film form are thought to be sufficiently developed t 

permit their possihle large-scale exploitation by the last decade of the century. 
Silicon is considered to have the advantage oy~( CdS at present for large-sea 

lI~e brcause of the higher performance levels and the broader e~isting technolog'J b 
(,dS thin films are considered to have greater potential if selected improvements C3 

he effected in design and performance, because of lower oroiected cost and the e3 

of autcmating manuf2cture. • 

PROPERTIFS OF POLYCRYSTALL:rnE AIAS/GIIAS OU GRAPHIT 
HETEROJUNCTIONS FOR SOLAR CELL APPLICATIONS 
W.D . Johnston,Jr . and W.M. Callahan 
J. Electrochem. Soc •. vl25 , no.6. Sune 1978, pP977-983 

Polycrystalline heterojunction material of N-AIAs/p-GaAs and P-AIAsl 
n-G"As was grown in a chloride arsine vapor-phase reactor on graphite sub
strates. P+ AIAs/p-n GaA,s's! ructures were produced as well by postgro'vth Zn 
difTuslon. Control of nUcleation and ohmic contact of the GsAs layer to the 
graphltl.! was achieved with Zn clopin, during growt~ or Ge or Sn coating of 
the substrate prior to growth, for p- or n-type vaAs, respectively. The 
N-AIAs/p-GaAs material appeartJromllfn, for possible solar cell appU
cations, but we have not succeed In overcomln, the high spread!n, re
Iistance due to ,uln boundary Icatterln, In the AlAs layer. 
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PHOTOCURRENT SPEf:TROSCOPY OF SEMICOUDUCTOR 
ELECTRODES IN LIQUID JUNCTION SOLAR CELLS 
A. Heller, K.-C. Chang, and B. Mil ler 
J ournal of the American Chemical Society 
Vol- 100, no . 3, February 1, 1978, 
p. 604-6BB . 
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THF pqOSPFCTS FOR D\iOTOVO lTAIC CO~IVERSTO~ . 
W. O. Johnston, Jr. 
Amer. Scientist, v . 6S, no . 6, Nov./Oec .1977, p . 729 - 16 . 

Solar ('('Lls convert ,'wnlight direct ly to electricit y
'an they be made effi cient and cheap enou~h to 

contiibute significantly tu a solar energy economy. 
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Int.P..rnational Solar fherCTY Society. UK Sect.i.oa-
F..cx:;n::Jni.c &. cx:rrtTeI'cial assessnP.l'lt of 

solar energy cooversion : cx:nferenoe (C12) 
at the Jbyal Institution July 1977. -
IDrrl:>n : UK - ISES, c1977. 

9R o. : ill. ; 'lO en. 
Inc1u1es bihlioqranhica 1 references. 
1. Solar~' 

I. Title. 

Cost Factors 1n Photovolta1c Energy Conversion with 

Solar Concentration 
J .E. PARROTT p, tf1 

MAXIMISATION OF OPERATING EFFICIENCY OF SOLAR CELLS 
D. M. Divan and M. M. Hasan 
Energy Conversion, v01. 17, no. 4 , 1977, p. 183-188 

""'Iraet T'I>o orllmal ."nlrul S)~ICmS It.l\(. becn dC\lscu foc ~"Imbln, It 
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fl +/N HIGH-CHICIfI IC Y S IL!C OU SOlAIl CFLlS. 
IL L Sac and R.'J. D' ,\i ello. 
Ann}. Phv s . letters, v.31, no .4, Aug.1977, p.28S -S,. 
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DETERMIlIATION OF SOLAR CELL EQUATION PARAMETERS FRO 
EMPIRICAL DATA. 
A. Braunste in, J . Bany and J. Appelbaum 
Energy Co nversion 
Vo I. 17 No . 1 1977 

, llA S 
T • L. Ch'J , 

• l\pr) I . 

ON ZONF-M~LT~O SJLJCO~/~RAoHJT 

t <3 I . 
hys., v. 4R, no . S3 , ug .t 97 7, o. }S76-)S7J . 

p. 1-6 Pnl)Cr~\I3Ihn~-"locon \Olar 
dCp<Xllton I~chnlqu~ hI' 
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menl .,1 .1, 11.1 \qc ,llhl,"VI",1 hv Ihe lea'i "qU.'H' n)<,lhn(1 "h('rc ,,11 .tIll 1""111\ "Cle c""'ltlnOlI rill \uh,IrlllC' ha.e I>cen l 

i\e p.1I '1II .. "'r ' nf I h •. ' cdl (fI".IIIOI1 \\ere Inn,rnrmet! ft. 1 'hr cc p.HJmCIll l'tjll.w"n rc"'I IIII~ 111 \Ihcon layers 1\ \utxl ralo. 'IOlu 
.1 \Inlphflnl ",1"11110 In Ihe filllll!! prnccdurc of Ihe C;,lclll.llct! I I (h.lI;ll'l"Il~,ic 'n ,h(" e'l"~nnl\.·nl:,lh nr Inchloro\ll.n~ coolI,nrnl Iprrorril le d, 
m.·.'\lIr('(1 potrnl 'hI" crr"r' nr Ihe tn,lrumcnl.lllon \\ere 1.1~.:n tnl" :Ot'P""1. I he ,hlll1' r""":111« obtained for cell' of aboul 6-<m' 1rC8 
:lppr.lr.:d I" .,.. Imp"rt .11I1 f'lr a de<lred filltn! altura(l 

LABORATORY EXPERIMENTS WITH SILICON SOLAR CELLS. 
O. W. Kammer and M. A. Ludington 

Ameri can Journal of Physics, vot e 4S. no . 7, JulY 
t977, p. 602 - 605 

rhe u,c' o r \lhl:nn , o lM cell ' a~ \uhjel:l' of e,pcr;menl~ In lInrlerg,r:duale leachln 
I.,hnr,tlon", art" <l1'clI"cll The ha'jc thenry o r Ihcce cell~ I~ prccclllcd, mdudmg eqlll\ :I lent 
lI rl:lI' l ~ and l h:lr.I(ICrr' llc cqll:l l,n ll<; rundamellial e'pcrlll1('1I1' nil Ihe p""er nUlpll1 Jnd 

ffi clcncy. \\ hldl :lrl" :lrrrOr rr,l lc for non .. c,elll:e m1)llr" lourv'" are ddalled. a .. \\ell a\ 
more :Hh;tI1Ll-d npcrlOlI'nl" on cell par:lmeler, r' rcrimelllal rccult~ and :12reelnenl "'Ih 

Ihellrv arc prt"'II ' UJ rflr a I) rica I 'nl'xpcn\ne (cll 

SOLAR-CELL TECHNOLOGY ADVANCES - OUT SLOWL Y 
Dick Hackmeister 
Electronic Design 26 
Vol. 25 no. 26 December 20, 1977 
p. 24-28 ... 

L
illie by liUle. snlar-cl'li I,'('hnol-
o~y i'l hf'ill~ Ilirrl"lfll iI\ Ih .. (('f : 

eral ~(I\'rrnm('nl loward in

rf':lc;i n~ thr nalion'" ('nrrey c;lIpplil''I 

While solar -rll,("tric, ur "holO\ollaic 
I)f)\\ e; S) 'Items have a Irm~ W;l\' In WI 
hefore they aclually ("omill'l., \\ il h 
(fl5"i l-(urlerl power plant '!, IIwrr arc' 
5ign'l inllicalinJt that progrl"'c; ic; " ei ng 
made: 

RADIATION EFFECTS ON HIGH ErFICIENCY SILICON 
SOLAR CELLS 

W. Luft 

Energy Conversion, vol. 16, no. 4. 1977, p. 15 
167 

''''-'r:lc l I hI" p\rfmm.lI1ce or 10 cdl l )J'C~ hom -' m~n\lr.'Clllrcr~ 'h,," , nnn ·irradi.lIClI. !!b<, ·eo~ 
dl (IlIC,enCll< r , 'Il~mJ! from 101 10 116** after rrololl!!ul rt .. "nn Illummalion ror eells h.lvinE Ih 

nc~o;,:, hom:! I ~ 'n 17f1"m, 
I II'cl\;l1(1e< .Iher 'H.ld,.,lln" h) I-MeV ekclHIO\ 10 a nll<:II(C of 10" c{cm l nn!!(d rrom 110 

, 2" w Th:: d<:p.HI.lllon 111 PO"cr O'J 'pul a~ a rn\llt of III" e.·lOl I irrat\IJlirn r;Jn~c,1 f,o 
'01 cell , \\,Ih a 2ohm-cm h.ISC re<l'''''ll y nnd rrom 211 10 'cr * r •• , IOohm-<m cclls 
I r' ~,ck \\lrf,lee field ,ho"ed Ihc hlghe,1 dcgr;l(J:tltnn in each remlt'tty !!rOUr 

Onl) a cdl ~rO\lr u"n~ noal-70ne rmlcnal 'holl.cd 'IIgn,fteanl r holon dc&radaJ,on afler eket 
trradlallon A" olher cell 'fJ'C' soo"'-cd annahn« 01 d cclron IHadl"ltl)f) d3ma~c of up 10 So.. af 
, )f IO'~ c/cml trr"dlallon 

LABORATORY EXPERIMENTS WITH SILICON SOLAR CELLS 
D. W. Krammer and M. A. Ludington 

American Journal of Physics, vol. 
1977, p. 602 - 605 

5 . no. 7, Jul 

~ 
he u\<:' of "hcon 'CIIM cdl\ a\ ,uh}ect \ or upcrtlnenl~ '" undergrndu 

I.,h<tra lor;c<; :I re dl\cu .. ~eJ The b:lC'C Ihenry of I"~c cell\ j, rre<>e!l'cd. Incllldin~ eq'""al 
" rlu'l~ and cha r3Clerr\I,C equallOIl\_ Fundamenlal urv.rimenl .. on 'he rov.cr OUlput 
e ffiCiency, which arc arrropnale for nonsc,ence maj\'~' cour~. are detailed. 3\ .. ell 
more advan.:ed upcrrmenls on cell paramelers Ellperimelltal re,,,lts and aareemenl 
Iheory are rre<>enled (or a Iypical hupensive cell , 
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EFFECTS OF IMPURITY R£DISTRJBUTION ON THE SHORT -
CIRCUIT CURRENT OF N+ -P SILICON SOLAR CEllS 
E. Y. Wang and L. Hsu and H. W. Brandhorst. Jr. 
Journal of the Electrochemical Society 
Vo 1. 124 no. 12 Oecent>er 1977 
p. 1915- 1918 
Thc efTcct of Impurity red.:;tnbutlon on the n t -dllTused layer of "ilic( 

oiLlI' (f If:.. Ita, 1""' 11 :.Iu·lll'd Thc Impullty conr"ntl'.11101l WLlS profiled by fou 
pOllll -ploh(' JIII"II/lll.1I 11 .. 11 • lid IC:.ISlIVlty mcasulI.mcnts. Thc clectrlc til 
Gladu nt alld 1/1(' m/lblilly gladltllt II) thc dllTuscd ICGlon WCIC obtalnC'd In 
the 1I11I'Ullly plllhl! s . Slltlll-l'lrcull CUI rer.t \\ as calculatcd from thc elTectl 
rccnrnhln .• \HlIl Ilfdlmc 111,<luced flom elednc field gradient alld mobI l: 

radllill II'SIIIt:. 1 he calculatcd hhort-clrcult current was compareo with m· 
loured v ... lul·s a:. u functIon of \\ .. vclcn~t'" and found to be In reasonably , 
agreement. 

SOLAR CELLS FOR TERRESTRIAL APPLICATION 
Harold J. Hove 1. 
Solar Energy 
Vol. 19 no. 6 1977 
p.605-615. 

\1:;, 11 .... 1 \ h .' \ I", 'A " )!1 \ l"I' .,f ",I,ll "dl, r,,, tt: H.:" " ,.I"l'rh,,"'lkUl' I ,.ur m..lJOf ", ... ,\.~,."" ,,' \,11\ "ft.! .h,,,u,, 

Ih".n. , .• JIIIIII'" ,,,lhJ, .I,,,,,, I"f ,ulIl,~h l ,u~(nlr~IIUn, .1'" Ihln lilm .. II. A I."d J~""rl .. 'n He " II 

I'h,,"I\ .. II.lIl ,),I(n" " Jlw lI,dllJ~J 

A SI/CoS HETEqOJUNCTJON SOLAR CELLS. 
F.M. Livingstone , et al. 
J. Phys. 0: Applied Phys., v.l0~ 1977, p.19S9-1'3t>3 . 

AlI-.h.lCI. I klClllllIIIll,ulI :>ol.l r ~clh of Ihc lyre SI CdS 10.1\.: 1>.:':11 f.,bll':.lICU \\h .dll'J\'e 
CJI"'I~I". IC' 017 ". III"kl A!\II l.UIl.IIIIOII). "I he (ell, II,.I\C I>.:CII 1.,l\II",II.:J b~ ,l.:pu~llIll¥ 
l ' l'lI .1 " .. I <.. .I'> 111111) on 111I: rlll,llIy d~JllcJ )1101.011 .ulnar "I"" unJcl UIIV. 

I hc clhu~n~y 01 Ihe~ u :11. 114~ been )luJlcd uvcr '" wldc rallll .. uf S. I "" .. 11\ IlIc~ 
amJ II h.l) lJcCII fOll.llI Ih.1I Ihc hlghc)1 ethclcn.:y IS OblJllICJ wllh Hc.lrlllllllhlC :>11ol.lln. 
I he :>.:,IC' Ic",I.II .~e U,,,),.I.lleJ \\ Ilh Ihc~ l.1:1I. rc".It~ III ,I till r .... lor vf 0 6. 

7Q() 

METE 0ROlOG ICAl EFF ECTS ON SOLAR CEllS. 
J.R. Mallin son and P.T. Landsberg. 

Proc. R. Soc . l ondon . A, v.3SS, 1977, 0.115-JO. 
The effect of different mClc.lrulogical cOllditiolls 01\ WIM cell outputs h 
Lecl\ invclolig'Ltcd, usi ng a model for D. solar cdl (p Oil nor 11 -01l -p) \\hich 
incorporates surface rc('omhillation . surface region electric field and scri 
resistance. Two ways of delilllllg' clear' and • cloudy' cOlulations IHl'IC been 
used, and by interpolat.ing Lt,twecn them we have cOII:.lruct~d two con
t.inuous ranges of meteorological conditions. The optllnum achievcm('n 
of a hypothetical rallge of 8uLstallccS X(R, ) wlll('h have an ('"crg)' gap E

" but otherwise all have silicon material parallletelS. have been dctcrnun 
for each of the meteorologIcal conditions mentioned above. Thc optimum 
material, X, fo r U.K. conditions i. found to be X(1.78cV) rather thlln 
silicon which is X( 1.12 eV). H owever , iLl t ranslation into a real material 
or ita low-cost production ~re not considered here. . --

Session titles 
Terrestrial solar i rradi ar. ::e: i tsmneas Jrement and 

its effect. 
Solar simulation and reference cell calibration. 
Celt and array measurement procedures. 

OF PHOTOVOLTAIC 

Goldstein 
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NASA CP-70 20 
Solar Ce ll High Efficiency and RaJiation Carnage. 
A Conferenc ~ held at lewi! Res. Center. April 
28-29, leH7. 

Status of NASA-Lewis Research Center 
Silicon Solar Cell Progra~ 

Henry W. Brandhorst, Jr. , Lewis Research Center •• 
p.7J 

The Goddard Space Flight Center High Efficiency Cell 
Deve lopment and Evaluation fl,7 

Luther W. Slifer, Jr., Goddard Space Flight Centel 

A Review of Air Force Space Photovolta~c Development Efl 
W. Patrick Rahilly, Air Force N!ro Propulsion fl;lS 

Laboratory . . ... , . . . . • . . . . . . 

AND FUNDAMENTAL MEASUREMENTS ON SILICON CELLS 

Impurity Gradients and High Efficiency Solar Cells 
C. R. Fang aad J. R. Hauser. North Carolina State 

University •••••••••••• '~I~~ •• 

Measurement of Material Parameters That Limit the Open
Circuit Voltage in P-N-Junction Silicon Solar Cells 

F. A. Lindholm and A. Neugroschel, Universit'· of 
Florida, and C. T. Sah, University of Illinois. 

fJ ~I . 
Surface Recombination Velocity and Diffusion Length ";of 

!>1inority Carriers in Heavily Doped Silicon Layers 
Harry C. Gatos, Masaharu Watanabe and Geri Actor, 

Massachusetts Institute of Technology • p. $1 

Impurity Concentrations and Surface Charge Dens ities on 
the Heavily Doped Face of a Silicon Solar Cell 

1. Weinberg, Lewis ReEiearch Center and 

Wayne State University •••••• 1 • " ' •••• f 
~ .. 

Investigation o f the Topolraphical Features o f Su rfac 
Carrier Concentration In Silicon Cell Mate r i al 

Using Electrolyte Electroreflec t ance 
Fred H. Pollak, Cajetan E. Okeke , and 

Paul M. Raccah, Yeshiva Un i ve r sity p.J! 
f)/I-1 CON 

CELL TECHNOLOGY 

Advanced High Efficiency Wraparound Contac t Solar Cell 
J. A. Scott-Honck, F. M. t~o and J. W. Thorchill, 

Spectrolab, Inc ••••••••••• • fr f l . .. 
I The Saw tuolh Cove r Slide 

A Mc ulcl lbe r .. Jr COPI.unlcat ions SateJ j ile Corpo r 
p. 0" • " • ..., 

AppJicat ion~ of l Oll Imp lau~a ti on Ja r IlLgl, 1': 11 il:icnc 
Stlicon Sola r Cel l s 

J oh n A. ~linnucci a nd Allen R. Kirkpatl L_~I'\ 
Simula t ion Physics . Inc . •••. • f, 7. 

Transmutation Dopi ng of Si licor. Soiar Cells 
R. F. Wood , R. D. W~s tbrook , R. T. Young , .:H.d J . W. CI 

Oa k Rid ge Na t ional Laborato ry. • • • fl . { ~ 1. . .. 
Developmen t s ill Ver tical-Junction Sil icon Solar Celb 

J. Li ndmaye r . C. Wrigley, and J. Wtlhlgebluth. Solarex 
Corporat i on •••••••••••••. • p.. (I] .. 

Pr oject STOP-Spec tra l Thermal Optimiza t ion Progr 
Goodelle. and L. J. ColJhauune r, R. W. Opj o rden . G. S . 

J. S . Powe . Hughes Aircraft Co . . I"J~7 .. 
Hi&h Efficiency GaAs Solar Cells 

Gilbert II. Walker . Edmun(. J. Conway . and Ch.Jrles E. li'/v 
NASA Langley Research Cent e r • • • • fl' 1.3.3 . . • 

Theo r e t ica l Studies of A New Double Graded B~nJ-C~p 
Al Ga l A -AJ Gal As So l a r Cell x -x s y -y 

James A. Hutchby , NASA Langley Research C(;11 ter . P.' J 
GaAs So lar Cell Development p , 11~ 

R. C. Knecht 11 . S . Kama t h , :lOd R. Lao . 
Hughes l{ese.l r ch Lab o r a t o r ies . . I 
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PERFORHANCE ANALYSIS OF A SOLAR -ELECTRICA 
SYSTEM WITH A LOAD AND STORAGE BATTERIES. 

J. Appelbaum , A. Br aunstein . and J . Bani 

Energy Conversion, 1977, vol . 16, no . J, 
p. 105-1 10 

PHOTOVOLTAI CS: T~E SEMICONDUCTOR REVOlUTIO 
COMES TO SOLAR 

Al len L. Hammond 

Science, July 29. 1977. vol. 197 , no 
p. 445 - 447 

I, JOllrn!11 ~t Vt\CC\!!:2 Sclence e, T.echnolcc~ 
~.14. no.5. p.l053-1216. 

4302 , 

G~pt . /cc .. . 
1'7/ 

no<E£t)nt1s OF THE SYHPoSnM ON DI£L£crRIC tHnl 
rIIJ.E oft SlMICCND1XTOR J)f;V1CtS. G.L. ScbLmiJlc 
r.:ld J .t. Vt'a~~n, ed,. (JJe1d Moy ~. 1911 at RCA 
Li\be., Prl.D~toll. Wew letter. sportJortd by th 
A~~~!~~~ v~~u~ ~~C!~~7} 

' A.eri~lln YacLlUJI ~ocl.t 
Snpd:sltlJe OG Dle1'c:~Lo fbift "1 

on SeIlico,,4uctor ne'ice. t-!tty 4 
1m 

THEORY OF THE SCHOTTKY BARRIER SOLAR CELL . 
P. T. Landsberg and C. K1impke 

Proceedings of the Royal Soc i ety of London , 
Vol. 354, no. 1676, 21 April 1977 , p. 101- 118 
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NASA CR-2800 

ANALYSIS OF GaAs AND S1 SOLAR ENERGY HYBRID 
SYSTEMS. March 1977 

John H. Heinbockel and A. S. Roberts. Jr. 
OLD DOMINION UNIVERSITY RESEARCH FOUNDATION 

Norfolk. Va. 

30 references 
for Langley R'esetrch Center 

Various silicon hybrid systems Are modeled and compared with a Gal l
ium Arsenide hybrid system. The hybrid systems modeled produce elec
tric power and a l so thermal power which can be used for heating or .i~ 
conditioning. Various performance indices are defined and used to 
compare the s ystem performance: capital cost per electric power out, 
capital cost per total power out; capital cost per ele~t~jc power flus 
mechanical power; annual cost per annual electric ~nergy; and annual 
cost per annual electric energy p lus annual mechanical wo"k. '!,r.·S 

performance indices indica t e that concentrator hybrid systems can b 
cost effective when compared with present day energy costs. Realistic 
cost and eff~ciencies of GaAs and 5i are respectively $3S , 000/m2 t or 
15\ efficient solar cel ls and $1000/m2 for 10\ efficient solar cells. 
Limit i ng values for annual costs are 10.3 ¢/kwh and 6.8 '/kwh for 5i 
and GdAs respectively. Results demonstrate that for a given flow rate 
there is an optimal operating condition for maximum pholovoltaic out
put associated with ccncentrator systems. Al so concentrator hybrid 
systems produce a distinct cost advantage over flat plate hybrid 
systems. 
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SESSION 1. PHOTOVOL TAlC SOLAR ENERGY UTILIZATION 1 .•••• •••••••.••••.•..•..•.••• 1 

114-02 Recent Prolire" in Thin Film Polycrystillini Solar Cells eased on Cldmlum Sulfide ..•........••. 2 
John D. Meakin, Institute of Energy Conversion. University of Delaware 

114-03 PhotoYolt lic Effects In IINI Hetero;unctions ..... . ....••.••.••.....•..•••.. . ..•••••• ~ 
RIchard H_ Bube, Dept. of Materials ScIence and Engineering, Stanford University 

SESSION 2. PHOTOVOL TAlC SOLAR ENERGY UTILIZATION 2 ••••••••••••••• •• • ••••.••••• 1 

114-04 High Efficiency Soil' C.II. B •• eton Indium Phosphld • •• •••• • •••••• ••• •••• .•.....•..• 18 
J. l. Shay. S. Wagner. 1( . J. B.chm.nn. E. Buehler, Bell Teleph 

NASA tP·~ 
$OLAR CELL Hlai EFnClENtY NCO RADIATla. M*GE. 
(Cont. held at Lefts Res,arc:h CeJlter. Aor.Z8-29 
1977). 1917. 25~. 

Conf~ntnca on So18,. Cell High APr.2ll-29 . 
Eff'Jciont,y 3nd Radiation OllNge 1977 

A conference on Solar Cell High Efflclency and Radiation Oamage was held at the Le1rls Kue.u \oil 

Center on Apr il 28-29, 1977, in which r ('pr e!'enlativeS of government, indus try, and unh·er5tll~ .. 
particlpated. Sessions wer e held on sillcon solar cell analy!5ls and fundamental measurement •• 

slllcor. cell technology, gallium arsenide research and technology. and radiation eUect5 0 

sillcon and ~alllum arsenJde cells. This proceedings is composed of brief papers or summa.rlt~ 
coverIng thp formal presentatJonl. Included al~o is the Chalrtnan's summary eX the meet! 

which contains the major topie! r :tlspd in the numerous discussion pertods. -
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Sol~r eneruv : che.lcal conversion and 
s t o rQae I edited bv Ri c hard R. 
Mau t41a, R. Bruce Ilna, and Cha rl 
Kutul . -- Clifton, N.J. : Dumana 
Presb , c 1979 . 

x , 419 p . : Ill. ; 2 4 cm . -
( Co ntemp~rarv issue s in scie n ce and 
soc ietv ) 

DdBud on an Ameri can Chemical 
Soc ietv s v moos ium held in Sav annah , 
Ceora i n . in No ve mbe r, 1 978 . 

I nc lude~ uiblioaraphical reterenc 
and index. 

1. Solar .Q.r~ -- .ddr ••••• ' 
•••• Y., l.ctur... l. Ch •• lc.l 
oroc..... -- .ddr ••••• ' ••• aY.t 
l.cturea. 3. Bo.r~ .tora •• -
Addreasea, •••• y., lectur... I. 
Haut.l., Rich.rd R. II. 110., R. 
Bruc.. III. ~~ttll Charl... IV, 
•• erlc.n Ch •• 1G. aocl.ty. 

JJ~ ELIDmOCHEMICAL HEAT ENGINE FeE D:rnJOC,'T SOLAR ENmGY 
CONVERSION. R. H. Hammond and W. M. Risen , Jr . 

Solar Energy , vol 23 , no 5, 1979, p. 443- 447. 

Applied 
p. 1';28. 

, vol. 18, no. I, 

S , 



R. Memming : Energy production bv nhotncletlrochemical pro-

('e'l~<;, 

Philips tech. Rev. 38, I 

A ~\If\cy " "r~ 

SYNTHETIC CHLOqooLASTS*, by Mel vin Calvin . 
Energy ~esearch, vol. ), no. I, Jan/Mar. 1979, p.73-89 

The princIpal function of the chloroplast is to capture solar quant 
process of trymJt to construct a tot III V synthetic ,> ... tem that would 
photo"lY'tcm'l whIch occur in natural chloroplasts The .. e SYnthetic chkm 
detailed c(\nstruction , as they wil\ rontain no protem 

TECHNIC rl N1TE , by ~.M. W'11ia~s and p.O. Carden, Sola r 
Energy, vol. 22, no. 2, p.191- 195. 
SCREENING REVERSIRLE REACTIONS FOR THERMOCHEMICAL ENERGY 
TRANSFER. 

olar ener 
and future. 

Solar Ener 
328. 
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THE PlIOTOGALVANIC U'Fr.CT 
SYSTEt-1 

AM£> lED IRON TlIIOHDiE 

H. '1'i Tien a.nd James 1-1. Mountz 
J . E1ectrochem . Soc ., v.125 , no .6 , June 1978 , pp. 885-

88 
In the course of our attempt in developing a new 

type of photoelectrochemical cell (8), the operation 
of whicb~ would be based on the combined principles 
of the two photoelectric effects, we have observed the 
photogalvanic elIect in a modlfied thiomne iron solu
tion whl(.h l>hould be of interest In the development of 
a practical photogalvanic device. 

THE PHarOGALVANOVOLTAIC CELL , Ly J . M. t.buotz, and 
If. T1 Tiell . 
Solar EnerloG', vol. 21 , no . 4 J 1978, p. 291- 2 

A me.hutl 
"hu''''.J.l'v.lII~ (P(,l ~d' 10 ull._,n • 

.. tUlk:tJldh~ \.(jUWCI)'U'j ()' t OI eue,gy );(0 • .1 

1I1<'l"XO Ill'" ell~"IV ,~do •• ""U~, 0 1 II 
(keY'·""''''. v,. ,he ,.,,00' ....... " ' ...... "UlI ... h'Lh poeLlu<les use of 'h" 
(olllUtned f..cll ~y)ICIil ti) eUl clfl( tCflt ~hoft H~rm stOf4gC \yut:ln 

C"noW'OI'O", ~1I0 l"UlJCOI''', u' ,h. PV PG .. ud PGV Cell' 
ICWOI.O Bu,h t:I~L"u<k, .I," l'ho'ua<.I". olnd 'N '0'.' t,ol 
"" .. 1" ... 0 " 'he .UIlI 01 II" ""!Ie d.L'.W. po'en ••• " TIlt P('V 
, .. Hl.W. C )) h '.,Llu ...... lid II h )Uy"l' \h:.O lh~t u~ u.:11 L. .. n lie u)(:\J lu 

U)lIwt,;.l ')utdl t."1I-':14 .. h ' lu dt!'"-I"Utv' M l 
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5/!;E SUBSTITUTION TIl fOI YCRYSTALLINE C· ·~ 
TI\ODES, Plloro~U:C.ROCHEMlCAL mERCY co 
[1ft v ill Caller, 

of Lhe Elec lloc licmica 1 Sodt!l.y. vol. 
lcnB, p . 1 · 

troiCOPY (XPS) 

TIIERMOPHOTOELECTROCHEMICAL CELLS FOR SOLAR 
ENERCY CONVERStON~ 
P.V. Kamat, M.D. Karkhanavala and P.N. Moorthy 
Solar Ener. , v.20, no.2, 1978, p.171-173. 



PHOTO EL~ CTR OC HFH J CAL CE LL WITH CADI 
F J LH . 
w.J. Danah~r and L.E . Lyons . 
Na ~ure , '1 . 271 , Jan.12,1978, p.139. 

nuuPJ or: 

1 111'0 , I ,,/' ' I ~ r,,fl\" '11U I'l IIf ,'n~k 11\,1.,1 ( tl '\ h"'I" 
rh(ltrl\:ll'llll" hI11111 ~ tl l( 1I ",hcn '\ <\ \ c (H Ic .,nd '""ntlll1,,' 
'hc hl"I dhll' mil" \\l'\ ,.hl.ltnnl ",hcll ( .11 ,' \\:t' 11'<' '' ;'' Ihl' 
phl1I".:Icll""" I'h"Iol\:kllr'llhullI(oIl lI'lI, ""Ill' 'hill lil", - ,.f 
( .1\ ,tilt! ( II" h,IIC h"lll 'I. r"r lcd hv M IIiI. r :tn.! I kill' • , In.! In 

I ".dc,,1 rI In 'h,' I','r<' \\1 "'P"I' 1111 " I''''' ' ''lk .. " .. I","' 
I ,lll'II,, ' 'Ill' "I hln rnl\lr\I . .Iltnc rllm "( ( " I I' 

A78-J7 17<l PtIolo'9l'lvlInO-voltJtic eel! . A MWIIPP"0ed1 tn 
the ute of toll .. eM'.., . H T Tien tnd J . M. Mountz IMichlgan Stat. 
Un i~,slty , Eut lAnSIng. Mich.' l"t_loM! JoumM of E,,~ 
R~~n:h, vol. 2. Apt' .·June 1978. p. 197·200. 9 r.fs, Research 
supPOrted by Michigan Stat. Unh,erslty, 

A novel photo~lect,ochemiul c:en bitS«! on I com/);ned 
principle of phologalv.nic tnd photovoltalC effl!C1\ is pt'opoS«! tnd 
tested. The pr lrtC lpaI element of the cell oonsists of I pogmented 
rnembnne • ;>,," ing two 8Q\Jeous solutions. one of whICh oonla.ns 
thionine dy. and ferrous Ion" The pholo-emf geno.ated Ie'ou the 

II is equal to lhe sum of the voltlVI' deri~d from 
phologalvatllC end pholovoltlic pr OCISm. The fusibil ity of such. 
photo.galv.no vottl lC deva for light trensduc' lon h. been demon 
st,ated. I Authorl 

om 
"1 
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Annual review of materiaLCJ scien~. v. 8 / 
Robert A. ~ins, editor: Richard H. 
Bube, Richard W. ~, associate editors. 
- Palo Alto, Calif. : l\nnual Reviews, Inc., 
!97P. 

52<1 p. : ill. 
Includes biblioqraphica1 referen~ and 

index~ 
1. Haterials-Yea.rtxx:>ks. I. Huc.Jgins, 

Jbbert A. II. ~, Richard H. III. ~, 
Ridlard W. .... I) ?'O .1105 
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.n Ihie; rcview. 
110" ever. we conllnc oure;el\-~ 10 Ihe prohlcmc; 01 dcrompoc; inl! waler inlo 
il c; elemcnte:. with I'mpha< •• o n Ihe ~micondllelor electrodc "Mlen al .. :l ncl 
ac;s()cialoo arcao; <, uch as corroc;ion and electro nic propcrt~ Wc do no t 
di c;CII ~c; Ihc poc;c; lhlc a ppltei\ I Ion of c;emicoooll(' tor pholocJcctrocncmtc;tr 
10 promolin!! olher lI c;cful chem ic:ll rC:lclio nc; or to l!ener:lling eleetrid tJ • 

except ao; I hev rela lc In I he rrohlcm of I hl' ph€l tnckc t rll ly'''c; o f walcr Wc 
rcvicw pholoclcclr(l lyc; l<; fo r Ihe materialc; C;Clcntl"t nol familiar "ith 
elcrlrnchemi ... try 1 hi" rrov KJ~ Ihe hac; ic; f()f c; pccifying the propcrliC'i the 
e;cmieonduclor mu.,t ha\ c 10 he lI C;Cflll We thcn die;cu\ .. Ihe faelor .. 
import:lnt in arhicvi ng IhC'ic propcr1ic<i Thi<; di<;CIl e; .. ion i .. followed by a 
e;lImm;uy of pllhhc; hl'd rc-;ulle; on e1eetrodc<i for photocleclrolye; ic; Finally. 
the slahle; and flllurc direction of re-;carch in Ihi e; :lfca a rc dic;c lle; '\Cd . 



MODEL SYSTEM:> IN marOELECTROCHEMICAL ENERGY 
CONVERSION , Ly G. W. Murphy . 
Solar Energy, vol. 21 , no . 5, 1?78, p . !I03-407· 

Ab<.'raC. - !)(HI,,1 lIIu,Jd phulOdcdllXhellll~~1 cncrllY cunyeruutl ~y~lCnn arc dc.,\cd ~nd ~1I~1)/t.J "a)cd on 
proptr\lC~ ul h'lUId Jundwn \uhd siale )cnll (On.JUlior phOIOa~It~C " OlCOlb,,,nn" The ~)~Icm ~ ale d.l\s,'ied III 
leI 01> ullhe fulluWlO1 OUlpul Ob.CWHS clellnc polt.Cr. shO(I'tlm chemlca.l eRern S10l31e. desalled 1to"ler lrom 3 

uhne suurce . .. l id ba~ producllon from a \ .. hne source. a.n.! hydroacn .. "d o~ygcn hom woller Multl{ omparlmenl 
phuloclcclrcx. hcml':.J cel" Ile\lgncd 10 .Idllne ,he>' ob/cdlyeS 31e 1I.~dc Irom V.fI"',. cum'"n .. ""n, til Ihe 
phUIOJllIVC lumpollen, .. nJ 1011 ,dtl llYC IIIcmblilOClo All ollhe obJecllvC\ .,e pro/cdcJ '" IClhnol .. lly ICoI \ ,"lc . bu, 
only Ihe clClllK poltoU .Ind dC'.I1t1ll1! .Ie pl oJccleJ ,,\ economlC.lly fU\lhk b.l"J on \'a le 01 Ihe an lC~hllOlocy 
Thc p, operlle> 01 cOllleplu .. 1 new ~ohJ ".Ie mcmb,.lln needcJ ' 0 meet e(uOOmlC ob)(",,\(> In Ihe uthe, C,,)C) ale 

n.llyzed 

A7918009 Sol ... 1 .... 11 J R BolI"n (Weil~rn OnliHlo 
U,IIV, .. IIV. Wildon. c...,..d .. , Svc:oa. Y'" 202, Nov 1" 1018. 1.1 
105 II I 31 rch 

TI\I: I.IdlJe, ,~ WflWlIl(;d wllh (11 lhe lherrnodvniffi'c and koneu 
1II1IIIs I", lhe I.lhulO<.hem'lAl convers,on ..nd ilO'.oge 01 WlI ... ~Ilergv 
.os II IS 'I:C'''VL'<l 00 the cillh's >ur'oICe, ilnd (2) the ev.u~,oo 01 
numher 01 pou,bl~ pholoc.h<:m,cdl reacl'OO~ with PiHllcul« emphasis 
on Ih~ j)f odUCliun 01 wlM hyurogen from Willer Procedure> for 
go;ne'dllng hvurogen Iud olIe comKlered. T epICS uilm,ned IncllJ(l 
Ih" II"llerill "QUII~mCIIU lor oil Iud g.!lIeralion 'eiICllOO, lhe pholO 

" .. ""ocoll ' ''''''' loon, hOlm on I~ CUlW"""JIl 01 1o~1I ."'''IIY 10 
uldm,c...1 elleryv, oil' ",11/"." .. I dlClIlIwl ~IO' <9' dhcltlncV, and Ih 
Wdl"r dc(;Olll(JOSII'OI' ''' .... ,ton M L 

SOLA R FUELS, THE PRODUCTION OF 1NERGY -RICH COMPOUNDS BY I 

THE PIIOTOCllli:MICAL CONVERSION AND STORAGE OF SOLAR 
ENERGY, BY J ames R. BolLon 

SCience, vol. c.. 0 2 , no . 4369 , NovemLer 1/18, p . 70')-'{l 

My ob
Jcllive in thl~ anlcle I) to define quallta
lively and quanillatively the thermody
namic and kinetiC hmll~ on Ihe photo
chemical conversion and lI loragc of ,olar 
energy a~ II is received on Ihe eanh's 
surface. to ev,llu.Jtc a number of po!>sible 
reacthJOS Wllh pankular emphasis on the 
producllon "f lIolLir hydrogen from wa
ler , .Jnd 10 develop a l>chemc by whIch 
hydrogen fuel might be gener,lIcd . 

TL 
507 
. P75 
v.f)l 

fll'kCJ\ Conterf>.nce on rld~iation f'nerny ('.onvcr
sio.'1 , :yl , hres !lesf>ar~ Cr-nter , J 07"1 . 

RacH.ation en~oonversion in '>paCC' ••• 
cIa7? (~arct 2) 
astronautics and aeronautics; v. fl) 

IncltXl.es hihliOC)ramics am ind~x. 
ISP~ 0-~I~o~P-~~_d 

1. Satellite solar rn-~ statjons--<'on
gresses . 2. La sers-<:bnqress(>s • 1. ~CP 
Vehicles-Propulsion SYSt:.ern-<'onqresscs . 

Methods for lhe Photochem.cal Utilization of Solar Energy 626 
ROBERT E SCHWEAZEL 

McGraw-Hill 1978 Yearbook of Science & Technoto9Y 

c; 
I 2..1 

13 
,Q78 
JlR 

Conversion of Sunlight to Chemic" 
fHI-Chemlcal fuel •• IUch It hydro
gen and methanol. repr.", Ine.pen
,Ive high-density sources t.Q meet the 
world ', future energy ooeq,. There 
have been some recent .dv.n~.ln the 
use of photoelectrochlmlC;1I C-~ II. to 
convert sunlight to chemlUil .n8(gy 
and thus to produce fUI" from oltr 

en, oxygen, air, 81lQ • ___ ... 

Royal Society ot Lonoon 
Ph1loso~h1cal Transact1ons, 
S~r.A. v.295. no.1414 

F~b.7. 
lSaO 

SOLAR tNERGY . (A dficussfon held Hov.15-1o )1978. 
Organized by George Portar and U111fam hawthorne) 

N. K_ BOARDMAN, F.R.S . 

Energy from the lJiologicdl.conversion of solar energy vr/ 
Discussion: M. W. TURING, D. R. JOIINSTON. D. T. SWIFT-HOOK 

R. C. RIGHELATO 

Microbial production of energy sources from biomass 

Discussio1l: D, O. HALL, Slit W,LLJAW HAWTuoRNe, F.R.S. "\,"':' 



, I:OY3 ' "cr. lety of l.ondon 
Ph ll~50p~1cal Transactions. 
S~r.J\ . v .ZSS. oo.lot14 

F~b.7. 
19;Jr> 

SC'--t'\l~ DiERGY . (A discussion held Nev.1S-1S,1978. 
Org~n1!ed by George Porter and William Hawthorne) . 
A. J. N0 7J1t 

I Photorirctrochrmir:1\ rrll" 
Tll(' :1pplir:1t ion or photorlrctrochrmiral systr lm hast"d on photoaetivr scmicon
dllctill~ rlrrtrodr~ to th(' problc-m of ~() I :1f (,1I('rgy conv('~ion and chrmic:11 sy ntht"~i~ 
i~ di'irll<;~r(1. . \ Itrrr typ('~ of crIb ;\11' dr'icrihrcl : rh'ctrochrmi cal photovoltaic cells 
(whrrrin opt i, a I I IIrl ~y is rOllvcrtrd illto rlrrt rir:1\ rncrgy) ; photoekct rolysis crlls 
(whrrrin Clptir .d rll('I(!y i~ convrrled into chnnieal flrc rnrrgy) ; ami pl!, .tocatalyti 
erlt-; (whrrcill npl i( a l rnrrgy provides tl1r ;lrt iV:1 t iOIl rnrr~y for C"Corrp,i, chrmiral 
re:1rtinm). '111(' ( 1 ili( ,d 'ir lllicOllductor clrrtlo(\r propcrtiro; fi,r tltrsr nIl<; arc thr hand 
~:1p, tltr nat - II,llId potcntial, and photorlretlochrlllir:11 st:1hility . No 'icrnironeluc t"r 
rlc-etrod, ' m:1tl 'l ial is yr t known for which a ll thrre p:1ramct('rs arc simu ltaneously 
opt imiud . An inti rr<;ling configurational va ri a tion of photockctrolysis cdl", labdJrd 
• photo( hrmi cOl I d indrs', is de~crih('(1. Thr'll" diodr~ comprise crlls that have hren 
('oll.ll'o;rd inlO lI1o llolithic partick~ rontaining no I"xtrrnal wirrs. R ecent advances in 
5rvcr;t1 arras "I photodectrochemica l sy'itrms arc also described . 

O"TtMIIM FHT CJENCY OF PHOTOr.ALVAtHC C(lLS FOR SOLAR 
FNFqGY CO NVF RS J ON . 
W.J. A'h~ry and M.D. Arch~r . 

