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^ntroctuction 

Bolar Energy has attracted worldwide attentlon- 
both for traditional use in horas and industry,  and 
scientific  research on its  applications in modern usos 
such as refrigeration, photovoltaic cells,  and power 
generation.    According to an Ad h oc Advisory Panel of 
the Board of Science and Technology for International 
Development, National Academy of Sciences,  solar energy 
offers significant possibilities to a developing country 
for many reasons:  it is widely available in adequate 
intensity in these regions,  useful applications of 
•olar energy are now being made, energy is a critical 
requirement to meet the growing needs of these countries 
vis-a-vis the fast depleting  agro-mineral resources 
and lastly because conventional  sources of energy are 
not widely available.    Host  of the developing countries, 
Including India,  are characterised by arid climates, 
dispersed and lnaccersible population, abundant labour 
and limitations on capital,   faced with high investments 
on conventional power ostabl j r: raentc and transmission 
problems. The pane]  concludes  that solar energy is a 
resource that has the capability to meet energy require- 
•ents substantially beyond the applications  now being 
•ado, and this potential  can be realised only with further 
R *£. 

A s igni f leant aspect of  the subject is that most 
of the probi enfi  in utilisation of solar energy are 
"fciorgy problems" , not no] ar and solutions to the energy 
problem» roquirc  consideration of alternative s our co s of 
•nerf,y and  their exploit ation.    The whole approach 
ftcon-flendoi by tho *«ivi   is  th*t of tackling the energy 
problem as  a whole t) ror.h specialised and a cohesive 
Study. This v'ouVt ejiillf   -, ;rtr;  .unt of the total   natjre 
•fid extent  of uri^rgy m • •;"•   *«nit    tvriopinent of suitable 
•earn«  and devlcts to exploit  appropriate sources of 
energy. 

Intendivi 

n*# (the 
»olar energy is eiactro-aagirtlc radiati or» fron 

»itti) ai ftf. cff3«*l\'K teqn»rature  of about 
Outstdt   th» earth* *  stsotpwr» , the-  «verag« 
©f ioinr ndiaUc*:.   1*   1,1« kl louâtte  per Muer« 

ir  of- a  f\mti*  f>ert< ift;«v.l .     io tv  direction of the 
radia i i un.    ?h» maiin« l«,t, »s, uy u ato-ut  i.P  kUowatta 
Kr e«*er«  amttr«   «tru tntaneity et« ut» m ih« average 

t «heart mm half ©f ti* tlw,      !«t«frat«d daily 
KiCf «m a htriaanut e«rr%o«  m teed Uyt   In low 
!*<•«•• M Ho I Ml watt  *#**• tar «*>•** 

• • » » •# 
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The result Is a radiation intermittent and 
variable in its availability, uith typical clear-sky 
intensity of a 1 ittle over l'killowatt per square meter. 
The spectral distribution of the radiation is very 
rouehlv one-half visible, one-half near infrared, 
with a very small araount'of ultraviolet. Solar radiation 
is further distributed between beam radiation which 
reaches the receiver in a direcFlino from the sun, and 
diffuse radiation which reaches the receiver after 
ÇeïHTscattered by clouds, dust, and molec lies of the 
atmSLhere.    On very clear days    solar radiation might 
be 90 per cent beam; on cloudy days it is 100 per cent 
diffuse. 

$olar processes and Devices 

Solar processes are based on either of two basic 
concepts i.e. of flat-plate collectors or focussing 
collectors,    flatj-t¡la£e__collectors,  as the *ame Implies, 
consist of flaTTblackencd surfaces  to absorb (beam and 
diffuse) solar radiation. Transporent covers and back- 
Insulation may be provided to reduce or control losses 
fro« the plate.    On the plate, absorbed solar energy        [) 
la converted to a desired form of energy, usually boat, 
and ©eans are provided to removo that energy, usually as 
heated water on air.    Flat-plate collectors are generally 
©©eratd in fixed position.    Ponds or basins of water 
used in evaporation or distillation are.  in effect, 
horiaontal  flat collectors.    The present upper limit of 
the temperature of operation of theae collactors is 
about 100°C. 

The aecond concept is thpt of the focuJSln& £Q?l&c_r 
tor.    The basic eloaent is an optical device, e.g.. a 
Srabolic  reflector, to focus the boa» component of solar 
radiation on a roce'ver smaller than the reflector. 
the rt'av.it is hii'.h• r enorpy  flux which allows crllactlon 
©f ©nr-rgv at l.ii'V.-r  teni.-»r.«tur^, energy flux ratio? 
(i.e.  ratios of intanai tv of radiation on the receiver 
t© Intensity of th^ btam solar cnergv incident on the 
©etica!  iyat«») twy ranf© fro« ? or 5 it the low end, 
t© 10.000-?C ,000 nl the  hifh  range.     At any but th§ 
lovest of th#»o rut io«,  sow« derrco of "aun tracking 
it require ti orient Ito sv*tof to al ' o* tvr the 
©Kantinf dir*ction of th» ii»-c©»in§ b**a» radiation. 

all  yrecttcal tolar en»r(>  ay at©«» now in uae er» 
baaed ot> flat--law eolUctc'». •  «•  w.i y e*i-»pti©n» 
©re aedar fwmpe»», which »re in reejit* 1 abarata« 

uftent.     Mate rial a. co* ta »sa ©a* rational »real ©a» 
©0*n mfar iiffi©nlti#a wlib f©*uaein| lyateai. 

w©JevJi » «.. w * 



^ 

«<«HM«Ht(# *- • >** ^'.•8*1fa«í»«r "* 

I 
-3- 

SS oîlhf solTr processe such as y.-oàuct water 
£• n «niai- stilla, must be provided if output irom 
the Mollis if to be "enable during period of no 
radiation. 

A review of the present status of solar energy 
Plication indicates that those recently put into most 
5ìSlì5ìeìd uso have been based on carefully engineered 
SÄ îSuaïly factory produced    and in ««cue. 
fSr community scale use.    Small scale application of 
»homemade" devices has not been widely made. 

applications... 

The applicai ions (other then on space-crafts) 
enjoying most success  tod.y are (1) solar evaporations 
(asolar water-heatlne vith factory ^a°**** 
heaters;  (3) solar distillation on ¡f»^1:00"•^^ 
• cale, which is now in an advanced  'P110^*^    f*Je 

of development;   and  (4) solar drying, Part^^tf 
crops.    Beyond this there have been «*W «^SíÍ!' 
££§ enjoying a high degree of technological success, 
£t their economic and social feasibility is doubtful 
oï has neve? Seon established. These experiments have 
concerned spaco  (comfort) heating and cooling,  refrige- 
ration and ice me king, desalting of water, cookirii, 
wu»oine of vat^r, production of salt, drying, hot-air 
5SÎÏÎ, llSting,Paolar furnaces, horticulturali ¡TJt». 
growth of bacteria to produce methane, and photochemical 
conversion. 

Thii has b*sn a historical, traditional •ethod of 
ofetaiirlnr r-alt  frora sea watvr or brines. The uasic 
eonSeptíe ìimrrt«»    ITI areaa where evaporation exceeds 
ninfali  e «hallo« t>-nd of brine  U oxpoeed,  reauUln* 
S^iîiorîtlo«. of wter a* ultinctely iVZÎÎÎoeiïï 
«J .«U. Solar evaporation 1» uso*  in ^i    ?l??ì «tc 
•ountries- India, rekütun. Ke i'o, Colonia,  Chile etc. 
Uil ino an i-nportanl ln'ustrl-l  proneae  in the United 
•tate»     Mod#m «cvoloirysnts heve been concern«* vlth 
lejrovêd pond con»truction And Karveatin« technique». 

filar« •M**ai*e to be little further research on 
tfejiUlonel »olar *.varortion rrofe««©* *hat cinti© ta« 
m\\ he «one by the Industries wini the y©*»«. The 
J^tiUeThei been «^however, tXat further •**}•• 

Aar pondi 
f-*rewt< 

• • • • #ejf 
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Vfater Heating. 

This application has long b 
Florida, and* has more recently b 
applied in Israel, Japan and Avi- 
an established solar water-heat 
with a production of about $ 1 n 
Niger production of solar vate 
taken, and small scalo manu-'actu 
several other countries. In In" 
Laboratory had carried out v.oi-k 

oan used in southern 
•¿on developed and 
traila. There is now 
r industry in Australia 
illion per annum.    In 
heaters' is being under- 
re may be undertaken in 
in, the National physical 
in this  area. 

The main elements of a solar water-heater are a 
flat-plate collector  and an insulated storage tank. 
Water circulates through the collector,  is heated, and 
is held in the tank for use when needed.    In Australian 
practice the absorbers (collectors)  for house-hold 
scale use are typically 0.8 to 1.6 square meters, with 
a 300-liter water-storage tank,  optionally fitted with 
a thermostatically controlled 1-kilowatt electric booster, 
producing about ISO liters  of hot water on a good day. 
Domestic  installations employ thermosiphon circulation, 
which aloows the water to recycle through the absorber 
without pumns, but large comercial and  industrial plan' JJ 
delivering some thousands of liters of hot water per 
day use forced circulation with thermostatic contol. 

Wator-heater te 
the needed developmo: 
to use materials and 
country in question. 
and other instutiton 
wuch moro widely ava 
nature of equipment 
In developing countr 
conditions scorns to 

chnology is well established, and 
nt is largely to adapt the technology 
manufacturing capabilities of the 

not water  for hospitals,  schools 
s, and for facilities,  could become 
liable with these developments. The 
is  such   -h? t it can be manufactured 
ios adopting it to their 
bo stri'ir;ht-forward. 

and 

This ie a process now in the "Pilot-r» antH stag« 
Of dovolopmant, thcj basic laethoo being to ad alt solar 
radiation through ? transpatcnt    over to a "hallow, ^ 
Gov« rod brine  Mr.in;  water '.vcorria» from the brlnu,       J 
Mid the vapcir condensos on  -he covers which art io 
arrtmred that ths c orders ate Hows the re fro» into collec- 
tion groughs  f»nd th^nre  inte Q ] roruct-w ter storage 
tank.      Th^ idaa was  first a>pïi ? at las Salinas, Chilo, 
in IWn in • plant su^plyln* ¿linking w»t©r for animals 
ttsod  in nltrrt« s.inli»c -mi transport,    Tru. las lalinas 
•tout roport'Aly op mtafi  for 30 jreirs,    Hodorn devalot- 
«Mtti in »olor distillation h-vt h*m diruti» at using 
ROV vit« rial s atvî dodgno  for .«ccmoaileil  and duratela 
•o** tree lion, to ro<tue« product wator coat. 

Cofvtl.. ..e/ 
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Solar distillation is us-ri on 
scale to sur>Dly  small towns and not 
in Australia and   small communities 
basin and the Caribbean. The procos 
regarded as experimental, but snail 

• stills are ne?:.r  to extensive Conner 
Durable designs   have been devolered 
France, Swain,   and Australia "hieh 
day attention and  operato nith nini 

els 
small commercial 

in isolated areas 
in the Mediterranean 
s must still be      * 
community-seale 

eio.l application. 
in the Units States, 

require little day-to- 
mal maintenance. 

In addition     some experiments have been clone on 
small fanilv-scale distillatici: units,  for possible use 
on Pacific islands  ar/1 for emergency use. 

Designs  are nov: available for solar tills that are 
serviceable and  that can be used with a reasonable degree 
of confidence.     further research in this  application 
would involve  further adaptation of existing technology 
to the specific   no ads of developing countries,  through 
design modifications to allcvf use of locally available 
materials and locally manuf 'Ctl .red components.  Studies 
of this tyü3 could  improve the economics  of solar disti- 
llation, widen the  areas in v/hich it might be useful,  and 
thus contribute to the solution of wtt or -supply problems, 
particu.lr.rly  for   small communities in pood climate? 
The Central Salt „ulne Chenicsl Research Institute has 

:d  .?ind.     In recent year; 
,  ] -rticulariy for fruit 

carried out extensive work on these. 

Solar Drying 

A traditional  and widespread use of solar energy 
is for drying,   particularly of agricultural products. 
This is a process of substantia   economic significance in 
«any areas. The   customary technique is to spread the 
•ateríais to be   dried in a thin layer on the ground to 
ecpose it to solor radiati: 
innovations hr.vo  been adopi      ,  , 
drying, in uhich  fruit is plf.e-O  in carefully designed 
rucks to provide   controlled exposure to solar radiation 
and wind,'and  to  improve :iat cri: 1 handling.     Improved 
process control   end" product qiality have resulted, 

Otht-T eXY>eriEK>nU have centered  on crop dryinp, 
tttint either  so1 ar-hcí-t-..0. : ir in ¡sore or less conventional 
air dryers,  or   s  combination ?~ »Urect and air drying by 
placing the mai e ri-is to b    -rled  ir. flat- pi ito collector- 
flryt*rt.   levol oDi»-*nt cf solar drying can conceivably 
benefit freír further c'evolounei t of eollcctoi-dryor eorbi- 
nètloiw, and  flat-elate Mr heaters *nd cnorny-storsgo 
•»•tema to sunrly hot air to    ryart. Design and control 
tf thsts preç««1»«!*. for tho    articular crort or othur 
•»tortali to bi òri**, art, »ret- of resaareh thet could 
}*•! te »or« prMtlcií appi'3»ti-» in flovoloping ccuntries 
wfileh e«dd r«*>ult in inprovrf    tiliertior* of f^od suj ,li» 

Cot)«A • •.. •/ 
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••-. l . - ,>.-•' '•••'•     All other solar processes are in experimental 
'••*"•- "•'•        stages of development and hr.v2 not been.used In 
'.- '•'-.'      " developing countries (or ¿lseuhoro): of any oasis other 

•':-'- :-.;•:•  --than as experiments. The presero stacus of several 
:.,:.:•!• •-• processo, and the observations  of sona of tha major 
• '•;-';'-' ,     problems associatoci vit h the?, are-noted. 

''*••':'•"•'•  V •    •'     Spa_ce_¿catinj» •;.-.•   .'xi •:•' 

'.".,'    '•..."..•      This ic- not a primary nrcblpm in'most developing 
'•'•,..;-,--,'.. countries, but providing comfort-heating in some areas 
' '   would inprove living conditions.    Much traditional 

... ..;,':--. architecture has evolved, in part,, to control or minimize 
'.7:.'.;"=-•/'temperature fluctuations  in the structure. This has 
V/v,  /'   ¿been dons by designing openings-to-control admission of 

'•''••'- -i-  solar radiation and designine ths heat.-capacity oí  tno 
/.¿-7,-^7   structures of minimize .ur¿osi-ableaow( or light) 

'•  v':, '-'-.temperature. • However, traditional: hull Ging methods 
•••'-:• ¿vi not always boon-follow^ i^ J:i^es:3f growing popula- 

"f-tion;  and there 'ero -noilcm scientiíic; developments that 
'    :'-cav:be applied to building ¿esibir to control temperature 
•  ^'Somewhat und^r extremes- of bot:-: high.-and low temperatili w. 
'•'-'"• Thus  space -he at In 5 indevelopin'; countries represents 
'•-       -a'limit ;d problems, but one which may bi improved the 

"application of well-established principles. 

•-••"'-'''•"•"•      Research and development efforts in solar heating 
have been aimed almost entirely ?.t applications in the 

"    temperature climates of industri:-! i zed countries.  About 
• '•  15 experimental solar houses have been built and opera- 

•:•-    ted vrith the heating system comprised cf the collector, 
a heat storage unit, and appropriate heat distribution 

• """ and control   system. Extensive economic studies have axso 
• '      been made, but aro applicable to developed economies. 

..'••• Solu'1 heating in developing areas presents a set 
of problems which h-'vs received relatively little atvon- 

.   tion.    Of several possi'lo approaches, the first involves 
••-  • deslrn of the structure to utilize fenestration,  shading, 

:\ ~. 

V-i 

Insulation,  selective paints  etc., to minimize heat 
needs. A second  approach is to àcviso heating systems 

• that can operate with no Mechanical energy for.fluid 
circulation.- -Systems have b.en proposed and studied 
(e.g. the Alt-nkirch solar house) using enly natural 

•-Circulation;  there way be oth'or possibilities worth 
considarlng for application to small residences.    A. 
third approach is  tc adapt sol ar heating systems  (witn 
•tehanical circulation) th.r.t h-vo teen developed for 

*-anpl ic?tions in developed economies, perhaps for uso in 
large buildings,  particularly 1 :. urban éreos, whore 
there are significant annual he ..tin»; loads to be »et. 

Conti ....7/ 
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MlzCfl^—-nA-nr; 9r comfoftcpoling. 

This process has received some attention 
for amplication in temperature climates by operating 
absorption coders wit> solar hoat:  and other methods 
may be possible.    Those studies, aimed primarily at 
United States and Australian Application, are still 
in early stases.    Technological feasibility appears  to 
be assured; economic feasibility is now under study. 
As with space heating > there are opportunities to use 
building design to increase comfort. 

Oesignin? air conditioning systems for use in 
developing nations again presents  a different set of 
problems, of both potential utility and design. It 
has been suggested that air-conditioning of factors 
and of fines* would significantly improve the productivity 
of people working in ther.j  and there is alto the 
prospect of applications to residences. There are also 
technological problems of system design for operation 
without mechanical oower, and for solar operation of 
other types of cooling processes.    Building designs 
to minimize needs for cooling may be productive. The 
best methods of obtaining cooling with s<>lar energy 
in developing countries are far from clear at this time, 
and the imnediacy and extent of needs for air-condition- 
ing' are not known. 

The Central Building Research Institute has 
carried out extensive work in these fields, 

Splnr Réfrigération. 

Closely related to air-conditioning, solar 
refrigeration is intended generally for food preserva- 
tion (or storage of biological and medical materials). 
There hr.ve been experiments in the United States, Ceylon, 
Prance, the Soviet Union, and elsewhere on solar- 
operated coolers, usina absorptiônncooling cycles, 
most of which are aimed at house-hold scale food coolers, 
or small-scale ice manufacture.    A single experiment 
in Mexico with a solar-operated, house-hold-scale 
cooler was unsucces sfvl ; the machine was simple in 
its design but overly complicated in its operation, and 
was not usable by the people for whom it was intended. 

There are many porsib:.e refrigeration cycles and 
systems that can be considered for solar refrigeration. 
It has yet to be established what may be the best scale 
on which to operate solar refrigeration for developing 
countries: community-3cale systems may offer advantages 
of large scale, reduced educational, requi ements for 
users, and (if appropriate) the possibility of distri- 
buting ice to swall^r users(i.e. house-hold). Thus 

Conta«...8/ 
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there are substantial number of open questions 
regarding solar refrir.oratJ.on, and the application 
has the attractive possibility of better utilisation 
of available food-stuffs if refrigeration could be 
successfully provided. 

Conversion to Mec-hr;ni_^al_ or 
Eïëctrï al ^nergx.. 

Thi3conversion remains an elusive, yet 
intriguing problem. r/h rmr.l conversion systems using 
heat engines and focuysin?, collectors are one 
approach i uerhaüs the --ost difficult problems are tho 
substantial difficult los of cost and long-term 
operation of focuss nr collectors which hare received 
attention but are far from solved. Another approach 
is to use flat-plate collectors with heat engines 
operating at lower te-.voerature (and this lower 
efficiencies). Th;re are experiments on solar power 
now* und er -way v hi ch are br.séd on flat-riate collcicto». 

A tremendous investment has been made in photo- 
voltaic conversion process for use in space. The ^ 
costs of tho convertors which convert solar to electri- 
cal energy. Is now very high by ordinary terrestrial 
standards ( from 100 to 500 times the cost of electrical 
energy from conventional sources).    In developing 
countries there may,however, be applications in 
communications, which recuire power in very small 
quantities. 

The possible amplications of successful develop- 
ment of economic solar-energy conversion to needs  for 
mechanical or electrical energy are widej  for example, 
pumping of irrigation or stock water and cooling by 
mechani'.al refrigeration.    Therefore,  several lines 
of study, of a more long-ran^e nature,  appear to be 
justified,  although the difficulties inherent in the 
problem must be recognized.    First, more development 
work on focussing collector systems and their materials 
of construction might be productive and should be 
undertaken.  Second, studies designed to raise the " ) 
Practical operating temperatures of flct-plate collec-* 

ors would,* if successful, help to solve solar power 
problems. There may be energy-storage and engine 
research which should be coupled to the collector 
studies,   .hird, further research and development in 
»olar cells might, in the Ion   run, reduce their cost 
and widen thair ¿reas of amplication,  although the 
prospects of generatine; electrical energy at the same 
costs as energy from conventional processes is an 
activity best carried out by very well equipped labora- 
tories of industrialized country.    Identification of 

Contd....9/ 
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the nature and extent of needs for electrical and 
mechanical energy in particular areas, and the economic 
and social considerations thr.t will affect the utility 
of solar power systems, are needed to plan development 
activities properly. 

Solar Cooking 

Tho application appears to be simple in its 
technology and significant in its advantages if it 
can be successfully a oli';d. Efforts to design and 
introduce successful sol~r cookers have been carried 
on for many years, wit-   cookers of two types.    One 
is based on concentrating tho solar energy by a 
reflector into a cookin- vessel, and is tho analog 
of a surface heating unit. The othor is a solar oven 
which depends on some concentration of radiation, 
combined'with the green-house effect, for trapping 
heat within a smanl space in which the food is placed. 
Both approaches have been developed to a degree of 
satisfactory technical per formalice for providing for 
at least partial cooking needs of families.    However, 
extensive field trial efforts in India, Mexico, and 
Morocco have so far not resulted in social acceptance 
of these devices. After en initial period in which 
some degree of utility has been shown, the users 
revert to their traditional methods or cooking. 

Solar cookers depend on focussing collectors, and 
their successful long-term utility will dépend on 
solving the materials and operational problems of 
focussing collectors- as well as the social and econo- 
mic problems that have deterred acceptance in experi- 
ments to date.    It is possible that energy-storage 
or heat-transfer techniques to permit indoor or evening 
oooking might help solve some problems of social 
acceptance. 

BioloEical Processes. 

Conversion of solr.r energy to useful materials, 
foods, or fuels in a sense represents an extension 
of agricultural practice. Study of algae growth has 
been doing on for some years with limited production 
in Japan. Water hyacinth has been proposed as another 
plant having relatively good ability to use solar 
radiation in phot o-synthesis to produce plant materials 
and sea-weeds may represent othor possibilities. The 
resulting plants could provide fuel( directly or 
through foraentatlon to produce methane), useful 
protein, or plant fibre. 

Contd 10/ 
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/Laboratory where 
"solar cells have 
been developed. 

flork in India 
Considerable research and development has been 

carried out in Indie in the following institutions. 

Some feasibility studios have also been ^ported 
from Central Mechanical Stosinespinp. Research Institute 
and Tata Rosearen Laboratorios., Jamshcdpur besides 

1 )     Central Building JL©se^chjnstitube, 
goo'rkee. " 

The main activities on solar energy at 
the Central Building Research Institute, Roorkoe 
centred round 

i) Analysis of solar radiation for 
Indian cities. 

il) Design of flnt-plate collector. 
Ill) domestic solar water heater. ^ 
lv) Large size solar water heater. 
v) Low cost solar water heater, 

vi) Solar air heaters. 
vil) Solar spr.ee heating. 

AjUlLYSj-n, of Sola^JrdJLatJ^on 

For a correct assessment of the feasibility 
of usinfr the sun's energy, it is necessary to know 
the total radiation on the earth1 s surface  at 
thot place. Data for direct solar radiation for 
all Indian latitudes  for assumed standard atmos- 
pheric conditions of'300 dust particles per C.C., 
15 mm of precipitacio water, 2.5 mm of ozone and 
at a atmospheric pressure of 760 mm of mercury, 
have been computed and are given in a special 
(priced) publication of Central Building Research N 
Institute. -' 

The Institute has a meteorological observa- 
tory where they record hourly values of total and 
diffused solar radiation on horizontal surface, 
the average hourly rainfall, hourly values of dry 
and wet bulb températures, maximum and minimum 
temperatures of the day. ground temperature at 
a depth of 40 cms and 80 cms, average hourly wind 
»peed and direction and atmospheric pressure. 

Contd....!!/ 
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Bolar radiation on various plants for 
»11 the oriantatJonts are matured under various 
•ky conditions  (ovorcaat and clear)  and are 
eowputed with -ho eoaputed values.    It i0 

observed that even under overcast iky condition» 
tho usual assu otion of isotrophy of iky radia- 
tion is not vali?.. 

A method has be in developed  for the 
computation of avarap.e hourly total and diffused 
•oür radirtion on horisontal surface fro« the 
actual »easured sun-shine* hours data which ia 
available for about IOC stations. 

fr«laneof FLat-Bla^_c_fiflIl3fitflI 
A flat-ülüto solar ©nerfy collector wea developed 

and is optimized to sive »axiauai efficiency par unit 
of cost.    BxppcSEion-   for various parameters, such 
M plate efficiency factor, hoat renoval  efficiency 
factor, effective transmissivity absorptivity product, 
orerall heat loss co-efficient fro» col lac tor plata 
to outside air, ate. vihl.-.h effects tho perf ornane« of 
the flat-plate collector, ara darivad. 

General iaed norfornane« curvos for various 
configurât ions and operatimi tenperatures of flot- 
plate collectors for a nuwbar of Indian cititaa ara 
obtained. Expressions use also derived for arriving 
tt optimum absorber si*«  for various paaces. 

a formula for the optiaua tilt of flat-plate 
collector which tatos into account, the direct and 
diffused solar radi, tlon arid also tho variation of 
transsiittance of glass cover with angle of incidane«, 
ia derived, 

A theoretical «ao^'cl  for predicting the thanail 
performance of natural circulation tyf&a sol %r water 
heater is develope-l tiv\ validated for clear M well 
aa cloudy woatlvr. Wit;- ths help of thi» nodal. a 
prototype soli*r water heater(140 litres capacity) 
capablo to »eut the rcqulranontt of an average Indien 
faai'y of five persons ia d«voloped  and ita performan- 
ce has b3cn studied for a nunoer of years wider actual 
conditions with differont draw-offa during the day 
tina. The he at or is llcejiced to the following two finan 
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numerou3 e>cperim<mts in dîneront countries and during th» 
study in this Institute. 

WARÍ-.í'AW^ Atufes. 
In India, parts of Oujarat end Rcjasthan states have very 

dry and hot climates a.id they hevo abundant saline v/ater 
resource?.    With thjn uonulation there the requirements arc 
low and tcchninuo n* solar stills is  suitable for meeting 
water needs in such isolated aro&s.    Thin Institute ov.a?*tod 
work  on destination in 1964 and príorUy vías r.ivon to t.io 
work  on solar stills.    Laboratory oxoerinsnts vere done using 
Smaller units  ->f surfet- arcar,  of 0.316 c.2 (3.4 ft«2).    A solar 
•till  with a surface area of 3.21 ri* (34.5 ft¿) with aù angle of 
\(P was fabric.ton and with this still productivity of 4.9 
lltres/Wdav (0.1 M*1 lons/ft S/day) '.ras obtained.    After these 
experiment?;, nood i?as felt for constructing pilot plant to 
study effect of different design variables as depth and  cover 
anel es and  also to study the possibility of use of indigenous 
naterl al E . 

The pilot plant set up by the Institite has 10 stills (") 
©ovaring an aret of about 360 n2 (3760 ft2).    The stills with 
lengths of 16.75 M (55 ft)  and widths of 2.36 m (7«-9")   and 
lt07 M (5*-6") have boon constructed having depths of 1£ aas 
(6")  and 30 «as U ft).    Two smaller units vrith lengths of 
4.87 m (15 ft)  am* vidtU of 2.36 ir, (7«-9») with a surface 
aree of 10,l n2 (109 ftO  and depth of 5 cms  (2M) are set up. 
Anal ni utad tri 10°>  l5°i  3°° t°* symmetrical  stills and 
UD^-fiO0 and 20°-40° for unnymnctrical stills.    Conádering the 
apnlieaMIlty of these units on large scale the operation has 
given a çood ex «ori once and it is observed that lengths of 
6.75 m ll>!   it) are quite suitable and glass cover an^le of 
10° in botter fro;,   yield as veil as nnintainance point of viev. 
To brtni do\m brr, " • Ke« of glasses,   it is seen that widths less 
than A.» m (7-9")  afe convenient.    The plant is now dismantled. 

Plastici can also bo used in placa of glass.    Rrt the 
»reeently avallati a plastics in India nanely  (!VC) polyvinyl 
chloride and polythene ara not suitable for the purpose because 
ef their vary* short Ufa and therefore glass is the eholco. _J 

In order to find out relationship between production and 
Incident solar radiution. Princii al  Radiation Station has been 
set up vlth the bei;, of Indian Meteorologi oaJ. Observatory and 
Hi» irta eolìocteo at the station has 1. alp ad i a oorrectly 
arrivine at thervoü  effioloneles of solar stills.    Data 
•oll«etcd for out  year -»t ti» pilot wlant siioved th*t the 
annual average •fficicnoy of energy utilisation is about 30$ 
Whtoh Means that at placo i with 560 cal/oiVday as annual 
averaf« eroductlvity will be »bout 3 Utras/r^Yday.   Th© 
»ro4\Mitivity will be higher ia mmtxor and lovor In winter 
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The auality of the product water Is as good as distilled 

•.&«££ a«. p^j^tS ^srsu°s ss^to their units and can sup-ay tnlo yator even i ce o. e      e 
CUStTfr^, íaLe/Ht°e.I.BU?Se Soases deDigas for 

Ssearch Institute fer routine use in 1568 and it is perior 
»ing satisfactorily. • 

Lookins into the growing P^;ìiÌy
0?VaVStìS3/W 

«uonlvin^ distilled vater in quantities of 5 to lu lidies/ 
Sfa St vas fabricated and tested.    In extraction of 
this unit materials like wood,  asoestos cem^t sheets, alu 
minium tee.  aluniniun channel vere used as »hewn in Fig•*! 
îor bottom' a thick black polythene film ^^J*1?^*•*8 

" layer vas used as liner and vater deptn of about 2 to 3 cms 
¡¡J maintained.    The unit has outer dimensions of about 
?8 ft x I ft) 2.46 m x 1.22 m having an average capacity of 
¿LÌ* 7 lltrea/dPV and ¿-lass sheets are fitted au    n angle 
T#>°.    In ?he mi? derated in the laboratory the plastic 
Sta listed for more than one year.    Table 1 lists some of 
ofthe units supplied by this Institute for gaining 
XÍ stilled water and all of them are reported to be giving 
•ÎtisfactoS serîice7 In this unit it is necessary to change 
the" SlîstïffÎSTonce in a year ( if required)and to see that 
ill the Joints are properly sealed. 