Nature, v. 270 , Oec . l ,1977, p.399-402. 
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THE CHEMICAL CO NV ERS ION OF SUNLIGHT. 
Mark S. Wri ghton 

Technv1~yy Review , vol. 79. no. 6, May 1977. 
page 3J-37. 

tHE DEPENDEOCE OF CURRENT' OUTPUT OF THE TI-TL 
SnO~/Pt IRON-THIONINE PHOTOGALVANIC CELL ON 
PHOTOSTATIONARY STATE COMPOSITION 
Peter D. Wildes, Karen T. Brown, M'Jrton 
Hoffman and Norman N. Lichtin and Dale E. Hall Through the use of semiconductors immersed in liquid 

electrolytes , the energy of the sun can be changed to 
electricity or used to generate storabl e fuels. 

Solar Energy 1l\( po"ibilily or u, inl 11K iron thll"oninr ruelinn In I 
Vo 1 19 noS co",lruclKln or I !k\'lCt rOf COn\trhn~ 'ObI t~r,)' 10 tltcln.;U 

5· 79 582' wa, IirSI !Iudltd by Rabloowlllh 1'1 III 101141. In Rahinnv.llch· 
p. - ctll . mluuon In 11K ~ lCmll y or onr pb lmum Ikd r",k V. l' 

'

a 77. IIIUmtn:lltd v.hllt <olul lOn m 11K VICIl'lly or anolIK, \,mlLu tltc . 
--, • !rud( It. as ~tpl m 11K dark RtatlK1n , anJ 11K dark r(HI <al or 

rtoclKlH I au ils tU11l1C po\lotr prndu\ mil rtaclton\ Such I etll 
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may IK con~idtrtd 11K rrolulypt" or a pilologahanl<. dnk.t 
v.lKrt "pool".alvanK: !kYlCt" It dtllnrd a, a balltry In whk.h 
ct ll 50hn,,'n IIIh'orh, "!lill 10 "hotodltmically Ktntral( 'pt~ I(' 
v. hteh. upon back rt:K1lOn Ihrou,tr an Ultrnal clfeutt y"I,h 'IK 
aid ,.r , ull~ ;!/t dtclroJt" prnJlk.( tltdriC11 r",.t' I I~1 
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Conference en the Ele~Strv and Phvsica 
of Senicx:muctor Liquirl Interfnres mtier 
IlluninatiCXl, J\irlie, Va., 1()77 • 

SeniCXl'Vloctor liquid - junction solar 
cells : p~i.nqs of a CD1f~rence on the 
Elect.roc:henistry nnd Physirn of SeniCDY'ioo
tor Liquid Interfaces tnrer IIIU'\i.naticn, 
helrl at 1\irlie, Virginia, nay 3-5, 1977 / 
editOO by MaIn Heller J aonnsored by Office 
"f .. 1:>""" 1 no~"""'" - Pri nf'Y"tnn. U _.1_ ! 

J ~. 1'171 ",I. IIllcl ndllullo l J l .l ul I, Jt:n l :..l ':t 
cc.: 

." 

I \.; 1 ... ll v.: l y IU.: 

t.e ~ t d l t: '"' t t he: ~ I t. 1 r 

hC!l t.: , , 'u ;,, ~\."tJ ll l'-<1~ LI ... V~l 

PROPERTIES OF CADMIUM STANNATE THIN FILM ELECTRODES 
ANu THEIR USE IN PHOTOGALVANIC CELLS 

Dale Hall 

Journal of the Electochemical Society, vol. 124, 
no. 5, May 1977. p. 804 - 807 

Cadmium ~tallnate has recently been prepared .a 
a.putlNcd than filml du,playani hlllh transparency to 
vl ~lhll' II~hl and exccptlonally low sheet resl:.tancc (1) . 
In CdS -Cu JS "hotovc lt:lk cells, Cd!SnO, h:ls been used 
U:> 01 tl ol" .. p.1I l'nl, conduclang substrate to pel mit b:lck
wollI IlIullIlnoll;on (2) . With sUi table po:.tdcposlhon 
hColl - ll collmcllt, Cd,SnO. tHms have exhibited !theet re
:- I .. l:lnr cs o f ahou t 1 u/D and -90% vl:.lble hcht trans
Il1I:'S lon from 500 to 650 nm. For applications requlflnc 
the hl~hebt pos:'lble conductivity and transparenCY. 
Cd!SnOI appears to olter .. ,nillcant .dvantll,u over 
matenals luch II mdlum/lan oxide or tin oxide doped 
with antimony. 

N-TYPE SI-eASED PHOTDfLECTRDCIIEfitCAL CEll: NE\J U l) llJD 
JIJNCTION PHOTOCFLL USING A NONAQUEOUS FfRRICEN I UM 

F ER ROCEN E ELECTROLYTE. 
K.O. legg , el al. 
Proc . Nat1. Acad. Sci. USA , v.74, no.16, Oct.l lj 7l, 
p. 4116-4120. A"~-r"A(~ n·T)I)(· ~I h., b.·.·11 )hll\\n 10 )cn.· .'.1 , 1 .. 111.· 

phol<lanOO(' III a ~dl (odh ... 011\ "nion of II~hllo .1." If .. II, 111 .. 
olher compunell\) of Ihe "dl .n· .. 1'1 (·a lhud .. o:"t! .. II ,1 •• lrol) Ie 
cOII\I\ IIIl j.! tlf .. II dhanul )ululillil 01 In - 8u4~1C 104 \\ III • .I .. dm 
• Ollpl .. u( It'HI! CIIIIIIII / f .. rIHH·"'·, 1).11.1 Imlll II h\lH .. lIlp.ullll,·1I1 
u .1I ) ll lIW 111.11 ("HOt' ellt' I) ," llII Le,l lo ferrlt (' 11111111 \\ lIlt 100 1. 
2'10 l'Ilrn'lI l dltuenl') alllH' 'I11,hnlllallode I' lull .. rlllHn . pro 
Imlged Irradlolhull of Ilw ~I III .I olle-l.olll.,.Irllll,·1I1 •• 11 ,Id.h 
CUII)I.IIII,hululllrrent oI"d u"lpul dl .. ra ..... r;.h. \ . 11 ... 1113111111.111 
OI)t'II .... ucuil Illt"hl~I\t'II I1 .1 II ' 700 Ill\' . and Ihe ,hml-1l1ullt 
cluallllllll YI .. d (lIr d.·ctmll fl llw .II 10\\ II~hl 1I11l''''II) e'ltl·d) 
0.5. ('oll\er,1011 o( 1Il000uk.hrolilalic tlJ2 ,lt-nlll II~hll 'l d.,.lnt II 
\\ ilh - 2% l'O\\.·' dfieleill') .II au oulpul \<oltal(l· .. 1 ~(xllll \ 
has I""'ell SlI)lalned. Thne re)lI l1s r..-presc nt • )tabll' II I)p .. ~I
ba)cd photlKll'c trochl'1I1 iu II c ll . 

8l)2 

PH~TOGALVANIC CELLS II. CURRE~T-VOLTAGE AND 
POWER CHARACTERISTICS 

W. J. Albery, and M. D. Archer 

Journal of the Electrochemi cal Society, vol. 124, 
no. 5, May 1977, p. 688 - 697 

in dark 

Th 



SRNSITIZATION OF AN I RON-THIAZlNE PHOTOCAtVANIC 
C~LL TO TIlE BLUE: AN ntPROVED MATCH TO TH~ 
INSOLATION SPECTRUM 
Peter D. Wildes, David R. Hobart and Norman 
N. Lichtin 
Solar Energy . 
Vol. 19, no. 5 1n~~ ~ Gh7-~7~. 

MECHANISM OF PHOTOGALVANIC EFFECT IN THIONlNE
FERROUS SALT SYSTEMS 
Kiyotaka Shigehara and Eishun Tsuchida 
The Journal of Physical Chemistry 
Vol. 81, no. 19, September 22, 1977, 
p. l883- It>S6. 

In thi~ paper, the £'rrec~ or the illumination light in
ten~ity, the initial concentration or added ferri<- ion. and 
the ~olvent compo!lilion on UE and I were e ll llminrrl h 
\I!\ing a rapid -~canninr: crO'\s-iIIuminAlion appnratus and 
a dOli hlp I'l -l'lcctrod .. cell . The active ~pt'('ie~ and the 
mechllni'lm of pleelron recyclinR wpre 81"0 ~lll';icd . 
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Diol oqical. solar energy oonversion 
1\Jdra Mitsui ••• (e t a1.). - t 
J\ca~ Press, 1911 • 

xiii , 4S.1 p. t 11 
H 

axlV'Crsion 
. tsui ••• (et al . l_ - t 

Press , 1977 • 
xiii , ~5'~ p . : ill. : 2'1 C'l. 
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THE POWER CONVERSION EFFICIENCY OF THE GOtD
RHODAMINE B-BOLD PHOTOELECTROCHEMICAL CEL 

Terence I. Quickenden and Gek Kim Yim 

Solar Energy, vol. 19, no. 3, 1977, p. 283-
289 
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Conversion am StDraqe of Solar Fnerqy, 1st, 
University of \~tern <Xltario, 197fl • 

Solar Jnolcr ann fuels : prooeodinqs of 
the First Internatio.'1al cmference on the 
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SOLAR - THE 

Tnt rrsoriety rn~rRY Convr r s ion En pinee rtn~ 
f.n.lfc rcmce , l/lth, Boc;ton , l q7q . 

PTo cl'('d ln ~c; of the ll,th I nte r soc1l't 
r.n e r ~y Conve r s ion Fn~ fprerin~ Conference , 
o'it"ln, tl:ts~:tchus"tts, Aur,ust 5-10 , 1979 . 

-- Wosh inRton, D. C. : Ameri can Chl'mica1 
7QQO(J3 
Optic al-Thf'rmal PerformAnce Analy.ls for 
fi'\:NI Mirror-Distribut ed fo eu . Solar
Thermnl -Electric Power Sy~tem. L D. Clprn-

111<; a nd I D. Relrhf'r! '. . . .. . _ . 11 I 
7C)<)<) '19 
I'rolrr ted Techno-Economic Improvement. 
for Ad,'anced Solar Thermal Powf'r Plant .. . 
T PIII' III , R Monvi and E /. Rnsch kf' . ...... 39 

Inte rsociety Energy Convr rslon En~ineerln 
Conf('rence , 14th, Roston, 197q • 

Procredlngs of the 14th Intersociet 
Ene r ~y Conversion Enp,lneerlng Conference, 
BO'l t on, U."lssnchusctts, August 5-10, 1979. 
-- '.'.lshington. D. C. : American Chrl'li c.'l1 
'1<)<)0 11 
Anvonct'd Solar Thermal Tf'chnology: POlen
tinl nnd Pro8re!l!l. L.P r pihnIVi!z Ami E. lion
<;/'1 It 
799012 
Solar Thf'rmal Syslf'm .. Lon8-Term Perror
OlDOI e rrf'tliclionll lIsin~ Clo .. ed-form Solu
tions . I) K. Anond. R n J\/)orco r tlnd S n 

6& 

Vf'nklltf'lVoron ...... ... ...... . ..... . . ... 12 

L ELECTRIC SYSTEMS 

") 

TilE IMPACT OF A COUCEPTUAL SOLAR TIIERMI\L [I fCTRI C 
CONYERS lOti PLANT Ot4 REGIONAL ~1ETEOROLOGICAL 
CONDITIONS: A NUNERICAL STUDY 
Chandrakant 
Sl elTlllOns 

i11iams and Arthur 

THE AMPERE-HOUR EFFICIENCY OF PHOTOVOlTAJC SOLAR 
GENEPATORS. D. G. S. Chuah . 

Energy Conversion and International Journal, vol l J , 
no 3, 1979, p. 177-180. 
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PIIOTOVOLTAIC S AND SOLAR THERMAL CONVERSION 
TO EL ECTRI CITY : STATUS AND PROSPECTS 
Marshall E. Alper 

Journal of Er.erg 
p. 263-270. 
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Thermophotovoltaic conversion 
IS a new Idea for electric It 

generation. But as an unpro 
concept, ItS development IS 

subject to constant scrutiny b 
teams of experts brought 

together by EPRI. 
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The Satellite Power SY5tem (SPS) is al em ergin<] concept for capt ur ing solar ener gy in space 
fo r use in producing electr ical enet"gy on earth. To develop on understanding of the technical 
and economic f easibili t y and of the environmental and societal acceptabil i ty of the SPS is on 

ormous challenge. The Deportment of Energy and the ! ·~ational Aeronautics and Space 
Administration are engaged in a three-year assessment of the SPS that beQan in t he fa" of 
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assessment, this preli -ninary project assessment report descr ibes what hos been done and 
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SOLAR £NERGY. (A discussion held Nov.1S-16 ,1978 • 
Or'ganized by George Porter and Wl111~u" Hawthorr.e) . 

B. A "IOE R SON A N D S IR B~aNAfl O LOVE L L, F.R.S. /?so 7-rll 
E(fect of solar power sat( II lIt trdn!>m issio ns on rad io-astronomical research 

~olar p()\\>cr s.HC'lIit('~ (s p s. no\V ill 11\(' re:.('arch a nd deve/opmt"nt s t.l~e a re int('nd(,() 
to be plac('u III gf'O:.tationary orbit!> \\ here la rge a r ray5 of photocells will collect sola r 
Ilt'rgy which wi ll he' dellver('d to Eolrth o n a fr('quency of 2 . 4~ GHz at a power level 

of 10 GW Th(' n!culauom in till). p"prr lO(itcatf' that severe rr')tncti?~" will b 
placed on tll(' IN (If r.tulC' Ie/escopt" un Earth lor the lUd)' of radIO ('ml~~IOIlS from 
cC'kqlal obj,'lIs. lor a \1Il\~1e s'P' It would Iw pos~ible to opf'rate with lhe radio 
reef"\ rr pmtc'\tC'c1 by sui table II r t,''-, .it radiO frcq ilencies w('11 ~epar.lte'd from 
2 l fi G H I and ,t( an~les of look h~'t dl~placed from tbe s.p.s HO\\r.ver.of>('rauonal 
sy')(ems invoh IO~ many ~ p.s. to sup"'" si~nificant amounts or po\Hr to Earth would 
cr('atc seriOlls h,turds to radio-a..'~ronomical res('arch, ('xcept possibly in thinJ 
popu la ted areas of the Ea rth . 
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DURING the past several years. if). 

creased applicatIOn 01 solar ener 
systems has become evident II'l th 
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Described below are significant proJeclS 10 

&.ese areas Addillol'lal informatIOn on each 
IS available trom tt,. Editor , ASHRAf 
JOURNAl 
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Mechanical Engineering, June 1977, vol. 
no. 6, p. 52 
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"ROCHDINOS OF A CONfERENCE ON SOLAR fIIIlEROY 
FOR HEATINO ORUNHOUNS AND GRUNHOUSE_ 
RESIDENTIAL COMalNATIONS 

T E Bond l C Godbey H F Zorn", .nd Ted" Shorr ed 
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SOLAR POWER FOR INDUSTRIAL PROCESS HEAT 
William C. Dickinson 
Energy and Technology Review 
Vol. no. Nov/Dec 1977 
p. 20-27 

\mrrican indu,'r} annu .. lI) burn, Ihr rquiull'n' of 
]() million barrels of oil ju .. ,.o he ... "altr. Gen('r:uing 

Meam .:al.e.. rouJ!hl) ano.her 650 million barr('I ... 
Solar ('nerg) could ~uppl} much of Ihi .. ho. "aler and 

,'eam, ~a'iflJ! ellormou~ quanlilie, of nonrene"abl 

fo .... il ruel, if 3o0lar colleclor30 "('rr le30~ r'pen~hr '0 
build. 

In our 3o0lar po"rr dr,elopmen'. " r h:ur I)('('n con
crnlraling on "a}30 10 reduce Ihe capi 'al cos •. Thr co,>, 
of npanding our prolo.) ~ '>h:allo" sol3r pond .. - no" 

• .hr rnd or Ih('ir '>t'('ond ) ear or opera lion near 
Granh. '\e" \lnico- lo a rull-'>c:ale opera ling 
S}30.tm i .. "ilhin :abou. 25f'( of Ih(' bre:al.(,H'n pric, 
ba)t'd on curren I oil price... I h(' e\perimenlal ,>olOlr 

~Inm g""eralor "e are aboul 10 h('J:in ,e .. ,illl! ,>hould 

ro,' from olle-H'nlh '0 one--ftflh al) much a .. olher 
cuntnl l} rUlld('d DOF .. olar ,,'eOlm "),'en1\. \\ (' can 
chit,t' Ihe .. e tconomie .. b) con"ruc.in~ .hr ,),,'em 

from ine \pt'n,hr malerial .. lind b} e!iminalinl! .he 
need '0 .racl. Ihe MIll. 

AN ORBITING MIRROR FOR SOLAR ILLUMINATION 
AT NIGHT 
Will i am R_ Rush 
Solar Energy 
Vol. 19 no. 6 
p.767-773 
,'t 77. 
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This report presents basic design values of significant wind criterh:. in graphIcal 
formah for use in the design and development of wInd turbine generators for ,energy 
research. It is a condensed version of portions of the ·'Englneering Handbook on the 
Atmospheric Environmem:al Guidelines for Use in Wind Turbine Generator Development," 
NASA TP-1359, 1978. 
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Djpak L. Sengupta, and Thomas B. A. Senior. 
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the IEEE. vol , no v, 
'IC IJUtrfCftncc '0 telerillon (TV) receptton 

lWod ucffi by honlontal uis "",ind . urbine reMr.ton eM Wlndmalh 11M 
bttn t6e.,ifJrd ,ltd quantJftcd by romp~ft ,heoftt1al aM C'I ' 

pe'tnlCltnioI IIudtcS. II I!I found thaI tile rotatlllJ blades of • "" .... 
can produce pul1lt amplitude modulattOfl (PAM) oi :~ total 
' :celvrd and Ih:u rIJr an IInlennll W lucllted as 10 pkk up tile 

r rON.a rd scallenng off Ihc blades, Um e'llr2ne()u~ mooulal1On 
d,storl the Vldco porlton of a TV sIgr.aJ reproduclton In the vktlUty of 
the .. ,ndmill . The dl~t()rt lon IS "",o r\t ;! I the hll1her frequcnocs.. and 
Iherefore. poses mure lOr a prj hlem at l ' IH thar. VHr. Basord on lab-

ra tory stU/ltes as .. ell a .. nn·Slle measurements, a modulallon k'" h. 
~en c,rabltshed at ",h,eh Ih" Video tntcrl e r~nce IS Judged " acccpllli>k.
and this threshold of Interfe rence IS ~ubstan "ally tndependeDt of the 
amb~nt ~gnal ~tr('ngth. A theo!), has h(,lon devcloped 10 compule lhe 
Inlt"rfCtcflee reglon a"'"II a "'lOd mle: : ... an) g.-cn TV lran~ml',er , aAiI 
the mullS are 10 goo.! agn:emcnt "lIh Ihose obt.uncd from on~te InCa ' 

ur('menlS "ilh an ol"'raltonal ""' lOdmlll . 

LI MI TS TO WIN ) 0OUt~ UT IL!ZATIJN, by M. q . ~u sta v s on 
Sci ~nce, vol. 204 , no. 4333, April 1979 ,0.1 3- 17 . 

nhon II IS Important 10 und 
that can be extracled from t 
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289 
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I n t e r society rnergy Conversion Engi neerin 
Conference , 14th , Bos t on , 197Q . 

o 

Proceedings of the 14th In~ersocie ~ 
Energy Conversion Enginee ring Con fercncv , 
Boston , Massachusetts, Augus t 5-10, 1979. 
-- t"ashington , D. C. : Arerican Cher.rlcal 
Society , cl9 79 . 

2 v . (xvi!i , 2078 , 294 p . ) : ill. 
"1[:::E 79CHlt.77-9 Ene rgy." 
In~1uc~8 biblio2r aphical references and 

alltmltof Wind Tunnel Tests of a 1/3 0 Sale Model of a 

tha 

sources 

E NE <~Y F1RM HUMID ~IR , by l. Icerman. 
E"er .:y , vo l. 4 , no. 1, Fe!:>. 1979, p. 132-133. 

BlaerIY extraction from humid air is yet aDother novel. ind:;ect application of solar eoer 
that is currently beiDa investiptcd.I.l The latent heat of vaporization, which is supplied by solar 
eneFIY. may be released to the sWTOunding air when the water vapor in humid air is co~. 
Like so many other solar-based tecboolotie •• the ener'JY cieuity is relatively small __ tM 
~apitude of eM total ~ retOUI'ce is very 1wJe. 
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The fractKlfl ~ the kinetIC enera:y of the WlIld unpm,ml on I" area. that a WlDd 
c:an COO\'Crt to utefuJ ~. has been &bowD by Betz ,in an Ideatiud 

modd to have .. up,er li1nit of J 6m or 59%. T:be liIRi1 • 
simply rederived and It is ,bowa bow dnu1Jons !tom the Idealized 
InvoIvin~ r~nonal kinetIC meTlY rL the dowo' .. ,Dd 
from outside the boundanes of the idealized stream, can etther LnCT'taSe 

decreue the power aVailable The llmit IS thlK DOt a strict upper lmut m p 
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OFF-SHORE BASED WINO TURB INE SYSTEMS (OB-WTS) FOR 
SWEDEN - A SYSTEMS CONCEPT STUDY 
R. Hardell and O. Ljungstrom 

Wifld Engineering, vol. 3, no. 1, 1979, pp. 23-51. . 
The Swedilh wind enerV' prolpteting proK/'am , initially conctntrluI1Ig on Illnd kHd 
,y sttm" now also Includt"tlIdlts 01 potent,lal off-,hort IltinlS, where hllher ,ptcfftc 
,nerlY output per allal/Ilblt Iroup Itation IIrer< U Oblllintd. Tht co" 01 wind tlttr" 
" IItr)' Itnlllill' 10 mtdi4n wind lltiocily lit Itl,Ned IIItL Lllnd llrell' with hillt w/lldl 
a"d corresponding low COlt Wind tnergy aft scarc{! in Swtden. Ofl-Ihore (OS ) ,ittS 
may provt 10 bt m ore cOlt-effective and Will reduce the land requ irtmenl lor .lillell 
nalloMI wind energy producllon. or may even be nuded for suffteienl penel,..tiofl 
oj wlnd-eltetric enerD' InIO Sweden 'I nelwork of Ihe future. 

Olf-,ho" siting lurveys along Sweden's coasts, utiliZing d~pthlleSl Ihan 10 m, 
,how allailabillty of .5000 km 1 areal, with It kely potential lor 1300 km 1 in good wind 
areal JUllable [or WTS·instal/nl/On. In typical casts, whett moving a W7:S lite Irom • 
near ,hore, or good coastal, land afta 10 off shoft location, 10-20 km, the medt.II 
w/fld Increalts from 8.5-9.5 m ls (H = 100 m J and the specific enero outpul (p" tur
bine dISC area) Increasts by 40% 

Deliln ond ",slol/a llon 01 OS-WTS gilles the frudom of using much ill"" Uflft 
. iul than on land, assembled complete and towed 10 lites, wilh op liOns o[ ftloeatio fl. 
ThIS should enltance enerD' teonomy, system flexibilily, and OU IPUI per a Iloilo bIt 
group Ilation area. Examples of deSIgn conapls. 017- 14 MW unil capacity, both 
JlA - and VA - (/lo"zonlal ",:. Vertical AxIS Turb",es) are gillen. with auoe/aud co,t 
est/matts, ond With outlooks 10 much bigger second generallon designs of 20-)0 M 
unilL 

Current fill/lcale prototy pe dellelopmenl in Sweden Includes Ihe option 01 
OS-/IA -concepts up to 4 MW SlU. DeSIgn c"le1la lor JUch , requiring addition ollOild 
aJes due 10 Ihe walle and sea Ice enllironment, elc, not found in land based units .r, 

ducussed. OS meant added costs of inslallallOn, eIC, to be compensated by the hl,lt" 
,nerlY producllOn. At Ilus carly Itage of study, a break-ellen case In this re'ptet be
Iwun land and ua bait" systems can be II isualised. 

An-l953t 

A7~1 

Tl1E ESTIMATION 0: 
WIND SPIm) DISTR 
PURPOSES. M. J. l.f. Stevens a nd P. T. Smulders . 

Wind Enp:lneerln~, vol ), no 2, lCJ79, p . l32- l4v . 

Tllil poper dtili. wilh m,thodt lor utlmatinl the parameter, of the 
speed dutnbution Irom 0 given Itt ofwtnd speed data. 01 Ihe fillt 
,,,ud. Iwo tlrt stltcteli lor Wind entrry t valuatioff studlt': one usts Wtlbull prOD-
bllllY pap", Ihe othtr , o-call, d ptretntdu_ For II compartson both methods hOlle 

betn app!led to tht data Irom 'IX meCtorolol,cal llat ionL Tht slInple IlaphrcaJ 
method .mnl We.bu ll probability paptr IS prelerrtd to thllt emplo}tnl DtrCen,,/e 
tSt;mlltorL 

LIMITS TO WnW-POWER 
R. W. B. Best 

Energy Conversion. vol.19. no. 2, 1979. pp . 71-72. 

tunnel" de\crIDeO t:xpen menUI rewn, .or wen mooel, are go"." 
Theoretic. modelollil 01 the three duneflllon . mlxllliI proccu In the 
wille bound¥'( l-ver interaction regoon " performed Wld nu 
IOlulJOfll lor IUdl IIOWl are dllCUued MId compared to the 
expenrMnu (Allmorl 

04 ..... - Stmpk Cormulu IJ( Il~rn for the '-~nse an .. and-po_u frictlONl IUeu and \CftlCal (llal 
transport an the atmospheric hound.H), la)er. cauiCd bl lbe (rect lOn of ""ndmlll anays The I 
to wind-power oon\(rllOn apran 10 be around I W m of ternan In both I.oOHW .nd IDI.and 

8 
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O"alll un hel Openbe,e Nel te leveren. £leklnsc;,e Ene'l 
Net aehulp vln .. n Wlndmol..," OeIh Un", 01 Technol ,,_ 
Eleclron t..b Nelhertlom M.y 1957 122 P Tr.n$l by 1(.,, __ 

It-.ol MlOC:llles: Redwood CIty. CeI.1 
ICoollect NASw31991 
INASA TM 75497' AVIII NTIS HC 1'08 / MF 1401 CSCl 
loa 

A wtndpoweled generltOf system IS described whtch uses I 
wondm.1I to conven mechanICal energy 10 eleclrocel enelgy 10' a 
Ih, •• pha .. InelwOrk, voItlge 01 consllnl ampll'ude and Irequency 
The o-nelalOf I~'.m controls lhe wIndmill by the numbe< 
,evoIuloona 10 lhel the powel d,lwn Irom lhe WInd lot I g 
..,Wld v.loclty IS mllumum A ~nelllOf ,evotutlO'\ whICh .. 
propor1lOnll to ..,Ind V.loc:lty • ~ The lutO' 01 the 
genel"Ol IS hnked dtlectlV 10 the networit end I Ieee! conven .. 
.. the '010< 18k .. ",, 01 cana18nl woIteet Ind frequency .. 
SIIIOf I. W H 

AJt.37nl WI~ ttnerltioft Oft a I ... teeIe. T. 
Menslonh. In Interna"onal Conl.,ene. on Future Ene,gy c:onc.c... 
london. E"i/end. J.nuary lIHebr'u-v I, 1818. P,~,.. IA7~ 
3784~ 1>44, london. I Ntrtu II on 01 EIecttIQ/ E,.nee". 1878, p. 
268 272 5 r.IL 

Some COfIIlderaUons on WI~ gloa,.uon er. lJI'_bId 
With "'~rence 10 II 10 MW windmIll . A gerwr" OesaIPbon 01 the 
WIndmIll" \liven .nd att4!OIIon II !Mod 1.0 'OtOf desl", . The Inft 
01 WInd hetghl prolrl" " then dllCUued. Ulung Into IOCOUnl Wind 
thrun . economV due to Ilze. opllmel ground "" ... enc:e. end XCUtKY 
01 perlOfnlMlCt ""males. 8J. 

..., 11 ... ·' General ElectrIC Co I'hrledelphll .. 1 Sp.ce 
0", 
EXECUTIVl.U .... A .. Y: .. 00· 1 WI.O ru ..... E OI.I .. A· 
TO .. "NAlY'" 11..0 011.0 ... lrO .. T , ... ~ 
Mal IIHi 81 p 
IContr"t .• NAS3 200s8. EC 77 ·14·29 10101 
INASA CR 11;9497 . DOE/NASA/OO5879/3' Aveol NTIS 
He A04/ MF 1401 CSCL 1014 

AClM".. ludrng 10 lhe det.~ desrgn of I WInd lurbone 
genellto, hlvlOg a nom,",1 ,al'ng of 1 8 meglwlns I .. ,eported 
ToptC$ covered ondude III .ystam descllpllOn. 12' .'rucIUf81 
dynemt(.s (31 "Ibtllty I""V." (4 , mec;ha~ wbeNembl_ 
desrgn. 151 power g.08,a:lOn .ua-v.tem. end (8 , control end 
IMtru~llltOn sublyst.m A " .H 

Neo 1HH·, Nlhonal AeronautICS and Sp.ce AdminisllltlOtl 
Wuh.ngtCln 0 C 
CONT .. Ol STRATEOY fO .. A VA ... AaU ... no W.NO 
INE .. OY CONVE .... ON lUTE .. 
A Jacob 0 
.. ft 
EI 

NTIS HC A02/ MF 11.01 CSCl 

" WI 
Authof 

of Ene<gy. W ..... JngtOn. 0 C 
ITUTtOY .I .. ORT fOtt LA .. GE 

"'"'*-- W L 

WINO BLOWS ANEW. l. • Kl1ar 

POWER • vol 123, no 5 May 1979. 
p. 40-42. 

tear ..... in' lentorrow'a .... " 
IOUrCH gets Increasingly urgent 
priority as reserves of conventional 
fuels dwindle. Artide examines p0-
tential and problem. attending ~ 
Iar and wind energy and "* cells, 
suggests the promlM of solar ener
gy appears *t 'or both utNily and 
Industrial plants 

890 

1<M11· 
AMAlY", AND f .... __ 

.. C 1(,_ No 
(Grlnt ~ 3231) 
INASA CR 162S3 
Hill. 

80p 

UOYSYlTf .. , 

1401 CSCl 

TIC. A.O 
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learning by dotng: Schools 
set a 2000-k.;lowatt example 
for wind-rich Denmark. 

~ , 

lCJ79 , 

Tes t Site ?icvpd :or Cluster 0 
.1. r ·"st It:ir.(i Turhines 

/,ac-hin esi ... 1. 51 , : o . i7 2 Lov,>rrber 1. 

p . 

SI MPLI CITY ECONOMY FOR WINDMILL DES IG 

chine Design, vol 51, no 28, December 6, 1979, 
p . 134.-/,b 
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THE BIG WINDMILL AT TVI ND 
Harshal F. Herriam 

Sunworld, Vol. 2, No.2, Hay 1978, p. 57-57. 

'The Tvind windmill I' unusual in 
Mnral respKt • . fint, it it by far JM 
JarJat windmill standing in the world 
today, and by a ,mall margin is the 
larant ever built. It is a horizontal 
axil. 3-blade, downwind propelior, 
with the blade. iWcepUl' a pM S4 
met~ in diamder. The hub'" more 
th~ 50 metu. abo~ the around. 

In addition to hejne of extraordinary 
aiz.e (with ~ the mgine-enng which 
that Implies), the machine Include. a 
number of technical futures that 
imaginative and novel. The blades, for 
Hample, are constructed of fibe~ 
and plastic foam and weigh onJy S to 
uch. 

VORTEX AFFECTED BY THE CONICAL SHAPE OF CE~ERATOR IN 
TORNADO TYPE WINO ENERGY SYSTEH. 
Jwo-Hin Chen. 
Industrial Aerodyn~'cs. v.3. 1978. p.307-31). 

A malhl'ma lic-aJ 

8 

CP-2034 ill blades 

• 

COMPOSITE BLADE FABR~CATIO". 

HYDRAULIC WINUilllS 
o.vid Scott 

c .,,-,_ 

Popular Scfence. vol. 
p. 6-10 and 19Z ZlZ. no. 

1\vo British-designed wind 
turbines use hydraulics to 
produce heat and electr;c;t 

$'18 

• 

E. P.2SS-

11 1978 
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Proceeding ... of the "latlonal 
oelatlon Aman!lo . Tu 

onferen~ of the '\merican 
. 1-S March 19 

int.! EI'~jl!\ 

A"JI~bl~ irom th~ AIt~mativ~ [n~riY Institute. W~~( T~xa, C;rate lI"'~c r ~lt); Canyon. 
Texas 7901 6 0 Prlce , 9 00 

"ne profound chang\"s that hd"'c taken pld(e In l: 
systems In :he US durint! the 13\t h\'e yurs or so 
23 papers compn\ing the5e ProceedlOJ!s, almo\t h 
prolfammes sponsorcJ by major authon t ll~s and lh.oal wllh overall ..:ommcrdal. il 
lattn and adm int.!>trOlt've problem~ of wind power development 
technlc.il aspects 

To comment first on the 
the u.lenl 10 wh ich the halanc 

comp 

TJ 
825 
.W86 

Wolff, Ben. 
Wind ener~ / Ben Wolff, Hans Mever. __ 

Philadelphia : Franklin Institute Press. 
cl978. 

82 p. : ill. 
!1bllographv: p. 73-7A. 
ISBN 0-89168-004-7 
1. Wind power. I. ~eyer. Hans Klau8. 

joint author. II. Title. 

8 

s 



OPT IMIJH AR lAYS OF \oJI ti D 
nEV IC c~ . 

G. H . qr 1')9 & W. L. Schmldt 
JrJllr o dl o f Fnf~r9Y , Vo l. 2 , 
Ig7 R, ~ . 155-1 59 . 

M.wl Jun 

T il l: IO Irodulilon of arra) !> ", Id l:i.:riY machanc) ~III 
pro\ldc for .hc con\Cr ~io' \ ILalJlc: .. mounl~ of 

rcnc"'.Ibk encrgy r.:!>ourcc!> I' high .ide c:n,:rgy . In Ihb 
p"p.:' , \\.: ~lldll oUl llnc a Iflod~ ,0 predld Ih.: pc:rformancc of 
iuch 4rr.l)!> ba)ec.l on a rough boundJr) 1.I)~r \c1O\.lIy profile . 

I he llIodd dll empl!> 10 preuill almo,phl:rh': bound.H) I.lycr 
\'do\.lIy prof,le~ wllilln an array of full !>\..I1c: ~»ICm, from 
lu. bulelll boundary la)cr now prof,le) "lIh." i>.h~I"C d')lrelC 
roughnc:,) d.:mcnlS loc.lI.:d on a rough su.face. 1111) allowi u~ 
10 d. a" on a 1.l/ g.: bodj of rough boundary ld),'r hlcr.llUrC 10 
carr y OUI Ihe array p.:rlorm.l.,,':c opllfnll,l lIon an dl)I!>. 
Idl:dlly, ~udl "HolY) "ould Ix lu,alld 011 Idr~c op.:n u:g'ons. 
cflhl:1 mlalld or JU~I o ff!>ltorc . Although Ihc)c • q~lun) molY nOI 
cnjo) Ihl: mO!>1 cller.:ellc ", ind), Ihey pro\lde goud poll:lIl1oll 
for I .... ~c )cal.: wlIld cnergy dcvcloplIIC:n1 . 

f!ASA CP .. ~034 Windmill blades 1918 

WIMD YU~I"E STr.uCru~J. O'trtA'11CS. Cecn R. ~nlor. 
LeRC, ed. (WOl"'kshop SponiOred by OOE and h~ld 
LIRe . flov.15 .. 17,1977). Mer. 1978. mp. 

(t ON I 771 H 3 . pr 1>1 69) AUo«lu"c ".bihly or _ Ind 
IUlbln~ bl"du II.~ I • • K It V (Un" (If I "ledll) 19711 

I rum '" rnd 'urbanc ~"u.:tur al d)nanllt. ' loof~ rcnt.c, C.1c~ c 
1.00.1 0 11 lI~A (15 N .. " 1~77) 

I n '" III J Iurbrnc \trudu/~1 d) n .. m I\. \ . :··11 
1 hc >c,,,;,J d tgrcc nllnhnc,lr .ocrllcl~Il' C~U"'KIO\ ftlr • fiCAI ' , 

bk . ..... "Icd. n\lll Ulllf",lIl ",and Iu, hanc bl .. d.: .ore 1Jc:,cI')rcd U'III 
I l3nlll\"II' prlnurlc I hc .k", allIIn of Ihc>c c~u ...... n .. I, .. , 11'1 h ..... ~ 
In .hc IIcumc.,,\. n .. nllllca, Iheu,) o f d ... lllll) I hc!>C c:~ull"<ln' .... llh 
pt.n .. JI~ , .. cfhucnh arc .. uI, .. ble: fllr dc.crllllfllns ~h( '"<:r .. d .... , 
"al>lhl) .. 11.1 ,nr"n>c o r l,"lIe "'111.1 lu,blllC bl..Jc, Melh",," ror 
.... t- lIlil Ihc~ ~~u,,""n' ~rc .II .... U\!>C.J 

NONLINEAR DYNAMIC RESPONSE OF A WI NO TURBINE ROTOR 
UN DER G~AVITATIr NAL LOADING. 

1. Chopra and J. Dugundji. 
AIAA J., v.16, no.8, Aug.197 8, p. 773-74• 

8 

IfASA ,.ZOl4 incbi11 blades 

.,IND 'nJIlSUjE STi.ucrur.."l OYit':,';ICS. Dee" R 
LeRC •• d. (\;:OFtshop sponsored by OOE &. 

LeRe . fiov.15-11.1971). ~r. 1978. mp. 

918 

I'r !S7 2W) RCClo4;.rc" or ao_ ~ -!.II 
(Unl" be Al run, 0 11). Iloa, Il S :rt148 

erence, ,,'k"( H, 

NASA CP .. 2034 Windmill blades 1978 
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~ , i;g;p .... -~. . :au: • --- -----

1 hI' dlflu\tr ·allEmrnlrd .. illllltl,hinr I II \ \\ I , ""nr ,,' Ihr air. ani I'd , .. n, fiJI- h, ill I! InH ,liEalf.111I "np'''' 

Ihl' r,"""mi,, "' .. inti rnne' clln.\ ".un ",I I'm, I \\ I ('" " PI.I •• alilln III mll.lr,n '''"IOIL .. " -I J~ fr , ,nlrul 
Inhni'luf' h" ,rduI(1I 'hr ""':II( .<1'3 ,rtlnorrmrnl, III an rflIlU'"1 diflu,t"< It 3n 1 • .,1 .. III OI,:ni .. "I, 'hn. 
p"aml I ... Ih~. ,rt ... Ihl' PU'"'III.1"tr .. I Ihl ' "illuv, "'Irm ":.I" 1 .. ,11 "JlIllnr,1 ill 'OI~II -"'~.l II ' "ind I"nnrl 
"," ""th ;I ';lm_'.\ ur tu,np .:u' diffu\Cr, • • "nr. ", rren , :An.' (tntrrhud,t, tn \1f111Iblf" Iflt I'('· ... rntt ' fI ':t h"hin,. . 

• ,,," 'irld ""'1" ' . l"r,;;11 pn''''"'''"1 (. Ih( rllr'l "' f,,,,,nd p,,,,;mil'. ;lnll lilt p,. 1" ', ., '"' 1II,Ihr' im
p'"'rmf"1 a'r dr'Hlltrd 1 hr ha,rlinl' ",n'I!!"''''i"n ", (IIni,,,I. /,0 ,Ir~ inrlfll .... ,ni.;ll Ilill",., "ilh:on :ort·, 
,ai'" III! 711 (IInl,,,Ii,1I It, , .. " l:lnernli~1 injnl;"n .1111, . 'J hi, lil\I ' frnrnli,," 11\ \\ I ,,,n l"IIlid".I'H'OII"i, 
Ihr p,,"r, .. 1 
I) \ \\ I un hr,. mll , h 

J-'U". , ltlll f"tifll.Jlf"h ... Ih:t •• h., 

, .. nu· f41H"d pUtI'Ltf . 

WIND-ELECTRIC CONVERSION UTILIZINC FIELD Mer> 
LATED GENERATOR SYSTEMS 

- Ramakumar 
Sola r Ene r gy , v.20, no .2, 1978 , p. 109-117. 

Thl~ raper de~cnbes v.lnd~'ectric coo\oeuion SYSlems 
ulJll7iOf field modula led gcncrator\1J61 Sche~s 10 10-

le~rale su,-h ' )'\Iem ~ ~ilh comenl ional ut ili ty grids aTe 
.. 1<0 dl ~clI\<ed 

p 

~.~A CP ... ZOM \.Iindmill blades 
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fuerqy Techn610qy Conference, C;th, hlashirgtD~ 
D.C., 1970. 

frlp.rgy technology v : challenges to 
technol~ : proceOO.i.nqs of the fifth 
Energy Tcchno1oqy Conference, February 27-
March 1, 1970, \lashingtm, D.C. / edited by 
Richarci F. Hill. - Washirqton z Goverment 
Institut.es, lq71l. 

- -. ._ , 
LA •• WIND nMalNIGINIRATOAI 
RoMId L. TlIomea. RICherd ... ~_ NAJA-u-~ <An .. p.,,'1 

The Federa l Wind Proar .. v., t.itl.t.4 in 1971 ••• ,art .f ~ 
DAtlon' • • olar ener" proar.. . The 'tr.t wlnd eneray work.hop wa, ~ 
In 1971 (Ref . 1) to reviev pa.t wor~ in wind ener" . nd to •••••• ~ 
potential of wind power . Froe thh work.bop it bec_ evident th.t it 
va. deelrable to t .. t a repruentatlve large wind turbine a . qulcklJ .. 
po •• ibl. to provide engineering data tor use a. a ba.e for the entir. 
vind .n.rgy program. During FY 1974 as-year wlnd energy progra& ,1 .. 
"'a. developed as part of the Solar Energy Plan of the Project Indepea.· 
.nce Blueprint {bf. 2) . Tbta wind eDer" proar .. Inr.luded tM 197) 1 

work.hop r.com.endation to proceed vitb the de.len . b~l~ina and t e.t- 
ina of a nominal 100 Itw. 125-foot-dla .. t.r rotor vind turbin.~ t~t. 
v ind turbine va. de.1aoated Hod-O . 

A COMPARISON OF THE WEIBULL AND RAYLEIGH DISTRIBUTIONS 
FOR ESTIMATING WIND ~ POTENl'IAL, by Joseph P. 
Hennessey, Jr . 
Wi nd Engineering, vol. 2, no . 3, 1978, p. 156-164. 

For POlt"'ltzi w",d pow" siltS whtrt Iht W"bull ,"odd o/Iht w",d Ipud dlSlflbu · 
110" IS IIpplicllblt, somt It"tNlI fUidIl"ct U prol"dtd wh,ch w,lIhtlp '''''''',glllllfJ 
du"Jt J) whellru or 1101 Iht R qltlfh dlllrlbu lio" will bt _ Ull1l4/llclOry tlppro 'C/m· 

tlllO" 10 Iht hit, bu II. 2) whICh Illtl .re Iltt mOJI prodUCI'''t lI"d rtllilblt lor an aUD
lelltralOr 0/ a spec,/,c Slzt, tlnd J) which IUt 0/ tltrOlt"tralOr should bt used g'Vt" 
Iht WIll'· speed characlerlSlics 0/_ nrltl'" lilt. 

Nn-U71.' Sa~ labs . A1buquelque. H MU--
AVAILABIUTY Of WINO rOW£fl 
J W RNd 1978 15 p r.ta Prnented.t SemlNlI on Wind 
En. rQV for Flect"ul G_r.tlClfl. Rec,f • . 8re,,1. 13· 16 feb 
1878 
lContrect EY·16-C-04-0189' 
,SAND.1I 0548C. Conf-780253· 1l Av.~ NTIS 
HC A02/ MF AOI 

M.teorolog,c. 1 stud,.s 0' .v .... bI. WInd pow.r to support 
lhe deveIopmenl of • v.rtlC.I · • •• wind lurbne . r. Pf_ted 
.nd r." .. wed O,m.loIoglCII studies th., . r. needed 10 -
• nd promote WInd .nerllY .ttpk)ttetlClfl In 'r.d . r. summ.nzed 

DOE 

D~08ABILJTY MODELS OF uIND VELOCITY MAGNTTUDE 
AND PE'~SI STENC£. 
Ross B. Corotis, Arden B. Sigl, & Joel Klein 
Sol~r Energy , Vol . 20, No.6, 1978, p. 483-
493. 

.u.u.n-Hourly .. lid uta frOtll 1M NalioMl ell 

898 

lid 

. CI-15O.811. y.4 1978 
I "liD ENERGY OONVERSION. VOLlIE IV: DRIVE 
,SYSTEM DYNAMICS. M. Martinez-Sanchez and 
:T. Labulzewskt. Sept. 1978. 191p. , 
; Munchusetts I ... t. of Tech . . ASAl.-TR-184-1Cl 

(Cillbridge). Airoela. tie 
and Structu ..... ltHeareh Lab. 

. Contract E(11.1)-4131 

1 "'ndlln1. 
;Wtndlltll blades 

THE F.FFECT OF HU8 FAIRINGS ON WYND TURBINE 
qOTOR °ERFORMANCE . 
R. f. Wi hon 
Transactions of the ASHE: Journal of Fluids 
Engineering, Vol. 100, No.1, March 1978, p. 120 
- 135 

""h f:liri"l1:~ or Ilpinners are fr«luclIl!.\' lill&at~ted (or ".-ind 
turbine<. fur rel\.,«lIIl11 of ae-.lhctlC'lt or Ilt'rfuml:lllrt' While hllh 
failill~ ra~'Y, If ever, de<'renM: the aJlI~nr:\II''C of " .,.illlJ tur
bille, the eR'cct3 o( a nose (ai ring 1lI1l)' acLu:llly dt:en 
tn:lll incre:L'>e .,. ind turbine ro\.or pcriurnlluH'e . 

t,> t·- -0% ' g .. .-+~_ --1t ·-z --~~- --- ........ _~ __ 'F -~ii'ri --,--~. 
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... ol~cy 

'Carter ......... 1 

.... .... rnero 
PeIkf Review mPR), .. 

am Lnklated lar~e pGbUc meeUngs throughout &Ite 
'UUlr7 .stb tbousanth 01 peG!'le testifying In support 

nW leftral erlortslG th~ solar energy field . One of 
J fUblic exerd.n of ~e DPR was a " PubUc ".In« _ Solar Teclulology" beld ID Washington D.C. 

Aq.u. .... 1178. nie meeUng was caUed by 8 
eft tlle tben newly-appointed AII15tant Secretary f, 

... ~" Ted\.Qology. 

Experts ID aU solar technologies ~ere Inviteod to 
partklpate lD • budget p~paratlon nerclse for each of 

rate technologies . The panel assigned tile task of 
reyLevolbg wind energy budget policies was headed by 
Rick Katreeberg. past president of the American Wind 
EDBC AasociatJoa . What 10110"'5 Is his rinal report to 
8eDHU Miller aDd the other Department .1 Enet1Y 
officials Invobed in the Domestic Policy Review. 

fO··~ fRY AI-. 
O{ . 

8 

01-150.831. V.8 l~/ts 

EHERGY alMRSI(Jf . YOlllE VIII: FREE 

Jun-Cla 
1 

YSIS OF WINO TURBINE AEROD' 
60hard and Song Y. Chung 

ICS • 
Sept . 

•• chusttts In.t . of Tech . . ASRl-TR-184-1 
(Clleridge). Aeroelastfc 

Struc:turn Research Lab . 
Contract E(11 .1)-4131 

, . '1 
Vi 

HARNESSING THE ~IND. 
Jags T. Yen 
IEEE Spectrum. Vol. 15. no. 3, M.rch 1978 , p42-47 

\ 1,tl '''' ' .' ,M.:' . \\Ind lur 
~~" 01 "' and lurblnC, .. r<' cnn"ti .... '~ <, 

Ih( "",n-d 'HY~ .... 'lld IlI,bul 
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lation..ll ~yfl 'r ~lJ'TY)siu"l arvl fYJu.hition , ='3r~ , 
'~\nah(>i'T\ , rali 4' ., lfl 7P • 

;)IC!h:ctive arv1lication Of n··\tl'~ials for 
rrrx!ucts ~ C'nerqy ••• c) n7"' . 

Inc] ul('s hil-, li 
iTY1p.)( . 

(rarr ' 2) 

1 r 4;'1 1-, -'r 1.1 1 ~_-f'~""""'" 

:rr::nC(-5 ~T) 1 

T . c.nri co tv 
• a:a, - IVI;t:l; ., II ·.H \1 ,,( ~ Ir )1(-111. 

1'111 1 ',: 1,\1, 

I ,~ • il I l..... ,'I t ! 

r. I •. !i,tl II V. ,II. T. I'. Col loll 1, II. (;. l. ritf~' , ' . Ir . all .\ 

II . W. 1.,· w. ·lo r 

SOLAR ENERGY: UNS UNG POTENTIAL FOR WIND AN D BIOMASS 
W.D. H. 
Science , vo l . 200 , no . 4342, Hay 12, 1978 , p.636 

(,U\ CI nmcnl 'pun\orcJ \Il1JIC:~ \e.:m III he (um e' gmb 
I!lv-.lld Ihc ~Undll\l\lll'> Ih<ll '>ol,n PO~CI (uulJ \lIpply \lIh· 

,I,'OII,.lIy IllllIC Ih..ln I lu:1 percenl uf Ille (l)1I1111)- :> CI1Cl bY 
hy 2000, dnd Ih •• 1 Ihe: 0111\1 r"llln\.,lnb I)-re~ uj ,ul.ar cl1cr 
,tl c: \IIlC\ IhJI 1l.J"e hcc:n lolH:dv unhel..lldcJ 

ON-lSO,S3I, v.l 1978 
WINO ENERGY CONVERSION . VOlU~ I: t£THODS FOR 
MSI6H ANAlYSIS OF HORIZOHTAL AXIS WIND TURBINES . 

· R.H. Mtller, J. Dugundjf, H. Mlrtinez-Sanchez, 
.t al. Sept .1978. 253p. 

Maslachusetts Inst. of Tech . , ASRl.-TR-l84-J 
(Cad>ridge). Aeroelast1c 

I and Structures Ras •• rch lab . 
. Contract E(11.1)- 4131 
I 
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ESTIMATING WIND ENERGY 
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David Simms 
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Vol. no . 
p. 27-31 The figures .... hh;h .... ,11 be dlsl.u\\ed 

here are pertinent to our particular 
area In sou thern Quebec. The ,11m IS 

not to an)wer the que>tion whiLh any
one .... ould hav\! .lbout the potLllllal 
Viability uJ .... 'no puwer in 1115 Jft!J_ but 
to dls~u\s d me thod o f u~illg c.xi'iting 
wind speed data and the pov.'t"r Cll f'te\ 
of various .... ind machmes to c\tirnate 
the likely output. 
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advanced sys tems concepts Two papers were previously 
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WINO PO~~R LIMITATIONS AS SOC IATED WITH VORTICES. 
J.L. Loth. 
J. Energy, v.2, no.~, July-Aug.1918, p.216-222. 
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WINO [U: C·, RIC CONVERSION UTILIZING FIELD 
GENERA10R SYSTEMS. 

R n dll1aKu mar. 

ODULATED 

School of ElectnciJl Engineering, Oklc:lhorna S tilte Ur.IVCfSlty, SullwJ ter, 
OK 14074. U S.A . 

Soldr tfl(!f9Y 1978, Vol 20, 2, 109 117 

Vartable speed c..onstdnt fre<juency wtnd electriC systems opera te at a 
constant LIP speed rc:ltio with varying WInd specds and enable the cxtr 
lion of d pdrt of the energy spilled uy constant speed constant fll:quenc 
syst erns. ThIS paper descrli.Jcs the vdr'cule speed constdnt frequency 

WInd driven f,eld modulated generator system under development at 
Oklahoma Stdte University. Such systems appear to be most attrac 
tlve III the "small" ( 10 50 kW) and "100 kW scale" (50 250 kW) sizes 
and for use In larue capacity "fl.ulttrotor on one tower" concepts. 
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ind rotor design has hItherto l>et:n based, partIcularly tor lower powers, 
upon a compromise between high effiCiency and simplicitY of constru 
tlon. Modern maler:als and falmcatlon techntques, however, 
hminatlon of thiS compromise and the construction of rot 

mum eff,c,ency. The Prim 
ation being the proportIon of 
than the actual power output. It 
formance of the turbin 
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Insti tute Of Flectrloal and Elect.n:nics 
Ermneers. Realm 1\. 

I:EPP. 1!l1A JWrl.m Six oonfermoe ~ 
WilMt Geeenten ... Eaeru SWap . . . . . . . . . . • 

James N. Pet.er.oo 
Electrical En,meerin, Department. UnivenitJ ., 11 

_.10 
tnd ,~ data over one year fr .• st. locattOftI 

in the PacU1c Northwest art analyzed . 0 dete,.i 
energy storage ..ounU sufficient to saooth the nyc
tUItions in w1n~ ~generated electrical power . Hydro- t 

r r~servo1rs are co~s1dered as t he energy stora,. 
thad and a definite relat ionshi p 1s dete,.i ned be

tween the nuaber of wind generators and 
hydro storage . That ~lat ionsh1p i s 

no . of wind generators • ac-ft x head 
3.84 A1 

re ac-ft is the a.aunt of usable hydro reservoir, 
head 1s the effect he he.ad 1n ft, and A1 is the aver-
age lwept a~a of one w1 ~111 . Th1s rela _1onshtp, 
based on wind speed fl uc tuat ions. ensures adequate 

rgy ~torage under the .ast adverse monthly condi
tions during the year analyzed . A wind generator rA~ 

rk consisting of 880 wind generators . 1.8 ~gawatts 
each. distributed equally among f ive wi ndmIll fa 
and interconnected with exist ing hydroelectr1c stor
age would produce approxi .. te1y 3.3 billion k1 lowatt
hours annually . The average annua l pl ant caoaeit 
fletor for such a networ\; ts 0 . 24 . 

WINO POWfR LIMITATJONS ASSOCI~-EO WITH VORTICES. 
J.L. LOTH. 
J. Energy, v.2, no.4, July-Aug.1978, p.216-222. 

In Ihe: \e:a,,;h (or smalle:r .lIld more: Jl(''Anful 'A md 
ma~h l n('\. Ihe: u,e: or a \orIC~ 10 1..1(' .. 1(' a rq:ioll of 10,," 
rlrc\,urc alld high Hltxlly ha\ hn:n lllll\llkrcd b)- \('\('ral 
in\C\lIg.lI(lr\ lhc Ihco,CIIGII,u","num f\C.l\\cr clxlI'lIcnl or 
1'A1l \orln IIl[!C\lIng \\llId 11I,hlllC lont'[!lIrJlioll\ h.]\(: been 
lnmpul('d In ac.Jdllllln. I'A O " ,nd IUrhll'c lllnfiguralll,n\ 
",h, .. 11 U\C Ihl 10'" pl('~\urc: 11\ Ih(' \ll/Ie, llllC 10 c,hiJU~1 1010 
1\.1\ r J"It be(,11 3""" IlJ 

(''1 
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ON THE USE OF POWER LAWS FOR ESTI 
~TENTIAl 
Ernest W. Peterson and J ••• 
J. of Applied Heterology. vol. 
p. 390-39 
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• 1256 :'Iargy 18 : 197 8 f"c.<jion Five aI'J'lual 
1978 ccn:er~I~' ~ril lr-l~ . lQ70. Tulsa. 

Or. the Use of Eddy-Current Couplin~ ,n Wind-Driven SynchrOnous Machines 
A. Q. Qazi, NED University of Engineering and Technology, Karachi, 

242 

Pakistan, R. Ramakumar, Oklahoma State University 

controll in a Wind Generator for Increased Efficienc 247 
M. E. Valdez. E. R. Kittlaus. California State University . Long Beach 

Efficient Use 
~ulator J '-U"' ,J 

Static Slip Recovery Schemes -
Univ. de Quebec, Trois Rivieres 
Concordia University, Canada 

Canada & K. 

TK 
1541 
• 154 
1978 

In21i8, navid ~ittenhou.e, 1QOS-
Win~ power 3nd other ener~y options I 

navirl r.~ttenhOu8e Inglis. -- Ann Arbor : 
Univer sity of Hichi~an PresS, c1~78 • 

x, 298 p. : ill. ; 23 eM. 
~iblio~rBphv: p. 281-293. 
Incluocs index. 
IfiBN 0_472-09303-7 
1. lUnd power. 2. AtomiC power-plante. 

3. pO\.,er re.ource.. 1. Title. 

A7~31111' II D.tign .nd appIic.atton of Ia .... wind turbine 
generators. D. F. Wa.ne (Eltctrlul Reuarch AnoCliition. Ltd .• 
Lntherhead. Surrey. England) In . E.-gy and .. r~. Proceed
ings of the Angio/AmerlUO Confere.-. London. England. 
December 5-1. Hl18. (A19·3190812-«1 London. Royal Aafonauu-

1:<11 Socoety. 1919. 15 p . 12 reh . 
An outioo. IS p.OVlded of leveral NOtional proQl ami wtllch .,. 

concerned with the constructIon of new machInes for the utlhution 
of wind energy Gener.1 facto" governIng economICS are examIned. 
takIng Into account the Importance of wind lpeed. the Importance of 
scale. and the rltl of machIne output . Dellgrt cholClH on large WInd 
turbine generators .re .110 discussed. giving attenllon to deilgrt 
deCISions related to turbon. type. the turbIne d,am.ter • • specu of 
pItch control. the number of bl~!. the chOICll of fixed or vanabl 
turbIne speed. the Slgnoflcance of upWInd l'f down'NInd locallon U a 
(kSlgrt optIon. ilnd the gener.1 qunll')fl :.of system stillness . G.R. 
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ThIS pa~. descrobes a dosed loop. shah to'Que rontrol 10. 
(2 megawatt\. va .. able PIlch. 

ron 

w1I"i e~'9Y ron.enlon system 

11.79 16742 On the UM of eddy<urnnt coupl ingt In 
Wind dnven synchronous INICh.nH. A. a Oil" (Pakistan Un •• ~rslly 
01 Enqtnffrong and Tl'Cnnoiogy. I( a.~h.. Pak"lanl and R 
Rarnakumar CO~lahotna SIIII' UnlY!'rslly. Sltllwalp,. O~la I In 
Ene.gy '78. Annual Conll"~nao. Tulsa. Okla-. Apnl 1618. 1978, 
RKord of Confe.ence Pap!'rs (11.79-16726044 41 N~w York. Insll 
tut~ oC Eleclrlcal and Eleclronlcs Engineers. Inc.. 1978, p. 242246. 

12 rels 
ThiS PiIPI" dlscusS<'S II~ sUllabthly 01 eddy CUIIl'nl couplIngs II' 

Ihl' ml'Chan Ic;tl onlr. f3C~ 01 Wind dro ... n synchronous mach,nes 
Based on 110 .. compule. slmulallon results pres-nted under lJ.'sl.ng 
Will<! condlllonS. .rcommrndatlons are made tor cIonoslng lhe 
coupling design paramf"11'1S tor "llSfaclory ope ration Edtiy a;rr"n' 

oupl.ngs lum oul •• ,.ry qood PI!rlorm~ pVM under ~vel· 
gust.ng 30<'1 h,ghly vanaN,. Wind .,.grmn arlO I""refore ar" stronof" 
'f"('otnlTl<'nriPd for al>PIl~all"n on WInd ,.ll'Ct.1C Con ... ISlon sysIpm\ 

(Authnrl 

A7921302· 

tu.btne 
sPf'C.al 
mlcropr()C@Ssor for Ihe sal 

wind tu r1)tne 

The fle~lbtl l lY CO'l and r .. l,abthry 01 the ",~·opn ... enor _,e maiO< 
I.".IolS on lIS selecllon (Author I 
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Joseph M Savrno Lee H W-oner. and Mary Nash ~ 1971 
76 p ref. 
(Contract E(49-261· 10281 
(NASA-TM 78853. E9575. OOE/ NASA/ 1028 78/ 171 A". 
NTIS HC AOS/ MF AOI CSCl IDA 
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.TION OF WAKE EFFEX:TS IN Winm TURBI NE PARKS , 
l)y P. J . R. Bnlltj es a nd J. Smite 
Wi nd ErudneerinQ:, vol. 2 , no . 3, 1978 , p.135-14 5 . 

ConIldulIIg Ih~ p,oh/~m of th~ mutuGlsp« ill,.,.d IXItltrlt III "h,,'h wlltd ltI,bm~1 
"01'(' In hI' ploc~d III ordtr to ,~I all 0pl/mal (f,om Gn aerodynam ic Gnd ('con omlcol 
fJlJln t of I/~W) I'nf!fgy outPllt on a ,t'st"cled a,t'o. woke mt'onlftmt'nts hal'(' bt'~n 

' ''t'd our In a w/lld 'unn~1 of a turnmg m odt'l of G DarT/eus roto,. Us,ng tht'u 
,,'ake rnullS calculallons conSIdering Inltractlng wakes of d'ff('f~" : t",blnn hOIlt' 
bun pe'form~d USIIIK the compuler cod~ "wInds" 

Fo , smllll parh wah up to 20 turbines an optImum rnt''IY output sums to 
h lamt'd at a mutual dlSlaflU of aboll' j w,'" d,."",erl , fo, larler pa,u .bollt' 
60 turbmt'J thIS lalue II about 9 d,.,..,t" .. /It tilt CQ, of I."" pMl,. 'ow palle," 
II pf#f'1tJblt 10 • ftlulll, pa",,,, 

Wind Power and Electric Utilities: A Review of the 
Proble~~ a nd Prospects. by H. Daviti an 

ind Em£ineering, Vol . 2, No.4, 1978, p. 234- 255 

1111 III. "h' flS/'I\ ,,"S 

tli 11 ,,,,1 }:o',11 ft.ltl,lI/ 
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YNCHRnNT 
AYNS T A 

CONDITJO 

ATION OF liND 
P IFINIT( RIJS 

GEt I ~q ATOqS 

GIJSTI~G WY ND 

H. H. Hwang & leonard J . Gi lbert 
IE EE Transac ti ons on Power Apparatus and 
Systems, Vol. PAS-97, No.2, March/April 
197A, p. 536-544. 

ituc!ie. o t .yncbro:\hing a vind turbine 
generator again.t an intinite bu. are per
tor.ed on a digital comput~r. In the digital 
si.ulaHon, wina gusts ot d iftere nt lllagn i tudes 
and durations are hypothe.ized. Prior to th 
synchron i zation, ditference. ot the tr~quency 
and pha.e po.lt ion between voltage. ot the 
alternator and the bu. are al.o included in 

- the st.ulatioa. Solutions ~or r otor speed, 
c:~nerator power angle, electra.agnet ic torque, 
wind turbine torque, vind turbine blade pitch 
angle, and araature current are . i.ulated and 
preaented g raphically. The ERDA-NASA lOO-kw 
wind ~urbine is uaad a. a case study. The re
.ults so obtained will th~. have ~diat 
a pplica tions. 

NASA CP-2034 

VIND TUASINE STWCTUR."- ImtIHICS. D.!:r. P_ !lEtnor. 
LiRe, eel. (Workshop sponsored by 00£ and held 
LIRe, Nov.15-17.1917). Mer. 1978. 290p. 

, rp 109 116) s._, ef italIC 
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WIND TURSIHE SmJCTURf4. DYNAMICS. ~tn R. M111ctr 
LeRC, ed. (Wortshop sponsored by OOE and ~ 1 d 
Leat, Hov.lS-17,l977). ~r.1978. 290p. 

(C()N r- 71I1 .~ • rr 111-150) OOF:"'IAC;A MOO~ 100 
"" wind turbln~- t"t rrsult,_ 0 11'80 .... J C (l ev. " Re'Cl rch Cenler_ 

-leQ'l3nd) 1<17 11 r rom ~ 1nd IUrhtne ,IruclUr.1 d)nlmlc' cllnferen(e. CIc,,"-

lanti. 0 11 . UC;A (I ~ Nov ICl77) 
In ~ tnd lurblnc ,Iruclural dynam. __ 
1 he Mod 0 Htllt W Wtnd Turhtnc v. a\ d~lgned IInti r"hrical -

d hy Ihe NASA undcr I"" dlrccllon or Ihc I I C; ()er:ulmcnl or 
r ncr!!)' 10 I\\C" let-hnolog) requllcmenl\ and cngtncenn~ rrnhkm~ 
or la'l!e ""lnd lurhtnc\ I)ala ""!lIch 1\ ,''<)Claled v.llh ,00m and 
machine dy,,;\nllC\ prohlcm\ encounlered .nd Ihe mlldnne mNtlfi< a
IIon\ tntorpor.l ed ., .. 5OIullon .re prc~nlcd , hc\(' tnclude hIgh 
hlade load. due 10 lov.er shadow. u c«,ivc nacelle ),1""'"& mnll"n. 
Ind m v. cr O',('llIall" n\ 1 he r"ult\ of cf1'orl\ 10 corrcble mC"tlled 
"' lnd "cloclIV ...,,,h pnv. cr oUlrUI I nd ""tnd lurh.ne ,,,ad- Ire 11-0 

d,\Cu,\Cd 

I!ASA CP-2034 

WIMD Ttr.5IHE Smx--ruMI.. DYft:'.'1ICS. ~:n R. ~nlC2r 
LeRC,.ct. (Wortshop IponSOred by OOE and h~ld 
leRC, lIov.l5-17,l'"'. Mtr.1978. 2SQp. 

(CONF-71114~-. I'P ''' -156) Pow~ OKlllltlM or Ih~ 
MOD-O _, ... t1IrlIIH_ ~tdd • • C (u"",,, R«earch Cul~r. Cle\.e-
lind) ICl711 

r rom Wind lurhlne slructural d ynamIC' conrc rence. Cleve-
lind. O il. USA (15 Nov ' <171) 

In Wtnd lurhlne str uclural d )'nlmlc, 
Thc Mod-O power hiS no.\(' compc1llcnl~ "tth \ ar ) In!! rre 

quency patterns Mlgn.lud" ruc:tI m<"'~ Ihln forl y rercenl pov. cr II 
Ih~ rrequency of I" ICe rer rotOf revoh.hon A n" ~I' or I .. mpl 
10rSlOnii modd or the po .... " ".Ift predICts Ie" Ihln hllf Ihe ob
IIffved MIS"'IIKk Ind don !lOt UpiMft tM dun In!! rr~uenc," or 1M 

.t(' pI 'trrn\ 

'*' • ..--------
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Jrltional SNfT"F SvrrusitJ'l arYl ~ition, 23r.· , 
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prodocts am O1f>ICTj ••• c1 "7fl • 1\3 
1970 

Inc] u 1es hihli ariric..a1 rcf('.r~s il1Y~ 

imp-x. 
1. r1atcrials--<l:>' 

f.or the r~ .. 
A~ OrfRATlNG 2OO IIh" I 71l'f TAl 

I. Socie tv 
tarr~ 

H 

fh","lf'" 
\:,,1 f 

Ihlllnl ul l.t. ",IIdr"." I In .. . flU lin.' II nhf"r 

DOIINAIA .. odoOA Wind T""'ne "'''onwenc 
T A Richards. end H_ E Neustadt 
Nelional Aeronautlca and Spece Administration. 
C1eYeland. OH Lewl~ R_8llrch Cent 
780801 -23. NASA·T~-78~16 
DOfINAIA/1OCM-1I1U Prj 
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fltional s.,vTF ~sill"\ ~ F'Ahibition, 23r~ , 
i\nahebl, r.ali F., 1 Q7f\ • 

Sel!:ctivc arr>licltion of n-ltl":rials f(')r 
pJ"C"X!octs .m -l C'nPIrry ••• cl "7f) • 

(r..arrl 2) 
Incltrles h ' anru.C'.a 1 rcf .... n ::nc:::,s ~ 

irr.ex. 
1. rA.atcrials~ 

. or the r.wnn 
c..c;r-.es . I . Soc-;ictv 

OC r'atf"rial an~ Process 
\.)',1. II 1 1', 1 .. . u .· ..... ,H"· \1'1'1.11 Arlu" i!.ALI V .I 'II t m'\A:.II-. 4 1) 
tI:: n ~11l Pt' . 1 (.,..; A~.II M rlil ALS ( fII.. "J. I) 

J.IT:." I'. ~' I 

Tl\ 
H' . q 

. c 

rational Sl\lTF Svrp:>sill"l aJ'\1 f'Xhibi tion , 
J\naheilTl, r .. li F ., 1 Q7f\ • 

::!3r~ , 

1\) 

1978 

Selective arnlicntion of rrrlw.rials tor 
products aryf CflPIClV ••• cl "7'l • 

(r4lrr1 2) 
Inc] u 1es hihlicxrraphiC'.al rcf ... .rcncc>s aIYl 

irr.C"-x . 

t .\T 1(,1;1 

1. r 1.1 tcr i.1 lS--Q)nrrrQSr-~!i. I . 
for the r.r lva T"IC'a"01 t. 0 C , 'c\ tl'r ia 1 

IHI,\( r 0:1 t!.)I1- 1 I.I~II ~LI'8 1·.t. 111'>1(. 

C I~d li! v. 'it .. . "" . J r . 

t!ASA CP-2034 

Societv 
~ JTocess 

417 

WIliD T\m9INE STWCTUIW. DYNMICS. 
LeRC. ed. (Wortshop IpouoNd b, 
taRe. Hov.15-17.1977). Mlr.1178. 

De~n R. !ltf 11 or • 

290p. 
(CON" 7711-4. , pp 219·221) "1 1a~ Ioe4 'l«eln ,. 

up .. in4 u4 4u .... Ia4 rOlore. A ndrev.5, J S (Boa.n, EJI,lnecnn, and 
('()n~truCII.,n. !K-.OIIJe) 1971 

"rum Wand lurbane structural d)namlcs ,"onfercncc, Cleve. 
land. 011. lJ~A (I~ Nov 1977) 

In Wand lurbane slrU<.lural d) IIaml<.\ 
[ rrcu "f bollh allern.llang aud nle~n 10;IIJ o n the fallguc !afe of 

In upwlIld .md do,," n,," and MOD 2 "" Ind lurbane: s)'lilem 1\ prc:scnled 
II ,,".u ~hown Ihal lhe: falaiue d.lnuic "ane~ I) the produ(. t of the 
SlrC'lS r .. ngc \:u~d and the maumum IIreu "coce, the .. lIenullan, 
nal',,"1~ l" oId ~ auM:d by I", .. er shad.)", and .. and ,radKot II al 
Im""rllnl f ... lor In delermanana rOlor blade tare 

~ld 

.. ..\SA CP- 2034 

WIHD nmslHE S~TUMl En1t~CS. Deu R. ~nlQr. 
LeRC. Id. (*rtshop lpouorecl bl II)E and held 
LeIC. Hcv.15-17.19n). Mar. 1171. 2SOp. 
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lntional S;VTF' SvrrlositJ"l arrl ~ition, :!3r~, 
i\n:J.heb\, calif., 1~7r. 

Selective arnliCi'ltion of JT\c,tt-.rials tor 
pT.'(")(!octs ~ C'nf".rqy ••• cl (17 r) • 

«('.ar" 2) 
InclU''les hi.l)lioqrap}ti.cal rcfC"IalC€'S ~ 

i~ex. 
1. Haterials--<Dnqres~. I. Socie~ 

. 'or the Nlvancc!"Blt of Haterial arr Process 
IlArf(r,pOI'm AIm SYSTDf DESCIlIPTlOM Of THE HOD 1 WIND n;lUlIN[ 40) 
r.F.NFRATO 

It . fro!! 

N7.·1H .. • 

'a 

N77.'-11·, N.'IOMI A_ut1C'8 end 
l _ •• R .... ";h Cen' . r. O .... eI.nd Ohoo 
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tems. 

Ava" 
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O"IV£ T"AIN NO"MAl MOOn ANAlY" •• OR THI 
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TO" 
1 L SuII,van. 0 R M,U. r and 0 ASper. Jul '971 34 p 
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Synchronl~.Uon o' the DOEiNASA lOO- Kllowatt Wind 
Turbine Gener.'01 with. urge UtIlity Network. 
L J Gilbert 
National Aeronautics and Space Admlnlslratlon 
Cleveland, OhiO LewIs Research Center Dec n , 19p 
NASA-TM-738F, t 
DOElNAS:V-,028-nIlO Price code PC A02/MF AOI 

The DOE/NASA 100 kllo,j\/att Wind turbine generator system 
has been routinely successfully synchrOnized With a larg 
utility network Since September 1976 The system eqUlp
ments and procedures associated With the synchronization 
process are described Time-history traces of typical 
synchrOnllatlons are presented Indicating that power and 
current transients resulting from the synchroniZing 
procedure are hmlte<J io acceptabte magnitudes (ERA cita-
tion 03 023589) 

eI 1M .:aUA·NASA I 
n .... lor . il" ~ .liLitylldwwILL itlNan., H " , 

( 1I11x11 I. J (N.llon..1 Acrllll.tullCl and ~pacc Admlm~lnattOn, 
C!f'",d.lnd OhiO (USA) I C"IS Rocarch Cenler) Jul 1977 171' 
(NA~A · rM X- 7\613 I - 90%) NTI~ PC A02JMF AOI 

The ,yn(hromnng of a WInd turbine generator a,amst an 
Infinllc hu\ IIUtlU nnd,lin con(\llIons 1\ stud ied Wllh • dlgll:.1 
compul('r, u)llIplclc VllullOOl for rolor liptt<l, , enc:rator pov. 
angk ,'I« ln m~gnc:'I .. IlIIqut', WInd turbine torque:, v.md lurblne 
bl.ldc I'lh. h .sn~lc • .tnd armature current arc: obtained &lid prnc:nted 
h) !'I"r1h 

"JJ . .,...O, N.tlOnal A.ronauua end 5pKe Ad~ratlOn 
lewIS fI .. erch Cenle,. a ...... nd. Otwo 
OY"AMIC .LADE LOADI"g I" T ... UDA/ NAIA 1. laW 
A"D 200 laW WI"D TU".I"lI 
o A Sc>er. 0 C J.n.tl.... end T R RICh.rds Aug 1.77 
HI p rets Presenled.t the Hall Cont of the Am Wind 
Energy Aasoc Boulder. Colo . " · 14 M.y lIH7 
(Conlract E(49 281 lDD41 
(NASA TM 73711 . ERDA/ HASA· tDD4 ·77/ 2 , E 9242) Aw • • 
NTIS HC A02/ MF 1.01 CSCl 101. 

Oyna .noc: blade loads Includlllg Hrodyn.moc: g'aYlC.toon.l, 
and onen,.1 effecls . • r. pr.Mf'lled fOf two I. rge honzonOl-.... 
WInd lurbines Ih. ERDA N.ASA 100 kW Mod ° and 200 Io:w 
Mod OA WInd pow.r syst.ms Calculated.nd ~uured Ioeda 
. r. Compiled lor .n .. pen~ntal Mod ° m4Ch1N tn 098'.
'redoc:ted bI.a. loads el. at50 gIVen fOf the h!lihef power Mod-OA 
.. Ind turbone now belllQ asaembted IOf O98r.toon as pert of • 
munlClpel pow.r pI.nt Two m.tor structu,aI 1TlOdo~~ ~ 
be.n made to the Mod-O .. Ind turbone lor the purpose ot ,educing 
blade loads A "."".Y w ·thon lhe Iruss Iow.r ... s r.mowed 10 
,educ. Ih. Impuls",. Hrocfvr •• moc: Ioadtng c.used by me t 
...... on lhe do .. nwlnd rOlor blades Also lhe to<5OOnIi e' 
of lhe Y." drove mec:hananosm c:onnec:t 
10 the towe r was doubled 10 reduat roto< 10 ... , tnt.ractlOn 
M.nured reducllons on load obtatned by means of tMM two 
ITlOdohcal lOOs equaled or .xc.eded p,edoctoon. AUlhor 
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Wlh ChllflcterlsUcs of an I .. "t-leg Tower 10f I MOD-O 
TYre Wind Turbine. 
J M Savino. L H Wagner. lind D Sinclair 
Nallonal Aeronautics and Space Admlnlstrallon Lf>WI'I 
Research Center . Cleveland, OhiO Dec 77 70p NASA
TM-7386B. E -9463 
N78-2461S/4WE Price code PC A04/MF AOt 

Low speed Wind tunnf>I tests were condur. tf>d to dptermlnp 
the lIow charac tNlsllcs ot the wake downwind ot a 1/ 25th 
scalp all tubular eight leg tower conc('pt sUl tahle tor appll 
calion to the DOE -NASA MOD-O Wind POWN lurblne Mea 
surt'ments w pre made o t Wind spcpc1 prolll ... c; and trom 
thec;e werf> dt'termlnpd the wakp 10c;:I1 minimum VI' lOCI 
average velOCity, and Width l o r several Wind :lpproach an
glee; Th"'sp data arp presented hell'In along with tower 
shadow photoqraphe; and comparle;onc; w ith dal;! Irom an 
p2rher lattlc f> type. lour leg towpr mod .. 1 conc; tructpd of tu 
bu lar mpmbers Valuec; ot av~rage wakf> veloc ity delec t 
raho and ;!v('fage rallo of w ake wldlh to blade r;!dlus for 
the eight teg model were estimated to be around 0 17 and 
030. respecllvely at the plan. o f thp rotor bladf' These 
chlracteristlcs suggest thlt the tower wake 01 the f>lqht leg 
concept is slightly less than thlt of thp four leg dec;lgn 

"""tr.<t rr 

ECONOMIC COMPETITIVENESS OF WINDMIllS 
Ellis E. lapin 

Energy Conversion. vol. 16, no. 4, 1977, p. 213 -
220 
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TA 
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1'177 

l'MI9ia .. tIlnd / ... ~_ • ~. tTlf 
Bend. - fed., • nllut __ On U-.t.ft 
tftr Sa.... EI' gie e. V. COOS), c19n. 

xii, 369 p. • ill. 
-4. 'nIg\nJ .. 7. \md 8. Juni in __ ••• 
1. Mind pal .... I. &:lIMn, Ulf. U. 
~ C"nJJ-'-ft ,.. aa • .....-cj1e .. v. 
(~). TIw ~ ,n 1tI. c:oIectlOn __ .Cllpt_ of Nt~ ~Ind 

-.v ~cfI end o...Iopment proer_ of VWIOUl (uro 
aountn., end .610 report on ~ dtv-'opmenu Nt . Ind ."., 

end.1nd --.'1' 'V-"" 1flIIy-.. Topoc:a -.d ' .... ItIt 
WInd -vv Pf09r- 01 tlw NIlhef1ends, Denmlft( . West Ga-1I'IIf'IV. 
end Sweden. poM"," •• 01 WInd ... wsw ~pment Nt the Ttwd 
Wor1d. CD. 1IWty ... of IIonzon"'.ie wind 

Ie jlr"oblNna of .Ind 
'"~IM' ..,... of wtnd-produmd ~ 
_tw CDI':WyIlllCl by ..... power P.T.H. 

A1..... .... ............... l1_et .......... 
wwt 'V ..... 0 ( vOfNdl end J G McGow.l ( 
Un, •• nlly. Amhwat. ",., 'n. Recent 
1C1lnc.. I'r0Cllldtngl of the Fou..-1tI A.".,.. ..... tlng. leW 
P • . , Novemb.r 14111. 1071 (A18-40301 11311 
lehtgh UnlYlnlty. 1011. p 1311·1326 8 rels 

ThIS p~ pre.nts recent developments • 
med.um IUed (10 to 100 kWI wHld driven systeml 
d.1CU1Md tndude IIlldtnt ... . -erocultufll • • nd c:omm.-c1M neallng • 

I II hybrid electroc.l dlwmel anerVY geOll'lt lDn TIw IUtul 01 
QJrrllllly ..,et&.ble wend .urblo .. " v,ven. end on tcM"II r_'cfI on 
WInd 100nN ''{M1nI1 " IUfllmerILed. (Author 1 
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Lepl-fMtIMton" ~ ...... wtnd EMf9Y 
Co"werllon apt .... (MCS). 1tft" R4tport. 
George W88hlngton l1nN .• washington. 0 C Program 0' 
Policy StudIe5 In Science and Technology Sep n . 312p 
NSF/RA-770204 Pnce code: PC Nt 5 

A statement of the princlpel overall conclusion 
port IS pr~ted. Because 0' the Interplay between techni
cal, economic. socu,I , and leg31 factors. some Information 
abou1 wind systems. their lillely tlPPhcatlons. and tha 
problems raised thereby is presented. The most significant 
legal obstacle:l to the utilization of land-based WECS are 
~ribed. The features of the existing legal structurl 
which may faCilitate the Implementation of such systems 
are d iscussed The wft'YS in which tM legal situation vanes 
with particular appl icationS. and which apphcations pose 
tM greetest and fewest legal difficulties are summarized A 

eectlon .. de¥oted to the complex subtect 0 

offshont wind ~ems. (ERA ctt.tton 03 0235'>3) 

le,a l-In.tltutlonal Implication. of Wind Energy 
ConYe n.lon Sy.tem. (WECS). 
George Washington UntV • Washington. 0 C FrourAm of 
Policy Studies In SCience and Technology Sep 77. 39p 
NSF/RA-77020J 
PB-27300617WE Price code PC AOJ/MF AOI 

The legal Issues presented by Wind en('rqy conver'iion 
systems (WECS) ulth1atlon are often closely related 10 Its 
tructural and If>chnologlcal features . as wpll as 10 lIs 
conomlc and SOCial Imphcalions S o me mfOlmalton aboul 

Wind systems. Ihelr likely apphcalton'i and ploble",'i are 
brtelly stated The features of the eXlsltng legal struc ture 
wh ich may facilitate the Implementalto'1 of such syst('ms 
are noted The authors summartZEr the ways In which th 
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SA , S:Jnd, 
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lb , .. 7, Opp. 

dC)Hablc control sYlitem for wind-powered generators 
",ould be versatllc, automatic, rehable. and Inexpensive 
loIn.!1I logic device consllItng of one or a few integrated 
circulI!> which IS ~Id to meet these requirements IS 
dc~cnbcd The system IS versatile ellO\lsh to be used o\'\!r 
"Ide range of situations whlcn require fast . precise control 

ircult dlaRrams are liven. (ba!>Cd on Authou abs. r
-:: I) 
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Mtot.orologlee' Studle. 'or Wind Pow.r: A Progr ••• 
Report. 
J W Reed 
Sandia Labs . Albuquerque, N.Mu 5 Aug 77, 13p 
CONF-7?0921 - 1 
SANO-77-1255C Price code PC A02lMF AOI 

Machine Design, v.49, no.lv, g .11,1971. 

Wind ... rgy: bounty In the breeze .......•.••...•.•••• 20 
'-4 

THE SPACING OF WINO TURBINES IN LARGE ARRAYS 
B. G. Newman 

Energy Conversion, vol. 16, no. 
171 

1977. p. 169 -

1 

WIND ENERGY CONVERSION R&D 

Government R&D Report, Vol. VIII, No. 1 
June 15. 1977. p. 2-5 
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nrocrV?<Unqs of ~ 1·1th rm.nllCll J"'r'('tincl 0 
the Societv of Brni..nc-erinq ScipnO"' , Inc. / 
~itrxl bv r,. c. ~ih . - Pl"thlC'1w:Tl , Pa . 
Lc-hlqh University , clC)77 . 

IIclcl tbverr.cr V - lfi, 1<'177 at ~th1" 
Incltxies bibliocrraohical references and 

innex. 
1. F:ngineeri.ncl--QmQrefiseq . 1. J R.hi Qtl 

lJni vp.rsi tv, Aethlprn" Pa . II. 
at lo~., anal1515 of . ~ 

y R n rr"uH ~nd l. "::~dlQlll ''',,'<1yn,' .. lr , 
17<; 1 

'ro' 
};) 
.E"·;:13 
pt.2 

~~.1 devel~t II .•. clfl7f;. (Card 2) 
cnvr..r!ncT !lAper9 nrosent.erl at the Natirmal 
~~.r r:naineerinq SociC!t:v neetinqs." 

1. T'o.IPI resnur~s--<hncrresses. ? • 

F.lectric ~.nnqreA~. I. IF.EF: 
~er Emineerinq Socip.~,. mm ~ 
Generatioo Chrrnittee. f))p..rqv ~IOD'1W=!nt 

c and System Ccnsidernt .. tl" o f l.arJ; ... Wind-"riVf~' r (.'IleI'·lt •.• "" 

,en'>eJl , H. lotker. R. C. HP ier lInll II . Hri('rlpy ......... . ... .. 