4',. 

¡jQCAtion 

flable, 1 

Camc^tT 

Dept. of Biosciences, 7 
Kaikot. 
Kirti College, Bombay 7 
Iteel Cast Corporation, 7 
Bhavnagar. 
Drug Testing Laboratory,       7 
Bhavnagar. 

Bhavnagar Motor, Sngfe,       1° 
Bhavnagar. 
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A .»rvey ».-«t*; g ma out th*-tf «fÄs3 

MA«« 
"liii, for 3alt works where tney nave wc speuu «     »     .     - 
Ss?¿A3 (HsÌo/1000 gallons^ 
solar stills is about RE.4.4/^    U|.¿ /.L        & >      ^ 
the discharged concentrated ^ne

s^
01¿r^ion#    This Insti- 

processed in the salt works for -J^PJgJ r 8tlll8 for the salt 
lute has prepared suitable designs 01  soxai 
works. 

— i*    vnuv nf tiri «3 technlcme is best suited for 
The applicability °* *£sj£f£äiUCe water throughout 

made for making this we.uor no,   •m OUR« & rainwater 

$e oc£c£y oV tne technique.   In.the "ÏAionllîi a Itaited     -, 

additional caoacj-u^  i,« ou *....,-..       ,.,- advantages over 
fall collection and solar distillation iws ^van^b«9

pt^on, 

Eos Sin SÎ5ÎSÎ Sf/ÄSd°LÄ«^hoiraÄter 
K ?i; thf ooSbin-a unit than those with heavy rainfall 
Ë a fi mmïhs •ory year.    Such combination has a posatole 
application for lighthouses. 

Department of Lighthouses and LiBhtshiw,¿Mi"*8*«/?oO 

Stored for use.    But due to insufficient storr.ge capacitiM, 
Slter shortage is felt.    Construction of solar f^s *^ly 
on the roofs (using roof slab as the bottom of solar stilis; 
slifhtly affects the rain water collection, but gives a 
eontinuous a source of water with solar stills.    The solar 
stillsa^coîdîng to Institute's design have been constructed       • 
and put integration since August 1968 at Navinar Uehthgise 
near Jamnapar.    These stills have a surface area of 57.2 m*. 
(5S sa?firwith production of 130 litres/day.    But these 
stills were not constructed on the roof to avoid risk of 
affecting the slab due to corrosive sea water and somewhat 
heavy structures. 

Staff at the lighthouse naintains a record of the output 
«id their department has been kind enough to supply dats to 
us.    Conwlete data from the begining upto Deoenber, 1970 was 
sent by Ine» and is slotted in Pig.5.   In 196S the daily water 
•onsuaption values were also given for a few months and from 
that it seems that their daily water requirement is wet 
through solar stills.   Department has also expressed satis- 
faction about the performance of the stills.   ïho lower outputs 
have been attributed to the lcakaG*s in glass joints. 
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»ornali y estimates vili vary with types of stills cons- 
tructed.    Generally for all estimates,  omeiency of solar 
-niirrv utilisation is assumed as 30$ and \/ith the value of 
¡SÎÎÎTeannual radiation intensity, th. calculated productivity 
i. taken as the tasi s for calculation of surface area required 
fSr solar stills.    On the basis of the cost of construcUon 
?«!-/,mit «irf-pe area>  of still having facilities of rain 
^tïr^onSiofaSridequate facilities to collect rainwater 
¿l having a water su^ly tank, total investment is calculated. 
f^ty years'  life and 4 rate'of interest are assumed to 
SSrtLe the niant.    1$ of the investment is taker, as 
»•ration and" maintenance charges and operating labour is 
z*r7       ^ i.4n^ n «v.••» iiormnnetitlv euro lo ye a ana an 

ration ana naiaocu-iicuiuw U^ó« «»- ^*.*...-...„ __ 
taken as one unskilled labour permanently amï?lo/ed and on 

Ttional 100 nan-days T>er year ncr 930 m* (10,000 ft O 
.      .        - j J.KU hn.cf r-4- QO owes.MP'O  rainfall is 

additional 100 nan-days per ye-r per y^ =j» v¿y,• **-, area. 
Iti« also assumed that &<# of 30 cms (12») rainfall is 
iolUcted end this quantity is added up in the total produc- 
tion. 

As mentioned above, the solar stills are suitable to 
Met the needs of isolated small communities not having any 
source of rotable water and power.   In order to assess the 
KanUgcs* of solar stills over the conventional piping system 
«•eially laid to supply very small quantities,  certain 
Stations vert nafte by us which are shown in tt6.8.   It is 
«vidint from the data that even though the cost of water by 
loiar stills is very high, it has advantage over conventional 
»i»ini system provided the fresh water source is more than 
ttTkng    Í15 miles) a^ray fron the point of actual use and the 
Sil? reeiräen? is Ses than 22*25 m3/day (5000 gallons/day). 
The Sata "is plotted on the basis of costs existing in 1966-6? 
and since then the prices have gone up.    The estimated cons- 
truction cost of solar stills in 1966-67 was Rs.S5/n2,  (Rs.6.05 
/ft») vhich is now about Rs.90/m¿. 

ftMUm fiQTiff^^oft5 

Two types of constructions have been adopted in desi- 
fnim the basins of large solar still plants.    One type 
provides for a single large water basin covering the whole 
•till area (i.e. pond type construction as adoptod in pilot 
plant of Office of Saline Water (OSW), U.S.A.,  at Daytona 
beach and at tas Marinas in Spain).    In the other typo, the 
distillation plant is divided in many units vith varying 
lengths but having restricted width (bay type construction as 
in Australia, Oroece,  etc).   In the pilot plant constructed 
by this Institute, second type of construction was used as 
thii plant vfas meant for experimental studies.   Pond type 
tant true ti on works out cheaper than bay type construction, 
•lilis at Navinar Lighthouse are having pond type construction. 
Fil*S shows ti»o construction details of tho pilot plant at 
Hui Institute. 
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In the initial construction, glass to glass joints varo 
sealed by cotton adhesive tape which worked satisfactorily 
for about an year.    These were replaced by Tarpi asti e 
lïmfactiired by Il/s. Shalinar Tar*Products Ltd.    This material 
is quite suitable. 

Other problems faced in the operation of solar stills 
were regarding deposition of silt on the cotton (but this 
can bo considered' as local problem at Bhavnagar)  end growth 
of algae.    But they aro minor in nature. 

Basodon the experience sained on the pilot plant of solar 
stills (now dismantled)  following conclusions are arrived at 
for permanent installation. 

In the absence of avrilability or butyl rubber sheets 
•it reasonable price in the country and short lives of Jute 
imputed asphalt mat liners and black plastic film I thicker 
ones) it is necessary to adopt complote concrete or brick 

•raasonary flooring suitably plastered and joa^d withblack 
asphalt coatings (these are now introduced by »Vs. Wassix 
Engineers in market)  for bottom of solar stills in .Permanent 
installations.    In the pilot plant width of individual still 
was taken as &V ft and 8 ft.    This was found to be larger 
for 3 mm. thick glasses particularly with lower cover angles. 
Hence this is now reduced to 120 cms (say 4 feet).    In the 
pilot plant pre-cast items were used for top ridge,  bo^om 
supports combined with rainwater gutter and ridge supporting 
illars.    It appears that their long life can only be assured 
y better workmanship and proper precautions taken during 

casting.    At time3 these items caused difficulty in glass 
fixing as was experienced in stallation at Baroda.    In the 
pilot plant the botter, supports combined with rainwater 
gutter were made out of bricl: raasonary for two solar stills 
and they proved to be equally • good.    Due to availability of 
suitable aluminium 'tee'   sections and angles, in the new 
designs the-" will bo adopted as central support and glass 
supports at"the end walls.    Concrete pillars will be replaced 
by wooden pillars on which Central  'Tee1  support will be 
fixed.    All these modifications are incorporated in the new 
design and complete details are prepared for a unit of 25 
litres/day capacity. 

On examining the reports on performance of various largo 
scale installations we find that vapour leakage is one of 

.the major and most important problem afiecting the performa- 
nce of solar stills during its operation«   Use of silicone 
sealant in Australian solar stills proves to bo a solution 
to this Problem.    But its adoption in India is difficult due 
to high cost.   One has te continue using asphaltic sealing 
»atcrials and inspecting and maintaining the scaled joints 
at regular intervals. 

The product water is very pure and the productivity of 
this technique is nearly independent of salt content of raw 

I. 

a 
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»«'^inw tasteless vrter is difficult and it it f-eed water.    To drink Urti««   £J       t       Drinking w*ter 
necessary to *d^soae salts to  ,.v. dissolved 

^specifications lìmi o sal. contéis oi  J^O v 
ìolids) to be 500 p, and acceptable M i»* i il       wUh 
Thus if this technique is used to treat sol ^ 
salinity very r.ucj  lc ;; ^an  .n..    o    additionJ »ount of water 

^as3Ä.r?SCd^in, îanS... 
With all the «-^ÄÄtt^ ln 

a position to give sv^table desi ns for eroine     y iolar 

rainfall collection wiw solar ^v;g¿^y^er"or distili»* 
distillation for production o    u^a^ur^8isnS| new idaes 
waster for various capacities,    m mxure ixm*±&   , 
will be incorporated, 

»t-frartion vet on the whole j.t i.iaj  of       j, Î*        .,«.„ r^i* 

SÎÏÎrHn -irions of Spears, in Tunisia where water is so 
îcafcfth^f's^lpooïst after U,if,  on the ^ds are sources 
of water for daily use who \fill rule out soiar distillation 
il a solution with all its simplicity within the reach of 
SskiîïeS persons.    Under such situations nr.tura3.ly cost of 
SKeriB a ninor consideration.    In Sjael: islands and in Spain 
/•*• Ta« ìiRvlnasì Govemnent vas sienaing quite a lox, ior 
S^Wn^witS^u• ships.    Now altfiou,h the cost of water 
for the installation at Las Irinas works out to about 
Ite.6.9/n3 (•jv-.60/n?)l this is nuoh below the cost incurred by 
Government T>rcviou¿L y for sullying water.    Greek and Spanish 
Govemnents' have decided that the ceneronities using water 
fron such installations trill only bear the operation chrrges, 
and hence0hebitants at Us Marinas pay only Rs.l.Wn*» 

'   (F.0.7S/n3). 

* IT • Its.1.6 
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(*) à erotot-nt aachin* to produce io« In blocks will b« 
fattali« for cmwcial   sale to fish.rn.nn, butchors, *g*Y~ 
Em etc!    iuch r naohine voulu raise innose P*0^« Jood » 
ÎC ««•i.etriri«d re i OP» of a country.    The -over source is 
AidSuvCiuííhí«!HTr loo production, th« best syst«, seems 
S STÎoïutîono or sodiwi thiocytnate in liquid ammonia. 
&^Sico-X*r..icai   characterise and ennlneerinj data 
J£a bïîn develo-«.    For a machine of 75 kg/day of ice,  on« 
¡killed oorso.i is enough,  and the capit al emendi ture is 
3a£t *s?4«XV-.     Locally available materials can be used. 
Iterile ''»tor re-.- dri:iUmr come« out as J^-?^;-lt

Tfte- 
ooarficienw of performance of such a machine is about 0.3 

conditions of 4f>°C ambiant. 

(«) n»valo«nant of sciar air engine is of considerable 
interest and ismortanc« for irrigation providine energy to 

scale idustries vital to tho regeneration of rural 

Ftoloratorv studios indicate thet e good approach is 
«i*ou2h many focussing collectors of say 6 feet in diameter 
•Mwe^t  sïirling hot air engines of 0.2 KW power,    i 6-foot 
MrtfcolJc nirror ear. intercept 9fi KW of solar radiation end 
•«diver £  KW of heat to a small target.    It may onorate a 
•tirling cm sin« at 15 p.c. efficiency,  giving about 0... KW 
of «•ehanlcal power,    frive such small  endues, and focussing 
•ollectorc costing rbout Rs.2O00/- could produce one KW of 
mechanical  power« 

(4) air-inflated,  controlled environnant "Green Houses" 
Vttereln iesalinlsod water is used to provide arid zones with 
fresh vegetólos«    At tho Iv/ironuontal Research Laooratory 
of the University of Arizona in Tucson,   crops are grown in 
eon trolled onv ironic» it air-in fi atei, plastic Green House in m 
area of 4 x 4S00 ft.    Such crops   re tonato, cucumber,  raaisn, 
spinach,  carrot«,  sauash, «cc plaits, peppers, lettuce, 
cabb* •, boot» chill, ve-tor ir.olon etc. Control of huirldity 
to «¿moat IOO5 it it is by the use of desalinised water for 
th« HUHldifleation-Cohuniuifioation plant indicating indigen- 
ous develonnent of this technique of desalination and control 
of ef.rbon dioxide it  is frou the exhaust gas of generator. 
Ih« crops are soeded directly into sana.    The basic approach 
has been to provide water and green vegot&blos end seme 
fruits for the arid regions.    The larcer actio Puerto-Penaseo 
(Kexieo) Groen House,  designed on the basis of Arizona 
•jsjierinents is in operation since quite a fow years producing 
various vegetables in  the arid region.    The nicely plastic 
coverings of the Green Housos. apart frac maintaining control 
of hwaiiuty, carbon dióxido etc. also shields the plants from 
—. I^I m¿ ught, tandstoms and insects*   Recently, 
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ti» results of tho experiments end experience havo been 
•xtended to the SiaikhdoEi of Abu Dhabi, a hißhly arid 
ration of the Arabian Poninsula south oast of Kuwait ana 
the stete has started uroducing much expected green 
vegetables and vater required there.    The rato of 
production there is soon soing to be enhanced. 

Buch tv«c of "Green House" has got immense possibi- 
lities in sôîae of the arid regions of India. More basic 
tata are required for Indian condtions. 