Jrl\ll~("tfl ••••• •••• ••••••••••••• 

Coupled D~namlce Au', • ., Wlad Enerty8,.temll. 
Par_goa Pacinc,lac., reb. 71, Hp .' , 
N77·20558/ 1WE PC S5.00/Mr U .OC 

A qusljlalive de8Criplion of aU key elements of a 
complete wind energy system computer anslysi8 
-;ode is presented . The snalysis system addresse8 the 
,:oupled dynsmics charscteristics of wind energy 
Sy8te\1Ul. i.ncludin« the interactionl of the rotor, tower, 
n.ceDe. power train , control I)'lItem. and electircal 
network . Fundamental r..uIte and COndUllons d. 
rived from the ... Itud," are preeented .. 

» _C:J 
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VISTTING WINDMIllS IN WAlfS. 
J. Hanlon. 
New Scientist, Oct.27,I977, p.216-1,. 
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ThIS ,eport .ctdr euel the engoneellng ot willd -. 
from the IJOlnt o t . ,ew at componen t ielectlOO ."d perfo,maol<A 

5meot Combln iltlons a t two IGild types Iwilllilble ald comt. n t 
speed I iIld three turbine types connected by I t, .1Id QI!¥ ,'tkl 

lllUled The tho 

"n-l2IiOl The ....... ...-_ .., • ...- -IV 
IIOn.~ 0 OOlllO. Wind T«IInoJow JourMi. vol I. fill 11)77. 
Po 26 JO g r.II. 

The paper deaalbM ltv" pheM tnd IlIlIII!' ph.IM InductIOn 
neraton wtuc.h could be used for convertlll9 Wind -w to 

electrICity. A ",fety feature of l'-to lyll.lnS. In compafllon with U :. 
or de genefltorl. is th.t If the power line voltage becoma LIH"O. the 
voltage of the InductIOn genef,tor Instantly be&... • 'ft 11lf0 Connec 
tlOn of • Wind driven generator to • commercii! pow_ III,. " 
conSlde.ed. """pl. c.1culallOIlI of the Wind IpNd reQIJI.ed for 
prodUCIng. g.'ven power OUlput lind of the rlltlO of Windmill 1.0. 

for IWO I~ Ire pr.l«lted. lind the Importance of oot uung an 
1ndu<:llOn molor • en Ulduc.t1Of'l gener.or. unI .. the motOf h. 
be«o desogn«llo opIf ... IIbo ... yndlronoul~. "emph.'Led 

(Author! 

The 'wmd-waU' - an lntelrated wind/Molar 

· YMlem. 
M cV e Igh. J. C . (Brigh ton Polyte c hnI c) and 
Pontln . C. W. W. (Wind Energy Supply Company . 
Peacehaven. U. K. ) WInd Engng . , 1 . 2.1977. 

pp . 1 50-15 8 . 
ThiS pape r describes an approa ch to lhe prob-

lem of pro viding spa c e 3nd water heat ing to a 
r oup o f local authOrity houses 10 the south of 

Ei1g1and . where there IS a mode r ate annual w ind 
apeed. and an annular bolar tn50latlon of about 
1000 kWhm- 2 o n a south fa CIng tncltned slope : 
the w l/ldmlll system is grouped In a 'wtnd-wall' 
a ne w concept With fixed du c ted , horlZon tal
aXla . UI-dlrecllOnal Windmills baliied on a 2m 
cube . (from Authorlil ' lntroductlOn) 

A pC'8Mibl. .tur.hon criterIOn lor ind 
extraction. 
H&llly. J. W. (Hlrllllngham lI/lIV • • 1I. K .). 
::ngng .• 1 .1,1977, pp.23-35. 

Ind 

Two hypothe&es a, c advdllc .. d for predlctln 
distrJlJutlun the pos&ibJ.· po"" .. r output 

or", ind tudJlnl'& over 
the turulne hl'lght Ib sm,,11 

When 

hl:;lght o f the planet a ry boundary Idyt r , t he roll.! 
of &hCdr b tl Cb& In dl' ternllnJng t he power It:"l'l I 
dcmonstrdkd dnd lilt' mo(hflCdtlon to th 
&trutlUI'c 1& pll' (hcted . 
"doluf'& o f the ratio or dl!, 

Ic uldtE-d The 1/11 

1 ti llb b"'l.ll>. rt-ah!.lIC 
do red to ground a Ie 
rtunce oC t he ~t.blllt 

o f the PHI. db It .((ectl. 1 hI.. pow\' r " H .' I II. dt-nt-
on lotlat ed. (A ). 

"" ct_"". 

Illoc: . nd lac.hruc 
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A714118!M1 Two .,..... metfloch fOf the unttMdy _0-
dynamic en.I."I, of horizOllt8l ... 1, windmill .. R. D. Preuu, E. O. 
Sue,u, .... d l. Monno (BouOf' Un,vprsity, BostOll , Mass. I. In. 
In~rsoc:,ety Energy ConverSIon Engoneerill1l Conference, 12th, wes~ 
,ngton, D.C , August 28 Srptember 2, 1977, PrOOl!ed,ngs. Volume 2. 
(A77 48701 2~441 ~ Grlflge PMk, III., American Nuclei 
Inc , 1977, p. 16181623. II rei,. Contract No. E(49-1812415. 

The problem of I horl1ontal axIS windm,II embedded ,n ,ncom
pressible, ,nv iscld flow IS !XIflSldered. The vortlc;iy :!eld present In 
th41 UndlStur~ flow,s UJUmed to be unpenurbPd by the presen~ 
of the windmill . enlbl,ng the use 01 I potentoal formu 'ltion. Two 
,ntegral eQUat,on methods (for f,n,te thocltness and zert' ~h,c:kness 
bI~1 are presented. Both methcxh are for",ullt~ ,n a frlme 0 

reference rog,dly rotat ,ng It constant angular velocit'f relative to the 
ground. Fully unsteady trlns,ent InalySlS is pe ' !ormed by numerocal 
SCl • .ltlon 01 the equatoons at d,screte time step> while I SImpler 
osc,IIatory unsteady rnalyslS is performed by eKpnssing the potentlll 
and ,ts normal deriutove IS compte,. Fouri.. _H!t in time. The 
wake, t ruted IS I doublet layer. it of prescribed gIIOmetry. 
Numeroc.t resul" are presented showing I good CO~rilOn of the 
methods (Authorl 

.. 77-:1111.·, Nlloorll' A.ronluta and Spece .t.dnMnlet, .. 1on 
~ R .... rch C.nt.r. O..,.,.nd. OhIO 
IIIYl.nOAnON OF UCITAnON COllf11lOl FO .. WINO. 
TU ... INI OENI .. ATO" UA.IUTf 
Vernon D G.bben Aug 1977 18 P ",. 
(NASA TM 73745 . E·9313. ERDA/NASA/l028. 77/3) Ave' 
NTlS HC A02/ MF ,11.01 CSCl 108 

model .. d financial 8ne'ysil .... combfned to .. 
how relevant "pha I. to the .men wind gtlnerltOf 
user. The resufa obained ahow thet, for INIt COlt 
of de.ivered .lectricel power, ~rmin8tion of • 
"te's alpha by meaurwment i. not nete •• lry to 
estabtish optimum to_ height. 

PROGRESS ON TH KING SCHOOL WINDMILL. 
J . McGeorge. 
Alternative Sources of Energy, no.29, 

p.24-28. 
Oec.1917, 

John Carlson and his Senior science 
students formed a win d.'TlU I club at 
King School. lOng School is a priva 
institution located on a north-south 
ridge in the Newfield section of Stam· 
ford , CT. 

The windmiU was originally In~talled 
In the late 1800s as a water·pumpin 
instillation to supply waler to a work· 
tnt rarm. The location Is one of the 
belt ill tJdI arel; hiBh. de.,. I.!'j refa-

ti"ely uncluttered with trees. The pre
ftillns winds Ire from the northwest 
in the winter and the southwest in the 
summer. Wind velocities Ire highest \0 

the early sprinS and lowest in Julv and 
August. 

The wind poMr profile for this area 
is such as to aU ow a 10 foot diameter 
machiM to produce an average of 
abouI kilowatt hCMIft (kwhn) per 
year. -

H,gh apeed hor,zont.1 .,. .. wond turbone genereto<s w,th bllda 
on th. dr-wnwind side of the support t_ requ,re 1p1e18f dnJgn 
considerllione to h.ndI. d •• turb8nces lntraduced by the flow 
w.b behoncIltM tower hperimenc. 8nd eneIyt1caI en./yMS w.r. 
m8de to determtne benefre. ttl .. moght be obtained by .... 
the ~,etor .~crter to prowIdoI .- ..,...,.. fer redudnt 
power flUC1uetoons AvttIor 

TJ 
163.2 
.N41 

New opt~on8 in energy technology I sponsored 

TOMORRO~/'S WIND TURBINES 8nNG BUILT TODAY IN 
PENNSYLVANIA. 

P.B. Gipe 
Alternative Sources of Energy, no.29, Dec.1977, 
p.S-10. 

MlMuring the wind conditions at 8 prospective 
lite can be. complicated process. Most individuals 
ere not able to take all of the measurements known 
to be Import .. t. One of the most difficult pera
meterI to measure Is the factor, "ph" or how 
much wind can be expected a'oft. A com put, 

I,'", ,- _. 

.. 

) 

by t he American Institute of Aeronautics and 
Astronautics, Edison Electric Institute, IEEE 
Pove~ Engineering Soci ety . -- New York : 
American Institute of Aer onautics and Astr 
naut i cs , cl977. 

149 P. : ill. ; 29 cm. 
apers nos. 77-1004- 711034 

Includes bibli ographica1 references . 
1. Power resources--Research--Congresses. 

~ 
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A18-38181 ~ ... I"'nds Wind lUrbtM hybfld COM
puter model J R Amvot . R E . ~. R. J TwnpI.n. and R S
Rango INiitlOnal Re_ch Coune" . Ottawa. Qlnadal In Sum ..... 
ComJAller SNlH.tIatlOn Confefeflce. Chtc..,o. 111 _. July '.20. 1911. 
Pr~1fl9S IA18 3877616591 Montv.le. NJ .. AFIPS Pr • • 1977. 

p 196--204 5 rets 
A hybrid computer model 01 a 100 kW venlClil ax" Wind 

(UmIM protolype ronnecled to the MagdoIIen IsQnd power lind by 
an InductIOn yeneo-ator IS described The model was Implemented to 
obtam operlitlOOill eKp«leflCe and uncover poteot~liystern dllflcul
tIeS ,n advance 01 the prototype trllIls The phy~ iy1ten1 IS 

.. bed bnelly lneluc:hng Wind turblfl4l rotor and 1ip011en. rotor 
ator coupling and ge.I(\(j. brake. Induction generator. lIywh 

.. t up transformer and control. CIrCUit breaker and power liyslen1 . 
;:111 mathematlC]1 model ullild to ,.pnltnt the phylilCiII iySlern IS 
presented USing Information llow dlllgrllmi loIlo~ by' deSCription 
01 how It w~~ mplemllfltad on • hvt>rld c::ompulM tneludu"" 
lIo.olog/dl!Jltal ~ht . dl\lll.1 progrilm orgitnllallon end operetor Intef-

tlon Typocili simulall()n tr~1 r_dts are owen. (Author I 

.7e-ZIM2' George WahtngtOfl Urw W~..-. 0 C 
~OAl-l.mTUTlO.Al AaaA"IMI.'. 'ACtu'An .. 
OfFIMOal wa.O 1.laO. CO.V.aIIO. 1."."1 
(VftCII uTlUUno. F .......... 
loolS H Mayo Sep 1911 103 p .... Sponeored bot DOE 
(Glint NSI: APR 16- 191311 
(DOE/NSF/ 1913111/31 Anti NTIS HC AOl5/ MF AOI 

Concern for the continuing SU"IC .. ncy 01 _rgy suppI_ In 

the U S hIlS lended 10 dueo onc:re_ng .lIenllOfl 10 uncon ... ntoonel 
sourc.s 01 supply. IncJtdong wlfld energy Some of the mo<e 
strolling propouls fOf the utllll.toon of Wind _gy rel •• e 10 
o"$I>ore conhgur.11OnS The t.gAi institutIOnal ."angements tor 
I.clln.tlng the u .. IllItlOn of oftIhoIa wlfld _rgy ~
svstems were ... mlned bot ~toonong thr .. program ell 
. nd an4llyllng the InllllulooneisuppGrt ,equlred for the wnpIemen.a
tlOn 01 .ech Author 

N1e-Z~ George Wash,nglon U"", W.5Nng1On . 0 C 
Progrlfn of PolICY Slud_ If! Sc_ end Technology 
~GAL-INITITUTIONAll""UCATIONI Of wa.O INIRO. 
CO.YEa .. ON I.ITI .. I (VftCal FIneI ...... 
Sep 1911 332 p rels SponsOf.j In pert bot DOE 
IGrlm NSF APR 15- 191311 
INSF/ RA-1102041 AVIII NTIS HC AI5/ MF AOI 

BlIClIuse 01 the Interpl.y betw .. n technteal economlC. 5OC .... 
.nd legal lactors some Inlormatoon .bout wind syst.ms the1r 
likely .pphcaIlOr\S .nd the problems ",sed lhereby IS pr_nted 
lhe most SIQ ... licanl t.gA1 obstectes t'" -he ulllll.lllOO of lend
blsed WECS er. descnbed The I.at ...... of the .,ust.ng legal 
• truetur. whoch may leell,,"a the Implemente'oon of such .ystems 
er' dtscussed The w.vs on w"lCh the legel IItuatlOO v.r_ With 
partlCUler 'pphclloona. and whICh eppI~toons poll the "' ..... t 
end fewest legel dlfhcult... er. summerued A sep'''te MCtIOf'l 

" devotlId to the compl ... 5Ubject 01 offshore wlfld systems 

--
(AED--Coa(- 17· IJ9-004) "'-4 ...... Hucllcr. U 

(~lulI,alt Unl\, (TH) (Gaman)' Fit ) I n~1 (ucr AUil.CDllaball) 
1971 4p (In Gcrman) Dcp NTIS (US 5.1n Otily). PC AOllMF 
AOI 

From Energy pollClCS forum , SlulI,art, Wat German)' ( 
M.)' 1971) 

A survey I> presented of Ihe ~lb.11I1CS to utilize WloJ 
po~er In Ihe rRG. Wind pCl"'er pl;anb could meet about 10""0 of the 
ckdnclly der •• and ("pproalmllcl) 200 TWh) on the bun 0( (i,lIra 
of 1973 Intcn:onnalc:d operallon bc-t~crn ..... Ad po"",,er con\'crtc~ 
.nd ~l.u cllC'IIY coll«Ior~ for )UPpJ)101l remotc propcrt~ or 
".lIall.cs ~b perllcul.,uly pron)'~ln&. wo 

'TJ 
'10 
. Blt' 
1977 

Derenv, .Justin ,.. 
~IVCV of the cr-eraina 501ar enerqv in

rustIV / cx:rnilec1 ann written hv ,TllC;tin 
Perenv ; erli ted hv rrands ~,·tint:PI . -
1977 en. -- ~an ·'ateo, Calif. : R>lar 
Enerav InfoIJTlatioo 5crvi~!;, c1977. 

xi, tl05 D. : ill . : 2" O'l. 
Fihlioar, v: o • Q-3"'''. 

WIND ENERGY CONvERSION l - / ... ... -.. 
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Effect. of w ind fluctuation. on w indmill behaviour 
der Klnderen. W.J.G.J., van Meel. J .1. E A. 
and Smulder'l . P . T . (F.lndhoven tJOIV. , Nethpr -
lands ). Wind Engng .• I , 2, 1977, pp . 126 - 140 . 

A system-analytical approach )1'; proposed to 
describe the output, I. e . power and forces. o f 
a wind machine for the stochasti c Input si~nal, 
the wind. A Simple model is presentpd to des 
c r ibe the fluctuations of wlOd spe!d and direction 
by means of average wind speed V aud wind 
direction~. thei r va r ian ces a 2v and a 2 
and lime ronstants ' v and ,~. These inpu 
signals are used to calculate the Inrluence of 
Wind rluctuatlOns on windmill performance, 10 -

eluding the effe c ts of non-uniformity of the rio 
In the r otor plane . roto r Inertia and ya" In~ of 
the r oto r heat. Some reaults are gi ve ... of 
exper lmentl'l w ith a sman (-4 m diameter) 2 -
bladed wlndgenerator at the Eindhoven UOIverl'llty 
of Te c hnololty . (A) 

oc 
1 
.16t17 
i9n 
Y.2 

Wind Ener 

IntmMt!onal. !bner O>llege on J'hyeics .. 
OJntdmOrary Nee1II, 2d, NIlthia ~..sll, 
Pakistan, Ifln. 

Physic. -.J CJlnt:dl\X>raIy needII. v. 2 
••• el""" ~.~ 

. ]tJ[--
P. Musgrove 

. . . . . . . . . . . 
nl 
8]1 . 3 
. (1 44 

Of '3hor . Ind under gr ound power plants . 
Robert Noye., Ed. 

Noyes Data Corp. 1977. 

()(eanlc Windpow.r ...... ............ ...... .................................. ........... 225 
TheR~ ..•......................................................................... 225 
()ffshore Windpowft SJ*m Procfucts .... .. .............•...................... 226 

He.tins and Coolins 1hdJdinp with Offwhoft Wlndpoweor ...........•.. m 
Providinl Fmn-Powft'~Dmwwt El«blcit) ...................... ........ m 
Providini Ptelt Power ~ ....... .............. ...... ...... : .............. 229 
~ Hyd,..-. for Fwf, etc .................................... 230 
ProvidinS NiboselOUlt ~ .... ... ...................................... . m 
r>ispenion of Stadt EfII..nt ........ .. ....... ........... .. ........................ 133 

WindDOWft' Resource Off Ihe U.S. EastCoe!tt ......... . ............ f. .~ , 

... ..t-. ............................................. ::::::::::::::::::.:.~ ~ -;.~b.i i~~ .............................................................. ...... ~~::: .. :::::::.:::::::::::::::::::::::::::::::::::::::::::: ... ... .. .......... . 
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A11 " &03 W,ncI po_' . '11M 11,_ 0' , .... ty f 
Hor.chl.ld "",-h .. ,1UI fn~"" . • 01 IlQ SePI H~ 17 . P 20 

II h., bot<tn I , "mlled thaI u.. pow.. wh ICh " poI.nll , 1I 
,n~Il.u11 loom 1111 w, Iau ... ,olh o •• r lIM U S " mo •• th4n 30 lIme. 
thl p,olJ.u1e 101M POWI' CD",umpllO<\ 01 the uS by 11180 
lIowever . O6lIempU 10 ulllo11 IhOl r~rce 10' pow.' ~r'IIOO 

,JplICiIIOIl' In ,he ~I have generally not '-n lICOoolTlluil 
"",",,,lui In conneclIOIl wIth the energy (ro,,'. lhe !;:de •• 1 yov .. 

n 

menl hoi' underl .... en • plOII • ..m lor the dev"lopme<Il 01 eeono
moc

•
1 

W II.d \V.lems ca~bI. ot plovodlnll up 10 30 ).,n o t reh able . 
.uIOlll.

IIC
• ,el.".ely marntenance free servIce The plogf am Include, 

pl.os 1o. lhe de..elopmo!nl ot • I 5 MW hOfilOIll• 1 'XIS. plOpI!ller 
tvpe "Ii"romel)lil WInd lurblne UllOOllatOf wl,h • coml'O",e ru\O< 61 
m In cit. AIIIII\lIon" \l1",n lo . n I.pelln)ef'l l" 100 kW UOl' ;& .CVleW 

ot plon"nent WInd po_ I protec:u on lIM ItI" hell of lhe 20th 
century . Ih. d" •• loprmnl and promollon o t WInd .... ' I.ml 10< , .. m 
. nd rur.1 u". and q ..... llOO' 0 1 tICOnom.c vllbI:,I... G R 

s- :)'7 
WI NDMIllS , NTIS BI BLIO GRAPHY. 
1964-Har • 1977 • 

" IND'lL AN TS : AN INF ORMAL DI qECTORY . 
Mike Evans 
The Mother Ea r th News , No . 46, July/ August 
1977 , p . 34-lS 

- ----- ...- .. --- ---

TJ 
153 
. EL'L 7Rl 
pt . 3 

f)l,"'.!"Cl" ~lOf1"P.J'\t TIl / ~ by t_~ IEf'r 
f'tlPIgY ')eIvel~t Sl.ix:xn'I\ittAe o f the IFTT 

rr rJ0r €'..:-atim C'rr.nittee ()~ the IFJF; Jlo.Inr 
~nq~iIr. ~iAtv . - New York : Institut~ 
of Fl eCf"IiCc"ll ~ FJ.ectrn'lics ~ineers, 
clfl77. 

17r' p . : ill . ; '!'l OTt. - ( If.'1"P ~ 
fDTi.ncerinq Soci nty Papers , 3) 

-71OU215-3-rwt-

cs in • 
A :..15.' .. 

Not long ago, we asked Mike Evans-the knowledgeable Editor-Publisher of Wind Power Dlgel' 
($6.00/4 issues from 54468 CR 31, Brlltol, Ind. 46507)-to give UI a rundown of the 30 or so mo.t 
active and influential wlndplant manufacture", distributor., and organizations In the U.S. Mike 
responded by sending us the following " Inrormal Directory", which-although not a"·inclusive 
-does nonethele •• represent what one exp.rt f •• ,s Is a fair crosl section of the industry. 

A78-30191 h OnDmtc •• 0' MftII .!ctne: ,\,1\_ G 
l. Johnson (Kin5l1 SUtl UnIVen.ty o t Allflculture and ApplIed 
SCIence. Manhiu t ... K.., I ' lml/tu .. o f f lecriul .nd EltlCtTomcr 

'ngmeers Sutnm. ""-lIng. IthJClCO em'. /tIp'"' • .Ju~ "22. '9" . 
'iJIJ' F 17 619 -# I IEEE T'.nSilCtJons on Po_ A 

Svstems. vol PAS 91. M ... Apo 1978. p 564 562 9 refs 
LOIlIi ,,,,m WInd records .... used 10 selecllhe rlted Wind $peed 

to( WInd electric generators. The Wind 01 chllfaclr'zed by • W •• bul 
nilly tuncllon Octll18<l rHUlts ... e p"esenled 'or _stern K.".) 

G.aphl ire presenled which un be u5ed to dl5<jjn' WInd syHem tor 
miX.mum speclfoc outpul tOl I specll ..cf I~d '.ctor a l IlI"'efI Slie It 
" shown thit • Wind IlJrb'M rlud I I I Wind speed 0 1 g mi. his a 
specltlC outpul wllhlll ~ 01 the m &lt IlTlLnl 'or I wide, ... ot Wind 
(Xmdillool (Authorl 

8 

Stocha.t,,: Modelhng 0' S:le WInd Characlerlilic . Final 
Report. 
A B COfolls 
Northwe~tefn lIolv • E 
Engmecfln.) ~tP 7 
RLO·23" 2·77 / 2 

' rom sites in 
Wyoming and Texas In d 
(ERA cl lallon 03 034~401 
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THE SHROUDED EROGENERATOR 

Oml lciRA 

Dcl'3r1mcnl IIr \I~chant,al En2,"~(nnl. Ben GUllon UnIHI\II~ or Ib( "Ie~e" . Becr,b(",. . I" ul 

COMPACT SHROUDS FOR WINO TURBINES 
Ozer Igra 

E~ergy Conversion. vol. 16~ no. 4, 1977, p. 149 -
157 

Abstract- AI parlor a larae projec1 aimed II findinl lhe optimal confilurllion r, 
to e.ploil wind power. an invcsliption was Ilundled 10 find lhe mosl romped 
dominanl contrtbulor 10 lhe shroud Icnl'h is the structure dowmtrelm oIlhe I.rbmc (the di"lSf~ 
This componenl has an evet' incnasinl cross-section as one prOVessa downslream. howeYa'. rasl 
rile or area divcrlCnce will cause low separll ion and lhe sicnificanl reductIOn In oulput power MIOO
ated with it. It is the purpolC 01 the pRImt S-per to ckmotwtrate WI" to o.tf~ thk ...,., 
This can be achieved either by proper dmnioe and ittlrodudioe oIlhe ........... .,., 1M. 
the ditl'uter', inner boundary "18 or ....... lftIy. by lhe .. lit 01 a riJW.. .. ~ 

'm A71-40lI1 
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A11-l fi dor_ tor .. Torodel 1ICIC_1lor fOtoI 

A l Wellbnch I Aeroipecl CMp . • 
. vol 1. f: .. 1 1in. p '/IWI r «hnoIow 

-IY _.NOn 
Bloomfield. Conn I 
11 .0 i ,el" 

A toroidal aa;e ... IO' 'Olor pllldo:m (TARPI d"'i/') fo, wmd 
_gy COf'H.,oon system, (WECSl appltceuon 1.1 described -
IflItynd for perlorrNOCe .nd KOOOmIC y'-IIly USIng both expert
menul 'H.llt' and _1yt1Cl1 approadles. A, en obstruCtIOn I 
llow oonctnt,ato, .Id ~'IOf • • TARP generateS 1ow1I 
high kinetic WInd energy ,egoons at Its '010' dl. lites. Since ,oto)( 
perlormance II enhanced by ltow MJ!I"MntllOOn, ttwI catculllied 
power output ...... , per UnII ell ..... ere thr .. tmel ttw ....... of 
oorwenloonal WECS. Advantage, of TARP WECS inoIoIve ,dJc.c! 
lMf'Vy allt IS _II II ippheabllty end Int.face edapIMMhty to a 
broed 1."91 of U.S. _ _ 0_1. and stNC"',eI The del9' IS 
oonstd.ed 10 h .. e mlnm.1 __ onmenlll mpac;t. .. L. 

• 'r",f ic.1 epproodl t. ,one. -C-UdeII 
ilion. l'cJc:'...:n N I· PI) IQ 2(}'19 24 of In P,occed," 
nnu~1 ml'lllllg <If Ihc Amc' .... on ~llOn 0( the Inlc 

L ne'gy ~"' Iety \ o lume 1. !)ccllon~ 1 4-2~ Bc-..h. C. FordyO!, E 
(nl, I ("JlC (.II101"crlll . f-t . Amer .... n SectIOn of the Intcmaltonal 
~(l"1/ I ncrgy ~Ul.:le:t)' 11'177\ 

rrom SolJ, ",urld mttllnl., O rlltndo. Flo"da. USA (6 Jun 
1(177) 

Set" CONf 77tlOOl 1'2 
The \.J<OC for v,),Ie\ augmentallOn IS bUIlt by rC\l!C'Aln, the 

hmll.llUlR\ Impoo..ed o n th~ e:llraChon of energy (rom lite "'IRe by 
m,'3n' 01 .. lhll \enllllnoll Im~u"'e turblRc Thc vortcl aUllmentcd 
1,"IlCllon \II II1J turbine " an .. lyn'd b) OlCaJl~ <If the ...teal g.~ la'A sand 
UlRHnl,,",,1 emptnl.dl no", Lfl('fficICnls The: re-.ult' are plolle::! 10 
~h(lw Ihe reldtlllrl' I>cl",nn lurblR~ "Le .nu lur"'lne outpUI ., • 
fum. lion of \II "hi \ e1 ..... IIy C.)\b of <.onSlrll<.llOO arc C:Sllm.ue:J /lnd 
the It I.III .. n ICO IlIrhllll' ('utpul ~hn"'n 

'''1-1I0I0 
J L Loth 

\llIf IOU' vort .. Wlr~ rn.dll~. wtloch u .. a von .. ganeretor 10 
the form of , ICMt aspeel ,allO wtna Of y. nes III a tower • • e ..... u .. ed 
10 determine theoreuc" po_r limltilloni The mUlmurn po5Ilble 
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Solar ardtit.ect1Jre t ..,ilO88d1ngII 
~ Fonn 1Qn, ttIy ').1, 2 
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E. Franta.. IteiUl!!th R. Olam f ~, T. 
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ArWl Artxlr Science Nill.aherB, cl9'm. 
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WIND FABRIC DIAGRAMS AND THEIR APPLICATI O 
TO WIND ENERGY ANALYSIS 

B. L. DAVIS. M.W. EKERN. 

Institute of Atmospheric SCiences. South Dakota School of 
Ines dnd Technologv. Rdpid CltV. 57701. US A . 

J Applll:ci Meteu.ology 1977. MeW. 16. 5, 522·531. 

BV means of the Lambert proJection, wind veClQr ddta mav 
plotted onto d frequencv mdp The resulting dldgram portra~ 
the " wllid fcthnc" for the dJta sample of d smgle station or 
~rollp of stations By usmg d "swinging plate" devICe. th 
wind ener~v densltv dnd wind power CJn ue calculdtl:d for 
dnv veloclIV compdSS headena sector of the didQrdm 1 tdule. 
11 f IQUI es 5 references 

SOME ASPECTS 0 DP R STATISTICS 

J P HE SSEY, Jr. 

ESTIMATIO 
UTIONS USING 0 
AND FASTEST 

K WIDGER, Jr 

o 
o 

Blosphenc Consultdnls Intcrn"tiofldl I 
03253, U.S,A. 
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Wind Studi~5 In Complex Terrain 
o 

I'M" L'Yermorl' Uth Ma 

01 

WJNO - t'NE RGY 
Ener gy and Techno logy Re vi ew, June 1977 , p.1 8- 2S . 

We are Itudyin, wind power on Oahu, Hawaii, to de¥doo IMlhoda of 
documentin. and predic:tina wind en 

- .. , 
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Survey of Wind Me .. u,e",ent Field P,ol,a", .. 
M M Orgill. 
Batlelle Pacilic Northwest Labs. Richland. Wash May 7 • • 

60p 
BNWUWINO-3 Price code PC Ao. / MF AOt 

One of tho oblectives of the Wind characteristics Program 
Element (WCPE) IS to Identify and catalog existing 
meteorological data sets which might be used for model 
validation and lot other Wind Energy ConverSion Systems 
(WECS) studies A subtask of this program of IdentifYing 
meteorological data sots .s th(. Identification and catalog
Ing of field programs that have used extensive Wind mea
surtng networks Field programs with mesoscale wind net
works are Identified with data s.ts that might be sUltabl 
for site iocallzallon techniques 162 referencos (ERA cita
tion 03003152) 
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Wid Eauu C .. nrs," ~,.... "'a •• fam"" ... Sa 
Artl.'" , 1915 all4l 1976. 
Norbert Parker. and Howard Walton 
Federal Energy Adm in i~lntion . Wa,hington , 0 C Off ice of 
Coal, Nuclear. and Electric Power Analy,i, Apr 77. II p 

FEA/B·71/1 21 
PB .. 165I1J/5WE Price code: PC A02/MF AOI 

Thl~ report conlaiM the ruults of an annual '1urvey of pn v;lte 
firms engaged in the manufacturing and d' 'l tribullon 01 wind 
eneray conversion .y.tem. in the United Slate. dunna the 
yean t97~ and 1976. lmport] of .y,lems manufactured abroecl 
'or di.tn"bution in the United S .. k. an at~ induded . 

Control Sy.tem for Wlnd-fto.ered Generatora. 
G J Krott. 
San<1IA L Abs . A lbuquerQue N M~ II Mlly 77 1 ~p 
SAND-77-0U7 Price code PC A02/MF AOI 

In a system of wlnd -powNed genNa· ... rs . a (p \oa\)l<> 
penSive control syslem IS de<;I'nbl" Such 

would bf' complolel)' automatic so " rould he 1<>/1 uni\' 
tcndf'd for long periods It would rf'<;J-.Jnd to ,,'pctrlcal 

pre<;f'nlal'ons of data such as bf'arlng If'mp"raturf>. 
Vibration. Wind velocl l y. t urbine velocl ly. 10rQuf' or any 
other pertlnenl d ata It w ould espond by c;I~'tlnQ 0 

stop ping the turblf'''!! . controlhng the 'o,,<1lng or <;t)undlnQ 
an " IArm A m lcroproce •• or - ba~ed controlle r c :lpable o f 
these fu nc t ion s 15 d e5Cflbed (ERA Cll8110n 02 04A" 861 
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Annual r cvicv of f luid nP chanic~ . v, 9 / 
Hilton VA.n Dyke , J . V. Wchauscn , Joh 
Lur'1.ley , editors . -- Plllo Alt0 , Calif. 
J\.nnu~l Rcviev5 , 1911 . 

509 p . : ill . ; 23 
Includes bibliogr~Dhical ref~rcnc~ 

index . 
ISBII O-021i3-0,O}- 1 
1 . Fluid ne chA.Oics - -Year ho0y.s . 1. Van 

Dyke , Hil t on, ed . II. Wehally'n . • V.. er\. 
......... T.l m l,.v . .T" d • 

()I'II'II \1 \\1 ,, 1 , 11'1 ., (" .... " IIW1 .... \""",. / /, /.1/ . -" 

- . 

It theory and e.perlmental Inv •• U 
ducted w ' tld turbln~ • • 

Uon of 

L ew I. , R . I. , Wllli a m a , J . E. a r d Ah 
. A . (N.w clIStle upon Tin ~ Unlv.) 

Ilgha f,ar , 

Ind En llnll .• 
I , 2. 1977. pp. 104-125. 

F ollow!" neral antroductlon this paper on 
r blnell op~ n 8 w ith a aectlo., aumm

m a in eff~ cta of a u r rour.d:n l a w ind 

r o t o r w ith a 8Ullabl., shaped cow l or duct. 

ducl~ 
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NA Davis, Albert J. 
2542.3 Alternative natural energy sources in 
.038 building design / Davis' Sd\lbert. - New 
1911 York : VMl ~trand Retnrold, (1911], cl914. 

SIX 
6.1 

252 p~ I ill. , 22 x 28 an. 
IND POWER •••••••• 101 

Power available 
from the wind ..... 103 

6 .2 Wind velocities 

6.3 
on s1te .......... . 
Components of a 
';lind generated 
power pla~t ...... . 

103 

105 

WIND POWER FOR HOME HEATING 
E.F. Lindsley 
Popular Science 
vol . 211, no. 5, November 1977, 
p. 62-66. Whllt'!! the h>ast costlv o:1d fl'I>Si 

(>fTC'Ctive way to use the' wind's er
rat ic pOWN? The dir<'<.t production 
of Il<'at by churnin~ confined o:r, 
thinks Clare'nce Kenn('y, 72-year
old retired turbine (>nginl'i'r, who 
has sp<'nl the pas t S('vl'rol y(>ors de
v('lopinj:! and t(>l,tin~ c;u " a wind· 
pow('fl'd heating SV'It('m (or his 
hOlnt' . 
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11f)7.J;HUf ,~ Un... iii J 
Mod\anlcel Soenc.. 
Of'nMllAnO. AM) CHARACTI",mc:a Of A tAil' 
WINDMill .0"", ,.,.. ....... 1 .... ,.711 . 31 ,.71 
M D MeughfMf 31 Jen 117s IMI p r_ ~_ecII on 
~n by ERDA 
CGrent NSF GI 4119 11 
INSF/RANN/GI 4 1891/FR/ 75/4) 
He A05/ M F AOI 

A deteoled ecc:ounl'ltg 

Electrofluld Dynamic (EFD) Wind Drt\l(.n Generator. Fln.1 
Aeport, September 1, 1975- Septemb r 15, 1!!7S. 
J E Minardi. M 0 Lawson. and G Wllh'!ms 
Dayton Un IV • OhiO Research Inst Oct 76. 90p 
ERDAlNSF/00931 -76fTl . UDRI-TR-76-67. NSF/ RA-761350 
COO/4130-7711 Price code PC A05/ MF AOI 

lectrofluld dynamiC (EFD) 

for thiS program are described Futu 
detailed (ERA c ltahon 03 000(57) 
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Agriculture, bic:mass, ~rinci, nBoI ~velcpnents 
: ;oint cnnferenre, llltCI"ican Section, 
IntcrTl;\tiC'1'lal Solar f}'}er~1Y SociC'tv an 
~lar Energy Socictv of ('.i\JK"lcia, inc., 
AU;1'u.cJt lS-:W , 1976, t-linrUncg / edi.tor, K. 
H. n"lCr. - Cape r.anaveral, Fla . : Arrerican 
SectiCi1 of the Intcrnaticnr\l Solar Energy 

ci~ty , c197fi. 
O. D. Sittler ENLRGY CONTLNT 0 .. ~HNUS I N TIlE HI GH PLAINS 

IU:G ION OF SOU I1IWESTl kN U. S • 
ABSTRACT: Winds at Portales, New Mexico are being studied 
to assess the amount of wind energy available and its 
distribution in time. The analysis includes the effect of 
short-term variations in wind speed, or gusts, in the cal
culation of total energy content. Data collected between 
November, 1975 and April, 1976 indicate that average wind 
speed exceeds 4.5 m/sec (10 MPH) for 9.6 hrs/day on the 
average. During these hours, the average energy tlux per 
day is about 2 .2 kwhr per square meter. Sequences of ~ or 
5 days having energy fl ux less than 1.0 kwhr per squaro 

meter seldom occur; thus, wind could supply energy in thls 
region on a regular basis with the help of energy storage 
or through procedures which match energy demand to times 
when wind energy is available. Data collected at this site 
probably apply to a large area in the high plains region 
of Southwestern United States. 
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Wind En.rgy Ml u lon Ana lyala. Final Report. 
U. A . Coty 
Lockheed-CaliforOia r,o • Burbank Sep 76. 60ap 
SAN /1075-1/1 Price code PC A 



Wind Enerc;ly M ission Ana lysi s , Appe ndl . , 
Lockheed Cal,Io rn ,a Co . Burban'" Apr 76 268p 
SAH/1015-1I 2 Price code PC AI2 / Mr AOI 

Append1ce'> enclud 
denslly 01 the wend 
terlstlCS of the vertl 

avprage pOWf'r 

detaIls. aerodynaml 
model . evaluation of utility applocatlon 

electrIcity national Impact 01 WECS . p ub lo 
and envIronmental Issues (ER " cItation 02 0 

harac-

Wind Energy M, .. lon A n a" . I. , f .. clJtI.e Summary , 
Lockheed-C aill ornia Co , Burbank Oct 76, 3'p 
SAH/ 1075-1I3 Price code PC A03/M F AOI 

The Wend Energy Conversion Branch of The Energy 
Research and Oevelopment Administration , undertook th 
task 01 deterlneneng the economic ViabIlity of wlOd energy 
converSion systems (WECS) A conlract , " T(04 -3)- 1075 
'Wind Energy MISSion " nalysls," was aw arded to 
Lockheed early in 1975 and completed early 10 1976 The 
results 0 ' thiS study are concnnillf 1;\(2 summarized In thiS 

xecutive lIummli ry to provide an overview o f over 850 
pages o f report . nd append ices and over 1,000 pllges of 
processed w ind d ata (EA" citatio n 03 0 t 7383) 

Oave 'opment of a Wind En ergy Site Se lactlon 
M ethodology, Progre .. Report, 3 May--3 Dacember 1178, 
B E Freeman , P. C Patnalk, and G T PhIllIps 
SCience " pplications, Inc , La Jolla CallI 1976, 152p 
RLO/ 2440-7814 Prlc" -ode PC A08/ MF AOI 

The components of the site selecllo n methodology. and 
the method of Empirical Orthogonal Eigonluncllons lor th 
identlflcallon of recurrent meteorological patterns In the 
climatolog ical data are described Several faster 
meteorological computer codes sre compared The further 
development and testing o f the primitive equallon models 
(the SIGM ET family o f codes) are deSCribed ThiS consists 
01 developments which will permit calculat ions to be per
formed more rspidly (throug h part ial Implicl\l13l1on) snd 
more accurately (through Improved physlcsl models) (EA" 
CitatIon 02 058939) 

~~.~--------~--

Sllp~ 

1 



OlttUNI' auem-nUlIOn 01 .. lOCI lurlMne. K '" 
II""" .,'" R A Om.1I IUlum",." A,,'u~. fluid 

[)ylI.""~' l..tJ", .W'y 8.Ihp.gv . NY 1 In Sh.II'1II Ih" ",n Sui., 
lec.hnulV\lV III Ih. ~ •• "\I~' . P'IX. .. .dulll' 01 lllOt JUI'\I Conl., "'''' • • 
WII~IIIJt19 C.n..... Augu>1 I!> 20. 1911> Vulu"", 7 IAI1 
4H!l10 23 441 C"l'" C.IIl.¥e'otl . fl .. . Inlern.lIon.1 SuI., ble'\! 
!.o<. ... ly WIt!. p 304 316 9,el; COIIII""I No EIII \I 2u16 

Th" O,llu><;, Aug"',,'Hc>d Wind Turbine IDAWTI I> ..n .dv.rnu . .'d 
1.0111..4:,,1 lu, Ir:<.IUl.II~ Ihe (.u,1 P'" outpul KW h' 01 wlndpow(;l 1 h 
d,llu"" U),IIroh the ex" .. mlon 0 1 lu,bl"" uh ...... fl ow. poodUl.In<J .. 

p',,"ure .. I Ihe lorb", .. ~I"I . lhe klw ... IIL 

po" "u'" "!due,,s g<e .. lfr nuss tlow IhrOUgh Ihe 100bl'l<: vs .. 
w , ... OIlon.1 1U11"ne d~I\I" 0 111110 wme d,_leI Two (,0>1 10 II I:<. live 
mudd (;Onll\lUl.I"'''' _'e ..... mrrlt.'d In th~ wl"d IUII",,1 0"" u"'> 
th~ t'''''!jeIK: ",,1"""-' wllid 10 prevenl ~'.lIon 0 1 lhe! <lllIuS<;I ', 
ulh,(I .. 1 bound", V I.ylt,. wh,lelh. olh .. uie' hltl'r hit .. "lOll t.OIllUU'S 
lur Ihe o illute' w.1I ...... pe The .. ,,,,,,: lu,,,,.1 101>1> h"vI ""'''''' I rod 
..InlY,1 • duubllllll 01 ..... <1 pow.r ... "-,,IMin ....p.blhIY lor OAWT > 
"'m" .... d 10 ..011 ... "1101\41 lU' lu .... > B J 

14.77 4.., fluid dyOllmea of .tt" .... ...-n- ... ~ 
tulbi .... 8 L Gllberl. R A am..", and ;( '" FOfetnlln (Glumm 
Ae, o.p..ce FIo,d DynamIC' Lebora\Oly. 8.1~. NY I In 1",., 
50Clllly EnelllY Corw.,"on Englll_,ntj Conl ... ence, 121h. Wafhlng 
lOll. 0 C , August 28 S;:plembe, 2, 1971. P,ocaedlO\P Volume 2 
(A7l 48701 23441 L. Glange Park . III. Amerran Nuc .... ' Soclely 
Inc . 1917. p 1651 1659 6 refs Conl'iel No E(ll 11 2616 

The O,llu ..... Augmented WIOO Tu.bllle (DAWTI IS one 01 the 
;,dvaoced coocepl, Uelny IIIv."'9oII.d 10 Imp<ove lhe economIC! 0 1 

wuld enelgy con."UIOfl ,ynems IWECSI AppIrallOn 0 1 modootn 
\JoUrwli.y 14Y~' con II 01 technIQUe. hal reduced the surl<ree area 
lequllcmenh 0 1 an efflCllII'lt dlllu5e1 by Ml ord .. 01 ""l4gnllude Many 
p ... amel~I' Ihdl efleel lhe perlolmance 01 lhe dlffu ... 'V_I em h .... 
l.,en boO/llllled In 5Il'W1I ~ .. WIOO lun",,1 teslS wllh • loiflIlly 01 

..ompact d,llu>4; ... USing scr.,.,,,, and cenlerOOdles 10 slllll.I.I. lhe 
presence 01 • lurbme flow Iklld so.veys. "",e",11 perlornwnce. 11010 

lIe('1 01 gr our'" prOXllnlly , ¥ld lhe p'Osp<!CI. IOf IUrll\et IIllJHOV 
scribed The bMehne COflltgll.iuon IS a cOIlrul. 60 (I 

dllfuSllf With an area raltO 01 278 COfltlOlled by IWO 

I angen II 01 "'lecllOn ~IS Th .. I .... !I",*lIlon OAWT un poovKle 
.I,out tw...., ltoe powel 01 a (.onvelltron..ol WECS wllh th ..... , 

(u,blne dl~nl.r.' arld Wind EconomIC estrmalH show l!wl IhlS 
OAWT <.~n Le .s much as ~ che.tper (han CO"".llIlOflal WECS lor 

lhe wm" 1~led PO_' IAuthor) 

... -

At'fod)UM p«fOfW.<llKt Or .ilMl ... rlH.n. 
11,'10 , R I , 11 ...... 111 .. 0 , P B ~ .. od W .. I~er, ~ 

Orq:on St,lle t tl/V, (J SA, )un 1976, 1 b-l"(l 
(NSI / RA - 760 22H) (PH-2WOHY) 
1 Ill!> report )umm.trllC!> the !>tdle-uf-the:-art of pcrformam,,-e 
predlcllon melhod~ for bOlh hurl/\lnt .. 1 ,Ind vertical axi 
\\Iod 'urb1ne~ Stnp theory metholh for horlluntal aXIs 
"lOd turblOC!> arc evalu .. led fllr \.trIOU!> lip l\.h' modc:l~ A 
cnmp .. rt!.oP of Ihe!.c lip mode" " deH:lopcd for the: 
I R DA-NASA MOD-() rotor fhe occurrence of multiple: 
'\llullun~ 10 ~tnJllheur} ..In.")!>I' " dl,cu .. ~uJ and 
I"u"r .. tcd The: pcrform .. nce of Iflgh l>Ohdlly turbInes !ouch 
a!> Ihe (halk dC'\lgn abo IS dl~u~cd . The: configuration 
aod pcrflrmance of opllmum horllontal axl!> Wind turbines 
.Ire .. ddrCi.!>cd. 0pllmll .. tion l>cheme!> Me developed and 
dl!>cu~ed and comJl,1rI~ons with the MOO-O rotor are: 
mdde Performance at off-dc)lgo wndltlon!> I) also 
cA.trlllned . The: flOdl IwO cll .. ,I , teal WIth pu(ormanex 
predldion method!> for \ erUcal "XI!> WlOd turblOcs: Chapte:r 
4 de\elo~ the pcrfl)rmance mudd for the D,trrteu~ Rotor_ 

AMALY ... AND 

Aulhof 
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The oecond-de~ree nonlinear aeroelastic equations of motion for a slender, flexible , nonumform , 

Oardeus verhc.l-ads wlnd-turb1:\e blade which 18 undergoIng combined fiatwLle ben 

wise bendmg, torslOn, and extension are developed uSing HamUton's principle. The blade aero

dyn· .. llIlc loading is obtained from stnp theory based on a quasi-steady approxllnatlon of two 

sJlrtenslOnal incompressible unsteady airfoil theory. The deriv.thon of the equ"tlons has It 
babl!> In I he ~eometnc nonhnear theory of elast1clt y and the resulting equations are conslbtent 

wit h the bmall dcform.tUon approxlmatlOlI III willeh Ihe elongallon~ and .hears (and hence stralnb' 

are ne~ltgiult: compared to unity. These eqU.ltlOIIS are BwtaLle for studying vlbratlo"s, both 

sialiC .u\d dyn.tnllC ileroel.uillc lnstaLlhlleb , and dynamic response. Several possible melho(b 

of solutIOn of Ihe equ.l.llons, which h.lve periodic coefficient!>, .ue discussed. 