Dv 
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Sei*r energy Niwwi mach 
urliti** ear* ye* thro« in Ih* rW«| anee« 
>f foMHl feel« end their health aad aetety 
import MI ihr rnvireameni The eeeta ef 
(tistnlNrtiHC ihr fuel* art ala« eliminated, 

BVniMaiár   aliMiáM  have   ikgiti  that  «Otar 

t«a*tM «IfMto «i «M» «**«.«li»v« Jb« •** 
irW heatMf in a wtd* variety «T Ut. eu 
matea, ami i« « few laratiena it ta com- 
petitive with gai or ml heal Titta* »am* 
»tudtea demoaetrate thai «olar heating, even 
without tu»»teme»tal taring* fra« e—Mm, 
ran b* a practical alternativ* to cenven- 
tlenal beating The Seter Energy Panel 
rend«*»« that io*ti«wtl«l heating ami *ee4- 
in* *mtM be In wtdeepread pahHc mm within 

Approaimately M anneri mental anear heat- 
v"e»   eteararÄeJ^B   Bwl^^C    iWw•   famj»»jnj»am^aa,|   aa*a*/»j*>   ommmi   anar 

••rated in the Ul Vertette tombta»ttoa* ef 
ratter**r type*, heat ateragc t«ehnl»a»a, heat 
traanfer media, ani auxiliary energy •*#> 

h.ve been we« Werkahle heating 
have evolved, however, they are net 

rally engineered, either free« the nteadautat 
ef eahMting th* heat ayetema or »ptimtaing 
the éaatgn ef thee* ayetema. to 
•eUr-pewered air eeneUtientog 
which have been operated in avverai lah- 

toned with the aalar heating 

He« ife CNMw 
•alar energy i* trapped hy a rooftop col- 

lector feeing the MM at an etevatton » 
degree* greater than the lattate* Oetwttara 
fall inte two categorie*, «at peate aeri ft- 

»refera»!*   aine*  they  can   utiltas   difaoe 

mmfaaieaÉéjaaallâ*      »HB      «*a»»n»mW      ähaan»!      eMreMPM •niVCwvVlJ     teli     v?JaWJ«w«y      aa^P»     wrwarnm; 

They ean akw h* mamtained in a flaed 
tien While forward eellertert CM 

•Mch higher operati»«- temperature« ani 
Urna arc eap*M* ef higher »aVianete«, «hey 
nwet feitew the Minlight and he hap« cteaa. 

radiation i* trenomtttod thread» the 
•tete* revering th» f »ee ef th» eeUee- 

nd then aheerhed hy a 
at the rear   Tatoe earry 

A» 
ur 

reMaCeM 
»«•»jr feaenf 

Current earecte »re 
»•»«Iti« aaear heaving I» t»a*eattea»I eya- 
tami » ««tettai hemee-Tetreflttin«" m 
the parlante af th» trad. Defending »a 
which ««pert reare tetetaf to, the eaet ef 

heet into a »ewty-battt 
ah»«! twaee a* mach M •» aaVffcrad 

patom e** three te 
Aft MI   WaMWTlCW IrJWaWaWeml 

Dr. Jante* E Hill */ th* Werianal B*> 
ei •tondarda —tímete* ate» vary M 
lang tt weuM taha a aetar ayatean te 

any fer itoeif ta towered Net eeete. hat 
ate ta tea yaw* at« te* 

iweawwy     aaamngj 

(aa—threwsh th* 
metal eheet warm« «p. 
ia heated t» 
grec« Fahrenheit, 

ter the neaae. "ee* I dent thte* the 
wtU ha »fratte« hy 
MtU. «tt wtM       ^    __ _ ^ 
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later energy tue la being enatered at the 
Natkmat atona« of «andera*, where «atar 
collectera mounted on the roof of a town- 
bene* will collect »ad atete th» wn't energy 
for cooling and hooting parpa*««. The town 
henee experiment i* deeigned to produce 
«taaaard tea. precedaree ter aatar lyatema. 

The townheaae will to aajaipaed with 
"atat»-oi-the-«rt" ayatem« maaufactured by 
iaite»r«i*l fina* praaently ceemJdertag UM 
predarti»» of «»ter heating equipment 
ThU hoaae haa toon etudied «xton«i<ely 
evar an l^menth parted »ad ito thermal 
ehamctertetioi ara totter waderateod than 
theee of any ottor aach atraetar«. It toa 
boon mewed to a »He on the NB8 ground* 
aad «HI to tooted with it» conventional 

badare beginning opan- 
«**" that aaring. 

at tto UahrenMy ef DeUware 
on a teat bátete which woald 

to «ite Ant te oaawart aanlhrht tate both 

ada to the eaat ef • 



Roger N. Schmidt, manager oí Honey- 
well's solar energy programs, describes 
progress to date. "A trough concentrator 
focuses the sun's energy onto a coated heat 
pipe, which transfers the thermal energy to 
one end with a thousand times the effective- 
ness of a copper bar. The heat is used to 
generate steam for electric power produc- 
tion or is stored for later generation of 
electricity. Each 40-foot long, 10-foot wide 
collector is a single module which lends 
itself to volume production and can be 
easily placed and maintained in the solar 
field. Computer simulations have verified 
technical feasibility of these collectors— 
the key element in the solar power system. 

"Therefore, engineering eiforts have been 
directed toward questions of economic 
feasibility," Schmidt continues. "For ex- 
ample, there were serious concerns on the 
availability of suitable surface coatings for 
the concentrator and receiver. Under the 
current program, concentratoi surface 
materials are being tested in Florida, 
Arisona and Minnesota. Preliminary re- 
sults have been favorable. 

"Honeywell has made independent cost 
estimates for a solar steam generating plant 
to be built and operated late in the 1980's. 
Our estimate of initial cost in 1073 dollars 
is approximately $1000 per KW installed 
based on present materials and on volume 
production techniques. This estimate is in 
reasonable agreement with other inde- 
pendent estimates and is at least twice the 
cost of current light water nuclear plants. 

"We are encouraged by this estimate" 
says Schmitt, "because we foresee that the 
corresponding costs of alternate systems 
with their environmental controls will in- 
crease significantly by the late 1890's. It 
is also possible that the $1000 per KW 
estimate may be lowered through addi- 
tional engineering development and new 
volume production techniques." 

Photovoltaic process 

Photovoltaic conversion is based on use 
of the photovoltaic effect on a semi-conduc- 
tor such as silicon in devices which are 
commonly called solar cells. The process 
involves absorption of light which then 
generates an electrical current which can 
be collected on contacte applied to tin 
surfaces of the semi-conductor. The theo- 
retical eftciency of this conversion procesa 
la M percent but it has not bom reacbod. 

lolar coito made frota silicon have sup- 
plied essentially all of the power used by 
sniisirift Their performance and relia- 
bility in apace are well oetsbltehod. Fox 
oarthheund energy applications, Miar esili 
are la uet ia UM UJ* Oreat Mista, 
Jap» M« other countries ta As fera of 
small "poshagod power" systems to 
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TOMORROW—This experimental solar heating system i* beino mttalUd in a suburban 
Minneapolis junior high school by Honeywell under a National Science Foundation 
contract. When operational, ü ü expected to save 12,500 gallons o/ fuel oil annually. 

applications have nrt been built, although 
the technical capability exists. 

Harnessing the wind 
Solar energy sustains the winds. On an 

annual basis, the wind, are remarkably 
repeateble and predictable. It is calculated 
that the power-generating potential in the 
winds over the continental U.S. and the 
Aleutian Arc is considerably greater than 
our present installed capacity. The kinetic 
energy of the moving air can be extracted 
by an aeroturbine or similar device. A wind 
energy conversion system for large-scale 
power production would incorporate a stor- 
age capacity, to allow for the times when 
there is no wind blowing during peak en- 
ergy demand periods- 

Sixty years ago, wind power serviced 
small generators throughout the world. In 
the 1940s a 1300*ilowatt wind energy con- 
verter wu built and operated for a year in 
Rutland, Vermont Steady improvements 
directed toward large-scale applications 
were made through the IMO's, but tho 
availability of large amounts of cheep fos- 
sil fuete made the further development of 
wind power unnecessary. 

However, recent events have prompted 
a réévaluation of the merits of wind power, 
and several huge seals wind 
tesas win 
been »rapassi These «aits would he lo- 
cated eoe-eighth to one-quarter of a 

to 
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Between the Tropics of Cancer and 
Capricorn, where the intensity of incoming 
solar energy reaches its peak, 90 percent 
of the earth's surface is water. 

The Gulf Stream carries 1000 to 1500 
million cubic feet per second of near tropi- 
cal sea water through the Gulf of Florida, 
in a stream about 90 miles wide. It is 
possible to modify s conventional energy 
conversion system to convert some of the 
energy contained within the warmer water 
into electricity. The conversion efficiency 
would be quite low—around 2 percent— 
and the cost of such a facility is expected 
to be about double that of large conven- 
tional power plants. A collection syrtem 
of unite moored on one mile spacing? along 
the length and across the breadth of the 
Gulf Stream is thought capable of an an- 
nual energy production about ten times 
the present electricity generation ia the 
United States. 

Feasibility shown In 192* 
The proof-in-prlneipl« of the generation 

of electricity using a vapor cycle operating 
between the warm surface and cold depths 
WM demonstrated in IM». A technical and 
economic feasibility study of a 400,OOfrfcllo- 
watt central power station based on this 
ceaoept is ander study. 

The knowledge Is there and ia meet 
As equlament is there for tullécele 

of telar enerar. Te sate the 
any real 

of sigssiy that would frets» the very 
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Solar Energy: Conversion and Utilization 

by DR. ERICH A. FARBCR 
Professor & Research Prolcssor ol Mechanical Engineering 
Directo», Solar Energy & Energy Conversion Laboratory 
University of Florida 

w,< 

'       1 

ridesprcad concern with cur 
energy situation and crisis, arid 
what meeting the ever increasing 
dcnrind of litis energy docs lo Ihc 
envhonment through pollution, 
prompted the writing of thi< paper 
It presents the over-oil activities of 
the Solar Knergy 4: Energy Con- 
version Laboratory of the Univer- 
tily of Florida rather than the 
technical details of one particular 
Investii;, lion. 

The laboratory has looked into 
old methods of convertine solar 
energy into the forms of energy 
needed, has used the present state 
of the tri, und has pioneered in 
many «ivas of solar energy utiliza- 
tion. 

It ts obvious from all surveys 
•nd repot ts that we «re using our 
fossil fuels at a tremendous and 
ever increasing rate so that in the 
not too distant future these sup- 
plies of energy, so vital to our 
present growth of civilization, will 
be depleted. Tor this reason it is of 
utmost importance that we look for 
other more permanent sources of 
energy and learn to use them 
before ¡he dire need arises. Solar 
energy is leadily available, well 
disti touted, inexhaustible for all 
practical purposes, and has no 
pollution efferts upon the environ- 
ment when converted tmd utilized. 

Our picscnt usage of energy can 
be compared to a family or (roup 
living off their s.-.vings, stored in a 
bank, and being steadily depleted. 
This process cannot go on very 
lon( unless rome "income" is 
added to the savings 

In the field of energy the most 
abundant "income" is solar energy 
This incoming energy was, usually 
In very in-efficient processes and 
over millions of years, convened 
Into our fossil fuels With these 
(•vingt rapidly disappearing we 
will have to learn to use this in- 
come, in the form of radiant 
energy, directly by converting it 
into the forms of energy needed. 

This conversion from solar en- 
ergy into the desired forms should 
be done in the fewest possible steps 
•nd along the most du cet ionie 
This procedure will insuie the 
most efficient way of doing this 
•nd will l.eep the equipment nec- 
essary simplt-u 

Volar energy has cvrbtin charac- 
teristic« ll is intermittent, only 
available rim in,: ,,M' day ort a par- 
ticular .loralinn on the surface of 
the earth In (peeti.il character i| 
approximates a btavk body source 
•faliout r*,B(rOF, modified by 
gaseous layer» of both the sun and 
the earth aimu.-pherc. 

It arrive*"on ihe »in fact- of the 
yearth both as direct r.idi.itimi »ud. 
diffukC radiation The fornice por- 
tion Can tie concenti a led if de»>- 
•U*. < 

A knowledge of the specific 
properties of materials under solar 
irradiation will then allow the 
collection and, or concentration 
»rd absorption of this energy. 

If night lime operation or opera- 
lion during bad weather conditions 
is necessary or desirable the 
storage has to be provided. For 
many applications this is not nec- 
essary. 'J he energy could be stored 
in conventional manner as poten- 
tial energy (pumped water, etc.) 
as heat in hot water storage tanks 
or rock bins, as chemical cneigy 
utilizing chemical processes, the 
latent heal or heal of fusion, etc. 

In other , i.rds Ihe technology 
has bren developed to convert and 
utilize solai energy, ihe economies 
and sociological acceptance has 
still to be worked out in many 
cases. These problems vary from 
region to region and therefore take 
on a local character to be worked 
out by Ihe potential users. 

To be most effective, iocal male- 
rials should be used in fabricating 
by local methods and labor fitting 
the economics and habits of the 
local civilization. 

With this introduction of a gen- 
eral nature the paper will now go 
into some of the work done by one 
group r.nd Ihe best way to do this is 
to lake you on a lour through the 
Solar Energy I »'oratory of the 
University oi- orida in ihc United 
States of America. 

ÜF Solar Energy Lêùoratory 
The University o' Klorida Solar 

Energy Laboratory'is one of the 
largest laboratories of this kind 
and a lour thiough it will givo on 
idea what sudi laboratories look 
like and the kind of work which is 
carrird out in them The work 
carried out at this laboratory is 
supportée' by wer'»: and prrsopj all 
over the world auef f.rùpeï credit 
should ne 'given to them Fig. 1 
presents the entrance, within the 
gale to llie laboratory and two of 
the four.buildings. 

Stepping around thoc two 
buildings one ran see some of the 
equipment «>f the lúboiatory which 
will U- discttvicd In moie clc-lail in 
Ihc paper and the following illus- 
trations. Fig. 2 shows-this equip- 
ment Willi engines of vai ions types 
in the ion-ground, behind them 
collector« and ' concenti atoi » of 
various types. On Hir left of the 
picture arc a small solar air-co.-ili- 
Ironing syMeni »trd lwr* solar water 
heali-is, a solar Mill.«fid p.irabjlic 
concenti «lor*, further visible are a 
itilar po-vu-r plant, a solar still, the 
solar fin nan em) miai calmi.nctci 
to investigale, ¡lie »olai pr'itpeitü* 
of man-rial» In the background 
partially visible is a five ton solar 
air-conditioning equipment. 

Solar Properties 
The first step in utilizing solar 

energy is to find materials which 
will withstand Ihe exposure neces- 
sary In the equipment to be built. 
To do this we lake some of these 
materials and expose them under 
rather realistic operating condi- 
tions to the weather and the sun. 
Fig. 9 shows different plastics ex- 
posed to the environment, 
stretched over cans which are 
filled with water or sand or wet 
soil, etc. If tln'se materials deterio- 
rate afler a shoit time Ihc inves- 
tigation is terminated. 

Those materials which, however, 
withstood this exposure test satis- 
factorily aie 'hen investigated in 
our Solar Calorimeter as to their 
reflection, absorption and trans- 
mission characteristics under actu- 
al sol.''!' ii radiation. 

The Solar Calorimeter, Fig. 4, 
can be oriented into any desired 
position, it can be made to follow 
the sun, it can »imulale severe 
winter conditio i*. or extreme 
summer environments. It is further 
instrumented v/ith many, many 
thermocouple.! to be able to obtain 
complete heat batanees This in- 
strument, the only one of its kind, 
it constantly used to investigate 
new types of materials such as 
glasses with tinting or coalings, 
laminated glaises and plastic Ma- 
terials, Venetian blinds, Ihtr- 
mopanc windows, plastic bubbles 
for aircraft, frbnc used for cloth- 
inj, curtains and draperies. 
water cooled Venetian blinds, etc. 

With the properties determined 
a selection can be made to obtain 
the best results in any desired 
application. 

Solar Water Heating 
In Fig. 5, five different flat plate 

collectors used for '. ater heating 
are presented. They consist of a 
box v/ith glass or plastic covers 
(one or more) with a metallic ab- 
sorber element inside, which con- 
tains the weter. This, water is 
circulated to the small water 
storage tanks rhown »bove. There 
absorbers can be compared with 
oarh other when exposed to the 
sun under identic?! conditions and 
for the same Irnjih of lime. 