CONCE.HMTION AUGMENTATION OF POWER IN A SAVONIUS
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S. Sivasegaram 

Wind Engineering , vol. 3, no. 1, 1979, pp. 52-61. 
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A7~125 o .. *pmen, of ,he VatWlbIe GeonMUy V~ 
cal Ax .. W.ndmtll. P J Mu.grove and I D Moo,,\ IRudlO! 
Un",.n.ty. Reiidlng . Efl9Iandl In Interf\llllonal Svrnpos.um on Wind 
Enetgv Svsttms. 2nd. AmstlflUm. Neth"l¥lds. October 36. 1978. 
Proceeding\. Volume 1 IA1940101 11 -441 Crlnfteld. 8eds . 

ngland. 8rotlsh Hydrom«:hilnlU Resorch AuocI.tlOn. 1918. P 
E4 39 to E4 60 21 ref\. Science Resurch Counc~ Grilli No 

8/RG192338 
The \lmpllCltv 01 the Vallable GeomebV VertlCiII Ax .. Windmill 

IVGVAWI m""es It aUrlCtlV!! lor many app"C4tlOf1l. lirge $Collie and 
small Thrs pap .. conc.nb ~es on meas" emeolS tM NNe !»en miide 
on a 3 mdlilm VGVAW prototype WCM1t on IlIf"ge-suie ven.ons 01 
the desogn IS pro.:ecdlng separattlv on collaboritlon With .ndustr 
The perlorm¥lCe 01 the 3..-0 1ow~ltdlty prototype h. be(;, 

measured In the open iIIr. and I pe"" power coe:foc.ent of 030 
035 recorded Thu " In r.a.oNbl. agreement With theoretocal 
predlctlO", and compiles lavorablY With nilll;!ble open all ' est dill 
lor Datroa.os and horllonQI •• " windmills The choICe 01 opllmum 

Itd,ty IS dliCUSSed In some dee .. I, and lhe effecu of low upec1 .at oo 
comtdefed. It " shown that low aspect rat IO combtned With ht9h 

hd, tv CM) be upectiOd to g"" aerodvnam.c ,ell \I..:{ w.th onl 
minor lou 01 per, .... mMICe A low awe<:t ratIO hq, solodlty vertICil 
.,, 1$ w.ndm.1 Wi> thlfelor. "'so co .... tructood. ilnd these u :pec1.itIOnS 

IAUlhol1 
oonlormcd 

A1~124 T~ d •• n. CO_UellOn. ,,,,,. .... _f_ 
,,"... of vvtlCal .. " w.nd tutbenet R H Braateh ISand.1 
LaDoratOlles, Al buquerque. N MII x' In Intem. llonal Sympollum 
on Wind Energy Systems, 2nd, Arm.wdam. Nether1 I1lds, Octo~r 
36, 191 8. Proceeding\. Voluml 1 IA79-40 10 1 11 441 Crlnheld, 
Beds. England, 8ntl'" Hydr(,<neChanoa Resurch Auoc.atlon. 1978, 
Po E323 to EllS. 10 reli Research wpporled by 1M U.s. 

Oefl'lrtment 01 Energv· 
The desogn, con!tructlO!l and l est Ing of a 11 meter DameVi t 

.' -rt lul .. Il .-I.nd turbine I VAWT' ar. described, .. ' J results of • 
mance-cost opllmallon study and manulactullng studoes 01 

VAWTs are presented. Two· and three blade (01.0< configuratIOns 
hilve been tested The blades are 1I0pos!<lIn ~h~. With a symmetri
cal illrIoll cross ~IIJO develooed Irom helICOpter blilde technology. 
The power train h~ 13 geil' ratIO sellings and Loth InductlOrl and 
synchronous electllcil pawer geoeration art possible Results 01 tesU 
measurong pel'lormance pI'imeters, blade opeutong S':fess levels , 
lallgue Iofe, and mach:n. torque I.pple are presented Esltmaled 
,nergy cost trends versVi machl"" diameter and rated mach",. 

ou tput pawe are reported, tagel ' .' . .-11th expected torque, power. 
~ weight. lor VAWTs of .;. trent sues The baSIC destgll 
co .... tdercd Incorporate; extruder. alumlnufl j bladei. large d.amet erl 
low weight sporal wr apped anc' . ,tlded {teel towers, a two·bladed 
rotor, a hellllll to doMllI:!er ratiO of 1 5, I stilt ubi. wpport system. 
and a dlffe.enolal lor sVnchronous motor stanlng or reduced voltage 
Slarter lor InductIOn motor starling POint designs c l 200 KWe. 500 

KWe. ~ 1600 KWe weill ""iI 'oed. C K D. 

V. Healy . 
p . 146-155 · 

THE INFLUENCE OF BLADE THICKNESS ON THE OUTPUT OF 
VERTICAL AXIS WINO TURBINES. 

J.V. Healy. 

Dept. of Engineering Mathematics, The Queen 's University of Belfast, 
Ashby Institute, Belfast BT9 5AH . 

ind Engineering. 1978, Vol. 2, 1, 1-9. 

The amount of data required to compute the output of stra i~t-b l ade 
turbines is only a fraction of what is needed for curved-blade ones. USing 
the data in NACA TR 586, the power coefficients for NACA profiles 
0009, 0012, 0015 and 0018 have been computed for a wide raf'\qe of 
turbine Reynolds numbers and t ip speed rat ios from 2.25 upwards. Li ft 
and drag matrices are set up from the data and a standard subroutine 
used to inter~olate for the lift and drag coefficients for given values o f 
angle of attack and blade Reynolds number. The computer program is 
based on the multiple-stream tube model and takes Inflow Into account. 
The results show that the max imum power coeffic ient is about 0.5, at 
the highest turbine Reynolds number used (2 x 10' ), and is roughly th 
same for all profiles. This maximum occurs at a solidity of about .27 
and a tip speed ratio around 3. For turbine Reynolds numbers less 
thar 2 x 106

, the 0009 profile is inferior to the others. In general, 
thicker prof iles are better at low turbine Reynolds numbers. To assess 
the influence of reduced drag, computations were made for the 0012 
profile with a 50% reduced drag and its measured lift values. Th 
resu lts showed about an 8% increase in the maximum power coefficient. 
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Dellgn, !nltrumentatlo" and Calibration 01 a Vertlcel 
AlIlI Wind Turb ine Rotor. 
o G Elko 
West Virginia Unlv . Morgantown 1977. 112p 
TID-27754 Price cede PC A06/ MF AOI 

The design Instrumentallon and callbrallon 01 a vertical 
aXIs wmd turbme that has been bUilt by the Department 01 
AerO'lpace Engineering at West Virg inia University (WVU) 
are doscrlbed The turbme was designed strictly lor 
research ~urposes , m order to confirm theorellcal per
formance calculations developed by the Department Areas 
01 speCial mterest are aerodynamiC performa<lce and struc 
tural analysIs (ERA ci tation 03 003144, 

(SAND - -77-1845C, pp 177-187) ~ -TA 
ACQU I S ITI ON AND SIGNAL PRoceSS IN C rOR S-N DI A' S 
veRTIC AL AXIS WIND TURIINe INSTALLATION. 
S tlereld, I. 1977. 

rro. Dlgl~ a l al gn al proce •• lng ay.poslu.; 
Albuquerque, N", USA (6 De c 1977). 

Proceeding. o r the dlgltel algne l procea.l ng 
av.po.lu •• 

The deta e cqul altl on a nd e nelv.ea ay.te. 
de ve lope d to .e.t the ne.d. oC t~e VAWT te.t 
alta la de.crlbed, Tha . ~ .tee e.plov. a 16-IIT 
word le~gth .Inl-co.puter aa t he CPU a nd 
Include. a varlaty oC peripheral devi c e. (or 
data a cqu l.ltlon a nd dl.play. The data 
a cqu ilition por ti on o r the .~.te. Include. an 
Indu.trlal A/ D .~.te. and e .pael elly d •• lgned 
PC" uni t. Th • • a d a vlea. allow tha acqul.ltlon 
oC 120 chann a la or .I.ad low/h igh l a va l a lgnal. 
and ,ala e tabla a equl "tlon rat a •• Th a . o ttware 
,u ppo rt ay.te. ello~ . naa r raal tl • • dl.play o C 

r e phle output ot va rlou . typ e •• Includ . d ar. a 
rile .y.le. to al low eo.blnlng o C data acqulr ad 
ov e r •• tended tl.a pa rlod a, frequency e ne ly a l a 
oC .trve tural r •• pon. e ana wlna oarCor •• ne a, a 
"bin" ori ented a n. 1101 a oC wl rd ~. varloua 
turblna o8rror.anca ch.racl.rl.tl e •• 

A78-18093 o-r PM-.' ailctAnl .... pertor .... lIC. 
of ..... UInC:e fy~ , ... <toe .. · .... """,droto.. An .. ~ro.....,"" In_l1 
IItlOn. S s.~ .. eg.o'lWYI IUn ..... " .. 1V of S" Laru.a, ,....~,v • . St . I' W/Ild E" glft.rlng, .01 I , no 3 1I~11 p 201217 1 r.!, 

N JNEXDFNSJVE HfTHOD FOR CONSTRUCTING DARRIEIJS 
BLADES. 
D.P. Grimmer and C.D. Kolstad. 
Alternative Sources o f [nergy. no.29, Dec .1977. 

p.14-20. 
Inexpensive wind-power, Pfl"ticularty for 1mI1I-scale lPPiiCltions, 

from vertical·axis Darrieus wind turbines has been hamP68d by h. 
blade costs. This paper discusses a low cost blade desiW' which is 
simple enough for construction by the home c·raftsmln or small 
manufacturer. Materials costs are estimated .t $74 for a lingle 15' 
blade (1917 cousl. Construction techniques _ wet I as dtsiW'1 
discuaed. 

F.aalbility Inv •• tlgation of the GlromIU 'or G.r-.laUon of 
EI.ctricai Po •• r. Volume I. EaecutJve Summary. Fin 
Report, April 1e15--ApriI,e71. 
R V Brulle 
McDonnell Aircraft Co . SI LOUIS 
COO/2617-76/111 Price code 
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Greater ID. AngelA. Area EnerQ Sya~1_. 
1977. 

Greater IDs Angelea Area Energy Sympoalua 
••• cl917. (Card 4) 
lneera and Scienti.ts. Proceedings aeriea 
Los Angel es Council ot Engineers Scien-
ti.t •• Y. 3. 

Hull.l. 
l 

avall. Ve rl.l ca l Ax l. W,nd8111 ~ 
l. La~ln. The Aero.pace Corporal.l on 

A78 37421 
V A 

numW. ~ 

"lito w.S s:\udlOO on th 
r-.or"". tho b~ Rey nolds 

....,'UflC .. " 1011"";0 on Ihe ""'1"1 o f lhe 
JM B 

) 

(S A 
STI AIN GAGE DAT A 
VERTI CAL- AXIS WIN O TURII 
(S . ndl . l . b •• , Albuqu . rqu . , 
~. c 1977. Con tr. c t EY-7 
D. p. NTI S, PC AOll" r AOI. 

[ 

• • ul t •• r . l u ••• rlz . d f ro. bl .d • • t, . 1 
• • •• ur ••• n t •• a d . during t he Inltl . 1 op. r . tln 
p . ,lod o f t h e S . ndl . 17 " turbln a . Th • 
•••• ur • • • n t. indicat . th.t the bl .d •• t,uctu , . 
1. p.rfo, .l ng . d . qu . t.IV, wit hou t . ny . pp.rent 
,.tlgu . Ilf . con l u' ptlon or . a c • •• lv . 
vlb, a tlor . Th . t •• t , a.ul t. COv ' r a ra n • • of 
turbln •• ~ •• d . ( fr o . 29.6 to ~9.J A'~ ) . nd wind 
. p.ed . ( fro. n . gllgl bl . t o ~O 

8 

s ... o . l .. ba A.I.Nq".q..a 
VI. TIC A L AX I5 W I ND TU •• INI ".OJICT 
~ a.-t. 1 AM 30 J .... 1.1. 

J • • , 1977 
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~r:l r: t:TfO wpm T JtI ~ ' F l TEST Qr S'J lT5 f OR THE DAP IlI[l JS 

IT tID TVq" HI t' 

fl . F. 1\ 1ackw .. ll and q .~. S 
no .6 , Nov/Dec . 1177 , p.382- Ro . 

,.1I0nal \.·f(lna!ll,~al I \lat'tI,\hm(nI / N.II.onal Rl'\e.'f,h 
("!lneil of (an:ltl:l I"J \ 1 N RC) r.:rOl.\ ' · and a "J \ <,1\ 
rqxHI . ' In order .Il \cr,h \(\Ille or .h.: .: ... "" fin<tinr . 
r:l ntl • he ran{!c 01 \(lOlC o •• hc peruncn. p:lramc.c!\. ;Jlltl 
pro\idl' .. lompfl:hcII,j\1' dala ha\e for Iii\: de\c!lIpmen. Ilf 
lIImpu.er mode" 1m .hl' prediClion of Jc,rldynami( pct"

InrmJnle a nd load\ , an C"'en\i,e .... intl IlInn.:! 'C'\' plngram 
~ .\ IIndcr .a l en Thi\ r\;lper ,ummarll~ 'he pnm:\ly re",II, 

""Ill 'he 'C", 1""'1'r:l111 (j,"du,'etl al .hl \ ,,"ph. C"rpora.ion. 
\., 'rho \,,,r,n' I)" "in" I "\\ \I'<"d \\ lilt! r IInnd . 

5 



V~WT RESEARCH AT SANDI A LASS. 
Joe Carter 
Wind Power Digest , Summer 1977, p. 42 - 45 . 

Sandi a has been working on the vertica l ax is wind 
turbine since 1974. and they've come A long wAy fr 
t he first tes ts t o their newest installation. a 17 
meter Darrieus turbine . 

(SAND--11-ISI'J VERTICAL AIlS WIND 
TUR.,NE TIE-OOW~ OESICN WITH AN EI A"PlE • 

• yt . r , R.C. Jr. (S . ndl . l.b •• , Albyqu . rqu . , 
N.". a. (USA». D. c 1911. Contr . ct CY-16-C-
0 4-0189. J5p. n.p. NTIS, PC A03/"r AOi. 

O • • lgn of c . bl. tl.-down .y.t ••• for 
v . rtl c .1 •• 1. wind tur bl n •• I. dl.cu ••• d and 

u ld . lln • •• r . furnl .... -,· l"plc •• uc .. . . t". 
nu.b. r, .Iz. and • • t . rl. 1 o f the c . bl •• , c . bl • 
• I.v . tlon . ngl e , t e n.lonl ng, . nd th . r . o. l .a tlc 
. rf . ct • • r . dl.cu • • • d in ~ .t . ll. 1he tI e -down 
.y . t e . of th e . JI~tlng Sa ndi a 11 .a t . r YAWT I . 
y .eo throUGhout a . a ny .a rlc . l • ••• pl • • 

VERTICAL WINDMILL GENERATES KILOWATTS FROM 
MONSOONS . 
Susan Renner-Smith 

Popular Science, vol. 210, no. 
page 99 . 

, June 197 i , 

India' s Hational Aeronautical lab. Oarrieus 
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Wi nd a nd 80 lar encrlO' fo r wa t e r Rllpp l • • 

J'roc. Int. (onf. on Apprnpri;'ltf> I I 

fo r Semlarlri areaq - Wind and S,)lll 
Water Stlppl)' (W. H('rlan Scp.15 
(;prlllan I ee1. /t£'p .• (;erman \- flun: I;, 
)(>velopmcnt.ltl7f1. "il I 329 pp . 

tf'nt'i : J';, I'l I' ( :nndltir,ns 
fnr \~ inrl and ~ 
I'lrt 2: Wind 

In 

nf JII<;c:;ltlllnu. 
windmill 
(\pf'p-well 
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PERFORMANCE MATCHING AND OPTIMIIATI 
POWERED WATER PUMPING SYSTEMS. G. 
w. L. Sctrn1dit . 

OF WINO 
Bragg and 

fnergy Conversion. vol 19. no 1. 1979. p. 33-41. 

URAL US E OF WINO POWER TO CONSERVE ENERGY RES OU RCES. 
by Leo H. Soderholm, IEEE Transactions on Industr 
Appli cations, vol. IA- ' ~, no. 6, Nov/aec. 1978, p.~92-
~97. 

WINO-POWERED PROCESSING-II. Edgar A. Cadwallader, 
John E. We s tberg. 

Chemtech , yol 9, no 5, May 1979, p. 310-315. 

pro W.slb«g'. 

nalvsis 

... .. _-----
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1834-Pl.r.OD. alcbard B •• 
T.cboiclaD·. aDd •• p.rl.eDter'. 

aulde to '1.10 • • UD. .iDd. aDd .ater 
••• t 

power I Illcbard B. Pier_oDe 

lIyac k. N.T. : Parker Pub. Co.,c1 9"JA. 

10 p. . Ill. ; ~4 ca. 5 9 . 95 
• 

IDc\ude. IDde •• 
• Gnl.p .nar ••• ~ •• lad powe r. ~ . 

Thh buok IS .... ntlcn fo r capc:nmcntcrs .nd tnh-
llIC1illi or anyone interested m bUlldm& clet.t m .• 1 - 0 t - 0 

ncratlOn UllIt! powered by the ~un. .... lIld . 
ater. e ac rl.l~ and other I- R Et:. lncrgy ~"un.: c, . 
ow you lan bencfit from rcdul.\.~d hed"ng .tnd 

elcctrlC bllh wIth the ad\lant~se of ha\-llIlI. a \-If 

(u:llly unlimIted supplv uf fuel 
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1978 

A LO~ COST AE RODYNM IC HEATER REPRESENTING 
A FULLY MATCHED LOAD FOR WINO ENE RGY SYSTEMS. 
M.O. Lawson. 

v.2 NACON 78 (IEEE 197R National Aer ospace and 
lectronics Conference, v.2, 1978, p.874-

ucnw WATER-PUMPING WINDMILLS , Part. I , 1 Y J 
arter . 

Wind Power DiQ:0St , no. 14, Wint.er lQ-,P , p . 25-31. 

LOW POWER WINDMILL 
John McGeorge 
Alternative Soruces of Energy 
Vol. no. 30 February 1978 
p. 50-53 

I've been attrac ted to bicycle gener,\ · 
'tors as a possible source of power for 
very low power appli ca tions . In many 
applications. little electric po wer i$ 
actually needed. The ordinary transis
tor AM·FM radio draws about 15 
rrtJliamperes (.015 amps), al 6 vol ts . 

This i$ weD within the output range of 
I very snulJ windmill . Other .pplica
tion$ Ire low-po·.ver, battery-trickle 
charging of boat and car batteries. You 
will see how simple this is as you read 
on. 

:w • ___ _ ___ _ 

COST-EFFECTIVE ELECTRIC POWER GENERATION F~OM TH 
WIND : A SYSTEM LINKING WIND POWER WITH HYDROELECTRIC 
STORAGE AND LONG DISTANCE TRANSMISSIO 

C.J . Todd, R.l. Eddy, R.C. James, W.E. Howell . 

Engineering & Research Center, Bureau of Reclamation, Department of 
the Interior, Denver, Colorado 80225, U.S.A. 

ind Engineering. 1978, Vol. 2, I, la-

The idea of generating w indpower at the windiest available sites (wind
farms) is examined fer its effect on feasibility of large seale wind 
inpu t to the nationwide electric rower network in the United States 
of America Windpower is considered in assoclat;on with pumped 
storage hydr~elect,-jc plants for I~.d leveling and eXls,ing types of 
transmission lines for in terconnecting the wind farms and energy sto 
sites with load centers up to 2000 km away. Potential energy harvest 

- from windfarm sites In the 17 western states is estimated at well 0 

100 GW. and many times tt-,is much in arctic North America. At th 
l00-GW level of development. bus bar ct':;t at the windfarm would be 
about 3 millslMJ (10 millslkW·h) Energy storage required for load 
leveling would add ahout i .8 mills MJ and transmission costs anoth 
:>. 1 mlll slMJ. for a total cost at the load centPr of 6 mills, MJ (2 1 mill 
W.h). all In 1976 dollars. TIllS wOU ld be competitive 

ated near load cen ters by new nuclear or foss il· fuel power· 
power appears environmentally acceptable and avoids man 
environmental liabilities of conventional sources. Large,seale 
power implementation will requ ire major advance commitment 0 

capital, about S 1 billion, to lower bus bar costs to 4.4 mills/MJ (16 
millslkW·h) . The timetable will , therefore, likely 
mental Incent ives. 
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Shin ~l..oqy and Pp.9Parch (S'J"AP) 
ilJTl, 2d, San Francism, 1 fl77 . 
~; held in <X'njunctirn "Tith 

sr W'<1F. snrinq r'P.etinq rr-s ted hv the 
thrthern ca li fornii\ Sect.inn. - fa" YI")r)c : 
~ip.ty of tIaval J\rchi tccts anrl ~iarine 
Enqineers, clfl ~' . 

vii, 516 p. : ill. ; 2q 
Held May 25-n. 1077. 
Inchrles bihlinqraohical I"P.rerence.s. 

pdating 
Modern \ 

an Ancient Art-Re~e"rch and De\ elopment Tuward 
ind·Po\\ered Cargo ~hips .... ..... . . . ... . ....... . . . 

Ly Wilham L. ,,"IImer alld MILlos M. Ko~ .. 

Study of Aluk_ WlM Power aa4 ... Paullt .. Appucau.-~ !LL 

Joloal kepcN1, 1 May 1974-lt Jaauary I"'. 
T Wenunk , Jr 
Alaska UOIV. , CoUege . Geophyaic&llnal. ~ Fcb 76, lilp 
NSFIRANN/SI!./AER·74~2J91F1l·76/1 Price cOOl" ' I'C 
A09/MF AOI 

The piovam obJectJve i5 to detcrmine the WInd polo. ~-otea
hal of A1a5k.a . In both the metcoroloi'ca.I and applied SC4!r'l . 

The wind potenual of the world is .Iso treated SpecifIC 10&1a 
are the delermanatlon of altenative applicaLioM and usen of 
WInd systems, optImum situ for these , and envlronmcntal 
problems assocIated WIth wmdmills used In Alaska. The pra. 
ram consists of seven tasks. In these, wmd literature ia aur

veyed (37 sItes an depth and 30 more in less dew\) and ne 
wand measurements Ceatunng venlcaJ profile~ of velocity are 
reponcd (2 sites). ConSIderable efforts on analytica.l formula
lions of measured and synthetic wand spectra are detailed . En· 
vlronmental problems a.re tre~tcd, and several rccommcnda· 
lIum, ,:u04.enUng the design of ~and macrunes are made . Abo, 
locaJ energy use patterns and storage systems are coMldercd, 
and the economics of windmill u:oc, fuel COila. and fossil · 
base.! elcctnclty are prcscDled for Alaska. Guidancc to a rc
lated sef¥'ralC SClenUfac Repon is Included. (ERA CllatJOD 
02 :022(90) 
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Greater Los An8~les Area Energy Sympoa1 
Tuesday, April 26 , 1911 ••• Los Angeles . 
California I sponsored by the Los Angeles 
Council ot ~g1neera an:! Scientists, under 
the auspices of the Los Angelea Section of 
the American Buclear Society ••• (et . • , 

All ,oltor : A Inat. lit. Pov.r S1t. 
Sel e c t.1oa 

C. P. 
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WINO INIROV M ISIION 
MARV 

ANAlVSII. UECUTtVE IUM -

18 F 

HC A03/ MF A01 

A7832506 Empiric .. end t'-elie .. Itelittiel 0' w.' 
ch.~ honM heeli", PGtMtI • . S. Stolt end R L Kir"n IWyom. 
UoI~en"y. La,amle. Wyo 1 Wmd T«hnolorf Jour"". yol 1. F 
1977. p 21 25 

Appl IcatIon 0' w Ind energy '0 home heeting hu <Ir~ 
consIderable ,"'e'eit rerent'y end MY"" Wlntch.'~n .e cunen,ly 

.. 'able 3t a small fractIOn 0' the avenge COli of e new "'--me The 
'o'm~ and economa 0' one of thew IS studied by USl", 

weether end home hutlng stetlStlCl et 'wo gec>47.phlcell 
is shown thet 'or the exemple chosen. w ind enerw " not quI 

mlc81 Due to ,he cooling effect of the WInd . • stat istic .. 
correletion betw~n ~r .... ,abll ity .nd power demend -' 

, Ho __ • nus was not shown to be the caM. The impllCetlOf'l 
IS ,hat h~at sto,..,. capabtl lty IS necenery fo, hi\ll effICIency 

... -

N71-Z1' W,n,em Eng ring A 
Fie 
THI A .... lICATlO .. Of wtNO INUIOY 
OESAUNAnON 
Wtll .. m R W""'mson John E Westbe'g 
W""emson 22 Apr 1077 68 p refs 
ICont,ect 01- 14 34-000 ' -75231 
IPI 276174/0. W78 ·02701 . DWRr/ S 7 
HC A04/ MF AOI CSCl 108 

04 wind 

Inc . Navarr. 

U.n •• TO 

an6 W ... m R 

11 Ave" NnS 

to ma mbr. na 
d Cornmeraelly 

(COO/2578--1/1) . 'NU LNEnCY " ISSION 
ANALYSIS. EXECUTIVE SU""ARY. iCene rel 
El e c tr ic Co. , Phll.delphl., P •• (USA). Spe c 
Dlv.) . 18 reb 1977. Con tract EY-76-C-02-
2578. zep. De p. NTIS, PC AOJ/"r AOI. 

The prlnclpel obJ e ctlye, o f t hl . ,t udy we re 
(1) t o e'.e" the pot~ntlal (or wind e nergy 
conyer . lon 'y,te., on a n.tlon a l .ca le, (2) 
IdentI f y high-potential a ppl i c ati o n. f or WECS, 
(J) de fi ne fu nc t ional, per f o r.en c e, 
operational, e nd co.t goa', for WECS , ( 4 ) 
eva luet e the I .pect o f t he wlde-ace' e 
d e p l oy.e nt of VECS On e nergy u.a,., e nd (5) 
Id entify t he In .t ltutl on a l a nd non-technlc e l 
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R_Mt»Ie 

Thill repor t I S about. the utillbation of Wind 
power In th l:' NOI tt. S(>d, and briefly pres 
bOntl' uablc deblgn conceptI. fo r Wind 
uSf.'d In thIS apph c ,Hl on. (F. C. S.) . 

6, 

"illd POlttrt4 afra" 
3/ 5/ 75-3/ 15/ 
Schlerhol7, P.M ,Some('\ell , W.L , Babcock, W , lIartel , 
R and Watson, .... 

'o/orddo Srarc Umv., 1I SA, April 1976, 74pp. 
(NSF/RA -76238)(PB 259 304 ) 
nus research concern!> Ihe u~e of wind power dlreclly (0 

compress air 10 Incrca~e oxygen Ic\ocl~ In polluted rIVers 
and lakes subJet.t to "'lnteri-Ill . A prime advanla2.e ma\' be 
u~,"g the water for ~torage of OlL)gen ehmlnalln 
requirements for energy siorage such as batteries Three 
slles are prop<bed for the In\lallallon of Wind powered 
l»,lems. One IS :l lake chosen on the high plainS for ease 
of access, another IS a high mountain lake subject to 
wlnlerklll and Ihe third IS a high plains river wilh pollution 
problems. Exlensl\le "'ealher measurements Will be made 
al the IwO lake sites which include bolh mounlaln and hi~h 
plainS characteristics The obJecttve IS to gather data to 
inv~tigate the use of wind powered aerators, correlation of 
local weather data With system performance. and further 
development of design correlations for small Wind powered 
sHtc,m . (A.) (Microfiche). 
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8. Currents, Waves, and Osmotic Cells 
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O. Hydroelectric (Including Tidal) 
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OCEAN - GENERAL 

36092 UtrlD' fro. tJit OCUlI.: , .... ulrc .. uu and capabllillca. 
RI~h",,". A f (1 ehlth UOI", Ikthlehem, PA l pp 91 Il~ u( Oc,.an 
.ek)u,,, ,,·, ullhulIOD t onney, NT (cd) Ne", Yurl , NY. Amatcan 
s.x:,ct)' llf McdwlIcaJ Engineers (1976) 

1 r"m Wmter meelln, of the ASME, Ntw York, NY, USA (~ 
Dc ... 1~ 7b) 

I · .,ht method&, and " number o( V&naAII, o( oblAlnlnl energy 
(rom the o.:elJl arc presented ocean thermal, kelp b,oconverslon, 
lJ<.ean wave\, udes and IIdaJ currents, ocean", mds, ocean currents, 
",ltnlly ,radleDIS, and OLean geothermal Each method 110 dls..:us~d 
In tcrrus o f concept., ge<'graphlc area~ applicable, and development 
a.:hedule lind costs Huo(.r U IOformallnD I .. avaIlable None o ( thue 
Dlcthws releases uc~, heat IOto the e""ronment. ib do fOSS Il -fuel 
a"d nudeat po,""er generallng planli Most o f the methods repr,,>cnt 
• dall"dy new tec hnologlcs The need .. (or 5Cafloor englneenng R 0 
to .upport all ocean energ), I),sterns center about sla princIpal ared 
mUllnn" and an.:honng systems, anchor-wI I Inten .. .: tlon , under"',iler 
eleun .. al ' .. ansnlls" o n .. able SOIl mter.cllon, ,n-"Iu SOIl rropcnlel 
and it)!1 behavIor under applied Ioadi fu r .:ontlPental ~hel wh.:eu~ 
and cllkerous sandi. and deep-Ita pell"" daYI and b,ugellIc OOles, 
llablltty In,tabllllY rdallOn.hlps of Ihdf, slopc, ", nd dc:ep-5Ca floor 

lis, and M.llUr and It.ablltt)' of struc lures. mdudmll 1,IIIe an .. ho n 
amI (lOlHr \.I,bles. '" IIh rcspc.:1 10 hquefa.:uun, '" I'" load In" and 
trUllUI e " •• Imlcra..:llon 10 Ilorms 110 references 
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Enerqy Tcchn:>loqy Conference, ')th, \ '~shiro 
D.C., 1970 • 

Enf'.ray technolo,y V : cha llcnqes to 
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NEW CAREER PATHS IN ENGINEERING - OCEANS 
William E. Heronemus 

Mechanical Engineering, July 1977, vol. 99, 
no. 7, p. 46 - 47 

The waters of the seas constitute 
the largest powerhouse on earth. 
one that In the future will require the 
employment of thousands of engi
neers. Essentially all of the tra
ditional engineering disciplines 
have a role to play here. However. 
the need is vital for the engifleer 
working in this field to have a basic 
understanding of marine science. as 
well as a willingness to protect this 
magnificent. finite resource . 

.t:"('r~y (rom the occan .. fact or f3nla "y? : Conrercnce procecdlng ... 
Januar} 27·2R. 1976. Ra leigh. 'Jorth Carolina I edltcd b 
Jerorne Kohl : .. pono;nred by \oa<;(:11 Plain .. Center ror "'b rine 
f)C"cioPIIl Cllt Scn icc .. ... [et al.) Raleigh : Ccnter ror Manll(' 
:lnd Cna'ital Studlcl-. North Carolina Statc U","cr'ilty : may he 
obtained rrom DiVision o r ContinUing Educa tion. NCS U. [I <)7 "1 

110 r III . 2 ~ COl (RcJ!(lrl ' Ccnler ror Manne and C" l'lli l "llIdlC" ' ml h 
rnhnA SIIIU: UmHr,,' Y: no 76·1) ([Sca ,.unl publica;''''') ' U'C·"G. 7f1 .IU I 

Ocnn Ihermal power piil-t~onlrcues 2. Tidal power·planl, - Con· 
, rc,~ 3 Den n wavn-Conlfcucs. 4 Ocean currcnl~ Con, ;eS'C1 S 
Sailinily - Con, ' nIIn. 6. Wind powcr-Con~re'''cs I Kohl. Jerome II 
COlltal Plains Center ror Marine Developmcnl Services. III Serres' North 
Carolina Stale Unlvcnily. Ihlei,h. Center ror Mari"c and Coastal StudiCS. 
lleJlOfl . Center ror Marine and Coatal ~\udics . No~h Carolina Stale Uni"enll 
: no. 76-1. IV. Series: Sca 1r."1 publication (Jt :lleilh) ; UNC·SG· 76-04 
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Ael ri,," r Richard\ . .. . .. . ............. . 

in ~tnrm~ 

SEA WATER: THE ENERGY ELIXIR 
Mark D. Zimmerman 

Machine Design, vol. 49, no. 16, July 7, 1977 
p. 20-26 

Power may be wr ested from the oceans by taking 
advantage of key differentials. This article looks 
at hardware designed to operate on thermal 9radient~, 

tidal heads, wave motions, and chemical variations. 
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ENERGY FROM THE OCEM. (Rapt. prepared for the Sub
~ttte. on Advanced Energy Technologies and Ene..., 
Conservation Res.arch. Deftlo~nt and Delmnstntion 
of the Cc.l~ttae on Science and Technology, U.S. House 
of Representatives. 95th Congress, 3td Session by the 
Science Policy Research Div. Congressional Research 
Servtce. Library of Congre,sJ. Apr. 1978. 43lp. 
(eo.1ttee Print). 

95th Congress. 2nd Seslton 
95th Congress. 2nd Session Serial CC 
ca.tttee on Science and Technology 

p,*,~ IOUrces Ocean 
RiIfliigl - 2O:afttie on Sctence and Technology 

TJ 

10 
Pierson, &ichard E., 1934-

• P53 
TechnicIan's and experl.eo~er's 

guIde to uslna sun, wind, and water 
power I Richard E. Pierson. Weat 
Nyack, N-Y. : Parker Pub. Co."t973. 

270 p. : Ill. ; 24 ca. 59.95 

nlinuled FrH EMrey Sources • 97 

How 10 Usc! MOVIng Water (97) Calculating Water Power (99) How CO 
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IXl>lgn GUide!> ( ~O) De~lled Oescnpcion (205) The Wheel (205) 
Water Wheel Bean nlZs ~nd Side Boxes (109) 

LIFTING FOILS TAP ENERGY OF FLOWING AIR O~ 
WATER 
Ben Kocivar 
Popular Science 
Vol. 212 no. 2 Feb. 
p. 71-71,11.8. 

1978 
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.15 
1978 
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Internationd Svt:lposiUt'l on "'111ft 
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GAS CONCENI'RATION CKLI13 Fffi THE CONVERSION OF OCEAN 
WAVE ENmGY. R. E. Sa10lIDn and 9 . M. Hardl~. 

Oceun Engineering, vol 6, no 3, 1979, p. 317-327. 

b<.'r .. cf The l"'''-"Crt 0( ~ln,clc:c.rochcm, .... II:lS COnu:nlr"""1I1 ccll~ '0 (00\ crt lhe n 
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A19-31918 Energy analySIs of waw. and lubl powe<. n 
Smllh. and J S Vdrl"Y (Su",lrrland Polytf'Chnor. 

Sunllroland. F"gla nil I In Inle,nat,onal Conler"",," on Fulure 
Erwrgy Concrflls. London. England. J~nuary 30 F~h",al y I . 1919. 
Pr ocrecllnqs (1\1931842 15-441 London. InstItutIOn of ElectrICal 
Engll'f'f'fS. 1919. P 422 426 121"1s. 

A mrlhodolo'!y IS developed fOf energy analYSIS o f wave and 
II<lal powel based on Ihe concepts of energy rallO defrnf'<l lK 10lal 
OUlput over Iofellme of devICe dlvoded by .. nergy requlled 10 buIld 
Ihe <levlCf' 01 ., e OUIPUI of Ihe devICe over one year d,v,ded by 
f!flergy rL'QUllf'menls for one year ', opelallOn, and exlrac1lOn 
efflClerocy. drflncd as lolal OUlpul of deVICe OYe< a sea50n dIvided by 
total enelgy In(.ldenl on Ihe deyrees al Ihal local IOn. When ",piled 10 
Ihe Salter duck. the energy rallo analysis gIves a flgule of 13 1 'or a 
duck made of corocrete. whICh Implies Yllbllily. but. rallo of 10.1 
for a stel'l duck. whICh IS probahly not VIable For a Shaw two bas.n 
tIdal power syslrm. It IS clear· thaI the energy rf'QUrremenl of 
constructIon WIll be a s'gn,f,cant fractIon o f the baff8<Je outpul . and 
Ihat further work on eMrgy analysis IS jusllf ied P T H 

N1IO-1 41i1. ' Musachusett.lnst of Tech . Cambridge Man". 
Industry Advl5()ry ServIces 
WAVE '"OWER SYSTEM S 
Norman Ooelllng 1 Jul 1979 33 pre's 
(P8 299851/6. MITSG 19/ 16. NOAA .79080910. 
OpportunIty Bnef 151 Ava~ NnS HC A03/ MF AOI CSCl 
lOA 

Ocean wave po .... -er was II , • • slogated as a usabfe. reflf'wabfv. 
IIltematlve energy source The results .uggest that both Salter 
cams and Cockerell ralts can be deSigned to COflvert wllve moloon 
to lelalove mechanIC.; motIOn and mechantcal force. MOOflng 
problems and costs suggest that Salter cams WIll be much mOre 
e.penSlve than Cockelell rahs. A major problem IS COflVl!rtlng 
the aVllllabfe mechantcal power to a more useful form . I e . 
hydraulIC or electnc power Upper hmlts on the amount of power 
that can be e.tracted from waves were IIlvesltgated along WIth 
lowel cost bounds GRA 

A19-15908 Ocean energy "nlimited. D. D. Woodbr idge. 
In ; Enerqy technology V' Challeng~ to lechnology. Proc!'eding5 o f 
the FIfth Conference. Washlnglon. D.C .. February 27 March I, 1978. 
(A79-1 5819 04 441 Wash ington, D.C., Government Inst itutes, Inc. , 
1978, p. 664 674. 