Some of the absorbéis have 
copper piales v.-ith copper tubes 
soldered into !-!.dn, others are two 
flat plates rive-led, crimped or 
welded together. The moM efficient 
«nil found consisted- of two thin 
flat copper plates fastened together 
tit) tlie eilgcs and providing a water 
spaed of'about 'ii inch, with one 
glass cover and one inch of styra- 
forin insulation behind Ihr plates, 
f.'o plastic material» were found lo 
be as good ai glass since none of 
the ones we rould find hud the 
characteristics ofgliiss, namely let- 
linß through ih«- short wave radia-- 
lion tout net ihr long ware ruuin- 
lion. This ci/arac to ivtic s of c'ass 
allows >( to be vsed in Ihe design of 
a solar «i up. 
-.Kij^fi present,* a typical Florida. 

SoljrWaur l!:júr. It coruisH ufa 
.sheet mi'btl'Utx, i feet by it feel, 
coveted b,v ¿layer of glast Inside 
Ihe box. i» a copper »hvet with 
copper   lube:   soliUVed   to   it   In 

•lnusoid.il configuration and con- 
nected to an fit) gul. water storag» 
lank. This system, lather torninoli. 
is found satisfactory for a typical 
American family of 4 with auto- 
matic washing machine, etc Under 
the copper sheet is one ¡m h of 
styraform insulation. Fc «atir'ac- 
lory operation the oltom of ihe 
hot water storage tank must be 
above the top of the ebsorber to 
provide circulation without a 
pump. 

Fig. 7 shows actual installations 
of this type in an apartment house 
in Florida with each apattmcr.t 
having its own unit to provide Ihe 
needed hot water. 

These standard uniis may be 
damaged if used in freezing tem- 
peratures and for this reason we 
developed a dual circulation 
system which eliminates litis 
problem. It consists of iv, o tanks on 
inside the other, Ihe oulei lank 
being connected to Ihe collector 
and this system li filled with an 
antifreeze solution The h?al is 
then transferred rrom this solution 
through the wall of Ihe inner tan»; 
to the water to be used. Since in 
this system the primacy circuit 
operates at alnimpilerie conditions 
(the outer lank can just have a lid 
on it) the collector can be con- 
structed •'urh cheaper and ligi ter, 
for example patterned after Ihe 
most efficient design mentioned 
earlier. Insulation covets the out- 
side tanks. 

Swimming Pool  Heating 
Another type of heater which 

has interested many people in 
Florida is e swimming pool healer 
as shown in Fig. 8. It is one of the 
simplest oner, and ¡cast expensive. 
ll consists of a galvani/ed »heel, 
wrapped into pl;tstic. The shivt is 
painted black (Dal) like all the 
other absorber». Water from the 
pool can be fed lo there absorbers 
by the filter pump and inen urn 
ning down the front and back of 
the metal pluto drains back into 
the pool. It >:.«ua!ly U'ker a col 
lecting surface equal lo the p-5ol 
surface tor tailing the water tem- 
perature in Ihc pool 2 degrees F. 
These absorbers ran be comlrucud 
lo form the fence around the'pool 
which is in many localities 
required by ìmw, and in addition 
can provide privacy. 

House Heating 
If the objective is to heat a house 

rather than water it can IK- done by 
hoi water çii culateo through base- 
board pipes in a conventional Lot 
water hcnting system. Frequently 
i> is, however, .more convenient or 
drsirable to heal a building by hot 
air. Fig i shows such an an t.c.tcr. 
made up of overlapping aluminum 
plates, painted biadi on Ihe porli.m 
exposed to the »un Ab»>ul 'j of 
each piste is »liou-ing the other sj 
shaded by the plate above. Tl.cy 
are put into » glass covered box 
The air wii) enter this unit on ihc 
bottom and then Mrc.-mmg be- 
tween Ihe hot plates will pick t.p 
Ihe beat «ml lease <>n lop «s hit 
air. The circulation ran be pic- 
dured either by free or natutal 
circulation of by a fan. 

All the above  mentioned col- 
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flg. 1. Entrance to t*e University of Florida - Solar Energy Laboratory. 
Fit. 3. Exposure Test ci some Plastic 
Filmt. 
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Flf. 2. View of some of the Solar Energy Conversion Equipment in the Laboratory. 

Fig. 6. Florida Solar Water Heater. 
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Flg. 7. Solar Water Htator* In Apart- 
ment House. 
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Of. I. Swimming Pool Sul at Heater. 
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Fig. 12. Larger Solai Siili, alio able io Collect Rain WaUr. 

Fig. 9. Solar Air Heater. 
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fig. 10. Solar Oven. 
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Flg. 11. Smalt Solar Still. 

7 
Fig. 14. 5 Ton Solar Air Conditioning System. 
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Fit   15.   Small   Solar   Reiteration      Fig.   16.   Small   Sola    «elrigeiatien 
Syttom, FroM. Systonw, Back. 
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lector» are ideally f.« mg South and 
inclined with Ihr liuri/imtal at an 
ancle equal lo lin- local gi-ogrnphu 
latiludc- plus 10 digues. This gives 
a lin te higher colin (um efficiency 
during the winter whin the diys 
»re shorter 

number of international mi-clings 
it was pointed out that famine 
could !«• picvenlt d n> much of Ih«' 
world if Ihr food «huh is raisrrl 
durine certain pail« of the scar 
could he prcscivcd fiom spuliate, 
«uri thus prcsoivcd for uve donni: 

The air healer could he designed     the usi of the year   This rcquiic: 
formine the »all of a building, lei 
us .«ay the Fast wall where it could 
produce h>l air the fust thing in 
the morning lo lake the chill out of 
the buildine the fnsl past of the 
day. 

Solar Baking 
Another application can be a 

solar oven, ri« 10. essentially a 
glass covered bo* fa cm-, into the 
tun. rooking »nd baking ti mpora- 
lurcs can easily be readied with 
such a device. I'eiiodic (about 
every 15 minutes) iconcr talion. 
due to the movement of Ine sun. is 
required. Flaps can be added as 
shown in FiC 25 to provide sonic 
decree of concentration and thus 
bringing the things to he cooked up 
to temperature quicker. Very little 
heat  is actually  required   for  the 

Hiking procès«, only a certain 
.imperatore for the requited 
length of lime. If one of thes« 
ovens is to be used in the late after- 
noon or early eveninc. the wall!. 
could be midi thick, of clay oi 
Other mateii.nr which can store 
»ppreciable «mounts of heal and 
thus remain wann long after the 
tun has cone down. 

Solar Distillation 
One  of the major  problems In 

many parts of the world is fresh 
water. Solar energy can w ilh very 
simple equipment convert  salt or 
brackish water into fresh and pure 
walvT. Fig. II ¡.hows a simple solar 
still.  A   melai  box  with   slanting 
{lass facing South   Inside lite box 
is  a   pan  on  short   legs,   patnled 
black and holding the bad  water. 
The sun shining into this pan heats 
the water in Ih« pan and vaporised 
it. The vapor or steam then  will, 
when cornine in contact with tir- 
cold surfaces of the lox, both the 

•ass   and   the   melai,   condense 
rming the fresh which runs down 

Ihe sides in Ihe foini of droplets 
This    fresh   waler    can    then    be 
collected for future use   AIK>UI  >/i 
lb. of water can bo prodi c.-c! at in 
• verace per square font  per day 

Another larger still is shown ifi 
Fig. 1Ï. The pan is covered by glass 
•t about 45 decrees which   forms 
most   of   the   condensing   surface. 
Class is much beliti   than  plastr 
since   it   forms  film   condensatimi 
lettine   *l,e  solar  energy   through 
without much difficulty. Plaslics in 
general produce dropwisc conden- 
sation, each droplet fanning a liille 
crystal which reflects much, of Ihe 
incident solar energy. Thi» larger 
»till is liso designed to bo able to 
collect   rain   water   and   in   some 
•reas   such   »s   Fionda   this   eau 
double the output of the still. 

The best orientation of the still 
depends somewhat upon the angles 
of »he glass but is generally F.KI- 
Wwt or somewhat NF.-SW 

Salar Refriteration and A/C 
Another phase of our work is the 

use of sillar energy for solar refrig- 
eration and air-rondilMiiuiig  Al a 

refrigeration and for lemole are 
or areas without electricity, solar 
refi iteration may well bo the an- 
swer. 

Some of our rally work along 
these hues was to heal oil to ralhei 
high Icmpcialurcs by concen- 
trating solar energy and then 
circulating the hot oil around the 
generator of an ammonia absoip- 
tion rcfrigcintinn system. Fig. 13. 
This pietuie is some v. hat out of 
order sum- ;.!! the applications 
thus far dealt with solar energy in 
its natural slate without concen- 
tration but it was put in here since 
it was actually cm first attempt. 
We believe, hmvevi-i. that solar re- 
frigeration without e.'inrentralion 
holds much moie promise since 
nonconcci.listing devices can also 
utih?e Ihe diffuse portion of solar 
radiation, thus function even on 
cloudy days. 

A number o' sunll units have 
been built and then a 5 Ion unii 
shown in Fit; n. »lai piali 
collectors heal wttci which is ther, 
circulated lo dr.v out the ammo- 
nia from the wai'-r in the generator 
of the system. This ammonia vapor 
is condensed and ibón expanded, 
providing the ciciing effect by 
evaporation. After having done its 
work the ammonia vapor is reab- 
sorbed in the ammonia absorber of 
the system into the water 10 repeat 
the cycle. 

Fig 15 and 13 show a smaller- 
version of such a system with some 
improve ments. The main one, of 
combining the solar collector and 
the ammonia genii nlor into one 
unii, thus eliminatili!; the primary 
fluid i>nd reducing the heat losses 
by providing a more direct p< th for 
the solar heal to get into the 
system and do its work. This small 
4x4 fool unit can produce 80 lb. of 
ire on a good day. 

It should be pointed out again 
that all the application-, mentioned 
to far did not require ronrcntra- 
lion of solai energy, an.i llierefoie 
could uiili/.c the cliflusc portion of 
solar energy and even v/oik on 
cloudy days. 

The solar air-conditioning or ic- 
frigeiatit.il systems have an added 
advantage, that the demand and 
supply : ic in phase. When the sun 
shines bullest Ihe need for refrig- 
eration and air-conditioning is 
greatest. 

Solar Energy Concentration 
For some uses, however, higher 

temperatures than can be obtained 
with flat pialo, non concentrating 
collectors, are needed If this is the 
rase, then concentration is called 
for. Many different methods can be 
used for concentrali >n, the sim- 
plest ones stationary in design but 
not »s good, anil the better ones 
requiring methods whit h allow 
them to follow the sun FIR. 17 
shows a simple high temperature 
absorber. It consists ufa number of 
paiabohc trough» oriented hnri- 
ionlall) ami with a pipe runiung 
do»n the fucal line of Ihe parabol- 

as. The system of parabolic 
troughs is inclined at about the 
I.K-al latitude Depending upon the 
diameter of Ihe pipe adjustment 
may or may not be needed during 
the year. The solar energy is 
icfleclcd by the parabolic surfaces 
upon the focal pipe which painted 
with a good ah.oihmg paint (flat 
black) absorbs lias energy and 
Itansmils it to Ihe fluid inside Ihe 
pipe. This device can easily pro- 
duce hot water, steam or hot oil. 

Some energy is lo'.l during the 
early morning and the late after- 
noon hours with the above method 
of converting solar energy to heat 
because of stl iding, but the sim- 
plicity and stationary deign have 
considerable advantages, both eco- 
nomic illy and do noi need much 
attention. 

Solar Power Plant 
If belter efficiency is desired, 

then cylindrical pai abólas can be 
used which are allowed to follow 
Ihe sun. In the simplest form they 
ron be made as shewn in Fig 18 of 
a : ingle parabola with a pipe at the 
focal line This paiticular absorber 
is used to produce steam lo operato 
a small Slesia «-ialine, which in 
turn drives a small geneiator and 
lights up a light bulb, thus demon- 
strating what a solar power plant 
could look hke. The US fool ab- 
sorber is the equivalent of 500 
watls of electrical heal. 

A large cylindrical parabolic ab- 
sorber is shown in Fir,- 19 having 
dimensions of 6 x f. feet with a 
glast covered foci! tube. The glass 

cnleil In such a manner :is lo reflect 
Ihe solar radiation or one »put. 
Finnl sui face reflecting minors 
an- giving heller prifoiman'c 
Ihan, foi inslaiuc. back Slivered 
mu roi s wheie seine oí Ihe energy 
is ab .orbed in the glass. Very laigc 
concenti.Hois of this type lave 
been built with thousands of the;" 
minors used in some of the Urge 
solar furnaces in the woild. 

Solar Cooking 
A few cune entratine pai-.eis of 

this type are shown in Fig 21. 
where three of them concenti at"! 
upon a board will make this bond 
lush into fire. Such mirrcis can 
also be set up in » différent | alleni 
like Ihe one shown in Fig, <"•' w-hr e 
the mnrors aie set up into a 
circular pattern, healing the fluid 
in the jar at the focal region of the 
device. 

If higher concenti ation, and thus 
higher températures, and smaller 
focal regions are desired then ci- 
ther small minors are needed or 
continuously curved suif;,ccs can 
be employed In this manner ex- 
cellent concentrating mirrors even 
of optical quality can be made hut 
they are very « x pensive and there 
is à praetiial lin.it to the- ii?c of 
these  configurations. 

Two such mirrors of fair quality 
are shown in Fig. 23, the- one on Ihe 
left being strong enough to hold its 
shape by being properly formed, 
the one on the right being sup- 
ported by ribs from wood in this 
case which are cut oui forming pa- 
rabolas. Then thin highly ic- 
flecting    meta!    sheets   arc   held 

cover i« duces the'losses from'the     loosely  to these  libs io aUow for 
healed lube   Depending upon the '        "      "'" 
needs, different diameter tubes can 
be used. Copper has been found 
best, again painted with a good ab- 
sorbing Inch temperature paint 
This absorber is mounted on a ro- 
tating axis parallel to Ihe earth 
axis. It ¡5 adjusted to face East in 
the morning and then, by an elec- 
trically driven worm gear reduc- 
tion unit is made to follow the sun 
all day. Where electricity is not 
available, a heavy weight with a 
clock woik liming unit can be used 
as well The construction of such a 
large device must he rather rigid 
since wind loads in windy art-is, 
may make it difficult to keep the 
unit directly facing the sun ?.nd lo 
keep it from oscillai!':?. 

This unit has been used to 
produce steam for the opei ation of 
a fractional horsepower steam en- 
gine, to provide 800K oil to operate 
a solar refrigerator, etc. 

Othei methods of concentrating 
solar energy arc lenses both of 
glass and other materiali (in- 
cluding liqird lenses), bul they are 

expansion when the metal sheets 
are slightly healed thus avoiding 
distortion This type of construc- 
tion is especially importar.! in 
large sires. This t/ps of construc- 
tion was also u-ed in the large par- 
abolic cylindrical concentrator 
mentioned earlier. 

The two concentrators of Fig. 23 
were used as solar cookeis where 
only a moderate amount of concen- 
tration is needed and loo good a 
concentrator may burn holes into 
the containers used if great caie is 
not taken. So, not loo good a quali- 
ty, is more desiiable for this 
application 

If such conce-ntialor: are psed 
for sciai cookin,; it may be desir- 
able to design tin-m for eru y pi ni- 
hility, thus eithei in sections winch 
ran be collapsed for moving, or of 
coated cloths of an umbiclla design 
which can be folded when nel in 
use. This type is shown in Fig. 24. 