An ocean swell and wave energy converter (OSWECI IS 
described. Th .. conver ter utilizes Ihe vertlCllI componenl of wa.e or 
swell molion by means of a 'slinky ' ro il attached at Ofle end to • 
stabfp st,uclure and at the other end to a f1(),1l ing mechanism. 
Current IS genera led as lhe expandIng or contracting COIl passes 
t hrough a magnetic fie::f. Energy product ion obtained from osclllat. 
ing coil and fixed coil OSWEC syslems is determined, and a wave 
anoplificalion OSWEC syslem is explained. It is suggested that a 
l-megawatl OSWEC be combIned with , l ·megawall solar energy 
rollectlon system in a l00·m-<liameter complex. M.l. 

A 79-22223 The oscill.t lng water column .. 
,ans IBmtol UnlVf'rslly. Bmlol , E""lant11 InSIII 'Jli! n 

Irs App/''('d '/Pns. Joumlll, vol 21, D~c. 1978, p 

An expressIon IS obta,ned for the ~fflC't'''''y o f wa·.~ .. n~.gy 
a~olpllon o f a float ronneclf'd to a ''''''lg-dashpol systpm on I"" 
lop of a column of flUId houn,t.-d by lWO clOSf'ly spatOed vf'r t;,-II 
parallel plates or a n.rrow tube ImrN'rsrd u~r Wi1YM. lhe m«'thod 
makl's pxtenslve USf' 01 Itwo approxImate solulion using matched 
asymptotic expansIons oblalll"d by Newman (19741 10 lhe corrt'S 
pondrn9 p,obfem when Iht' floal s()fing dashpot sy\l"m was a~~nl. It 
IS shown thaI for plales of tqual lenglh the maxImum poss,hI" 
efflClerocy is 50'\, and Ihal fo, lhe thrf'e d,men.;onal r~ ;t i. 
theorellCally posslbfe to capture the e""rqy In a wa"" whoSl' e,esl 

(AulhOll 

A19-14772 If Sahnity pow.r s~tiOfl .1 the Sovedlsh lull 

coasl . PolSib~lties and energy puc. fOf • 200 MN pI.nl. A T 
Emlen and S. B~rgstrom (Goteborg, UnlVO'rsltet, GOlebolg Soved",,1 
In M,am, InlernatlOn.1 ConferetlCl! on Alt ernatIve Energy Sources. 
M,am, 8each, Fla, Dec:embf'r 57, 1977, Pr~lng5 of Conf1tonsed 
Papprs. (A79 14760 03 44 1 Coral Gabl~, FI .. , UniverSIty of MIami, 
1978, P. 881-889. 

The feilSlb~lly of conslructlng on the west C I.st of Sw~n • 
2OO",m SOIlInity power plant utollzlng elect,ochemlCal COllCetltratlOn 
cells IS Investlgaled ConsIderatIon IS goven to problems assoC .. led 
WIth plant desIgn, bIOloullng, plant SlIlng. the etlVIIOnment, aIld 
energy costs. B.J 

A19·50891 W~e power, progress and prospec:IL B M. 
Count (Central ElectrICIty Generating Board, Matchwood EngIneer· 
ing LaboratonC1, Marehwood. Englandl . In : Conference on Envllon
me.,lal Aspects of Non-Convenllonal Energy Resources· II , Denver, 
Colo., September 26 29, 1978, ProceedIngs. (A79-5OB76 22451 La 
Grange Park, III., AmerICan Nuclear SocIety, 1978, p. 31 ·3 to 31 ·33. 
12 refs. 

The envoronmenlal acceptabtl,ty o f wave power has been one of 
.he majOt' arguments for proposIng it as an allernat,ve source of 
etlergy to both nuclear .nd f?Ssil fuels. From Ihe work descnbed on 
the present paper, II <!ppea .. lhat Ihe deployment of wave power 
could have a vaned Impac t on the environment. Some of the effects 

" may be benefICIary. some adverse, and to argue the case for wav 
energy on environmental issues alone wodd certainly be unjuslified 
and misleading. Many of the argumenls presented depend crucIally 
on the technICal solu tions Ih .. 1 are IIkel·, to be employed. Cerlaln 
effec ts, particularly Irtloral droft. will be <-evice specIfIC, ""ith s~abed 
fixe<! structures allerlng Ihe wave climate more than floating 01lf'S. 
Exppnsive research wor k is required in voew o f the fonnidabl 
lechnologlCaI probfems whICh 51111 .. xiSl. V.P 

W9 
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\IINn - WV r POI 'E I? o.VAIL ABLF: TO A ~/AVr: ENERGY 
m!VrrnF~ f\Rf? I\Y. 
• E. McCormick 

Ocp an Engine pring , Vo l. 5, No.2, April 1978, 
p . 67 -74. 

Ab)lr:lcl A lheorclical expre~ion or lhe wa~e power sirikina a recillinear array or "ave 
enCIIlY comerlion devic.-es in a r'lnJom sea is derived. The theory i.s then applic!d 10 a Itnear array 
"hl~h IS I !"tn in Ienglh. For purposes of illuslraliun, the Pier~n-Ncumann-James d,reclional 
speclrum is useJ 10 represent the random sed. COlllparison of lhe results obtained by using the 
pre~ent Iheory wilh Ihose oblained from Ihe previously acccpted Ihcory shows signlficanl 
d ilfc rcn<.cs. I·irsi. Ihe maximum available power predicted by Ihe present Iheory IS 75 /. of Ihal 
p redll ted by .he fo rlller Ihcory. s..:condly, power Iransmission is predlcled "hen Ihe wind direc. 
lIOn and Ihe array axis arc paralld. "hercas no po"er transmission was formerly predlcled 

'or Ihis condilion. 

N THE DYNAMICS OF WAVE-PWER DEVICES y B. 
Count. 
Proceedings of the Royal Society of London , vol . 363 
no. 1715, November 1978, p.559-579. 

The performllllce of a tlass of wave-pO\\f'r devices is slIl4Jied I hcorcticall 
by genc'ralizing tll(, known theory of ship dynamiNi wit h wlli('h theN' is 
good agreemcnt with ex}X'riment. The extensions to tlte eAi~ling theory 
inl roduf'e 1 he new fcatures ofasym nl('1 ry and articlliat ion cOlllmon t(l many 
proposed wa VC' (' ncrLU' ( 'OIH ('('tors. 

Heslllts arC' presented for I\\'o difTe'rC'nt dc\'i{,(,R anti a comparison is 
1111\(10 '-'et",('en I hel1l . '1'111' }K'rfurtnan,'C' {'ale-ulations correla.te very well 
wit II the a\'ail;Lbll' ('x]){,rilllt'nial {'vidence and 11101'{'0\'('r it would app<'ar 
that the two type's of " (' vic'p f'on sidl'lNI in this pap .. ' r are ('ompamblo in 
I heir polent ial operat in~ c'flIl'icn('ies if appropriat(' !'walcs arc chosen . 

The Sall('r t\IIC'k Ilnd a two·pontooll syRtelll , S('mi ('lIiptical in ero: 
s('dion and hillgNI at its ('('litre, conslrain£'d to 1Il00'O only in the mod 
in which cncr~y is ahsorbed, aplX'art 0 he eqllivalent . TIoth I'll rurt ures aro 
desig n('11 SII ('h thf~t ",11(,11 fnrced 10 mo\'e in their absorhit;g modo they 
gl'IlC.'ratc wan's ill one prefl'('rf!cJ direct ion , 'ho pontoon dcsi!!n relying on 
the UF<C of <1, shallow horizontal hrc'akwnter in 'hI' N'ar of lhe Illo\' ing 
strm'ture ~hC'rcas HaitI '!' lias II 'K'd a blwrt(' r IJrt 'PC" strlll'lllI'C ",hieh looks 
almost (')'lin"rimJ. 

THE ISAACS WAVE-ENERGY ruMP: FIELD TESTS OFF THE 
COAST OF KANEOHE BAY, HAWAII, by Gerald L. Wick 
and David Castel . 
Ocean Engineering, vol . 5, no . 4, August 1978, p. 235-
242. 

Ahstract - Ficlll 1C\ls ('onJuCleJ on a "a\e-po"cr PUOlI' sho\\cJ Ihal Ihl \ \I mple lJc..I~ 1 1 eHIl ' 
cehell by Prufe~\01 Jo hn I) haac, 1\ sUIIJbk: for "a\e·energ} Clt raellon around the lIa \\ ,IIIJ n 
Islands . In lhe sn\411 model 1 ~~lcd , m el :!OO W ur mechanical,xm cr "eiC JlrodocN , LarGcr 
modclS could e~l rad sc\a:l l orders IIf IIlagnlludc 'nore po\\cr I urther r'(."SCareh oceJ~ 10 I'C 
done " i,h I'rol Ol)lle lI1f1del~ . Thc Iran~II\I",~ion of the po\\cr ' 0 Ihe , hllrc ,1 111 Ilccrl ~ Iu Ix 
c\;J mined . 

A bY'producl of lhe Opel allon o f Ihe pump is nutncnl r~h ~a lcr llumrx:J fl UI1\ "k: 001101/11 
01 .he piJlC! . In lIUI I~I. Ih.: waler "'as pumped from JOU fl. It IS fc 1,' UIc "lIh ,I \lmlla r J..-" glI 
Iha l lhe "Oller can be pumped from IOOCI fl \\here Ihe "aler IS I k.her .n nulnen l ~ 1 hl \ W41el 
( ould lhen he lISCJ 10 stimula.e Ihe groINlh of marine: plants. 
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UNCLA~S I FIEO OOCUM[NT 
An e~~erlwental study and engineering evaluation of 
the s al t er cam wave e nergy converter 
A/C ARM I CHAEL. A. D. 
Mas~ac.husett~ I ns t. o f Tech . . Cambrldgp . CS5 : lOpo •. 
of Ocean Engineering . ) AVAIL . NTIS SAP : HC A05, ~F 
AOI 
/ ' OI RECT POWER GE NEQA TORS/'OCEAN CURRENrS/ ' WA TE R~AV E 
ENE RGY CONVERS I ON 
/ CAMS/ COS T At!AL YS I S/ HECTR Ie GEt.ERATORS/ 
HY DRODYN AMICS/ MOOR I NG/ onSHORE PLATFORMS 
GR tl 
Tho exper,mpnts were carried Ollt with a model c alli 
pl8C~d In a wave channel and In a tc~lng tank . The 
te s t s In t h~ towIng t ank were wIth a fl oa tIng me 'pl to 
s lmulo te oc~an condI t Ions . The results Indicate trnt 
t he Sal ter cam was c.ap:"Ible of o' xtr .,c t Ina much o f trl' 
e ner \y In rpgular waves and C~ltlrned Salter'S 
fI ndings . From t he engIneering eval~atlon It was 
conc.uded t hat there are major unso lved prOblems 
as socIated .;-;tlnly wIth the moc.rlnq system. The 
predic t e d cost of el e c t rlc.l t ., hro~qht to the stor e "' liS 

much hIgh e r t han cos t s predi c t ~d Icr wore conventlon ~l 
met hods o f elec t rIcal power prOdULtlon durIng the 
1990' ~~. 

POWER FROM SALINITY GRADIEtITS 
Gerald L. Wick 
Energy 
V01~ 3, no. 1, February 1978, 
p. 95-100 . 
"~-A Ilrlit source or fM'I' ultts .t tt\e mlmlCe ~I"'«" ... IIfr bodits or dilre renl SlIi"ilit,. Two 
ItchniqUf\. prenure·rtlarded osmosit Ind rtVCrit e1ecl rodil lysi, . Ippelr 10 ~ promi'linl e"lreU inlo thlt 
eMrlY 5OurCf . Althoulh lhe pruc"1 eMI of mcmbrlMs '1uitlblc 10 lhe'.., mClhods is too hi,h. I rUClr"h Ind 
developmenl elron should mike Ihi, u'i"il, Irldicnt enerlY cOlnpelilivc "' il h other cnerlY sourcu . 

WI ND , TfAVES AND TIDES . ~ 
Engineering , vol. 218, no . 12, December 1978 , p. 1318-
1321-

Two symposia were organised by BHRA Fluid Engineering during 
August and Sept~mber 1978. The first dealt w ith wave and tidal 
energy. the second with w ind-energy systems This art icle sum
marises some of the work reported at the symposia 

7qA27389 155~E In 
if /OO/OO 5 PAGES 

UTTl : A wave actIvated 
energy con~erSlon 

AUTH : A/0MHOLT. 1 . PAA 
In · Ocenns '78 
t he' Fourth An nll ;} 1 C 
o c <;en tcrhel 6 · 0. 

I 'GE lR "5 eATEt; RY 44 
IIIKL.\S51 r lED OOlL-r.'ft.T 
clro c generator ... wat~ i, ~ (' 

Co II eQc . B on l( NY . ) 
roc e . d I IIQ " of 

CDnrere~cc. WAsho,~t n. 
\.\ 7q · ' 7 J7h lr · 4 0 1 

W,I';h I nglon. L!. C .. r.ldr I II. Tec hnol,,]y 50 ... ' et V :;f York. 
Institute of Electrl c-al and Elcct ronl~s !:r • ..l." .... ~· .. . 
I nc. 197U. p . 5B5 ~8 

MAJ S : /. ELECTRIC GENtRA T()RS / ' OC EAI~ SURrt-CE / '01 r5 ,'OR[ EI.IRGY 
SOURCES /' WAIE~WAVE (NERGY eO~VER~ION 

INS . / BUOYS/ CLEAN EflERGY, I:.IIERGY COtf'JERS ION ErfIUENCY/ 
HIERGY TECHt~LOGY 

A8A: (Author) 
ABS : A larQ(; nUl1'ber of ul' vl c:c s ha ',e b<:!cn pI l,~,C' S r d '. 

e x t r a c t Ing ener g y from ~cean &u r f. c e wa ves Tnl~ Pftpe 
propos e s yet a no t her whIch oper.tea on t he 5 

prI nCI ples a~ a l te. n,.tI' -;- curren t gene r a tor s . Th ' 
dev Ic e form ~ n two Otyrre of fr eedom meChanIca l r\~ 
p roduclno power t>V pl.", IrO · IT'I'tCl'e t lc. Induc t Ion. TI 
.ous t Ion s (;vvcrnlno t he! S'fsten' s mo t Ion . as we ll <1<; . 

t he rate of oower opn"ri'ltlOIl t<; presented . These ,.,. .. 
aolvpcl In a ~P"' l lal c..,'.(' . whI ch fvr it tvplcal se 
operatIng conditio" :>. lrad t o ~· ne'·(.Y extractton II' 
t lt e woves of 3S o('I'~f'n 

TI4 

RlI. J 
. 044 

Offshor~ and under 9round power plants. 
Rob~rt Noyes, fd. 

Noyes Dot. Corp. 1977. 
W~'OWft .................................................................... ......... ... 208 

Introduction ..... ............................................. ........................... 208 
R~rc.Poten~I .................................................................. 208 
Technology ........................................................................... 211 
Envil'Olunental Conseq~ .................................. ................. 216 

NoddJng Duck Wave Energy Extnlcton .......................................... 211 
IS JMioe Enough Wave EMrgy? ................................................. 21 
Is It Sa~? ................................................. ' ... '."' .. '.'" .............. 218 
Is It Secure? ... .. ,. " ., .... " .......................................................... 219 . 
Is It EnvironlMn~ AcuptaNe7 .............................................. 219 
HowDoWec.tltandWh.tWaDltCoet? .................................... 220 : 

&ibliography .................................................. ........................... 223 
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Cold water t ran5port . cold .. ale:r PlJh . . <il ,d 0 .'. P \~,'t u r 
muorlng lIne analYbls . A pa rnmct rl C a~proJLn' for 
Ocean 1herma l Encrqy C(,rtll er sltm 
A/L ITHE. T. E. PA A : 1l/( Wt: ::. tl nylovl .I ~~ t; 1<: '.l,·IC Co r p .• 
Annilpo I Is. Mel. 1 
I n . Annua I Con f erePLe on Ocean Tlto.: rIll.., 1 r nc q 
CCllllers I on. 4 th. h...,w (j, · 1 cons. La . . I:'.." cn 2) ·2·1. 1 '.177 . 

f'uCCCd ll1gS (A7 8 -33.10 I 1 3 · 44/ 14(· ", Orl~" n!' UI I (' rsl ty 
of Ne w Orleans. 1977 . p V - 40 t (. V· 4 d 

'COLD IIo'AlER/ ·11100RING / ·uCE./IN tUR qEH1~ · ()tEMI !HfRMAl 
EN [RGY CUNVER S I OII /' on ~ ttORl Et~EHG '( SOUfil.t.S,· f'11 ' lS 
(TU nES I 
.' (O'.(R E1ES / COSI ANt.LY·,IS/ [IJ[RGY H UH.G l f G(I (; L ASS 
FirER RE.INFORCED PLASTICS/ OFf~HO~ E ~L~lfO~M" 
PRESTR(SS I~G/ STEELS 
(A u thor) 
lh~' succcs:.ful Impl('n.l'I. tatlvn of t r.c "'CO ' " n lh~ f ' al 
p o wer plolnt IS d.,f' l'110c n l upon tI .e te ... r.nl Ccl I nllel 
cc r nCllllC fea!. l bl II ty O f t rnn'. r ,o, · 1 tr.y l "l'l)e lIu lu' es of 
Colcl ",aler f rQlll ~l' ., ;Jl.!plh!. 0: :>0:) ~'~ t lr·;., vI Ill, rt'. 
th ro Ll gt, SU l t ..: blc: dUL L 111(. t u In\: t:.OAL· , Jjlcl' . t 
Londens.e.'s . In clddl t' L·n. p , ant / DI,lllu ' ''' s t • .tl •• 
ke"'~lng mu~1 b~ pro"leJ~'l' b)f d mf~v ' II, C1 .. 'I'd, q .. ",II t 
a nd l or by II !·.:! o f dlll1,O. I (. PU~: tIOC1lr.g Illy!)t 1:,1 t ... o f 
t he analy:.l :' cI 'ld (;-\ ;;;1, .. .1 I (In of lI le Lulu 111.11 • .',' 

tri:l n~pcrt. co l.:l wil t€! r pIpe. and CI ... IoP " <i l tl ' n .• ,,,rl n o 
I I flt.: S dl t: pI' olll tI<!ct ., I llI a II I C ~ · \ O.I i ll d I\..dg , "CJ tll.:

Inpact u I' th~ sc !;,ul.: ~,' .... om~ 011 t h ... ""'.1.,11 Olll 
pla n t / pl a tf orm conc,pl •. n o t o p l ullloe ,::1 C·,llll.clle o f 
malcrl",1 alld t.on~tru (.t If,n co~t S...,ICLI .:::d P<i I· .IIlo.. 1 ('1':.. 

Issue s . and elldluatlon Lrl te rl a arc U ~c(l t u ,, · ~c:.s tl)e 
",el'l ts of cand idate sull :.y!.tem !:. 011(,1' a 'Lng " " ,.J ... ll t 
:. Ize from I CO 'A\IIc to l ul,O ~'Wt: nel O'-~l1ut P " .. l:1 . 

Off shore and under~round power pl an t~. 
Robert Noyes, fd. 

Noyes Data Corp. 1977. 
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MAJS : / " OCEAN SURfACE / 'SURFACl WAVES/ 'WAT~RWAVf EN(RGY 
CON/'RSI ON 

"INS : / BUOY S/ ElECll,IC PO",ER PLANTS: E/l:ERG'I' DI~T RIeUT I" 
ENE iil,y TECHNO LOGY/ fEA SI BILITY ANA LYSIS/ H'( DRO[LE CHcJC 
POWER STATIONS / MEIEOROlOGICAt PARAJ.1ETERS/ NORTHlh', 

HERE 
AlA : (Autnor) 
AIS : A qUolntltatlve es ti ma t ion o f tne energy present I n 

o cean wa lles. ond a ri?IIIL'W ot tho t('chnlques for 
ut lltzlng wallC e,.el·gy are pI' 
ba sed on cllm~tolOJICal Oat8 f o r tne Nortnern 
Hemi sphere show th.lt Yoave energy 1:0 maXlmln at 
_Io -I atltudes and at lonul t udes towards tne East~rn 
eno of the At lan ti c and PacIfIc Ocea n basIn • . T 
t ot al wa lle ene r gy p'e ~t;rt t In t h e .. orld oce..,,,!. at 12 
no"n c..MT on OctODer:2 1975 \5 f ound ~o be aoo • 10 t o 
the 15th pOAcr J . "'d lld . n e r ov 1& e st l ra l~O t v ~ 

enewo..d at t hc r alt; of 10 to the 12t h to 10 tv tt 
l Jtn'powe r ... "tts . alJou t t h~ presen t lo \e l o f ..... C,' III 
~ o,...,r con~uwp l lon . lI .l! techn Ique s for cOr\ (rtll o"j ",dve 

IIprqy for .:;,.., vary 1'1'" I\. In s c:cpc. 1t l! P ,vIII,' cd 
St h .'f' ,". I nc I uJ~ p rOIJU I" 0(, scherre !.. L u,.,. p u .. cr ~uPr> I V 
tle,ires. o ff ::-nlr e pU~JLI pl,, 'l t '.. an", SI)ure · b.J ... ·~'" p",",cr 
:.la' ,ons . The tI.!Chf1ll.i:ll olllf1 cLonc.rnlc fedslbll' tli ot 
ut I I I ", r ,q ... .:.\'o! onc' oJ dls .... u s!.ca . 

(AD·D-003414) DoUie-Kdoe tvIIo1 .... , .... WeCor
uk, M.E.; Hoh, R.L., Boswonh, C.E (Envuonmenla! ProtcclJOa 
A,eoey, De.over, Colo. (USA» . II Nov 1976. 12p. NTIS, PC A02/ 
.. FAOI. 

Pllenl apphcalon PAT -CL-60-62. 
A double·action turbogeneulor (or providin, ener,y ualn, 

Jialllllidal energy produ.:ed by ocean waves is proposed. First and 
IICOftd lurbines are mounled on I common shan and poAlioncd jQ 

teparate horizontal lubes. An air chamber, whICh is lubjected to 
oc:caa waves. ahematdy applies prc:siure 10 ODe honzoala! lube Ind 
IlaaI a VKuum to the ocher horizonlal tube to drive the twbioa. A 
pair of ratchet JOints lie provllkd to prevc.ll! the OUlpu11 of the two 
IIIItIiDcI (rom aCllo, I,ainsl one anolher (Aut ..... ~) 



WAVE POWER TAPPED BY NODDING DUCKS 
David Scott 
Popular S.cience 
Vol. 211, no. 5, November 1977, 
p. 16-18. . 

The energy In a one-meter wave 
front off Grpat nritain'lI Atlantic 
COftRt could lIupply the ell'ctric
power nE'eds o( 12 hom~. A 
one-kilometPr (ront could deliver 
enough power (or a town or 
8.') ,(X}() But how c.m thi., va.", 

Jean, abundant energy be har-
n ? 

Onp promic;ing an~er, put forth 
bv AndrPw Salter, of Scotland',. 
J ~rtinburgh Unive~ity . 1I<;M Ilhafl
p.;voINJ , cam·e;hapeO fl o'-lle; to rtriv 
hydr:lUlic pumps. TI1Py're allIPd 
"n0l 1ding durk,," nec:1U<;{, or their 
birdJi:'e profile and tm- way they 
bob in the Wavt'8 r PS, May '75, 
p . SA ). 

1))17 WAH: ru.'IP: WAVE ENU(GY 10 RRI-. :-IT ENf.RGY 

K rv WOR DC; BreIL .ng. Energ), conversion: Pllml'\. "'I~e ICt. 
tntr.)': W., t prOp:llR:IItlon; \\ uu 

I 
Wue L-

ABSTRA CT The W3\e Pump con~crti "'I 'C encr "y to cll rrent encl~y' ut il l1.n l the 
m omcnt um of "'I 'e' '" h.ch Ire close tf' or It the brcahnl! ~13ge To .mpro-c tht 
effic.enc y of the Pump '10 thlt e,cn smaller "'Illes IKcome erfect"e. "'IHI I 
coocentllted on a fun'lcl Funnel l eometry therdore .\ In .mportant plramcter So lJ 

the w.~e hell!ht Oller depth ratIo The eITccll'cne" of the r ump 'i not red uccd even If 
the dlleClIOn of "'I~e propal.lIon de"l tes j 3pl'ro~ 10· from the center llnt of th 
pump The dfiuem:" of the pum p may be furthcr Imprmc(j by the ,"Hall'lIon of • 
rlmp al Ihe entrance 10 the (llscharge channel Tne pump ha\ IKen Ihoroul!hly telled 
by h"drauloc model te\ts The firsl prOIOI)pe "'I' bUIlt II Ihc Pllml' Del 'hr ml"nl 
on Puert o R,cl) a\ I nu\honl! dC"lce In II 10'" lIdal ranlle Ire. "hl\ been on operillo 
for Ippro\ 2) r The pum p IS also useful for nU\hon8 of ICC In arctic ,..,aler, "ml Y 
uied Ii In ener r y produunl de~lce on I mode~1 ' o le 

RfFFRF'l CE Brllun. Per Moller and VI8!!""On . \".11. "The WI"e Pump 
on"eri"," "r "' aile Enern to Currenl Enerll),.· 10llm31 of Ihe "ala",,) . Port. 
;'3<131 .nd O,ean DIIIS/nn. ASeE. Vol 101. 'lo "''''4. Proc. raper 1l317. 

!'- o' ember 1977. PI' 449 ~69 

An·.,. 0- _ ...... I. G 
E"-etHeity Genwlti", 8oerd. M_chwood E 
SouthMnpton. Englendl AppIi«/ E-W. vol 
197 222 31 r.fs. 

The potent 'II of w..,. poww Ind some of t~ more prom;'i", 
hods of hernl!u"'9 it lie dilCUued w.th Inention to 

-trY . ,Iv.", on the wett CXMIIt of the United K.ngdom, UnrHOlvood 
:hnica! end eOlli,-,'ng problems .. txlfni"lld. end 1he i 

_. poww on !tie _ wonment i. contldered. D,u on w.." 

"I ••• IUpplied. It .. IUIIft1IId thet _. ~, could 
fon/I fuetI but it unl 

ML 
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The thermal prope rtlC$ ot the Florida Currenl af e pr 

analVltld for the ""alloiblc ocean ItwrMai energy Fo, , cold water 
,nl""e depth equill 10 or greiller than 600 m, polenl,al slles to' ~ 
thermal energy conversion 10TEC) power planls .,pur to exlSl In 
lhe StrallS ot Flo, III a and . 10 aleuer extenl . 011 the co .. ts of Georg" 
and Soulh C.,olrn" The miPI""lfl\ thermal dllle,encei OCQJI on 10'" 
conllnentill shell because oi the geoslloph.c mollOn of the Gulf 
St.um. An ~lImale of the to 1011 lI'Ia II ab Ie ocean lhermal ene'lIV Irom 
the Florida Currenl . delrvcrOO '" the fo,m 01 ereclrlC.IV, IS 35 II 10 
10 the 121h kWh/vr_ For a cokl waler suctIOn deplh of 000 m or 
moI'e, seasonal vanablhlV ,n the ocun thermal re.ouroe IS apprOIl . I 

or _ 35 per cenl of ave,. annual output. (Author) 
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hry are d l~Cuss(c1 In Itt' c''''(lI t of b ,) th the CUt' I 

a nd the evolvi ng law . with e""h<lSI,,- ~n the 
re lat ionshI p between t hr coast~1 Sta t r's and t h,.. 
Fe d nro l govP'rnmcnt. and the onnolna negotiations ~f 
t he Third United N., tl ons Con("l'c"ce on t he Law 0 

Sea . The current state o f the law I S examined. a n 
e)( lstlng ambIguities . Q.Jps. '1)(1 UN.ertaln tle s arc 
I dentified The nee d f or t he <"velocme nt of an 
Imag Inative a n d eff e ctIve ICgill a ra Ins t I tuti ona l 
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reconmendatlons are ma~c . 
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1 (A 79-51726 23 44 1 Wash,nglon. 0 C . Amellun Ch('OlllC" So 
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A dtsl!!" '01 an open cyclp 100 MW electrIC nel OC('iln 'hermlll 
_r!IV converSIon plant ·s deSCTlbed. In Ih,s syslem fl .. ",ed ~awaler 

IS used as Ihe WOI kIng flUId WIthout ,esortlng to an ",'rrmed, .le 
WOlk lng flu id M IS u~ '" Iht closed cycle POwt!f sys,pm opllons 
The d~lgo makps U~ 01 an OCf'an plal'orm as ,"Ielp'" parI of Ihe 
POWI!< syslpm A larqe cloilmeler . low speed turbIne wllh Iocl>'_ici>t 
bl8d~ 01 u~1 Th,. lac9" quan"Iles 01 nOllCon<'lf'nSlblrs 'I'flUlle • 
",!'Clal approach 10 Ihe ~s"m o f condenser and venllng SYSlrms The 
UW! 0' eilhpl duect COI't&et 01 surface condensers IS poSSIble wllh • 
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condense" AIIPntion IS palo 10 hutl slllb,lily 10 allow thp lise o f 
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The pc ' pose of my talk Is to give you a brief overvleoN of 
the program called ocean thermal energy conversion 0 
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I~rm oree describes a melhod for generating power by 
usIng the warm water al the surface of Ihe Iroplcal 
oceans. In combination with the cold waler available ., 
• depth of half a mile, to opera Ie a heal engln 
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DESICN OF AN OCEAN THERMAt ENERCY PLANT SHIP 
TO PRODUCE AMMONlA VIA HYDROGEN c: t: Dugger and E. J. Franics 
Hydrogen Energy 
Vol. 2, n. 3 
p. 2.31-249 

OlSAN THERMAL ENERGY CONVFRSION R&D. 
Government R&D Reports, v.8, no.2, July 15,1977, 
p.2-). 
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T~ OTEC con leren~ " dlYl<iPd Inlo Ihp fol/owrnQ ~c"on' 
toral svst~I' . mInIOn _ly,lS. env"onmenl'" 3nd SIII"'I ('o."lde< 
lIOns. ocean englO_IOg. he.1 exchallQ"f s. hrolouhng anO cn .. ",IOfl . 

IIOd .It",n.llve power cydes. ParllMlla, flaJ'l'fS /IIf' "''''''',11!d on 
onomlC Illa!nliv~ lor IIle comlTlf'<rlahUllnn 01 OTEC. I~ 

pol""ll. mal'fculture yield 01 OTEC planls. an esllmalf' 0 1 
imPKI 01 OTEC ooerAlIon on the 
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The low -pressure core of the \ 'Ortell I 
g r@atly redl~e the haL k r~es~Ure of a tu,blne ~h'Ch Is 
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of the turblnp Is c~nn~r ted to t h 
throuoh e bottom Inlet . 
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Two symposia were organised by BHRA Fluid Engineering dUring 
August and September 1978. The first dealt With wave and tidal 

neruy. the second With Wind -energy systems This article sum
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MATHE~-1ATJCAI MODET. FOR EC 
POWER IN TIlE BAY OF FUNDY 

'lOMIC EVAWATION OF 
Ly Stephen T.Y. Lee 

and Ch1ulle DechamlJs. 
IEEE Trallsactions on Powc:r Apparatus and Sys~eQJ;.J 

vol. PAS-9( , no . ,) , Sept/Oct 1978, p. lT69-1TI8. 
The .. them.tl c.1 aodels for the econQllc ev.lu.tlon 

f tidal power develo~ent Involving • prt .. ry and 
~econdary Markets are presented in the conte.t of 
utilitIes' generatIon e.pansion planning. The approach 
is to detenline the econOllIC benefits of Udal power b, 
the dIfference In the least-cost e.panslon plans WIth 
.nd without tlddl development. The least-cost 
eApanslon plans are derIved by a series of snapshot 
yur sifllu\ation and generatlon.h cpti.hatlon. Th 
;~acl of s torage devices and trans-Ission between 
.. rtet areas are properly stUdied. These aodels have 
bEen succeHfully appl led to the study of tld.1 DOWer 
1ft the Bay of Fundv. 

• 

1022 



UTTL : 
A\J 1H ' 

Mt. JS · 

MINS ' 

ABA : 
ABS : 

79A 311(,8 11 
78 /00/00 
Ene rg 

PAGE 211?U 
Ut lC l ASS I f/ ED 

~ea ft nd a Ir by l~ru~ sonn tensi oned foIl 
Z . PAA . A/ IBlIlley EngIneering . [est 

A/ BAILEY . 0 
Gref'n wleh . R. I .' 
I n Altornatlve ene r gy soure~s . P 

la",1 I n te rna t lOllal Crm 'f' r 
OeC N'I,('r !J ' 7 . 1977 Volume 
W" o:;tllno t on . D. C .. Hcml ',ph e,..e Publl .. hlng Corp . . 

th 

p . 7 071· 290 7 
/ oAI R,0IL S/' [NERGY SOURLES/ oHYO nOFOILS/ · TIOEPOWER/ o 
W~ r[pWAVE lNERGY CONVERS ION / oWINOPU~E R UTILIZATI O 
/ AERODYNAMIC CO EFFICI(NT S/ EM[RGY TECHNOLOGY! GRAPHS 
(CHARTSI / t.l1>IEnIC AL ANA LYSIS 
( Autho"" 
Kln'! 1 Ie e In 0 

:Jl lT'(Jsphcrle winds mil 
by ~tre t ehlng hydro la ,..r 
Il'lrQe dlst ilrlees a cpos5 Il'Ovln 
be ",£I de t o !"{,Jiln ver y larae d l stiln 
t o su~ til ln l~ rQn tensile l oadS 
'ca te nar y lIke' arC~ s uc h t ha 
devoid o f b ondIng mome n ts . Ton 
t o t he stream by plactng 

~poslnQ poin ts a 
h!i the complex c nmp 

n 

l ergy nUlL supplerr,{'nlary str uc tu 
"tenar les a nd ex t r llct t ~e rrc chilnlcal ene r gy For 

smaller s~st~ms o f one to 10 Ww t hf' a_I a l thrust rrl ght 
be ftbsorbed by one or more bll r oe s . George 's BlIn~s I. • 
lIkely sIte for wInd sy s t ems In t he Nor t h efts t . WInd 
vel oc itIes and r eal e state values fljvor such a /!IlIrlne 
locet i on wh e r e the er ray may stret Ch for mIl es . 

14 165 INFOR 'I ,\TI ON REQlJl REMENTS r O R IMPR OVI .... C; 

II YD Ro rOwER 

\ '97ft 
Q!l7J 

KEY WORD" DCCI~lon m3I..i"~; Flood CI'" III,I. lI )drMlcctric Po,"U 
II"nt ratiOll ; I n'ormat ion ,),stem,; ReMote u n,lnR; Rccer\ on-. St ream"n ... 
' " reC1l\tinR: Waler~hed, 

ABSl RArr A rnclhnd of In.ly~i5 i, de<crlhcc\ "llh 'he .. 1>,ccll\e nf c\('lermmm@ how 
(3nd ",·helhcr) acrn<pace derived in formatIOn <)<Iem I('(" hnnlon can dTrCl"ely mc rel<' 
hyclroJW,"er rlnduclmn The mcrease In annu~1 hydrnJ'O"er h('ndil, 15 dCII~"d ~rom more 
I ccurltte re_ervoir mno'" fnrccl\lin~ ba<ed upon the u<e nf ne" nr Impm\td <en <Of' Ind 
<alelhle data rei:!) '}<tern< Sen"liVlly Inal) -c< are pre_entcd for "aler<hed r ararnelel' 
Imbedded in CIlnceptual wlte,.hed model. RC<IIIt. Ir e related .n h)droJW,"er rrnduCllOn 
aod .en"" requ"rment< vi i • re<"r vo" " pl llll113tHln mudd In e<tahh<h rnfnrmallon 
<) "em reqllllcrnenl. A numer ical U1ml ;" .. rle<cnled 1I<1Il~ I I) rll"ai multIple purJ'O.e 
rC'cr\ oi r <) _""Ill localed in northern C.lifnrOl 

RfrfRFN(T Yeh. WII"lm W·G. 8«ktr . 1 e'lOard. and ,\,'hn. R"hcrl ' " ,,,form.llOn 
ReqUirement< 'or Irnrrovrn@ ! Iydropower ." )(lurnai or 'he- " .'I'r Re, .. ur. e< rblnn n,. , n 
Ma n'lemenl Om'mn. A'\C' F. Vol 104. No \\ R I. rrt><:. rapt' r '4'1\!! . "In-rmhcr. Iq 
pp , v~ I ~fI 

'""Y • 01. 1. IV' . 

Dams hu ilt 150 yrars "go to dr iv 

ctlrrt'ntly bcinq rccx"mined as a Jlf 

m('nt lh(' II!rjJ's rnNgy rrSOUrCf'S . 

1023 

r <':',,1 lI . 

y of New England's t 
no relatively inelCpensiv 



RL~V TIl IlYnRCEf.8(."I'raCI'l'Y I HOnUCTl flfS I 1 Y HtdH~l'l 
I ll a l.;1 . 
El l' ri-.J , vul. , 110. 1""" Tleceull jeC 1(". ~I - ' ( (H . 

At>ln ,I ·A" m .n~ CIICI&), >Y\lcm hydIUCk.tIl<II) c.n h. ,c n"h 10 .. n, ~cl".OO hI lhe pub! ... .... 'he.n 'n 
a, . llUnI"'~ <II Ihc \ummlng ur lhe IhL lu hUIII.1I1 he.Jll, hum lhe CnllIC CIIClIY qdc. I, u.cd. 
hyJIUClcdfllll), lid, r.llly \"I1,I.,nll .. 1 y.oIl1c\ It riln~ , f.lUrth lu,,",c,1 In .. -c:kllcd gJUUp or 1\ CDCI 
II:Ihllol"l:lh. ",hId • • Ie ordcl cd .) (ullo",,, n.lur'" iA'. n",-le.l .• ,c.n Ihum.l h)dhltlellrk.lly . sob: 
"p., e h~ .... n" ' Uldl Ihern, .. 1 elcdr ... . wi.., phuhJ"III.. ... ",,,,d mclh.noI oll .. nd. 0..1 AI'"",I h..1f lhe rblt I 
h)d,otk.1II 'I~ ;!('DCr .. lhJn b due III m ,lcn .. r.l.ljU,\llIon .. oo ,,'n, IIIA"" 

Greater ID. -"le. Ana BnerO' ay.po.i_. 
1911 • 

TJ 
163.2 
• G74 
1917 

Greater Loa Ao8elea Area Fnergy 81J1PQei_ 
••• c1977. 

ix, 179 p. : 111. - (IDs ADgele. CoUilCU 
or fDgiMer. Scientists proceedinga aerie. 
v. 3) 

Cover title: ~ X3 , Quality or 11te = 
meru x ecOGOa1ca x ftvt~t. 

Tidal Pover Upda te '77 
~ward r . Wehla,. , P.~., Con»ulli n inec r 

HYDROELECTR IC PLANT CAPABILITY CURVES. 
\I. T. Alley 

IEEE Tr.nsacttons on Power Apparatus and Sys t~a, 
vol. PAS-96, no. ], H.y/ June 1977, p. 999 - 100) 

1)8 

• 

PROCESS C0NTROL SYSTE 
STATlmlS 

IN HYDRO-ELECTRIC POWER 

H. Cve i.ko . t3aden 
Brown 8ov~ ri Re view 
Va 1 • 64 ) J <I 7 7 ) 
pp. 297-304. 

UTTl : 

AUTH . 

l" uS : 

MINS : 

ABA : 
ASS : 

1024 

/11 lilt' 11111, .,11,. 1/11/1 III 

111111111 UIIJ U , 

urllcl 

H .. Lcrota. Dt.pt 
I II .... lid e r b I It U 

cl t ~ , 

Au C 

S C :. 

tran ~. fer 
tempera tu re It ~ o:::s ~n, ... n th 
be yr cater . ( 2 ) e"Jpordt lon 
t r a n.fer woul a be negat ive . 
t r a nsf e r would b. n.Qatl" • . 

t..clo 

PU 
Ga . l . 

"01 4_ . 

SOL AR 

Dua 

C.OO",uC t Ion 

t he en 
QUlllbrlu 

radI at ion 

r( 

rg 



i .S 1' ,,;;' .... .... -- .- -- ---- --

Alternati ve Sour ces of Enerqy, no .2A, Oct .197 / . 

Special Hydro Power Section 

A Do-It-Yourself, Axial-flow, low-heed Turbine by Fel ix Mei nikheim_ . _ _ • 

Handmade Hydro Power by Harry Langhorne _________ _ __ . _____ . . 7 

A Working Pelton WhHI by Felix Me ini kheim ................. _ . 12 

Fr 

TJ 
163.9 
• E54 

Heat Turns Wonder Wheel by H.L. Miller ............ _ .... . 16 

EnerRY technolop,y handbook : prernred hy 1~2 
specinlists I Douglas M. Considine. editor
in-chief. - New York: HcGra",-Uill. c1977. 

1074 p. in various paglngs : 111. ; 24 em. 
Includes index. 
ISDN 0-07-012430-2 

HYDROPOWER TECHNOLOGY 

lI )clmpowl'r ............................. . ................... . 
Ticinl F.n('rl[Y ....•.. . ......... ...... ..•.....•. . . .•...............••.... 

8-3 
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KFY WORoe;· ntnfhk fllDnl; Eny'ronmullll 'mp3ct Sf3lcnlCnlS; Fish; 
'hdro}(' l('clri(' powcrpl::tnfs; lIydroele:ctric proJe:ct liccnsinl ; Jnyutcbrlltu; 
Wllcr qU:l lil)' 

t== 
AHe;1 RACT lI )drocleClric po""e:r pl:lnl~ siled on nvcrs lind ~lreaiTI~ charge Ihe 
0:\1 til 31 C .. lldlllt"" of Ihc(C waler bodl':s Ih rnllj:h bfllh ~hnrt-lcrm and lonl-Icrm 
Im pa"~ Thcrdorc. ch30r.c~ in wlter qua"ty. ero'ion. nUC IUlIllOo In waler tempc:r3ture 
nnd w:ltcr nnw, 3nd eutrophication must be studied In pl3nntng future hydroelectric 
III<I"II:lIllIn< 1 he nhJec lives of Ihis paper are 10 dC~'nbc bricnv Ihe rcrorlcd phy~ical, 
chellllt·al. ~Iltl 11\<lI .. d)l1:101IC challges 3'~o.:l:aled Wllh hYllruc:le.:aric dao" lind 10 relate: 
, .. me (If Ihc<c clI311j:'" III Ihe fi,h al1d benthIC '11I1I1I1I1nt l i"-5 or the lower Su~uch:anna 
RI"cr. Scv.:ra l a'rcct~ of the imp:lcts of hydrockc lnc project, .re brieny conJldere:d 
anet eh:mge< in the lower SII<queh3nnl Rlve:r, the SIll' of four hrge d:lms, arc e: valu;lIed 
in li~ht of diqupl ion of the upstream runs of the previously exi'llng mllrllor~ fishes. 
Changes In Ihe struc tu re 01' the benthic communlly are .150 anlly~ed buc:d on 
lilerature re:vie:we:d 

REFEREN CE: EI-Sh.my, F.rouk M., "Environ menIal ImpaclJ of Hydroelectric Power 
Pllnts," Jnurn61 of the H),d,.ulia Dirnion, ASCE, Vol . 103, No_ HY9, Proc. P. 
13J93. Septeml>cr. 1977, pp. 1007·1020 
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ELECTRIC POWER ENGINEERING - GENERAL 

STRATEGIES FOR SCHEDULI NG POWER PLANTS PRODUCING 
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Steven B. Goldman and Michael W. Golay 

Energy, vol. 4, no. 6, Dec. 1979, pp. 1033-1051 
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POWER SYSTEM SECURITY MANAGEMENT. 
and H. P. Asal, laufenburg 

. Reichert, Baden 

Brown Boveri Review. vol 66, May 1979 
p. 312-319. 
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owrR PLANT PEQrORMANCF. 
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nvirorvnent, Vol. 20, No. J, Apri I J 97~ , p. 
25 - 32 . 
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lie, with sizes .bove 800 Me~walt$. Thes. differ from smaller plants in their failur. 
to mature. 
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ELECTRIC POWER ENGINEERING - SITING AND ENVIRONMENTAL ASPECTS 

RISK WI'm ENERGY FROM CONVENTIONAL AND NONCONVEm'IONAL 
SOURCES, by Herbert I nhaber. 
Sc ience, vol . 203 , no. 4382, February 1979, p. 7l8-723 . 

Summ.ry. R&Ik to human healtA w .. compated k)( ltv. c:onvenoonal and SIX non-
conventional .nergy lvateml. The enw. cya. br producing energy was consid
ered. not jual pIII1 . • he moM Impot1ant conduslon drawn Is that the risk to human 
health from nonconvenllonaf sources can be as hlQh as. or even higher than. that of 
convenllonaf sources ThiS result IS produced onty when the nsk per unit energy I 
consIdered. rather than the nsk per solar panel ()( Windmill The nsk from non
conventional energy sources derives from the large amount of malenal and labof 
needed. aklng WIth theu ~up and storage reqtJlletnenta. Alsk evaluatIOn IS a rela
lively new dItIc.p.ne. and ther.tore the r.sults pr.sented her. can be COf'Islderi 
only a beginning How."ef. SOCIety should keep relatMt * III mind 
present and rowre energy aourou. 

CHARACTERIZATION AND FORMATION OF SUBMICRON 
PARTICLES IN COAl-FIRED PLANTS. R.D. S.1th. J.A. 
campbell and K.K. Nielson. 

A~spheric Env1roanent. vol 13. no 5. 1979. p. 601-
611. 
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THE ENY IRONMENTAl AND PUBL IC HEAl. 1M Cm.SEQUElCES OF 
REPlACEMENT ELECTRICITY SUPPlY. 
R1cblrd Wilson. 
Energy. vol 4. no 1. Februl~ 1979. 81-86. 

BlOASSAYS FOO ESTIMATING HEALTH HAZAROO 0. 
~HNOLOGIES . 

~ 

Ener gy and Technology Review, 

We are developing a ~r 0. 
e./lluent. oj in litu ahoIe-oIl and COCII-p 

Jan. l CR9, p.l 

~ 10 ckl£rmJne whether 
23 · 

ry~ 

tain genetic toxicanu-substances that may modify th 
material oj cell. and thereby cause mutations leading to 
procedure is to obtain water from wei'. near th 
concentrote It. fractionate it into chemJ&GI dlllle., 
tion with a series oj bioassay.. In 
screen the .ubstonces Jor muto'genlc oedu"V, animal all 
confirm t"~ activity, and whole animal. to approxJmate mutag 
dulLy In humonl- Result. to date Indicate that the. b~ ore 
.tJue enough 10 deted .mall amount. 0/ pott'ZllJally htDnl"doUII 

ca In dJlute diluent.. 
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KEY WOR OS Air quali ly 'Iaadarel>; A_biul air qualilY; Control I)-stems. 
Emi§5io,,~; Energy budge', Enern methods, Federal laws; P.blie llcallll 
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ABSTRACT The current nallonal energy ,Oils Ire to IncrClsc Ihe usc of coal I nd nudelr 
fucl -., thereby decreaslOg Ihe Nillon 's dependence on foreIgn OIl, and Ilso Inere 
eonseryat lOn lSclI"tles Solar Ind other lOuhlusltble soureu of t'nergy I fe capccted to be 
10 wldcsI'read usc by early In Ihe 21st century The Oelr All Act Amendments of 197 
requlle thlt III qUlltty relul3ltOnS for sulfur o lldes Ind pantculate miller become more 
'tnngcnt and below Ihe leHI that sclenllfic eYldence indIcates IS necessary to pro tect 
publt(; health and Yo el fare In order to I chleve both envlronmentll Ind enerlY loals 
com:urrenlly , (;OII-fired l enerllot'S could be provIded wlth I smile environmental control 
thai would be more elTeellye In prOleCtlng Imbient Ilr qualtty than muillple Individual 
(;ont rol5 An elect",.ally dnven heat pump IS beller Ihan that of dllectly fired 011 or ttlS 
unlls 

REFERENCE. Jlmeson, Robert M , Ind Kane, Robert, " Arc Envllonmenta.1 ReluJat lOlU 
AIlIIOIO& a R ellt~lIc Balance Imon, EnerlY and EnVironmental Goals," JoumM oI1b~ 
En",ronmcnt.1 Englnccnng C·;,,;sion. ASeE, Vol lOS, No EEl, Proc. p. ,.r 143", 
February. 1979. pp 121 - 134 

LOW LEVELS EFFECT OF NIRTOGEN OXIDES EMITTED BY 
POWER STATION. K. Jacyszyn and W. Lesiecki. 

Journal of Environmental Science and Health . 
vol A14, no 6, 1979 , p. 519-527. 

Nee) 1 ~ 11 O~rtment of Ene.!IV Washington 0 C 0", 
01 Technology Asseumenll 
INVIRONMINTAl RIAOINI .. Of IM"'GING IIURGY 
TlCHNOLOGlla "...-ya..-t 
Jan 1979 71 p 
(OOE/ ERO 0022} A"a,1 NTIS HC A05/ MF ... 01 

The P'Incopal condustOns of the 21 Environmental Re~neu 
Documents. whtc:h essassed 24 tKhnologtes e.e praHOted Seven 
technologieS we.e ludged to h."e mlOlmal envllonmental 
eon5l.a,nll Fou ••• e 101 •• technologies The mloomally constra~ 
technologIes nevertheless h .... some potentoal envtlonmental, 
heelth end ulety problems wluc:h will 'eQUlre ca.eful manage 
ment Ele"en lechnologles meny 0' which e.e hIgh technology 
sy"ems wllh gle.t p.omlse to< m"ttng the NattOn·. -'!IV 
n.Hds we.e lodged to heve moder. te en""onmental a>nst.atnls 
The mode.e taly consl'a,ned technologIes a.e WIllI lewexcepltOns 
,n the p.edemo.""atoon stage WIth demonst.atoon and enVIfOl'l 
ment al , eadone" likely to be achteved by 1980 1990 St. 
technologtes enhanced 011 .ecovery (mICella. polymer} hyd.othe. 
mal coal gu,lICaltOn coal hque'acttOn. diesel c:ogene.atlOfl and 
,n s,tu 011 sh. le we •• lodged to ha"e slgn,locant en,,"onmenlal 
const.a,nts thet WIll .aquore e.l.ns",e envtlonmenlal .esea.ch and 
de"elopment belol. thely can be WIdely used 0' I>4II00e they can 
be depIoved In some e",," onmenlallv senSlltve a •• u DOE 
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G. E. Mevers, C. l. Hayes, J . F. SooHoo, and R. M . ~t~bs, Rockwell inter r> ltional 
Usin~ laser r;diation as- the' energy input to a roc~et, it is possiblp to clnsider th~ tr~ns~pr o~ large 

payloads economically between low initial orbits and higher energy orbits. Is this paper we ~111 dISCUSS th~ 
results of an investigation to use a ground-based Hiyh Energy laser (HEll ~ou)led to an adaptive a~tenna ~o 
ransmit multi-megawatts of power to a satellite in low-earth or~lt. Our inv!stigation included dlffrac~lon 

pffect<" atmospheric transmi ssion efficiency , adaptive compensation for atmos)heric turbulence effects, In
cluding the servo bandwidth requirements for this corlection , and the adapti ve comp~~;o ~;on for t~e ral blo

nm
-

ing . For these evaluation~ we developed verti cal profile mode ls of atmospheric a~sorption , strengLh of 
op~i c~l turhulence (CN ) j , wind , temperature, and other parpmeters neces~ar: t~ ~a l cula te system perfo~an 
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NEW orVELOPMENTS IN £~ECTROKAGNET IC ENE~GY BEAMING. 

LJ. Nalos. 
IEEE Proceedings, v.66, no.3, Mar.197P, p.276- 289. 

TA. 
403 
• C74 

Critical materials problecs in enerKY pro
duction I edited by Charles St~in. 
Ncv York : Academic Press , 1976 • 

xii, 915 P. : 111. ; 25 cm. 
"This volume is the result of a series of 

distinguished lectures sponsored by the Joint 
Center for Ma.terials Science in Ne;,r ~1ax.ico . " 

II. ENERGY TRANSMISSION 

Abllrvct - Cunul devewplIlcau ia iarF-.,ertu~e ulen ... ooup~ 
wilJl tile projeclecl perfOlIllMce of ... -power .ctro." beam ucllOlicl 
lute dericel for pnerlt60. Ind rectilicatiotl PIUPC*" nllke it pcMIible 
to peatly Clt lend pre .. nl caplbililiel 01 mictowlvc!l"Aillimeler· wavc 
beamln, ,ylleml. The .. include reilly enhancecl radar performance II 
wdl II .ome totaUy new applicalions of energy beaming. Theae uteRi 
over I larce rlnge of energy denllifie" aD the way hom 10-

10 
W/cm 

fypical of receiver aenailivities, 10 enerlY denlilie. in excelS or I olw fcm 
1 

adequate for tIIerinal iriteBciiOfi wIth many maleriiJl. This paper at
lempls 10 IlImmarize lOme of the lecJlnololY trendl which IlIpPOft 
theae Ipplicalions, parlicularly ill the areas of "'011 ranp aurveilbllce, 
IPace-space beaming, and lOme 11)"1 range applicalionl lUch II lPace 
bued iIIumlnation- Some cornpari., .. are .a.o .... * with Iue.r bunt
"". lnd6catin. the poIIibIe compk.meac.ary II .. or bod! typea of deviceL 

SECTION VI Superconducting Materials 63 

Chapter 20 Supcrcondu'-ting matcriab 

T. H.GEBALLE 

• Chapter 21 Supercondul.:livilY 

BERND T. MATTHIAS 

IONOSPHERIC HEATING SY RADIO WAVES, PREDICTIONS fOR 
ARECIBO AND THE SATELLITE POWER STATION. 
F.W. Perkins .nd R.G. Roble. 
J.Geophys.Res., v.8). no.A4. Apr.l,1978, p.1611-

The elfeel of resisllve heat in, by r.dlo wlvea on Ionospheric lemjXrlturcs. electron dcDIitlCl, .n~ 
alrglow emlnions IS eumlncd by usin, numeric~1 lonosphellc llructurc lind hat balance c:oda- Two 
cases arc lIudied n) II 3-GI:z. IO-GW microwlve bcllm from I proposed latelhte po"'cfllllhon .nd (2) I· 
MW lind 3-MW \)cllms of IS-MHz radiO "II~CS launched b) Ihe Arcclbo antenna. By inlent. these 1"'0 
cases have Similar intensllics and geometrics of resll,lIve healing_ The most drolmoltic heatin, elfcclS I" 
predlcled 10 or..:ur In Ihe E rcglon, where a thermal runaway will take place. The E rqlon electron 
temperature wllllncrcase from 2000 K to roughly IOOO· K. lind Ihe E region elcctron den,"y will increa5C 
by a factor of about 3 In the F region . where thermal conductivlIY pla)'s an Import.lnt role. tcmjXraturc 
Increases of 200·-500o K Will appear alonl! magnetic field hne! pauing through the rldlo Wive beams_ 
Enhanced emiSSlon5 In alll\lo,", and molrcular infrared hncs ",iii al50 occur RadiO WII\C hUlin, . ",hen 
omblned "Ith the dl .. gno~lIc cap.lblhllCS of the Arcclbo IIIcohcrenl Kalter rad.If, Will ,cnerale IIC'I>' 

opportunlllcs II> mea~urc the r.lles of atomIC ph),,,cs procebcs .tnd neutr.ll atmosphcre lemperllturcs and 
(ompo"tlon .It 0 dnd E region ailltudcs. 

THE REEMERGENCE OF 04 IN MODERN POWER SYSTEMS. 
EPRI Journal, June 1978, p.6-11. 

For the first time in the history of electric 
utilities, ac and dc h.ve fmport.nt .nd complement.ry 
roles to pl.y. 

663 

HIGH VOLTAGE DC TRANSt.1ISSION APPLICATIOHS OFFSHORE 
Lars A. Bergstrom and Kjell Erikszon 
IEEE Transactions on Industry Appli ~ations, v.l.A-l4, 
no .2 , March/April 1978, pp.l83-l87 

TL 
797 
.P'l5 
1977 

Abst",ct-A. orrshore PO"' ,auc 
trallSmiSiion to briAa die ,.MBleci ."111 ashOre Ir4 

Ihore PJ flClds wiD. bI lOme aJeS, be beU4!.r util.ized it ... 
burned in platform located pi curbines to ae~rate electric POW" 
which Is ttalUmittecl to .ore "" HVOC cable circuitL n .. prl 
1Y".m ihould be conaidered ""heft the distance Is Iona. die wa"'r depth 
.. blge, or the pi depowt is 1In.u. 

Pr~tDn/1\IAA ():)nference on ~ Hanufac
turing Facilities, 3d, Princetc·n, N.J., lQ11. 

Space mmuf:acturina facilities II : pro
ccecii.n;rs of the tTlrird Princeton/AIM Cbn
ference ~y ~12, 1917 / erlit.crl by Jerry 
r.rey. - New York : N~ican Insti tute 0 

l\P.ronautics ann ~tronautics, 1 f}17. 
xi, 356 p. : ill. 
1. Space staticns-<bnqrcsses. I. Grey , 

Jerry. II. J\lrerican IrlstitutA of Aerc 

Mll.:rowa\e En~rll.Y Tramlllt~"on /Wliltam C UfO"" . RJ}lhl:oll (Ilrrnr3110n .,q, -
1082 
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Advances in in8trurn~ntation, v. 31, pt9 . 1-h. 
pr oceedings of ISA Conference and Exhibit , 
Houston , Texas , October 11-11, _ 197~ . -
Pittsburgh : Instrument Society of America , 
c1976. 

4 v . : i ll. ; 29 co. . 
1. Scientific apparatuB ana instruments-

Congres8es. 2. EnRineering inst~ent8-
Congresses. I. In8tr~ent Society of Ameri
ca. II. ISA Conference and Exhibit , Houston, 

HtGH _P(7.lE~"HicR~A~-~NSHlSS 1 0N fROM SOU, II.'N _ Ia?l 
SPACF. STATl ONS, C. D. Arndt a nd L. Ll'opo ld. •• • •••••• 

TFCH~nLOG JCAL EVOLIJTJ ON IN TPANSHJSSION SY~T~ 
W. Haas. 
Electrical Communi cation, v.52, no.4, 1977, p.28)-2 
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"Tne hum~n r~ce h~~ ~1~'lYS felt t he need to o change 
new~ over l"Vrr longrr di,tance~ . The hi~torical as .,ell 2~ 
echnic-al mean<; \l.('re either hv couric-r, who carried a 9.rit 
tt'n me~c;a~e on foot or on hn;c;ehack, or by fire and smoke 
~ignal~, a method mainly uc;ed by the North Amencan In 
<llam. 111i~ .\\'a~ ~ollo.~c:d i!1 1790 by tde.cf)mmunicatiom 
nt'tworkc; ha~ed f)n ~emaphore and other optical com
mllnicalion~ "yqemc; ~U(' h a~ hdio~raph\ . [yen at that 
time the dl~t11l~lJi .. hing fraturec; of a commumc~tions Itnk 
wcre: length of the connection, commuOlcHiom capaciw. 
quality, and .. peed . l1le c;un of the twentieth century 
brought a new era in trammic;'iion ~ystem'i . Fint te~l~ on 
carrier frequency telephone 'iy"items for 2 to .. speech 
char.nel'i were m;Jde i:> 1926. It: rarlllJ succe'i~ion new car
rier frequency telephone ~yqem ~ ~·ere dt'veloped with 
rver incrcac;i n~ cap·citie~ . f \'en:. . this time the malori • 
the component~ u'ied were r)f th,. electronic type; tube .. , 
rcct ifier~ cllplllciton, resi~ ,.;) r'i, and COil tran'iformn-s. 
Electromechanical compo nents .... ere mainlv u~d for ad
justment and ,upervi , ion . 
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AUTOMOTIVE POWERPLANTS - GENERAL 

" 79N?QGCB·. ISSUE 20 PAGE 2692 CATEGORY C4 
RPr. : NASA -CASE · LAR-121<4S · 1 US'PATENT ' APPl-SN - 051 275 
79 /06/2 2 12 PAGES UNC LASSIFIED DOCUr.1ENT 

UTTL : Sol a r en g ine -- - Flat p la tp t ype TLSP : Patent 
Ap p I I ca t Ion 

AUTH : A/ ..r E· /!>E rL ~. N. PA T: A/Inventor I t o NASA, 
CORP: Hat lonal Ae ron~ut l cs a nd Spac~ Art~lnl strat l on . LO~;Iey 

R.spa rch Ce nter . Langl.y Stat ion . Va . AVAll . NTI S 
SAP : He A02/MF A01 

A..rS : I ' ENG INE DESIGN/ "FlAT PLATES / ", ISTON Etl.GINES/ 'SOLAIt 
EN [ PGY CONVER SION/'THER~~DYNAMJC CYC LES 

INS : / O I SP LA C E ~ EN T/ FLUID DYNAMICS/ HEAT TRANSFEItI PATENT 
APrI.1 CAIIONS/ SOL AR ErJEI'GY ABSO RBERS 

ABA : NASA 
ABS : A solar e nQlne Is disclosed In which a (Iuld. which 1$ 

f tr~t he~ted and tMen cooled. f orces a plSto~ 0 ' t war d 
2S the fl uid Is heated . a nd t hen draws ,nw,rd 8 - the 
f lUId Is cooleu . The pis t on I s connectcd t o a sha f t 
... ·'d proc1uce<s wor k as I t moves ou t ward .JnC/ I n\O ard. A 
dl splacer pla te move s be tween an abSorber p la t e a ~d d 
C001 Ing pla te to form an a ir &pace bptwcen t ha 
d l~placer and one Or the o t her o f t he=e t wo plate s f or 
hea tt ng and cooling th o f l u id . Th~ dl ~ plaCer pla te I . 
for hea t ing and c ooling t he f lu id . The dl Spl a cer p late 
I s moved f r om one p la t e t o t he ot he r by t he d lsnl acer 
p ush ring as the p i ston n.ars the midpoi nt ~f It a 
t r a ve l on the outward stroke end aoa i n on t he Inward 

ke . , 
THE FUTURE OF THE AUl'CMOBILK IN AN OII-SHCRT WCRLD. 
L. R. Brown. 

The Futurist, vol 13, no 6, December 1979, p. 447- 458. 
As oil supplies dwindle, thp. personal automobile will 
have t o absorb the brunt of any f uture shortages. 
Unle~s major changes are made in the rolp, and design 
of the ",ut omobi le, people wi ll be f orced t.~ turn to 
public t ransportat ion, two-wheeled vehicles, and 
wal king . 

T1C 
2896 
.155 
1979 
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Interlociety [nerlY Cnnverslon Ehglneerin 
Conference, 14th, Bolton, 1979. 

Proceedings of the 14th Intersociet 
Energy Conversion Engineering Conference, 
Boston, Massachusetts, August 5-10, 1979. 
- \~ashlngton, D. C. I A.erlcan Chcaical 
Society, c1979. 

Heat Engines 
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The Effect. of Mixture Strenlth Fluctuation 
on tbe Efficiency of Small Enllnes, K.S. Yarde 
and H. 000 ..•..•.•.•...•.•..........•..... 1045 

7~9226 
Rotary Expander Enllne Pl'OJram, R. Meun ier. 
G.I. Silvestri . R.M. Tompkins, D.A. Bowlus 
and G.A. Brown ............................ 104 

799227 
The OImo-Hydro Power· Heat Enllne: A 
Prolres. Report
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S. Loeb. M.D. Fraser. S.C. 
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THE At1l'OKlBILR'S BND~ F't1.roRE. R. P. Brennan. 

Futurist, vol 13, no 5, October 1979, p. 317-323. 

No modem technology is 
more wlnerable to 

scarcities of fossil fuels 
than the automobile, but 
technological innovations 

could bring radically 
new can to America's 

highways. 

00 WE HAV~ A CHOICE? --...;- ........... --=----~..L! _ _ ---
Will Barron. £dwfn Crewford, 'Horton Weinberg 
Automotive Engineering. Vol. 86, No.7, 
July 1978. p . 26-31. 

Do we have a choice ~ keep&a, 
the automobile, or ... m it IRdually 
be driven to extinetion by fuel 
shorta,et and other lltemal 
fore.? V .. , we bave .uch. cbuice. 
Th.1', the concluaion drawo (rom 

a recent Maryland DeputlMllt of 
TraDiportaUoa MU'YlY -bidl ex
amined the potential (or wide
.pread mid· and 1onc·tarm Ule of 
alternative pcMNr aoutcel I. auto· 
mobi .. and Ii.ht trucb. 

ttl} 

762 
.595 
ZS6U 

u..r, I., 1J05-
~tng ~ in~.al cabIftim 

en}1nes I f\ra&II&,tAla, ca1cu1at.i.alw, 
exzI1Plea / , .. Zimet' , trm8laticm fma 
the Gelman by G. Winkler. - Berlin , 
New York I ~inJer-Verl..ag, 1978. 

x, 290 p. till. 
Translatia1 of ~l.adlD.J van Vedra ... 

ntn;JlI'I'Otnren. 
Bibl.io)taPIYl p. 276-285. 
~ ~387-08544-(\ 
1. sw.r- charc}en. I. Title. 

~ 79~12980. ISSU E 3 PAG E 409 CAf E 
78/00/00 42 PAGES U~(LASSIfI[? 

44 

UTTL ' AlternatIve fuel5 for reclprQGatl ng 
C~bus t lon englnc~ 

AUTH : A /GA lLO~OU ~OS. N. C. 

AaA : G . • . 
A15 : I 

110 

---------
NfW SENSORS fOR AUTOHOIIlE ENGINE CONTROL. 
W.G. Wolb 

Instru.entAtfon Technology, y.2S, no.8, Aug.1978. 
p.47-S3. N.w Mnaora are nearing production 'or u 

automotive engine controt lyateml. The Nnsed 
parameters Include absolute and differential 
pressure. contacting and noncontactmg ang 
pickoffs, air and fuel flow, oxygen partial pres. 
sure and temperature. These sensors ha 
moderate but long-term accuracy GeneraU 
..If--cont.alned. they produce a high level output 
and can survive in a near military environment 
Their mass production at I.,w cost WIll produce 
major changes In the Inltrumentatlon Indust 
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Enrrrl' and Labor Cost of Ga r-oline ~Twine Ren.'1ru f ac t uri 
by F. . R. Vpnta & A.M. Wol~ 

Arr,onne National Laboratory 
September 1978 

por L/CllSV-l 

Th i s report present. a ~etailed estimate of the l ab.r" and 
energy, by fuel type, r equired by the U.S. economy to re.anufae
ture gasoline-fueled automobile and truck engines. The e.ti.ate 
vas obtained by ca.bining data provid~d by several reaanufadtur
ers with the r esult . of input-output analysis . A rough es!J.at 
of the labor and energy required to manufacture nev engi" • i • 
• tso given. These e.ti.ates sugg~8t that remanufactured entine. 
require 50% of the enerlY and 67% of the labor th at nev en.ine 
requ ire . 
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p . 3 

Government legislation and possible fuel shortages are 
making total transportat ion cost factors increasingly 
important. This article compares Initial cost and operating 
cost of four advanced "utomotive powerplants. 
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THE PROMISE AND PUZZLE Of ELECTRIC VEIIICLES. 

...1ectric Power Research Institute Journal 
no 9. November 1979. p. 6- 15. 

for I.l ll' v ,~hj cl:' 

01 

ELECTRIC CARS ADVANCE W TH[ US . Clhe Cookson . 

~ew Scientist. v. 83 . no. liM. Julv 19.1979. p. 198-

200 . 

ElectriC vehicles now cost about the same to rUl as 
petrol-driven ones but have inferior perfonnanc.e. Th 
a 1 so save oil b_t not enerqy . lIith its urqent need to 
reduce oil consumption the US is \-Iorking hard to overc 
the basic weakness of present day electric vehicles. 
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an err{'clive means of pr('dlctlng Ihe pt'rformance of a I('ad arid haltery. The .. ffec-tlveness 

this battery modf'l was tested on battery t11f1rhar~e profiles C'tI)('ctMi durinj! the op(' r atlon 01 an 

elpctrie v('hldf' followln~ the varluus SAE J227a driving ec-hf'dulrs. Thf' aVf'raf,tlng model prc 

dlrts the J)('rformanrp or a hattery that Is pf'rlodlc-ally charj!('d (rel'enerated) If the relteneratior. 
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,11.80-15658 Electric lind hybrid fthidH. EdIted by M J 
Ulll le Pm R, • • NJ .• Noyes Oltl Corp (Energy Technology 
Rf'Vte ..... No. 44 1. 1979 652 p $J6 

The report prnenu dltl developed by the ERDA WIth 
Isslstance 01 NASA on the stne 01 the lit 01 electrIC 80d hybrtd 
vehldes.. Attent Ion IS goven to three soorces 01 d~ta 111 controll 
!eslS 01 I representallve ~ple 01 commercIally ;waolable and 
experlmen!a1 electrIC and hybrId vehIcles. (21 InlormallOf' 80-:1 dltl 
hom the literature Ifld vehICle mlf1ulacturers. Ifld (31 the uperoen 
01 users. both fleet operiitolS ilrId Indlvtdull owners T!'Plcs cO'tered 
Include elect · 1C vehICles theoret.ul ~Qround. Yehld 

EP 

A 79 51827 A CX)mlM,hon of melal.If batteries for elec1rjc 
wehlde propulsion. y, . A. Bryant and E S BUlle11l (Weslln<j\ouse 
R~search arid Oevehpment Cfflter. PllISburgh. Pa I In InterSOClety 

nerqy ConversIon Englnee"ng ConlerenCX'. 14th. Boston. ~'S. 
August 5-10. 1979. Ptoceedln9S Volume I . IA7951726 23 441 
Washln9lG:l. O.C. Amf!tlCiln 0lem1C1l Soc.ety. 1979. p. 651653 15 
reh. Reseaoch supported by the US Oeo.lment of Energy 

A companso.. IS made among lour metal air systems beIng 
consIdered lor Iuture U!le In commuter electnc vehICleS Tn .. lf10de 
matr"als Ife lithIUm. alumInUm. llnc 
system IS slIII In an e .. rly stage 01 ~elopment. A PlOPO 
~anlCillly rechargeable alumlnum·.If system IS potenllally ~bI 
01 superior perlorm..ce but .1\ relallve COSI 01 ownrnt1lp and 
Ofl"'riltlon IS expected to be hIgh . Several slurry llnc .. r systems. 
bto lOQ d!'Yeloped whIch avotd the II ad II 100'" vroblems ISSOCIMed WIth 
th~ plate type llnc electrode. A lullydevctoped Iro"'If system. 
1"SPf'C1~lly ont' e(Jllpped WIth a bllunctlon .. 1 air electrode • • s expected 

he low we!!Jht .. nd f!CX)nomICilI . (Authorl 

A7~9380 I Outlook for a1ec1Jic roed nhicleL W. HlmW· 
ton (General Rese .. rch Corp .• Silnll Bal'bafil. CaI.I. I. In: Ut.lization 
of IIternMive fuels for II'lflsportUlon; Ptoceedln9S o f the Sympo
SIum. Silntl CI ... Calif .• June 19-23. 1978. (,11.79-4931622·281 New 
Yor k. American Institute 01 AerONUlics iIrtd Astronat lics. Inc. . 
1979. p . 97·108. 

Electric Yehicles in very Ilrge numbers could be recharged from 
00.1 or nuclear facilities now wail able or projected at U.S. utilities. 
Resultant savings of petroleum could be c:on81POrtdingly large. With 
future betterles, the driving ,.. of elec1ric cars w~1 bee 
adeq.!ilte fa< most .. tornotive tr .. et. Unless gasoline prices irICfe 

draslicilly in rel.tion to 0" prices or government intervenes directly. 
however. relatively lew electric c.s .e likely to be sold in this 
cent\lry. beau,. they generally wAI cost more iIrtd do :..u than 
oonventionll c." (Authorl 
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A1~31J63 Ea.ctnc "flhde !MUlrY "'~t. C 
Fte,wtlm .. nn (E llIa Corp .• ElflCl rlC Vehtd . G,oup Ply mouth 
Ing. P. 1 Soc .. I" 01 A utomolNe E~. eong,.a Mtd ExpoS/I I0Il, 

OttlfOll , MIch.. Feb 26 MM 2, 1979, P.,., 790158 II P 32 ,efa 
ERDA ConlliCU No 31 109 38 3628. No 31 10938~206 

11>1 IOn IS preMtlild o f tn. developmenl of a new I.~ ICId 
l.u llery for clectroc vflh,d. propul5lOn app!latoons. TM biltllfY 
wh ,ch .. being developed ut4K exp;onded metal. noNnt lmon~t allo 
lind.. • .... eloped .ep;oral oonJrllenllOO. and hogh·nte productIOn 
Il1O:lhods 01 pilCkaglng Includ lnll Ihrough-I ......... I COOltruCtlon. Th. 
bm ery IS ekpeeled 10 meet 1M DtpI(tment of Energy IIDII. to, the 
Improved ~ate 01 Ih .. art elect riC v.tlld. banlfY Ind 10 be further 
Improved to mee l th. ~ment of En_gy ph fo, tM Idv 
b.i1l"Y. GR . 

A7951782 PrtodlC11Of1 .. f .flhide I*fM~ end 111 
..,.,uvlly to component ImprowemenU . AppIicIotion to eMctrlC end 
H2 fu~ed nhld.. A F McAte"y. III (Sle".os Inu,lu t. 01 Tech 

Hoboken N J 1 In InterwclelY Energy Convenlon E 
805 Ion. Mllu . Augu.I 510, 1979. 
5172623 441 WHhongl OO, 0 C .• Amtf 
p 337 342. 8 r." 

Simple. atgeLuoc equ .... on' _ ,. used to rellll. veh ICle ~U. 

WT . lind ent'rgy comumpllon. C. 10 p.r llmel. f, desctlbtng "enlCie 
(.(lfllponeols Ch ... ..clfl " IICS By di llerenllll lloo. the wnsllI""1V of WT 
.nd C 10 componenl Improvemenll was delermlned and uWld 10 

lIon .. t R & D Inve.lmen l polICY For H2 lueled veh ICle. 
hocte •. EV·s. R &D Inveslment In Improvong v.hiCle 

enerllY Slor.ge devICe WllS predlCled 10 produce ",ellter I»l:rU_ If'I 
WT lind C Ihan Inveslment 10 lhe power Iraln U"ng. pub"~ 
10lKOISI 01 componelll c/'"IICItIlSIICS. WT lind C IOf bolh kinds 01 

lime "ames Nume,alrllsulillf' 
PI~nled. IAuthot l 

A7~3'357 EPRlfTVA pilal .... Ie " •• ct.. .... 
1100 PfOtI'am. R J Ferraro IEled llc Pow_ R ... lfdl Inlt ltut • • Pelo 
Alto. C.t, l I .nd D l. Harbaugh lSc.uther'n C. hfof/\ta EdllOn Co .• 
Los Angeles. C. M 1 Soc_ry of ~utomol"'. Efl(J"'''''' ConrIr- Mtd 
EAj)Oul ion. O.,fO". MICI~ . Fe. 261t1M. 2, 1979, P.,.I901 10 It p 

TM oomoder ed program IS maonly conc.,ned with \he Ideollf 
lIOn al l he poten .... 1 "'IeredlOlU IMtW"O large KaI. use of eI. ClIIC 
vWlIdes IE 'sl and ut J Il Y operiiltlO/l$. By combtn' ng ' .. ..ole EV. with 
presenl d4) sU~II-o f the art dill. collectIOn l echnology 1M two y
plio I d ernonWallOn .... 011 eslabllsh lhe dlll"Kt.1U1CS and caplIbolll ... 
o f EVI In a represenullv. operal109 .n.",onment wllhm 1M tlectnc: 
ut ll ltV Indust ry. The key reqUl,ements for III EV 'upfJOrt ",fr.stIUC· 

lu,' are 10 b . n l4i.lhshed for vl<Jt)t • • ~ger1Cl1. demonouatoon 
proY'""". Other oblecll¥es If' rel .. lld 10 \he tdenllllc.llOO of 
opllmum WilYS fo, Ihe eleclllC ulIlIlV ,ndustry to par1~11 In 
Ial ger lC<lI. demo", IIIllOn programs. and the tdtnullClilOn of hi 
pr IO lI ly lIees o f resurdl. dtl$'iIfI. and d.,eIopmenl for EV.. G.R. 

Energy Conversion, v.18, 1978, p.127-IJ4. 
MODELl NG l:NI-RGY AND POWI R 

REQUIREM1' NTS OF rLE' CTRIC VFIIICII ~ 

PI:.,I:.I( D. "LAIR 
" ... h.~ .. 1 .. I I'uhlo .... oJ l rh .. n p ul .... , l "'''hll, .. I 1 '~· ", .. \h .IlIt., 

" IIII.llldpht.. I'" l I) ... 

....II.'lI I ,\I.", It I 

' .... "acl In Ih" P.I~' .. c pr~nl .. modd of dC\.I, ... \ch"k ~,r."m"I"': In II " ,111 Ix' u-L, I 10' ~"" lIm"" 
~lk:rlf' .. nJ 1", .. ,', rL'lUllcmcnh •• / \cluda an \ ""0U~ Jrl\ln~ ell'" .)flfll\.IlI • . II..: 1ll ... ld '._ ,1 .: .d •• I" 
/'001 b.l'''' \Chldc P.I' OIln.:II:r, .lIld .. hen ~oupk" "llh .. "mp'" mll<ld , .( hlll"I~ p.'(",m .. ",.·. h 

u,\.-.1 III C\ .)mlllC ctlC .. II\C '.Inl\. .... m,t per·mlle Ir .. Hkd (/""j:~ ''''1ullcn"n .. ,.1 d''''III': .dlld", .. , ... 
" .. ,ul " llh IIIlc,n.ll ,,,mhu'llOn r .... crtd \ChKk, unJ,r \lm,I.1f lilt",,!! ,,,,,,I,II •• n_ . 

" numhH .. I dj,\C'\ nf Hh ... k, .Ire d~u\,ed e.l,h HI .. h"h " ".1.-11;11,,,1 1>, .113'01,1':/1,1',' \.,h .. , 
"I I he mllde" H'h" k .• nd dlt'ttll! poIlle,n polumela, ' -mlr"I ... '\! II"""I! ,"'k " iI,I •• pt.:.1 01 , .. 1 '.If1",' 
l .lllIl l ,11111" .lIe 1ll .IJ" I·n .: .. ~h .. I Ihe \chldc d.I'''~ U !OJ: .I 'Imrk m· .. ld "I h .I II'" I'lt,.lnt .. , 
I", .. l \ p l ... 11 1~·;.. ... I· .Ilkl h.llll/\ ./lll! I • ., .. IhcOl .. I .... 11 hlj!hl','."m.I .... ~· ".)11", 

I he , dolll"n,hl", J"d.,p." I ... ,e 0,'1 •• nl) pr ." Ilk .. \lml'lc .:,1 101.11 mr m.kld •• ( ,dlld\.· 1'.:11. If 111:01',,' 
hUI .1"0 101) Ihe 1!,""nJ .. "r ~ (flr .I nlll,e comprehcn\l'c "mul.II .. ,n n"oJd II .... • ,k.d.'rn " ... 
1\ ,ullenl l) m 1""Fll~' 11 .. • ,,01r"""-.1 O1.odel h .. · ~ nunl ... ·' ,'1 .... I"" .... " 11/1 ro.-klll'", .. h\l"all\' 
"'1\111' " .Il1l1ll\ 1 ~ ,al ll ... llIln, iII, C "K'IK..al oi long .. llh "'f ...... :~ \I\.n""n ' I" ,I I .... m.l<l.:I 11 • .11 .. , .IJ" .... , 
I he , C\I/ O<lIon, 

Tho: prehmln.J' ) ,C'\uh \ of the O1,odel md ..... lc t h.lI ekclt...: , chid,"" .:mpl .. ~m, ,,1"-:1 , 'U/I,1I1 1.', 11. 
n .. lol!) or hll!h rc,f .. rm .. n..c boi llcr a m .. y be cnc' l!), c lf ... tcnl I" Uf " .. " ~n'I .. "''''~n'' 1I " .. n" . , 
1Il1.:, ... 1\ .. "ph~"I .. 'm .. he,e IOler n .. 1 ~oml,u~lIon cn,11lC'\ .lIe mt,,1 ell ...... nl . lhe \I,mr .. '.1I1',· ,'1 ... ,.:\ 
lIla,I,'no (\1 dnlrlO '" m lOlol .11 
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153 
.E4787 
1979 

Enerqy Techn6lOClY Q)nferenoe, r;th, l6shirgto", 
D.C., 1970 . 

Ehf'.rgy techmlO:JY V : challenges tx> 
technoloqy : ~s of the fifth 
Dlergy Technology <Dnferenoe, February 27-
March 1, 1970, ~hi.ngt.al, D.C. / ~.iterl bv 
Richarrl F. Hill. - Washi.ngt.al : ~nt 
Institutes, l"l70. 

xiii, lOf') p . : ill. 
1. ~ (Mechanics) ~resses. 

lLECnUC VlHICLU CHALLENGE IlATTE"Y TECHNoLOGY p.' 3r 7 
Jonn L. Hanm.,. . Elton J calf 0 • • Earl H. H .. 'bnnk. EJearodterA .. try o.p.rtJ 
Gen«eI Moto,. R"',dl UOoraIO'- I . 
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Automobiles, El ectric 
" ,. •.• ,"'J .~ 1·~7" 
II I. I, \ "" ~, , •• 

f ;jl.\';:ti r~x~:'\ m r~n~n:~n-::p. cc:nr,:,;~ S\':: iE=',S rJl:~ .... P -1!1 

(
' I d r}... ~. (J " ~'''0' ' , 1 ) ~" " (' .:-('.~ ,,21 IJn3"O,' , [ .. -;:;5 • • t.OY . 't- ;t.J.7lJ:r. J..~; ~~ • ... :1 ... . 

.:,: 
~ .. 

f' 'Ilfv" ... " ... ~ 0" Ccn~ ''''' ' ~'.fC';-r. ' ''' \,_ 1 . ,_ .4 ..... "...f .' ..... ' oM.J ' "" .. -, .. 

Hi n] mum F.1l(" rr:y ('Oil t r o 1 n r a 
Driv0n V0Ili " 10-; i>:. ~).-'; 

l ."'l .; <; Elec ically oJ 

y i 1 m,-, z r: . ~, " h i l) l-; ., y.') 
.Tl'L , C(1] if p llli(1 In ::;lillJl0 of TcrhllOloqy 

.~'lv ::;~-I~i-:l fa 
r~;.s:\ 1:, '\ ·:i~rj!" 

1117.32130', Je' P'OJIlIl.oon Lab CaM 'ns' of T,.ch Pue~n 
TH"U STATIE OF THE A"T INDIVIDUAL ElECTlUC AND 
HV.,UD VEHIClf TIE" "ErORTS. VOLUME 2 
Nov 1978 329 p ."Is 
(Con' •• c' [C 77 A 3 I 10111 
(NASA CfI 1f12311 HCP/Ml011 03/ 2 Vol 21 AV8" NTI S 
HC AIS/ MF 14.01 

P.oc,.dll'~ usltd .n de,,,.m.n'ng ,:-." """'QV e 
onomy 01 • lI.soI,,,,, elKtnc hybnd t... en 8111C'. te pu. 

ce. end .n "'lIC1nc V8" .'. d4tK.tbed Tebu' • • end 1I.8phtc; del. 
how .85 U"5 01 dnv.ng cycle end con"enl 

d.",,,buloon 10 v.roou~ componen'. 8fftC 
lind 10. ,Ilt! hvbnd V"hte'8 t 

THE HynOrD ELEr.TRIC VRTlICT.R nlNEJ .oPMF.N1' MID 
PRffiPF.C'l'~, hy .Tfl~S R. Rllml t y . 
FuturC"s , vol. 10 . no . $, ()d.ol~r 107B, p . lqfL1I'I? 

8 

O .. rr Ihr b~t 1I1'(';l( \1" or so ~i~nifi canl 
I"rrorl~ h;",!' !'I"I"II lI1:-1dr 10 tlrvt"lop not 
only vrhicko; PO\"I'" I'd hy hl"at cn~inl'<; 
or rll"rtl icily hll' .11'0 hyhrid vrhidr'l. 

or moP" 01 thr rllrl J!V ~Ollrc'(', i~ drctri 
("',,ally .. haltrry ). ., hr .. ddilion:-ll 
rnl" ~}' ~()"r('r i, c:rnrrally 0111' or 1I10rr 
of Ihr follO\\inq;:-In inll'l nal r()mlll1~ li ()n 

A hylll id vrhidl" C:-I II hI" rlrfinrd :-1'1 a 
vl"hick which io; pm\ crrcl hy two 01 

morr rl1rl g} SOl" rl'o; pro\'iclin~ vrhidr 
rrop"I'Iion sinmltanl"omly for P;UI or all 
o f Ihr lilliI' , t . \ hi, Iq)Orl is concrrnrd 
onlv wi,h h\'hrid vrhides in which onl" 

ie) (·nt;inr. a nrwhrrl •. 1 pnC:lIl1Iali 
aC(,lIlI1l1lato, or a 'Irlflll(\;\I ), haltrl y. 