An oven and a cooker of moder- 
ate concentration are shown in Fig. 
25. The Paps on the oven cm be 
adjusted lo ir guíale the degree of 

not  widely used because  of their     concentration  needed. An oven of 
cost in large sues and their weight, 
Huwever Fresnel lenses, specially 
made from plastic sheets, wilh 
groves cut or embossed so as to 
fucus the rays, can be produced 
rather inexpensively aie unbreak- 
able and «an lie of la ige swe and 
light weighl. The lense shown in 
Fig- 20 is of this type anil can 
produce temperature of J000F. 

A very effective way of concen- 
trating snlar energy is lo take flat 

this design will ihoilen the 
cooking and baking lime by bring- 
ing the food up to the desìi ed tem- 
perature faster than the type men- 
tioned cai Iter. 

Higher concentration, Ihan the 
surfaces previously discussed can 
provide, is needed for high tem- 
perature work solar engines, etc. 
For Ihn | uipo.e the geumetiy has 
to be i.uire perf<rt Fig. 26 shows 
various   mnrors   of   rather   high 

puces of refit-clinic materiali (for    quality giving high degrees if can- 
be    centi aliun     wilh    Ihr    ultimale belter   result«   they   can   even 

slightly curved) such as mirrors or    reached in III« 
relie« ting metal sin faces, and ori-     21. 

otar furnace, Fig. 
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fig.  17.  Stationary  High Temperature 
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fig.  24. Collapsable Solai  Cuokei. 
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rtttlgiflg from I 'nuit t ilO tei $.K»I |n*r Ì!i"Ulle<t KW, and they will 
pt*b*l>ly I* the major fiw il fuel* us« J lo fencrate cUctrieal purser 

IM U»e r«*t of the century N'achaif e. for the deterioration lo our 
environment art- accounted (or in the cos»ts fhowti iti Tabi« 3. 

li »IMI avi* «Unii l'/i tiine^ M muck to generate electric»! 
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&^ *-:»i-i-C '•:> - v Srv>;v iìi;tó .•• ^ vrv-vM:-.^^ 

ALUMINIZED SURFACE 

GLASS OR 1>LASTIC WINDOW 

SOLAR CELL 
ADHESIVt 

•ELECTRICAL FEEDTHR0UGH 
AND WIRE 

•PLASTIC "EGG CARTON" 
CONICAL CONCENTRATOR 

0. RALPH HCLI0TCK 

*t«. r   "(ft ccftaa" f»»«»«lT«fte« dnlan 

«Mdktiittc ailicon wilar cell inanuiacturing methodi, by rcluxÍD| 
-11« »trincent »pace cosmetic &nd performance spccirications, 
«hanfuig the rclU1 shape for bolter utilitalion of the finfjo cry^*l 
aüiocii, and automating many of the processes fir large Male 
production Hy using FÌmplo contentmtors, ivs illustrated in 
Fip. V, which »ould rcQuire fever eel's to cenerate the SüIU« elec- 
trical power, the cost would be nearer to Î10,000 per K\V. 

The next bip ttep in cost reduction would be the utiliratiou of 
inherently iüex]>cnsive proce*bc«, ruch as evaporation or dc|>oá- 
ikih on lonr^ th: sis of f ubstrate. Tldii ûlm solar cells inade of 
cadmium sulphide in 3 X 3 in. »ires «lüpht be matt produced for 
»2,«»K\V. .-•.'. .- 

Hg. 8 iliustrates « process where many thousands of M) ft 
e( rolar array migli'. Ite produced at costs around $50 per K\V 
under «pace »imulal.-u conditions or $.M) per tq ft. Thus » 
square mil« of array would co-1 about SM million. Constriction 
o( the necetsary jiuunrl support stiucturc and conduci</i might 
amount to $1.00 per sq ft or Í28 million per sq mi. Btttcies 
for a l,Ct00,0\Ki KWH storafie facility might cost 510 per l^VU 
or'llO million when purchased in larpe quantitiea, »nd ihe nece» 
sary ImikJiiifs and twitchinj; pear mipht add another $20 million 
ti\i r a 20 yr ixriod, including two battery replacements. 

Since trie solar ftrr*y is a direct energy conversión ayst.;m and 
h.v. no fuel costs associated with it, its operating costs should be 
considerably l(¿s than any of the dynamic tyslcms, |icrha|w as 
k>*' as íl.OO/ft' over 20 yr or $28 million per sq mi, which 
would include 2 array replacements. Table 4 shows that a 
1 sq n.i Hilar air.iy ¡tower tlntion, built after techniques arc 
devtlojK'd to produce low cost rolar arrayr- and halterio-., would 

MWStftATC 
CVAWU10« CVAfOTATO« 

COMfllUO 
MIM »IANKCT 

k W      la^PaW* l^^íw l^BWW'i^r^s^PW^^^k^B 

laMatsfll aJ Waia I««ariani tW B^ééV««1 

f^HVW VI s.*ft»*li*m ill rvwVI A»*U   »»7Í /I1 
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Mxt »»«ni i ino iniiiMMi to build, "!«"»'•• ''»«' i»»'"':"",,v,r H ¡^ 
yr pcrMitl.   A «'lar array ¡u tin- « )' »outl.wot.-.i: |wil »f «* 
Ü. V. win* « Î" 1-wrw.i  ««..i- t»rt«r, W...IM *;•;"»'« »l 

le'wtl Jl X 1U' KWM/IIH' vr.   If tl.u l"jw« *<••'<> M,,u '"r ,,i/ 

KWH, «bout I-i.« Way's rale*, the gn«* ITIIIIK «-ver ii Ü0 yr 
' period would I* $1.2« X  HlVm«'.   Snl.Uart¡i* U« iiMiilbiliun, 
Eaiute.uwc  * pcrnlM« cM«   of  II.«  X   W/«»'?•»«» 
»bout $20 million »el incim- per •-<, tin ..vet JO yr.    1 hi* l;»n.l 
U the., producing « "ero,." wl.i-h yicl-U « I S*.«« per «re 
per year.   Farm land yi«luïi.R "'•'»• » '«* ":lur" ,s "'"Mdl:r',a 

premium. 

T*kU 4  CMI »f I M «' «•'•' •"•* •v,¥m '""•" 
$14 X 10" 
»28 X JO« 
$10 X 10* 
$20 X 10* 

$2S X 10» 

$100 X 10* 

Solar array ft $0,>0/fl' 
Bile construction 
Storage nuil f,«itiliiii« facility 
Mainteitamv of storce facility     • 

(2 replacement* in 20 yr I 
M»i»teiiatirc mid operation of station 

(2 imy replacement* in 20 yr) 
Total 20 yr construction maintenance and 

operating 

Major Problems to be Solved 
Before the large scale terrestrial u.-e of ».ilnr energy to Renerete 

electrical power can take place, the cost of rolar ariay* must be 
Nduccd in cost between 3 end 4 orders of magnitude 1 he un- 
automaled jewehy technique, presently used for making solar 
celk miai be replaced by massive automated techniques using 
abundant low cost male. iola. 

Instead of the 7 percent efficient arrays considered in this 
paper there ii definite promue of doubling this performance 
within the next 5 to 7 yr by improving the *o!«r cell material 
•ad better controlline the procès*. 

Methods of constructing large area array* on the ground from 
•»tortali that can withstand many years of sunlight and weather 
must be developed. Large scale production of UV resistant 
plastic »heels, for example, would be required. 

Development of large scale batteri«, capable of long life and 
sleep cycle*, is needed to solve the 24 hr per day requirement. 
While the battei ics «ill be operated at an ideal environment con- 

•  cMttoa, they muH have high storne« density and be made of 
afesftdenl and inexpensive materials. They sliould be constructed 

frum nm.crlnN Uml. aflrr l*h« »..".«1. e.« «f^'"?^ "ri 
and a*«,, M. ns t., eliminine ti* med for mmpfclr r.¡.m.r....-..t oí 

malurink 0 

ncasons tor Converting Solar Energy Into Electrical Power 
Fnll,wing».o M.I.IC renins why .l.v.l-pn.cnl >l,,ul.) U- Marled 

immediata? on UHI couver*'..... of «oh r energy "• «***"«> P"*w' 

1 T..om-erve our irrcpln.cnl.lc miHital rwwin «» such ns RM, 

()i|, orni, and nuclear o.e M. ihey ran be uxd for i e valuable 
purposes Ihii.i jii>l burning. 

2 To make, mi.-iilcmble prog..-' toward rcilum.B alino- 
spheric and thermal pollution »hi.h »re having *IN.IH dHr.mc- 
tal cftecU on our environment. ...     . 

3 To make many thousands «' »"^ «' "<" »»' "f f«1 T°, 
productive and valuable in producing » marketable   crop   ol 
elect ric&l energy*. * 

4 To make the U. S. lew dependent upon foreign sources ol 

Tío learn to utIÜio our most abundant and inexhaustible 
natural resource, solar energy. 
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Th. «nia» .n.rov roooivod ot ground lovol io ooneidoMtolo (up to 1 Kf***{ 
.2 i« IÎ..Ïlîîtî«) InSîn. -ond.rï why it. dir.et en«,.!«« lot. o.«*.«tio«ol 

Tho roooona oon bo ouoooriso* a« foil*«»  • 

SAKE SSÄ^ Ü^Sa^jÄSÄÄ- 
"hioh en eondMfl it whon the toohniquo. ond fioid. .f oppllo.tion •' *«• 
oro not thoroughly odoptod to thooo ohorootorlotloo. 

Tho oritori. whloh - think ontiroly oonoUtlon tho uso of ool.r onorgy 
oro tht following i 

7ü«!» »Mhfkiauaa to alvo priority to tho noodo ond oondition« of dry 

Nlddlo-Coot oountrloo). 

!•/ - knowing thot oolor on.rgy io poriodic. it t««Aëto •KÌ^ «îbîS2! 
ïhioh ¿ro oloo porlodio, not poolng eooploM onorgy ¿¿tf**!**"** 
Xr whloh uotor puoplng on« *•'**••""•" or. •£¿^»?*Sim P~- noting thot in both ooooo, tho «oxloup no>od eorroopoMttt %• mmxmm »*— 
duotion intono!ty. 

Aroo roooivlng «OMTO thon 2.300 k*h pot yoot. 
Atoo roooiving botwoon 1.M0 ond 1.500 fcwtt por yoo». 
Aroo roooivinf botwoon 1.4N oui 1.W0 **» po« f** 
Aroo Mouvant botwotn «0 «ni 1.400 ta* po» yoor. 

Aro« roooiwing Um %*» M» **»P* *•»*• 
••/•• 
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3*/ - knowing that sunlight i« diaperaad, oaptura «adla «uat ba realis- 
tic, and not nacaaaarily bo aiaply tho raoult of laboratory logio 
(ooo paragraph 2 on diffarant aolar captura tschniquss). 

4*/ - in short, knowing tho praaant worldwida distribution of waalth 
and nssd, it  is tha developing oountrios whioh praaant tha maxi- 
nu« usaful aolar araa.  Solar onsrgy produotion and uaa rosaaroh, 
aa an instrument of dovolop«ont, «uot oonaldar  tha overell Unite- 
tiona, and tho eoonomie raaourooa and naada of  thaaa oountrloa. 

We ahould add that within thaaa oountriaa, wa ara Mora oonoarnand 
with thair rural araaa than with tha amali lnduatrlal araa«.  Thia laada ua 
to briefly dofina tha ohoaan araa of haliotoohnioal installations aa baing 
an araa of sharp ollnatio limitations,   gonsrslly rioh in rapid oroaion fao- 
tora, badly aupplisd, inaeoaaalbla,  inhabltsd by nativaa with an srchiso 
way of lifo,  and lsoking modarn taohnloal quallflostlono. 

It's in ths light of thoas llnitationo that wa ava going to examine 
tha ranga of aolar aatorial oxlating today. 

2»/ - CONVENTIONAL TECHNIQUES  TN SOLAR ENERGY CONVERSION 

At praaant, tha technlquee for oonvarting aolar anargy ta uaabla 
energy ara tha following  t 

•) - dlrtot conversion of  aolar enarav into elaetrloal «n.rov . 

Silioon aolar osila oan ba uaad for this. 

It oan ba oonsidarad for an anargy raoalvad of i 1 KW/a)2, with a 
36 x 48 panal ooapriaing 64 silioon osila,  it is poaaibla to obtain 
• watte, i.s. to obtain 178 hp would naad 138 panala,   (a aurfaoa of i 
28 «2). 

At firat glanoa, thia aolution appaara vary attraotlv«.  Howovar 
for tho «ornant, it is much aero oxpanaivs than angina«,  whloh ara 
tha oubjaot of thia aurvay. 

Oiraot eonvaraion of aolar anargy into alaotrioal anargy la, in tha 
lAwadiata futurs, limited to tha apsos lnduatry. 

••/• 
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b) - onnvaraion of aolar energy Into machanloal in«nv utlnQ 

tannaratura  thermic cvcle  - 

3 

JliAu 

Uaing theaa techniquee,  parabolio mirrore oonoentrata thair raya 
on black bodioa poaitioned at thair fooal pointa,  tha oaloriaa 
thua produoad feed a oonvantional thermodynamic eyetem to aohiava 
a high thermodynamic output.  Solar ovana aro tha Mat widely 
known application of thia principia. 

But thaae ayatoma praaant problema whioh rondar tha» praotically 
uoalaaa except in vary apooial aituationa  i 

- the concontration requiree parallel raya,  and thua a complete 
abaenoa of oloud, whioh ia vary rara. 

- it alao roquiraa oonatant and preoiae mirror raorlantation, 
thua requiring very oomplioatad featurea,  whioh ara vary 
difficult to maintain. 
(tha colleotor - adjuefcment unit, whioh ia often enormoue, 
ie particularly vulnerable to wind). 

- the reflecting aurfaoaa muet be maintained in good oondition, 
and porfaotly olean, which naoeaaltataa great oar a. 

'•/ " *.2íK£3£!ÍÍ-SIH53£íl-9Í2S£n95!-!-t2!í-IS!?SES£Iií5!-I3SÍ!í5! 
5u2-?tfiîf§-£2tbE£I25-.--î!!£S 

In ahort,  conventional oolleotore, even thoao whioh ara theoretical- 
ly aatiafactory, do not lend themaalvaa to uae in uncivilised araaa where it 
would be preferable to inatall them. 

Tor thia reaeon it appeared neceeeary to totally change helioteohni- 
oal inatallation conception towarda etrongth, eimplioity and reliability whioh 
•ra tha only oharaotariatioa allowing auoh an inatallation. 

Thaee optione raeultln the ohoioe of a low temperatura thermio eyele 
aiailar to refrigerator oyolea. 

Soler enginee uaing thia principle, work with temperature no 
greater than 70», whioh aimple oolleotore or plane oollactore, produca aaeily. 

Low temperature eolar enginoa,  ae they heva boon atudied for the 
laat ten yeare at l'Inetitute de Phyaiqua flétéorologiqua da DAKAR,  undar tha 
diraotion of Profeeeor «ASSON, and in oloaa relationahlp with Etabli»mamante 
Pierre «ENGIN da nONTARCIS  (Franca),  have been eepecially deeigned for water 
pumping. 

Thaee aolar pumpa, although atill prototypaa,  ara not merely 
laboratory lnatrumante. Thay are already uaed for agricultural, pee toral, 
and oommunal purpoaee, and are acoeeeible to the population• 

• •/•• 
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Today, they total (particularly the SEGAL pump) oavatal theueende 
of working houra and of cubic «atora of water pumped. They are indivi- 
dually daeoribed later. Let ua Juet eey that at preeont, 4 prototypee 
ova working in Afrioa, a Sth ia being built, end 7 othoro planned. 

4*/ - «Siîl.PRiNçiPUS^gr.¿.PLANE^COUICTOR^SOLAJ 

Plane collaotor eoler pumpe oomprlee aeeentlelly t 

1*/ - A battery of inoulators intended to haet tha water oirouletlng in 
o oloeed ciroult by tharmo-eiphon,  and which can alee be ueed «o 
a roof  (eee eolar architecture theory later). 

2*/ - A eolar angine converting the eun'e oalorifio energy into meoheni- 
oel energy,  by mean« of a low temperature thermio oyolo. 

3*/ -  A hydropump intended for exheuot,   oonprieing a hydraulic preee 
eituated cloae to the «oler engine, and a hydreulioelly controlled 
piéton pump et the bottom of welle. 

*,»?»• IB th,t HUM ft yory oojy, BBMtftl thf Mila BVMB BgnUfla 
la hydraulic,   and therefore the eolar anolna oan be inetallad «are 
thtn 69 ittirt ttm thi Malt» 
MOTE - 

Thie hydro-pump oen be rapleoed by eny other type of pump, pertieu- 
lerly,  for large inetellationa,  conventional vartioel pumpa whieh 
are indiapaneebla. 

4*/ - A pumped weter etorege reeervoir. 

PATENTS 

The low temperature engine hae been the eubjeot of verleue potent« 
In Fvonoe and abroad« 

Channeled typo oolleotore ore almo patented« 

• •/•• 
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••/ • ÜSSSittk.KÜIüUIif! 

At tha aeaant, IM are Halted te fairly 1M eawer, «a*tly 
Afrlaan walla In depart ara*« ganerally war*  at IM tete «f • I« 10 «3/ 
tout,  tut this teehnipwa it nat liait»« In aawer, and •*• —* envleaaa 
very large aeaeeaiiea. 

Te  find epplieatlane ether than deep  puaplnt  in whlah  Mill featw* 
IN wauld ba eeapetltlva,   • oeaparative eaanaaiee ealeulatian auat a« 
aar fama«.  Ma ara thinking particularly af  1*« riaa irrigatien prejeeta, 
whleh praaably eenetituta •*• 9t tha Mat grafitatola eppllaatlene. Anal 
elthaugh raaaaroh,  up to tha preeent tiae,   haa far financial reeeane ba>e>n 
Halted tc pupping,  it la cartaio that tha aaae aaehinaa,   «ill,  in thp 
naar futura,  preduee rafrlgaratlan and electricity. 

• far rafrlgaratlan,  it  la auffioiant ta aupan* a part af  tha la* praaaur« 
ll«ulda and te oeupla a eeapreeeer ta thp angina. 

• far alaetrioity,  ana oauld eaaily daalgn largar aaeeaaliae, ualng air 
oandanaara ooolad by running water,  uhi oh alialnataa naepaaity af watar 
puaplng,  and alloua tha «atar to driva a ganara tar, whlah tegathar with 
thp actor foraa a aaalad aaeeaoly. 

Xt la alaa poaaibla,  whan eleaa ta a larga aaaa af watar (riwar, 
awlaalng pool, rceerveir)  ta uaa thla watar with naraal oandanaara. 
•ut at preeent, thaaa tachniquee ara acetlng alaetrleal ataraga prahl ama)» 

••/ - R!!I8!.SSS>ISS!I98I.S!S.!9kfiB.S8fi!.I!!fiIS(Sf 

we hava ahoun ainoa tha introduction in uhi oh diraatlen wa at« 
earrying our davalopaant and raaaaroh,  and tha target to which thay 
dlrpctad. 

While davaloping thaaa prinelplee, wa oan arbitrarily litt tha 
fallowing uaaa : 

,-1/ * Vieilli hYdrtyUfit - 

Tha Main naad of iaalatad villagaa and aaaaa la watar. 

Thaaa villagaa of tan hava walla,  but «anual pupping ooouploa a 
larga proportion of tha tipa of tha population to tha datrlaant af 
athar work.  In addition,  it ia hard werk, often parforaad by ohildren 
te tha datrlaant af thalr aducatlan. 

• •/•• 



H 
fat thie rtaeen «Mil mechenitetlen lt very importent, pre vidi ne. 

It 1« running parallel with poowlatien reorganisation and »reduction 
development programo. 

feler pumpe ere wall edeotod ta thie problem,  by their working 
oualiti««,  end by thalr ebeenee af eperetine acata, enee tha lnetelletlen 
investment hat baan eareoe. 

Callaetara aha« pertleuler benefit« in thie kind af pregre«,   raafa 
whieh alia« a raal eeeembly,  integrated with tha village, ta ba achieved. 

Tha principle of thi« aalar arohltaotura diffère froa »oat af  tha 
•ara wall known «Kernelo«,  whieh ara generelly luxury raaidaneaa in rieh 
eauntriaa  t  U.S.A.   ,   Auetrelle,  and where aalar energy only brlnga ad- 
di tianal  luxury oomfort. 

Tha intogratad eeoemblieo «xemlned by  ua  (of which 1'Coole da 
CHINGUCTTI  will ba tha firat exemple built in Africa)  ara aainly  asciai 
lnatallationa or agricultural buildinga,   tha aim of which ia to partici- 
pât« in tha naoaaaary  villege modernization providing tha «oro aaaantial 
eervioee,  ooafort and aacurlty of aolar roofa,  and thia at a raaaonabla 
prie«. 

Apart  fron aducation buildinga,  theaa are diapanaarioa,  merkete, 
and agricultural oooparativaa and ehode which conatituta tha integrated 
eeeembly priority programa.  Rural raaidenoea ara alee very auitabla,  and 
have been the «uhject of advanced reeearch,   but  the ebeence or lek of 
funde available for rural reeidenoee hae led ue to only mention the« in 
paaeing.  Aa far aa the touriet eonaidaretione are concerned, particularly 
lahare axpeditione,   theee would oenetitute different,  but axtremoly inte- 
re« ting,  prograao. 

ft-2/ -  Poeterai hydraulic  . 

Thia ia a beeic application,  baoeuee nomadic tribae leaa part of 
thalr weight through laok of water in tha dry aaaaon. 

It ie therefore wieo to plan automatic walla on thalr routée,   ia 
aupply  the weter holee. 

Soler pumpe reçoive thia problem (thie woa taatad for the firat tima 
at 8088EY-BANG0U,  with  tha 0NER801 pump). 

Economically, one could aay that bovinee, fed normally with water 
and raaohing SO Kg live weight at alaughter, at 50 franoa CFA (in 1970) 
i.e.  2.500 frenoe CFA per head. 

A pump of the 0NERB0L type oeuld water eimulteneouely mare than 
1,000 head. 

Thla application la the moot immediately prafiteble, and oeuld be 
linked with a village hydraulic probi«a. 

• •/•• 
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?•/ .  PftCKNT ACHICVCnCNTL 

ftaaaabor that tha group of ochiavaa)anta pniintid nava «ft tha 
raault of univoroity-lnduotry eollobcrotim. 

Tho varieuo projooto undortakon togothor htvo raaulta* in ih« 
following aehiovoaonto  t 

(wo «to not rofarrlng to  ottiotly o*taorimontal prototype i without 
apalieatian poooibilltioo,  oueh oo i  SCCRA  i  6 i2 m< I    EC  i 300 •!). 

• ) - 

§ 

Tithniata itiiritltfoiUii * 
- oolloetor oroo •••  

- rato  

- prooouro hoight  •• • 

- Marking tiaoo ....................... 

- data opatotienal  

* loaatlon ........................*..* 

11 at 

1.100 l/h. 

11 a. 

S to 6 houra 

1966 

Inatitut da Phyoiqu« 
Aotéorologiquo da DAKAR 

(Sénégal). 

i 

mÊÊÊÊÊ 



n. 
*> - 

TiBhnltil tfwrulwUUii * 

collector aro* •• M at 

rat«     • %• 7 «a/h 

proaauro height .......»•  1t • » 

working UM  1 to » hour« 

looatlon          Office «a l'Cnergle 
••lain e NIAftCV (Nif«») 
Villi«! de MBtCV-tANSOU 

This puap not with • oertoin nuabor of operational difficulties, 
ce it wot tho first prototype oont to the operetional looetien witheut 
Ih« final detailed perfection. 

Ttiia puap i a new cperatlenel. 

• •/•• 
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• Wem Nilfh«  

• «Mtalftf tiM   ...........t.......... 

• tat« •»•»atAftil ..........................     1 

• UMI4«*      Inatltwt êê Pfiy-    1 
><****   fMfcA*JMÌAAÌAUA 

É« MlUMt iMnáflAil. 

•w^if 

»•ÍííAJÚ.'*':-.• ^* ^^^«WM.-.tii,«,,^ 

Thi« BUM» it th« Nfitinn »ratatyM. S* haa bon wavfcina. uninUt- 
tuat«d, fa* tlaaat ana y Me. 

1% it tala* *• »• latta« •«** Ant» «N bua* totüttii MV Mí Uta wië 
tf tita yMi, 
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MllMlM «t«« ••••••••••••#•• >• •• 

Nlt  • «*^« 

ptmuH fc*4fft% ••••••••••••••••••••       M •• 

MrtUn« »!••         • %• • *•*»• 

*•%• 0M*«""*1 * ••• •        19T1 

i«M«4«ii    ï?!*!^?**"1!:1 
4'InfénUura #• 

AUAAâAAUfiAtJ 

Thi« 1«  «A lMtt«l«%âfl*l  »IMP «M* U UMi *• %••* 

41 it «t thit ttwt «• M« MMtiMAUflf fW MW fit* 

•PW^WBWw   W^I^WWw   ^W• • 

ttM «l«ll 

• •/•< 
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TMhftaMi tiHtfMlMaJtâM * 
- aallaatar UN ..t.   M a* 

• tata     • »• *« •>/" 

- praaaura haiaht ..#.*.. ...*...    IO •• 

- «atteint «la*    • »• • "•**»• 

• aata aparatlanal       M*lfiftin« tf 10TO 

• iaaatian     CMINSUCTTI  (Aaoaitanla). 

Thia puap «ili brina wat«* to «to«ut 1.000 paapla. 

It «111 offtr • pi««« anlah oan M uaaa* •• a aanaalt 

It ia tha firat intagratod aaaaarfily «od it tha taault af mpttttlM 
atttwaan hallataehnlolana and arehltaata. 

II ia IIN tha firat appi 1 oat i an of «aalat ohannalad" oallaator 
panallad »oofa. 

Tha channeling oo*priaaa oontinoaua,  ahapad raaf panala ap ahawn 
in tha dlagraa an paga f. 

Tha varlaua panala ava oonnactad ta aaah atha*, ana* ara aalf- 
auaparting. 

Thay hava baan uaad far a nuaoar af yaart in aaananio oanatruatian, 
ani hava naw baan pradwaad in Afriaa. 

Thair adaptatian ta tha funatian af aolat aallaataaa oanalatt 
aataly af ahanging tha baaa, «hit gl vaa fairly loanaaiaal aallaatarai 

• •/»• 
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•) - * B auaaa riroUct (équivalant to tha SEGAL pu«p) 

T.tafìnlBit Bfìirtg^traUBi « 

« aetlva aro«  •  88 «2 

• rata  S to 10 «3/h. 

- priiiuri haiQht  20 m. 

• working ti««  8 to 6 hour«« 

Thaaa pro J «ota ara soin« atudiad with th« Sénégal Mpubliaua. 

or' 

:# 
•«« 

-J 

Tha pumpa will aarv« ««all oeoatunltio« of about 280 poepla and 

800 to 600 aniamla. 

:E-V 

• •/• t 
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b) » ft MMfiY hfllPlHl * 

TgBhnlfili BflKMlBfilUtl » 

- eetlve «ta«  §0 «2 

- têt«  i »S/H* 

- preeeur« height  40 •>• 

- werkln« UM •  • hour« 

- leeatien  L«M»t Hospital. 

Thie it wi enlatan« ieoletion cantar, whioh Mill na« be provided 
»itti auffiaiant water. 

Tha prejaet eonaiata ef InatalHng a channeled oollaotor en the 
reef, which at firet, will bring watar not only to the hoepital but 
ala« te the «utround!no area. Tha projaet will then be  (depending on 
auffieient funda) to continu« the eurvey to próvido eleotrleity for 
tho hoepitel and «adioal «opply refrigeratian. 

This will ba a hoapital «raup prototype, union oould ba reproeuoed 
anywhere in troploal Africa. 

• •/•• 
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e) - in IrrlaiUan ama - 

Tiahnowl BftiMeiK4iUat * 

• ootlvo UM .......  3t0 «2 

- »at  21,5 «3/h (8 i/o) 

- pressura hsight ..........  30 M. 

- working tin« è  8 to • hours* 

Vhon tho holghts to bo roiood ore not wory groat, largor 
osooMblloo could bo planned for tho irrigation of loolatod oroaa. 

At prosont, o projoot of this kind is boing otudiod ot tho roquoot ! 
of tho Ministers do l'Hydrouliquo do lo vilaya doo Oasis, in tho Algorioii 
Rapublie. 

Wo hovo dosignsd o oolsr puop to rosolvo probioos pooso by 
watar supply to soall oporotiono snd ooopsrotlvoo «round Oosls. 

A finónos roquoot for thlo projoot hoo bonn aods. 

Thlo oossobly would irrigato oovorsl hootsroo of dooort oroo, 

• •/•• 
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«) - TtMfllt  Btfìlttl    (CAMVAWEMIL) 

Aoroaa tht Sahara, tha problaa of a Journsy in «tagaa la a 

dlraot application of thia prooadura, whieh aloe appliaa to Isolated 
touriat oantera. 

Tha «Hitar raaarva (aulMlnQ pool for axa«pla) glvaa oontfanaer 

cooling and tha aaaanbly oould aaally produca tha alaetrioal anargy 
naoaaaary for tha funotioning of tha oantar, 

Conaaquantly,  thara ara no obataela« to thia klné of adoration, 

ta oraata antlraly autono«oua tourlat oantar•• 

• •/•• 
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8»/ -  CONSIDERATIONS ECONOMIQUES 

„ lì #-t tras àiffioLlB de faire dès maintenant une analyae éoonoalque 
!!!î ï ÎÎV,,.T?ta.tenu du f,it qu8 °" »otour. aolairee commencent aeule- 
t!CÎ. nîîïî/ï ï îUi! 'u •t?d8 indu,tri81» 8t *u'°" !«• eo»P«« «««o dee mo- teur« Oiteel fabriquée dopule do« année«, on grand« eérie, 

Cependant, on peut dégager dea grandee lignea dae niveaux de prix, 
et ainai poaitionner la« moteur« «olairo« per rapport aux moyen, elaaalquea. 

Prix actuel, d.« m0fcBUT1 fftlîflm - 

a) - Noue donnona daa prix approximatifa dana l'état aotuil dee ohoaae, o'eet 
è dire au eteda dea orototvna«. .t dont l'anoemble eat fabriqué an France. 

PgBtfltYPIf (FOB port d'e«barqu««ent frangala). 