Why dndop h}l" ill dret, ir 
vrhidr, ?'1 hI" ;tll\\\rr lir~ ill thl" Irl .l li\'r 
.. r":an'ac:r~ :111<1 r1i~ .. (h-;"'I:-I~ro; of ir
rnc:inrll alld I"I('rlrie vrhidl". 
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Electric motor handbook I ectitor. E. H. 
Werninck . -- London ; New York : Mcr-raw
H11l. c197A. 

xvi. 629 D. : ill. ; 2b cn. 
Includes bih110~raohical references 

and index. 

q FOR TOMORROW: A QUASI-ELECTRIC-DRIVE VFHIClE. 
Energy and Technology Review, June 1977, p.IO-16. 

ISBN 0-07-084488-7 
An electric vehIcle with In Internal-combustion-cn. 

1. Blectric motors--Handbooks. 
etc. I. Werninck. f. . H. 

nuala, 
Itecnallve automobile to compete .uccc:.u(ull 

reduce: petroleum UK. 

ane IdJunct could be the 
itb lOOlf. car and to help 

Ar rrr)Y MID rWl cr ll TErH rJ " l "r; y SW!VE ·YE1 . 
Tll)mJ S J . lund f, J ~~eph F . M(Carln 

AJt )l1\<)livp Enninerrin'l . Vol. k6 . t~o . 
I J 11 1 l7R. o. 

rhe future of the electric uehicle depends on aduan c 
t edlilu logy. This artlcie dlscusses leadlllg -edge batt 
and fuel cells for specia l-purpo~e uehicle power. 

nellt of baU. 
deuelupmeflt~ 
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A PUSH FROM CONGRESS 
C. f . Wise. 

D Evs ILL ROLl. 

chine Design . July 21,1977 , p.27-30. 

Passage of Public law 94-413 commits ERDA to th 
purchase of 7, SOO electric veh icles by the earl 
80's and the Postal Service to adding 7S0 1/4-ton 
EVs to its fl ~e t of JSO electric jeeps . 



Automobf1('s, 

The Consumer's 
ELECTRIC CAR 

Ernnt H. Wakefield 

l('ddc TL a 0, W 3.r; 
Section 0". ellplaln, the 

lion, of electric whicl .. end 
thought~klng Information on I r: 
pertln..,t IUbjecti from government rwguletlont 
to the convindng economla of electric can. 

Dr. Webfielrl ellp1einl why he considers the The luthor', comperison, of efficiency chlrM:
lIectrlc Clr n,. logleel nlllt step In lutomotive tlflltles ber-n electric and II8IOllne-«1 
evolu tion, 1;"' . ~lhy It II 'he Mturll rep!ec:ement can wlllltIr1le meny re"n. 
for todey'l convemional ,":Ir' (fltilly dependent The _Ic prindpl .. of 1Iec:ttlclty Ife cow 
on dwindling luppli .. of 101111 full' . Anything ,In Section Two clearty and limply. II 

thlt Would prove helpful In knowing ebout tJon for Section Thrft whlett lIIemlnes In pr.
ectrlc can- their design. edvantegn. df""l" dll det.1I the operltlon Ind technology of en 

becks. operltlon. end future-II ineludad. lIectrlc C8r. the relllblllty of Itl t>.ttery 8nd 
Theeuthor took lpeelal eare to make c:ertlin chlrv!ng 1Y1 ...... II well II I dilCUtlion of 

thl' unique guide to electric can il undentlMld- lltemet. motGn end control,. Section Fou 
able end Informative to all reeden Including concludes with I vigorous conlideretlon 0 

thOll without In engineering or scientific lIectrlc e.', future prOlPKtI. the euthor', 
beckground. Tec:hnlcal date with ellplanltory IJlpert view on -V' of eehleving ,Ignlflcan 
curves end tlbl.. WI Included. but will not gr_tIf mil ... end the slgnlf'1CIn<lI of 
dIItrect from the book', Interest end ullfulr _ c:en In ~ of menklnd', e 
for nonspeeilllill II well II ellpertl. 

Automobile enthu,llIlI will find thi' flnt 
euthorltltive book on electric c:en beneflcili. 
Appreciltive rllden will Include engineen. 
lelentists, environmentellstl, eutomobile 
own.n, dellerl, men!lfeeturlrs. thOll con
cerned lbout ~klnd'i energy fU!Ure, IIld 
enyone Intrigued by new technology. 

Dr. Wlkefield does not ley lJleetly when th 
electric car will become I ma/or form of tren,. 
port, but he il convinced It could be end may 
be soon. Hi. PUrpOlll In _/ting the book hat 
been to Inform IPKIIIIIU end nontPlCial"tI In 
advenCi concerning en importent subject on 
which he hll devoted many vean end mede 
himself 0". of the world', leeding euthorit 
When the electric eer becomes I wIdetpr~ 
preetlcal rellity, Or. Wlkefleld', eontrlbutlont 
will be Pert of It. HI, book PfOYIdet the reeder 
with I comorehll'1live preview and Introduction 
to the electric e.- whOM generel ev.llabillty 
he deellres It cle.ly I qUlltlon of "wtI..,." 
not " If." 
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THE DIESEL DILEMMA 

loi. Ember 
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BV 1985 one out of every four new can In the Uni ted States could be die$el powered
if the Environmental Protection A!Jtmcy approves. The diesel engine is 25 percent 

more fuel efficient than today 's gasol int! engine , but it al$O emits fifty to eighty 
t imes IS much soot. These tiny .:arbon particl es not only create odor lind viSibil ity 
probl.ms but may a',o pose a serious health risk . Before the end of this year , mil . 
lions of dollers will be .pent by both government .. 'ld induury in trying to det ... . 

mine wh.ther dinel ~me. If. in flCt toxic .nough to jU$tify I ban on the future 
production of di .... CAn. 
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NITINOl THERHOOYNAHIC STATE SURfACES. 

• 

J. S. Cory. 
J. Energy, v.2, no.S, Sept.-Oct.1978, p.2S7-S8. 

1l2U 

The en,lOeertn, thcrmodynamlCJ of Nltanol Ii OM o f Ihe 
l.cy clcmen" o f Ihi5 lC\:hnolo,y. AI lbo_A by ISO years 0 
heal englOc e~pcrience, Ihermodynamics is vllal fOf' Ihe el 
fi':lenl de\<dullmeni of Ihe lC\:hnolo&lcs of systCf11 siudies, 
lO~enllon, optlmlllu ion. del:lIlcd deSign, and le~1 evalualion 
o f heoll engllltS To fulfill Ihis role for NIlIOOI heal en&in~, 
hl~lonc;l1 ('\penence ~hows Ihal Ihe engineering Ih('r
modynalll":~ 01 Nil 11101 nlU~1 I) s~lfy Ihe nC\:o!>afY and 
5uthcICIII SI .. le v.ul.able), 2) pro\<lde 3 quanlllall\<e de~ri ptlon 
of all pos)lhlc Ihermod),lIaml': palhs, IOgelher ""'llh J) Ihe 
"",or" , " ) Ihc he .. 1 110 w. ;lnd S) Ihe energy dt\\lpallon 
.. )W\.I .. led ,, "h each 01 Ihe~e palhs. The purpo~ of IhlS paper 
I~ 10 pre)enl .. n emptrl~ oI l d.ll. cOHelalion "",hleh furnt )he) the 
:trst three requirements . 



ENERCY FROM HUMID AIR 
T . K. Oliver W. N. Groves and C. L. Gruher 
and A. Cheung 
J . of Energy 
Vol. 2 no. 1 January -February 1978 
p. 63-6 

A VAST amount of ennllY i~ contained in the 1<llenl heal o f 
vaporilation of watcr vapor in hllmid a.r Th.~ N(lle .~ .. 

report on re<iearch in prollre",. the goal of wh.ch i .. to fmd a 
co\1 effeclive prOCe<i'i 10 con~erl the energ) in hllm.d a.r 1010 
mechanical work . Thi <; "ould be lI~cd 10 drive an cle(!n(;11 
eneralor . A propmed mechanl1al.on can he Ihollghl o f a<; II 

heal engine with the a.r " .. el f '>e rving a\ Ihe '''orkinll nlIId I h 
re<;rarch is bein. cllrr .et! oul J)nmanl\ Ily complllrr ml'dehnjl 

FFJCTENCY OF THE ~lJD-STAH FtIGINE "AD E WITII NITINOl 
ME/IOPY MATr:QIAl. 

o lp s tanf'h, A.A. 
J. A~DI. Phvs. , v.49, no.), Mar.197A, p.12~1 - 1244. 

TIll' ('Hirlrnry l('v('1 o r Ih(' hf'at - Ill"rh;)nir;)1 ronVf' r _ 
~1'1O ha<;('(! on thr <;11:1111' fcr OV('fY fI r Ih(' ml'mnry Illa
trrial<; . e; 'Illportant in thr d('v('lnplll"ni o r a solin-state 

nrlnp (S"E) Ih;)1 1';)11 olwfat(' wilh 10w-Ihrflll;)l-pnrfI!Y 
1'0Ufr rl' . I Unlikr thl' Carnol rll!!in., . Ih(' rrr.rlrnry o f 
wh.ch dl'J)('Il(I<; on ly on thr 1(,IllJ)rr:llllfre; o f Ih(' hoI a nd 
rold "('<;(' I voire;, Ihe SSE efflrirnry drprnds on I'Pvl'ral 
p.1.ranH'lrrl'. To idpnUfy those fa rtors Ihat afff'rt th 
('fflclf'Il l'Y. w(' :.avc s('lertNI a two c;lag 
cvrlP o f th(' SSE g!'ncrally In 11<;1'.' 

1rr'rEOJ:~ rtJRflOCHI\QGF.:S FI vr - CYlINDE R DIEC'"J:L. 
IIrt Ohlandf'r , Manfrf'd Fortnaqe l, Hans _ 

Juprqf'n Feuch t, & Ulri ch Conrad 
l\utC'motivp Fnginef'rinC], Vol . R6 , Ho . 6 , Jun,. 197R, 
r . 110-45 

SignIfIcant gains In performance and economy result from 
application of a turbocharger to the Mercedes five-cylinder 
diesel powerplant. 
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Oldsmobile Opts for DIesel Power 24 
The dIesel passenger car IS alive and well , and living in Lansing 
Could thIS be the beginning of a trend making the full 'slze 
automobile more fuel -efficIent? 
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A Slml.lllltion Model tor Wind Energy Storage Sr-tema. 
Volume 2: Opeflltlon Menu'" 
A W Warrrn . R W Edo;inQcr, end J O. Burrouqh~ 
Boeinq Computer ~rvlCf>4J . Inc . 5oattle, WRsh Encrqy 
Technoloqy Applicaltons OIV Aug 77. 42 1p NASA·Cn -
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It. comprohrn',ave computer pro gram (SlMWESn 
develoPf'd lor the modeling 0' Wind f'nergy/stor8ge 
ystpms IIhlll lng .my combmatlon 01 'lYe typos 01 stor 

(pumped hydro. battery, thermal, flywheel , and pneumatic) 
is desCribed Fealures of the program Include 8 pr('Com
piler which qrnorl'tc<l computer models (m rOnTRAN) of 
complb " wind source/storage/application 5ystflm .. , from 
U3er specilicatlons using the respective library com
pononts, a program which provides thf' techno f'COnomIC 
system analysis With the respective I/O the mteqratlon of 
system dynamiCS, and the Itoratlon 'or conveyance of vari 
ables. and capab,lIty to evaluate economio feaSibi lity as 
well 3S gener;!1 perlormance of Wind energy systoms The 
SIMWEST oporatlon manual is presented and tho usage of 
the SIMWEST program and tho design of ttl<' library com
pononts are described A number of example simulations 
Intended to famlliarile the user with the program's opera
tion Is given along with a listing 0' eric h SIMWEST library 
suhroutlno 

Solar Energy, v.19, 1977 , p.669-75 . 
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A Simulation Model tor Wind Energy Stonge Syatema. 
Volume 1: Technic" Report. 
1\. W Warren . R. W. Edsinger. and V. K Chan. 
BoeIng Computer ServIces. Inc.. Seatt1e. Wash Energy 
Technology Applications Olv. Aug 77. 101p NASA-CR-

135283. BCS-40180-1-V-1 
N71-2OI0212WE Price code' PC AD6/MF ADl 

A comprehensIve computer program lor the modeling of 
wind energy and storage systems utilizing any combInatIon 
of five types of storage (pumped hydro. battery. thermal. 
flywheel and pneumatic) was developed. :me level 01 detail 
01 SImulation Model for ~ .nd Energy Storage (SiMWESl) 
IS consIstent with a role of evaluating the economIc feasi
bIlity as well as the general performance of WInd energy 
systems The softwaro package consists of two baSIC pro
grams and a library of system. environmental . and load 
components The first program is • prec.ompller wtuch 
gcoorates computer models (in FORTRAN) of compte. 
WInd source storage ~pllcation systems. from user 
sp8ClflC<\tlOns USIng the respective library components. 
The second program prO\/1des the techno-ecOnomlC 
system analySIS WIth the respectIve 110. the integration 0 

systerns dynamICS. and the iteratIon lor conveyance 01 vari
ablus SIMWEST program. as deSCribed. runS on tM 

UNIVAC 1100 senes computers. 

(SAND - 76-9058) Ener&), ,Iora"e needs for wiN ,ower 
i)'~lcOl.\ . Ret-xl. J W (Slmha L.ibs .• A1bu'luerque. N Mea (USA». 
1977 ConiraLI EY·76-C.().4...()789. 2Op. (CONF·710210-6). Dep. 
NilS. I}C A02lM F AOI 

from A .A . adv""cc:mcnl of iClence conference; [)cnVCl'. 
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Tq~N~IENr REH~VI OR OF A SOLID SE NSIRLE HEAT THrRMAL 
STORA~~ rXCH ~NGER . 

J. Szego f. F. \01. Schmidt 
Transactions of the ~ SMf; Journal of Heat Transfer, 
Vol. 100, No. I, Feb:' uary 197~, p. 148-154 

Th" tra lUif'nt r"~p' II'" eharartl'rntie. of a solid s"n,ibl" h"at .toragt u chon"r which in· 
teraet, with two f'/1PrRY tralUportinR fluid~ arl' presented Thf' lIora/(, unit;" composed 
of a Sl'rIf!S of/argl' a'ped ratio rectangular charmf'l./or the fluid.. , .eporated by.lab 
thf' hpat IItoralle material Th e hot and cold fluidll ;iow ;.; counter current fOllhion, in alter· 
natl' channl'b so that each slab of storagf' material is in CC:ltact with both fluid • . Tht en· 
tire ~y8tl'm i$ considered to bt rnitia/ly in equil,brium at a uniform ttmperaturl', a .tl'P 
cI,ang, in thl' inlet tl'mpl'raturf' of one of the fluid. i, imposf'd, and thl' thermal r"'pontl' 
"the unit is prl'dirtf'd ulltil ' teady .tate condit ion.! arl' reached The ",.ponte of the .tor· 

aRt' exchanger to an arbItrary time lIGnat/ui": 'If O"~ vf the fl.uid, ' inlet temperaturl' may 
be obtai"..f'd using supf'rpo.,itioll. 
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The oroblems of thermal storage are examined in 
terms of the design characteristics of systems to 
be used ~ith solar heating units (active and passive ' 
heating, water, rbck, and hybrid systems, and 
specially designed houses). 
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MEASUREMENTS OF. THE BEHAVIOUR OF ADSORBE 
ENERGY STORAGE BEDS~ 
T.L. Pryor and D.J. Close 
Solar Ener., v .20,no.2, 1978, p.151-155 . 

This paper lkscri/)(s both the uperimental app3ratu~ 
and the three main uperimenh that were conducted. 
From the results. it i~ concluded that "'hile large lnac. 
curacies occur in tryin« to model a ~tep-chan~ process, 
sati~factory accuracy is obtained for the cue where 
cha~e and dischar~ periods are alternated and the inlet 
temperatures determined hy a nndom number sequence 
The~e conditions are similar to the condition 
solar sYstem. 

The",.a' Energ, Storage. 
P. G. Grodzka, and E. A. PickleSimer. 
LockHeed Missiles and Space Co., Huntsville, Ala. 
rtesearch and Engineering Center. 10 Feb 78, 28p 
NASA-CR- 150563, LMSC·HREC· TR-0568188 
H71-1IUO/4WE Price code : PC A03/ MF 1.01 

The oeneral scope of study on thermal energy stora 
develcpment Includ.,: (1) survey and review possible con
cepti for storing thermal energ,; (2) evaluate the potential 
of the lurveyed cnncepts for practical applications 11 th 
low and high temperature ranges for thermal contro and 
Ito rage, w ith particular emphasis on the low temperatu 
range, and designate the most prom ising concept" and (3) 
determine the nature of further studies required to expedl· 
tlous'ly convert the most promising concept(s) to practica l 
applications. Cryogenic temperaiure control by means of 
energy storage materials was also included. 

ENERGY STORAGE USInG THE REVERSIBLE OXIDATION 0 
BARIUM OXIDE . by R. G. Bo\lrey and J . Jutsen . 

Thk .rtlCk 
I'frfOflMd 10 
WJlcm 

vol. 21. no . 6. 1978, p. 523-5?J ' 
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REVQLVING BARREL 
Richard Stephler 
Popular Science, vol. 212, no. 5, 

A slowly turning cylinder 
filled with slush could 
keep you warm when the 
sun 's not shining 

n nAq'~~T~ TC ~nlOY OF HOT W~TER STOq~GE ~ 

n~A' P~4~R G~N~~ATJ 0 ~ . 

PRO~ OPrIM[ 

:,,<.. 
~ :'-... 

• ~. Li 
Jour n~J of En9inc~ring Power , Vol . 100, No. 
2 , April 1978, p . 229-2l4 . 

Thi§ P8ller i~ intend~ to prnent • per.metric Itudy of. lte.m
turhine power pl.nl with hot ·_ter store«e The .IOOy will identify 
the pllrl\mf'fl'r~ .rredinl the plant perform.nee .nd ill economic: 
acceptllnc:'l' AI~ I, fuel COllI and stor.le lill' .re "timlted fOf pe.k 
puwl'r Itener.llon. 

l\ F'RFSS'IR IZ FO - LJ OU IO CONCEPT FOR SOLAR -
TH~~MAL fNFRGY STO~AGF.. 

Mostafa E. Talaat 
~ T Journal of Energy, Vol. 2, No. J, ~ay/Ju~e 

~ ~ 1978, p . 136-141 • .. 
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"Roiling Cylinder" Heat Storage Device 
Mechanical Engineering, vol. 100, no. 3, Harch 1978 
p. 54-55 

Employing special compound» with 
high heat-stora,e capacity, GE's " rollin 
cylinJer" system, which ia atill in the 
laboratory stage, promises to be low in 
cost and compact enough to fit conve
niently in the basement of most homes 
and commeri('al buildings. High cost 
and prohibitive size are primary disad
vantages of present heat -atorage sya
lems, which employ large tanka of water 

The tlperimental rolling cylinder 
device u. designed to accommodate any 
f. number of heal -storage malerial. 

that have high latent heats of fusion. 
These substances absorb large amounts 
of heat as they melt. (Heat from th 

" or even larger bins of rock. 

un would be used (or this pwpose.) As 
they cool (after sunset or on cloudy 
days) the substance. graduaUy aolidify. 
releasinJ!: the stored heaL 
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'A1a.314Ot StucMt on die .tt.ct of bed eepect ratio, end 
.,.. ..... r. drop on flow diltribution In rock bed ftew ... lytte"'l few 
101 ... nerrv application&. A. R. ealakmllnen. H F. SUlhv ..... and K. 
G. T. HolI .. nd1 (Wit.rloo. UnlvenltV, Wat.rloo, OntMio, Can~' . 
In Renewable ilterNllvel, Proc»edlngs of the Fourth Annual 
Confel'nce, london, OntMio, CaNdil, Auguu 20-24, 19111.. Volu 
I (~79 31 401 12 44' W,nn,peg, Solar Enerrv Socoetv of Can.cla, 
loc., 1918. I I p. 6 refs. Department o f SupplV and ServlCft Con trKt 
No. 1200 31166-7-4410. 

A descrlPllon II gov.n of an IKpellmental Invesllg;auon of the 
flow dlStrobutlon c:harKlenulCS acrOll anv pl_ normal to the 
dorectlon of flow and o f the facton wtllc:h alleet these c:haract.",· 
IICS. The Impcwtance of ensullng even or unIform flow distrIbutIon to 
IVold any adverse effect on the thermal pet'f()(mN1C8 of the rock bed 
IS POlO ted out. An Indica lion of the flow d,strobutlOll, I.' , the 
,.I.lllve flUId velocltV along a cross section of the bed, was obtaIned 
uSIng thelmocouples measunng the aor temperatur •. BV monltorl 
the tIme taken for the temperaturl wave 10 the .. r strlam to pass 
through a lI,ven depth of the bed at a lI,ven POSitIon in the bed 
cro<s·secllon and comp;ifl09 this with • som,lar meiSur.ment at 
another 1~lion, a measure of the corunpondl09 .or velOCHIti 
rel,lIlve to one another IS obtaIned. G.R. 

TECHNICAL NOTE : EUTEC'rrC MIXTURES FOR SOLAR HEAT 
STORAGE . 
N. Yon~da & S, Takanashi 
Solar Enu'gy , Vol. 21 , No, 1, 1')18, p . 

In UUI ",urk IOolfg"ml. (ut(Cllc m"lUru hol "n. melllO, rolnts 

10 .. 14n&( m .. ,1 ~11",,"lc rur ~ul .. r he.t SluuCe a< ", til as hi"10 

hIgh he .. l, .. r ru" .. n ha\c ~(n pm""J "lid the I'w"kon, v.hl,h 
nllght amc In lhe: puctKal al'phlatoon "r the m"IUIU al\o arc 
MuJoeJ 
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wiS constructed to pet'f()(m MatI 
The~ rewltl combined WIth costs 
I4Il1ible It was found thlt the 
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vOId ritoo The 3 '4 In. ncwoe mo&t I4Ilt 
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TRANSIENT ANALYSIS OF PACKED-BED THERMAL STORAGE 

C"olar no . 2 , 1978, p . ]23- 1 28 

AIltlrM1-A one-dimcn!ion~ sin8k-pfla!c conductivity model of pICked beds in which air and rock arc ,tthe same 
temperature is used to develop closed·form analytical solutions for the transient rnpotlscs produced by time· 
varyinl ,ir Inlet temperaturu. In particular. the sin8k-blow or step response of this simple CO!Iductivity model i, 
compared with the claulCaI Schuman" two-phase modtl which iinores uw concluctivity. The clost acr«ment 
uhlbiled at luf'licicntly IIrlt time justifies the development of approaimatc equivak"t models that combiM the 
e"ecls of air rock heat trln,rer and uw conductivity. 

A79-31410 Distributed eM'I'f nOf", for 101., .,pD 
tiom. l. Holt and R. Sd~ithauer IU.S. Department of Energy, Div. 
01 Energy Storage Systems, Withington, D.C.I. In : Renewllb! 
IIprnllivM, PrQa!edings of the Fourth Annua' Conference. london, 

Ont311o, Canada, Au~JSt 20-24, t978. Volume 1. (A79-31401 12~41 
W'f'n IPMI, Solar Energy Society of Canada, Inc., 1978. 9 p 9 refs. 

Energy storage systems have the potential to rPduce electric 
utIlity peak load burdens and rMidenti,1 custOl'lef rnergy bills by 

stollng electricity dur ':-;g off·peak periods, whltrl generating costs If' 

low, and making the electricity available during peak load periods. 
Two basIC <:ategori'!s of storage systl!mS are ~Ilted ,,., centralized 
energy storage It utility pOWer stations and either customer or utility 
owned decentr.ltled energy !torege shed at the location of end use. 
The reported investigation focuses on distributed ILe., decentralizedl 
thermal storage fOf rMidenti" applications. Conventional hydro 
pumped storage is curref'Uy the only proven technology and is now 
in wide use. For the in termediate·term 1198520001 advanced 
baller iM appear to be attractive. Hydrogen storage system may also 
prove to be economic. G.R. 

A79-45211 A r...,iew af am ... t R&D In thermal -w 
,tora" and .... t excha"" in lOIer .... lattiont. A I. Micheel' 
IArgonne National l.boratOfV, Argonne, 111.1. In : Appl ication of 
10lar energy , Proceedings of the Third Southeastern Conference, 
Huntsvi"e, Ala., April 17· 19, 1978. (A79-45201 19-441 Huntsville, 
AI • . , UAH Press, 1978, p. 131 · 143. JI refs. Research supported by 
the U.S. Department of Energy. 

The paper reviews the state of MlYlnced technology by 
prMenting a survey of current research and development Uflderwey In 
a" of the medii .nd methods used for Sloring and tr.nsferrl". 
thermal energy. The thermal energy stOfag!! and heat transfer 
methods discussed are innov.tive heat exchange .nd transport. 
advanced concept <ensible heat SlOf. In water, rock, e.rth Of a 
combinat ion of these, for either short term or for aoouel stor", 
periods, heat siOfege in the energy of phase ch..,,,, and heat stOf", 
In lhe energy of reversible chemical reactions. The material presented 
is organized in terms of the abo¥e catepiM and SUbcategories. with 
the specific R&D projects Ii.ted. I Author I 
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p OF THERMAL ENER" 
by W. D. 
Hurley . 

Journal of Ener , vol. 2 , no . 1 
375-3M. 

T HE pa~r and pulp indu~(ry in the Uniled Slalr~ con~hl~ 
of approximately JSO companies o~ratin, 750 plan". 

Thl' indu~try railk, flflh in the manufacturin& ,roup. a, "'ell 
as being ('!:~ -:-f the largest mer~ of fm'il furl~ I Thl~ pa~r 
; cpo. IS on a 5tu-1y of the applicability of thermal ener, 
torale (TF.S) in I pa~r and pulp mill po~erhou,e. "IIh th 

intent of reducinl fo,sil rurl U511le. 
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A.uact ~tor .. ~e of iol .. r enerf) IS Imporl"nt (ur the IUlure )Ul\.C'>i of )ol.H cn..rn uIIII, .. II,m i) 'lemS 
sUlh <1\ i4)l"r Iherm .. 1 pov.er pI .. n" V .. ,.OUi p .. pcn h .. H 'k .... ,.l>cd lhe .... r .. ~e: meltul(h (ur \ IUII 
0 1.11 e:neril) Ikl'"\U~C II( Ihe: Inuhs o( :",>(»10, lhe "orJl1e mC:lh,xh pr\lr ... ed In Illoc: p"perl lhe 

method h .. :.cd un hc: .. 1 o( Ililulliin ..... s ~lcoc:d b)' re;OWM of lhe e .. '>C o( h.: .. 1 tr .. nder lhe (onllnll .. blhly 
of rc .. c .. on and I"e ,c\.o\cr)' oC he .. 1 ,Wret! 1 he Cffc\.1.Hneu of he .. I rc\.o\c,C\J Crom he,,1 oC d,lullOn 
,n Ihe CiI\e HC 1111"nl/ .ular c:nc ri!)' In the Corm oC he;>1 oC dllullOn .... , (om.lllc,C\J 10 Ihll> p"pcr 
SulfurIC .. lid Jod v.alcr ",Iullun used II Ihc l )p~.1 c:a .. mplc: oC hea l o( dllullon since liS Ihelmo
d),naml(; propellles ,""ue ,"" ell knm l'n TYo o hqulds Yoc'c mllcd In IYoO dlltelcnl S)SICmS o( mulllSl .. ,c 
mlJlnll column dod .. n .. ppl,,-.llIo n o( he .. 1 IIf d,luhon 10 mull,pulpmc COC:li) uhh, .. lIon Yo"~ OIn .. l)lCd 
fhe ullhly II( hc .. 1 (I( ,lIlullon Yo ", c . plillncd fr om the Ic.ulls "C Iherm .. 1 eh H"llcmll..-s uf c .. (h i)SICm 

N7. 2 .. '.', In'''lu'. of Gil TlIChooklvv Olougo I. 
MOLTEN SALT THERMAL lNU'OY ITORAO( IYlTEMI ... 

A7830264 
ulu J J 
o 
En 
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"II 

Spooso< tod by 

NTIS 

In molten 
(U S Navy, E 

'oHhInaton, 0 C I Sol, 

Itor. ana on~mana "elm ... 
ob'''lned by meani of heal pope IIlChnlques wtUGh tr amle, hUI to 

Itld from stilllke<l sail CiIIIl1 Itld onto boiler 
The d 
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USE OF ADSORBENT BEDS FOR ENERGY STORAGE 
IN DRYING OF HEATING SYSTEMS 

D. J. Close and R: V: Dunkle 

Solar Energy, vol. 19, no. 3, 1977, p. 233-
238 

'v 79N 1fl49S ' CATE GOI?Y 44 RPTit · NA SA- CR-1S01 21 
LM SC - ItREC-TR - D<1970"8 IR -2 CNT" , WISB-31100 
76/ 10/29 32 PAGES UI. (. LASSI FI EO oOCur,'ENT 

UT1L ' The rMnl energy S loraQ~ TLSP Interim Report 
AUTH ; A/OROD Zh A. P. G.; B/CONNER . L E. 
COHP: Lorkhred M' ~s' les and Spa~e Co .. Huntsv" Ie. Al a 

AVAl lo tHIS 
MAJS : / " LR YOG ENIC FLUID STOqAGE/ "HEAT STCRAGE/ - THERMA l 

ENlRr:;y 
MINS : / CH[MICA'. REACTIONS / MUL TI LAYER Ir.SUL ATION / SIllCDrI 

COM POUNDS/ SPACE STORAGE 

THERMAL STORAGE: A SLEEPING G lANT . 
Tamb lyn 

Ashrae Journal, JUne 1977, p. 53-57 
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Q:nferenoe, 12th, w~, 1977. 

Prooeedims of the Uth Interaoc:1ety 
P'.rlerm' <mversim Enqineerim CcI'\f~, 

779089 - Molten S .... Therm.ll EnerS)' StorAle 'or 
Utility Pu"inllo~dl, A. A. Ferrara . R. A. Has
leu . Crumman Aerospace Corp .• Bethpage . 
N. Y.; J. P. Joyce . NASAILewls . . . . . . . . . . . . . . .. 54 

779090 - utent Hut Therm~1 EnerS)' Stor'le Sy.
tems Abowe 4SG"f, l. G. Mareanowski , H. C. 
Maru . Institute of Cas Tech ., Chicago. III. . ... 555 

779091 - Inwe.tis~tion of Met .. fluoride Ther"'" 
(nerD Stor'le Mitll!rWt, J. l. Eichelberger, H. 
D. Gillmiln, Pennw.lt Corp. , King of Prussia. Pa . S67 

779092 - S~fety Con.ider.tion. for Hilh Tem
per.ture TherrNI Enel'JY Stor'le in fluoride 
Slit., O . Boser, Philips Laboratories, Briarcliff 
Manor, N.Y ........................... ... ... 575 

779093 - urse-Sale Therm •. 1 Stor'le in Roc": 
Construdion, Utiliution .nd Ecooomia, M. P. 
Hardy, V. D. Albertson, T. P. Bligh, M. Riaz , P. 
l. BIKkshear, University of Mtnnesota. Min
neapolis , Minn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 583 

779094 - Concep .... , De.isn Of Undersround 
Compressed Air Sto"le Eledric Power Sys
tems, A. J. Giramontl , R. D. lessard, United 
Tech . Res. Center. fut Hartford. Conn .; M. J. 
Hobson . Acres Americ.n Inc. , Buffalo , N .y .... 591 -. -

779088 - Hish-Temper.ture Thermll Enersr Stor-
~Ie SYitem, N~2S0. .. SO,;:::::N~,s20" R. W . 
Serth, R. S. Hockett . Monsanto Researc;l Corp . • 
Dayton, O . . ...... . ....... .... .. . ...... ..... 540 
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Macro-Encapsulation of H .. t Storac. 'h ... -Cheng. 
Material. for U •• In R.sld.nUal Building', Third 
Quarterl, Progra .. Raport. Mtlrc:h 2 •• 1t71--Jun. 2 • • 
1177. 
o A lane, P. B Hartwick, and H. E. Rossow 
Dow Chemical Co , M:dland, Mich. Aug 77, 24p 
ORO/ 5217-3 Price code ' PC A02/MF AOt 

Objectives are to ,"sesr, the feulbllity of macro·encapsu
lated PCMs for residential solar systems and to develop 
and evaluate such materials. Encapsulant materl.ls und 
consideration are multilayer flexible plastic ,lIms, Iteel 
can., and plastic bottl ••. PCMI under study are Mg(NO 
sub 3 ) sub 2 .:lH lub 2 O. naphthalene-benzoic aCId eutec
tic, Mg(NO sub 3 ) lub 2 .6H sub 2 C-NH sub" NO sub 3 
eulectlc, and CaCI sub' 6H sub 2 O. Compatibility studt 
between the PCM. and -encapsulant materials are continu
Ing A test device has been constructed, and Is ready 'or 
use. (ERA citation 03 .014949) 

~SIGN OPTtMIIAll0H or A SINGLE FLUID, SOLID 
SENSIBLE HEAT STORAGE UNIT. 
r.w. Schmidt, et al. 

J. Heat Transfer, v.99, no.2, May 1977, p.174-

THERMAL ENERGY STORAGE FOR SOLAR HEATING AND 
OFF-PU R AIR CONDITIONING 

Harold G. Lorsch, Kenneth W. Kaufman, and 
Jesse C. Denton 

EnergY 'Convecsion, vol 15, no. 1/2, 1977 
p. 1-8 

STORAGE RINGS FOR THERMAL ENERGY 
David Faiman 
Solar Energy 
Vol . 19 no. 6 
p. 743 1977 

U B3 

Technical Note - ruNDAMENTAl STUDIES ON HEAT 
STORAGE OF SOLAR ENERGY 

T. Tanaka, T. Tani, S. Sawata, K. Sakuta and 
T. Horigo' 

Solar Energy, vol. 19, no. 4, 197;, p. 15 - 419 

COMFORT RANGE THERMAL STORAGE 
A. L. Berlad, H. C. Lin, F. J. Salzano, 

and J. Batey 

Energy, vol. 2, no. 2, June 1977, pa£e 161-
169. 

he utility of incorporating substantial ther.al 
storage capacity within the externally insulated 
shell of a residential structur '~, andwfthin an 
arbitrarily selected Comfort Range is considered. 



A DIP IN THE ENERGY STORE 
New Scientist. v. 75 , no. 1067, September 1, 1977. 
p. 520-522. 

Solar Energy, v . 19 , 1977, p.721-)2. 

NASA-TP-l074 
D~SIGH HANDBOOK FOR PH~SE CHANCE TH 
D fNERr.V STOqAGE DEVICES. 

W.R. Humphries and Edwin I. Griggs. 
ov.1977. 

This document pyes a comprehensive survey of the tberm 
deviceL Fundamental mecbanisma of beat transfer W1th1n the ph 
h rformance in zero-a and one-s faelds are euauned as It relates to 
for phase chanae materials, with metal fallen, undersOlD, conductive and c 
detailed. Usin, these models, extensive parametric data are pre:senled for a b 
with a reclanfUlar phase cbanie housinc, uana stniaht fuu as the faUeT, 
ch.an&c material Thac a ta are ,enerated ower a ranac of realistic sizes. f; 

tbennal boundary conditions. A number of illustrative exampkJ are liven to 
parametric data. Abo • compic te listina of pbuc chaqe material property d.t 

an aid to 1M ruder. 

ON-I50.840 1'77 
A METHOO Of 'I ESTING fOR RAIING 'I HERMAL STORAGE 

DEVICES BASED ON 1 HERMAL PERFORMANCEt 

R REWCTlClC IN RESIDEmAl AlR COMDITI 
ING SYSTEMS THfOJQt THE USE Of THERMl ENERG 

I STORAGE . (Final Rapt . prepared for TI.u 
Govemor's Energy MYt sory Council) . 
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\ "'Iu rl 

QD 
552 
• E1,2 
1911 
v. 77-1 

NDERGROUND LONGTERM STORAGE OF 
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Electrochemical Society. 
Extended abstracts ••• c1977. (Card 2) 

trolYtic, Organic and Biological Electro
chemistry, and Physical. Electrochemistry 
Divisions . 

1. E1ectrochemistry--Addresses, essays, 
lectures. 2. Di electrlcs--Addresses . 
ess,",ya, lectures. 3. ElectrolYtic 
corroslon--Addresses, essays, lectures. 
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Solar Energy, v.19, 1977. p.71l- 14 • 

OP rlM"'- PROPORllONING OF 
INSU I." TED EARTII CY I.IN DER FOR STORAGE 

OF SOLAR 1\ EA r 

Ron,," I ~ Nit 1101 •• " 
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SALT AS A SOLAR HEAT s-1RAG 

-
THERMAL-STORAGE FURNACE 

Evan Powell 
Popular Science 

Dll 

Vol. 112, no. 5, November 1977 
p. 70-72. 
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Solar Energy. v. t j. 1977. p.677-83. 
PROPOSAL FOR 'I HE PRODUCTION AND 

SI:ASONAL STORAGE OF HOT WATEP. TO 
HEAT A CITY 

( , ( AHIt UII 
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MEASUREMENT OF ROCK PILE HEAT TRANSFER COEFFI
CIENTS 
Elvio Alanis, Luis Saravia and Leticia Rovetta 
Solar Energy 
Vol. 19, no. 5, 1977 
p. 571-572 
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EXPERIMENTAL STUDY OF rnERHALLY STATIFIED HOT 
WATER STORAGE TANKS 
Z. LaVan and J. ~ompson 
Solar Energy 

Vol. 19, no. 5 1977 
p. 519-52 
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COM:P<EIT&-RIM FL~ SPIN TFSTS. . D. Reedy Jr. 
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Turbone ConI San Ooego Calol 12 15 Ma, 1979 
(Cont,acl [V 76 C 02 4094, 
(COO 4094 31 ConI 790305 II, Ava. NTIS 
HC A02/ MF "01 

uarterly, vel 10, no 3, April 1 , p . 36-41. 

T",o (Ompo:.lle ram nywh~l.s or a il 
were deSigned , Each deSIgn employed 
49/epolY bands to attach the rim lo an alumInum hub, t~our prl 
two or each desllrn, have bet>n rabracated and 

gene,alo, i,e 
eleel ,onICs A 

liU ,""u~ 

moIOf 
cont,oI 
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ANINTRODUCTION TO THE VARIABLE INERTIA FLYWHEEL (VI F) 
D. Ullman . H. Velkoff. 

Transactions of the ASME 
Journal of Applied Mechanics, vol 46, no 1, March 1979 
p.186-190. 

A/I)" hl'd with I'(,nnbll' ntllntl'nlu/llu ' ,'W, Clinlblllllll! ",,/"III IIIJIl.Il/.-1l 
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P UINlllOl/", /,,'"fe d"!.l' /lIplIIl'llI "/11.11 bn llllH' ",-10,"/ III Ih .. ,.:tomp/." 0'1' d'Huul'd 

Neo 116M, Gene,.' ['eclnC Co Schenectady N V C<Kporate 
Rese.,ch and Development Dept 
'UOENUIATIVE FlYWHUl ENEIIOV aTOIIAOE .V.TEM 
[ l lustenade, , H Edelle't, 0 W Jone. A 8 Plunkett £ 
Roehte, and F G Tu,nbuII 1979 30 p refs 
lCont,act W 7405 eng 48, 
IUCRl 13982, Avad NTIS HC A03/ MF AOI 

The cUllent 5tatUi 01 & PfGg,.m to develop and evaluate a 
regene,a"ve "'(Wheel ene,gy 5tOfag8 sV$tem • described The 
sV$tem .... de .. gned 10' a battary/nywhflel ..... IIIC vehocle ,n 
the 3000 pound class 00£ 
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BASEMENT FLMIEEL S'l'OJm) SOLAR 
Susan Renner-Smltn . 

GY AT 1') ,OOt) • 

pular SCience , vol 215 , no 4, October 1 
p . 76-78. 

Bette r t hen ~att e ries7 Flywh 
storins rand~~ 'u rsts of pner 

Is may ~e - at l ~as t in 
fr o'" Slin 3nd wind . 

FLYWlI:RRLs .EN:mGY STffiAGB. A. R. Millner. 

Technology Review) vol 82, no 2 , 
p . 32- 41. oveDi>er 1979, 

flywheels may be 
economically superior 
to chemical batteries 
for storing energy in 
solar- and wind
power systems and 
for peak load shaving 
on electric utility 
systems. 
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FLYWHEEL ENE"GY STO"AGE INTf"FACE U NIT FO" 
,.HOTOVOLTAIC APPUCATIONS 
A R M,lIne, end R 0 Hay 1979 6 p ,el. P,esented.t 
the Int.,W(;,ety Ene,gy Coni Boston 5 Aug 197 
ICont,act EY 76 C 02 40941 
ICOO 4094 44 CONF 790803 4 21 A"a,1 NTIS 
HC A02/MF AOI 

A R M,II""" 
82. Nov 1979." 

magnpl. 
that lI."whP~1 \tOl 
OVN a 20 yu, "Ietu"e 

FL YHHEEL CUTS BUS FUEL USE 50 ... . Irwin Stambler. 

Industrial Resea rch/Developmen t , October, 1979 
p. 62-64. 

U"", ,"«. 

FO" HYWHUl "'U"OY 

1979 330 p 

COMPOSITE _qUi FLYW1EELS: SPIN TESTS, E. O. Reedy, Jr . 
and H. K. Strret 

SN1P[ Quarterly, v.I O, no . ) , pr. I 979, p • ) 0 _ 

Two co pos ite-rim fl y\mee ls of a size appropriatp 
For use in a hybrid vehic l e were designed . Each 
design employed a diFfe rent met~od of util iz in9 
kev l ar 49/eJo xy hands to attach the rim t o an 
aluminum hub. Four proto ty pe F lywhe~ I s two of 

each design , have been Fahricated and slin testpd . 
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