TYPE t 
t Débit |   HAT jPuiaeance 

>: 
Surface f 

t Prix HT     ; 

NA03E t 1 «3/h 1  20 m 1 0,15 eu. t 15 «2 i 
88.000  ' 

OUAGA i 
S 2,8     " ¡  20 m ¡0,3 cv. i 

t 
i 

30 «2 t 94.000  ' 
QNERSOL f 6          «         i i  16 m t     1 cv. 60 «2 

1 
i 139.000  t 

SEGAL t 
l é       «      ' '  25 « 

!'•» 
cv. i 

t 
t 

81 «2 t 
145.000  ' 

*    WirERflA l das        i 28 a 1  1,8 cv. 80 R2 
1 
t 170.000  t 

ALGERIE t 
I 

42       »         ' 30 n 
:« 

cw. t 
i 
t 

700 «2 1 
805.000  ' 

IRRIGATION t 1.700   "       i 9 M 190 cv. 3.000 »2 
t 
1 2.000.000  i 

l 

Baee t    JUIN 1972 

A rajouter t la tranaport at montago aur plaoa. 
# partie pompe aolaira aeulemant. 

Catta atation eet comperativement plue élaboré« quo laa autrea (»otaur de 
aaooura, eto ...) oomxpto tanu da l'endroit où «lia aat lnetallé«. 

b)  •  réalleatiam future«  . 

Oana l'avenir, il faut  chercher à fabriquer la maxlmua d-«lácente aur 
CÎÎÎÎUÎTÏÎÎ'Î 

è Í1" Ì* f011«0*«« (•'••t déjà la oaa da oalul da 
CHINGUETTI) la« tuyautariaa da liaiaon, «t probablaaant, la oondan««ur 
ac aonangaur. 

• •/. • 
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Cn denoro da eelà, «pre» lee premlèroe réalieatione, at toua 
d'un eertain nombre da ooft*andee, lit prix devraient beiaeer 
aeneible. 

DEUX  CAS SE  PRESENTENT  i 

a) -  anaamblea non  Intáoráa - 

(poppa pour alla-mine, tana autraa applioatione) 

18 
ráeerve 
da façon irla 

- puieeanoaa da       i 
ríférencea    i 

- dibit    ! 

- Hat (rdffronoee) .. 

- aurfaoa da oolloo- 
tour (m2)   

fait aur placo i 

- inaolatoura .. 

- eharponta •••• 

- eondanaaura . • 

- tuyautariea .. 

- peintura - oalori- 
fugeaga *•••••••..< 

TOTAL   TAIT SUR   PLACE 

fait on franco  » 

- éehangour •••• 

- notour •  
- fluido   

- pompo do puita •••• 

- traneport •• • 

TOTAL  MP0RTS.  hora 
droite da douane .... 

TOTAL 

ft UUff Anitttttf ' 
- prix par m3 d'aau 

pompa tur 10 ana 
d'emortiaeement, 
aana tenir eompto 
du teux d'inttfrdt 
da l'argtnt....... 

0,11 

1  m3/h. 

20 

18 

8.000 

1.800 

3.000 

3.000 

1.000 

13.800 

4.900 

6.000 

310 

2.000 

-2x299 
I 
I 
I 
I 

14.210 

7*710 

1.86 
Ft/«3 

1 

6 m3/h. 

20 

60 

28.000 

8.000 

8.000 

4.000 

3.000 

42.000 

16.000 

6.000 

800 

6.000 

j.sog 

30.000 

72.000 

0,68 
rr/«3 

Iti 

10 »3/h, 

20 

80 

36.000 

6.000 

6.000 

4.000 

3.000 

87.000 

17.000 

1 8.000 

S00 

6.000 

.2:599 

41.000 

98.000 

0,66 

[£¿52 

10 

68 «3/h. 

20 

880 

200.000 

10.000 

12.000 

10.000 

8.000 

237.000 

48.000 

30.000 

1.000 

20.000 

.5:299 

102.000 

339.000 

0,30 
r*/»3 

• •/•• 
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Coa prix sont donné« pour un« h«ut«ur manométriouo d« référenoe 
égal« a 20 a* 

Pour l'irrigation, oatt« hauteur aat aouvant inférieuro, par exemple 
dana la projet (irrigation 1.700 mS/h). 

On arriva au nivaau prototype, à un prix da raviant par M3 da i 
0,07 Fr.   (aana tanir oorapte du taux d'intérêt da l'argent) at dana un avanir 
prooha, oo prix pourrait ttra abaiaaé dèa laa S ou Sana réaliaationa da oa 
genre è t g,g§ Fir/m?. 

°)  - d,ana laa anoomblea intégrée - 

Coa prix «ont ancora plua favorablaa, oar la oollaotaur «'amortit 
an tant qua toiture, at da plua, l'énergie du aotaur paut ttra utiliaéa à 
d'autraa tâcha« qua la pompaga. 

Il aat trôa diffioila de comparer av/ao dee atationa olaaaiquaa, 
car il y en e tra» peu dana laa regione ieoléea, maie on paut d'.re d'aprae laa 
reneeignemento da l'O.f.E.D.E.S. du NIGER d'une part, et du Ninietère da 
l'Hydraulique du Sénégal d'autre part, qu'une etetion de 10 m 3/h. par exem- 
ple revient a 2 milliona CFA par an d'amortiaaement, y oomprie lea fraie d'en- 
tretien et de gardiennage. 

Si l'on compta une durée d'amortiaaement d'une dizaine d'annéaa, on 
arriva dana lee prix d'inveatiaaemant dee pompe« «olairaa, mala eurtout il 
y a dea ragiona où lee moteura Oieeal eont pratiquement inutilieablea, ooaae 
dana la Sud-Algérien par exemple (rapport oi-Joint). 

Cette étude économique aat trae euccinote. Elle ne eert a apporter 
qua dea ordree de grandeur qui prouvant que mime dañe lea promieroe applioa- 
tiona,  l'énergie aolaire oet utilieable. 

C'aet aurtout «pre« un certain nombre de réelieetione que l'on pourra 
jugar de l'economia réelle de ce genre de atation. 

Ilaia on peut dire d'oree et déjà que cette technique apporta la 
développement dene dee regione où lee moyene cleeeiquoa eont inopérante. 
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W -  Inetltut  do  Phvaloua  nétéorolociouo  do DAKAR - 

for i - SECRA prototype and the evaluation and improvamente 
on tha prototypaa exiating in Sénégal• 

W - PISIR.SIT* - 
for i   - tha ITTCC prototype and development of therwio 

exchanger. 

3*/ - Fonde d'Aide at da Coopération (FAC) 

for t   - the SEGAL and 0NERS0L prototypaa, aa wall aa tha 
production of tha angina ltaelf, and butane teete. 

4«/ . flinietëro de 1 » Induetrle - (FOES contribution to Eta BEN6IN) 

for i   - development and finanoing of all exiating applicrtione. 

«•/ - ANWAR - 

for i - angina mechanical development. 

«*/ - JUUfiM -  <Win" de Far de Mauritania)  - 
for i - tha order for tha firat experimental integrated eeeembly. 

(CHINGUETTI). 

?•/ - ttm.ntminvi p,t»i mm - 
for t - etudy, reaearoh and development of variooe prototypee. 

for any information concerning thia eurvoy, write to I 

îl 

* tonalour 3ean-Piorre GIRARDIER 

P.O.G. daa Etabliaaamanta Pierra «ENCIN 

220,   roe Emile (lengin - Botto Postala n* 163 

48200  - flONTARGIS   (Loiret) -    FRANCE    - 

Tel   I   «1-28-42 

m~+ 
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SOLAR WATER-RAISING INSTALLATION  INCORPORATING PHOTOMETERS Al THE OVEZSHIKH 

WATERING POINT IN THE TURKMEN SSP 

N. S. Udoren'o, B. V. T.mlzhevskll. B. Ya. Miche,, 6. B. Levitai and 

S. Khandovletov 

Gellotekhnlka, Vol. 6, No. 2, pp. 52-50, 1970 

UDC 662.997:663.634 

.   ,,f»A ^n Anrll  1969 at the Ovezshikh 
A ,ol.r powei  installation  incorporating P^^w"¡!; WB^;i;S ¡l. ¡Sloped  at  tho  All-Union 

watering Point  in the Bakhardonskii   region  o    the ^^n fJ^^^*^•    the   first  practical Soviet solar 
,ÏÏ2«î.Pf« errent  -urce«   (V.I1T)   ?^^¡^T^r oner, into electric  power to be used 
installation based on  the  principies « 

in "ÄÄ P-r installation  (SPI)   1, «^^^"^"ìÌf.•^ .reA-eArf ^ ^f 
tr.tor.    .teerin? equipment,  etc..  is   concerned  .    The nain  di"ere;      ,  ,tl0BS were  introduced  in  the 
cleric battery which is  the  nain  pnrt   of  the    nsta  la  ion.     The  „odi     cat ^ ^ ^  prpl        d 
iSrof tactical experience with  th«   first esi     ; o     1965. ^It  i,     P^ ^ ^^ of practical 

KSSitiH« .M  4 ~     I        --;ri,r  £,.« battcrles 
The  initial experience with   the  first  SPI  í. showed  Mint   rn_P  ^  ^       Moreover,  the water coolly 

U 

I   Í 
!   I 

( 

îy  to « . ¿recoil«, of  the batteri« if the,  a« PJ-xjea «- ...  -^ ^^ KOuntcd thc 

ïn the new designs  the battery  is  in    he fora o        f^*d    fn  lntlMte  contact  with the entire 

.^r^v!:^^ ~S-t;r^t¿s=is SiSr^í^s-rtírei.nta,... .. *, ^~- 
found  to be very effective:     there has be , ,han*,    n^hc       J^P  ^  ^ , «-tan   ; 
operation.    Repeated measuro.i.ients  of  th.  Ç.1-'-*'1•1 ,y vc.ars  of  operation  to  the  Ovesshiih  cattle 
°P       The Ashkhabad i, sfilati«! was  trans  er    a       £    two y..r; ¿^  ,„  collav)0ration «'«/«;' 
watering point.    In accordance with  tho  dositfib   > °^< J ^      • y   a solar en„Ry systea was a- «nbled 
^«technical Institute,  Acadc.v  o    Science, ju,k£>-*.   »     ^   ^ ^ dminc<|  ln  lhi,   locaUly be- 
for   the  raisin* and distillation  of water    ••)..     »>'  ^ 

indicator  16  is placed  at iwrk -l.J.     m h.un 

^sr ^ni^r^', ----:%„e ,„M ,„,«.,,,. .«*.— «•«» 
.M£îï-œc si«- - - y- äZä.•.~, I,„ d,.inUJ The solar power  installation  is  .^uated on .... and th.;l  traiX.,fer  :,,, dif.t.ina 
I.  to supply the two estríe pu? «hIci. « se    h<? .   -   r     r« t     ^ ^ ßf  thp  u.o pu{ip,. 
water from the di.till-te tank.    Proviston is nu .e irradianre probe produces a 

The .vsten operates as  follows      Vh;n tho injol;    on  1. E       J»^,  sun., rafkln?       , ;,, SOon .s 
.,.,., which „itches on the  contro ^    Y-.-^.^V^  th.  pow.r probo pr^«  . *«P-1 «**« «wi.ch.s 
direct solar radiation is  inierctpiv« 

iï 

l; 

vi 

i; 

One  of  its  functions 
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•-s' ,M?**t-.N^".1*:' • ! ¿*ifH¿ •',«1 ^- * ^vtwv>^\<mtmp*vmi*mitm*$ »IHBîMW» MUM p|yiwynj>im ¡wwwwi a i w«: ^ 

ilo 

ir i ; w f W f 
i^d^à==V^-rc^^ 

M.,„. n,..u..« .,e «^^l'ìir'^ *'"""• 
The notation 

Lvel indicator 19 show, «hon the »-^»f^.  my danp,er of overflow equlpmc,U fro« 
This probe switches off pump 2 as «.con«   «*r ¿r ln„taUation and the wn «"^^"^¡eerinß frames 

Ä-^r^is^S-iÄaÄ^-"Ä^^^^  offfor 
* "'St. have yielded the. following data,    the electric po ^^ ^ % 

2 .        ~f  17«C    and wind speed in the ran Re ¿.5-3.5 «"sec- > b    tho  entir(: installa- va,  air temperature of  17 C, and wina    v y      ^ the pu,ups ar„  ,,uppi e<By t e 

short-circuit current is 21.6 A, ^ ^"^    The oulput of the «»"nc^at" ^nÌtalìatÌ« t. described 
tion the consumed P°•r *Vfou"VL£ ^2 6-7 *3/hr.    The power balance of  the installata the output of the disti  led water pun,p IB 2.6 conttnuouS 

in greater detail In ¿5^ ln f-et  t00 f    t  for th. well.    J«     "J.^uto .„ptyln* of 

SÍ§s SíiSíSiS rSiSÄ« ss s.r=" 
even in this case the pump output -^^¿^^l^Utim, and when it  is re.dy the entire 
eVert ÎL first stage of the solar st    1  (600 ,2)  is ncar^ ^ J ufal authorUics. 
system will become operational and will be 

REFERENCES 

1.    ». S. Lidoronko. et al... ^^J^ ^jÜ, Vol. 3, no. 4. 1967. 

(        i    ï: l ÌAETf = Ä^^-n^nir^ference on the ft,„.-i- of Sol. U... 

tion of Solar Energy  lin Russian), Moscow,  1969. 
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Ove" th.- ....M >-* V.-.-T« «he Univ.-r.ily of Dak., r 
,„ West Afric.-. h..* d.-. el-M-d a .ol.. .-« riven pump 
l'or uni- il»  remolo arid ar« .î*. 

The ,>rm. :t.l- of no,-,.ion , an h«- -en from Ih. 
.IHu-am W.-dVl.-.-nim; a s..l.. r heale r ( I I •' aUm 
Ä ÏVn»V.i. US.-.I io vaporise a — nnè , "v .¡nul 
in «beat exchanger (>>. Th.- v.,|».ur. ... ., ||r.^,-.r.- 
,orr..Spon,!:.-.,lo¡..t.-m,».-r.-.lUrl;. •« .•NP-'»"-'• "•;' 
..„..¡n.. » vlir..l-r Iti .iiMl then exh.uuted to ., V...I. r 
ïï>.l—0 '«•-• .-oncK-n-t, ,s 7.„,rn|- 
o«h.-ho,«-x.h,r.t.,     by;.H»»..lld.r?|..ou.Ad    e    . 

The water pump (6) is also driven by «I,.- .•;»«.».:. 
1U discharge passe. firM through the cono.-n,er 
tubes and then lo an elevated stor.m* tank, nom 
lîchi.i.  reticulated ,o Ih- ..-Us of consumption. 

*r v %4-T^
N
íI)  sat-«« K<oro* I 

A SOLAR-POWERED PUMPING PLANT   U \.;^#^'^ ^« 

tor u«e h>  remoto and ar. as. ^       *>    '.„•»;       , ;.   :   Î       •' 
TI,M>rin.:,.l.-oínI,,r,,i.m,-nnh..,,.-../rom|h;- #%• ;.  ^    : .       ^       /       ,. i 
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Further information on the „olar'puin;. can be 

obtained from Prof. H. Musson, Univ., r«.te .:.• Ma- 
raville.   !*r**zHv,ll..-.   R.'publmue du C.on,o. 

(m ff er  P J. Scham») 

The .ystom uses a flat-plate type of solar absor- 
ber operating un natural circulation. Nu cxtcrn.-.l 
pov;rP.ourcofais required, and once th<• .y« err. M. 
L to pressure in the morning the cn^e « ..n * 
"farted xvilh a quarter-turn of its llywhcel. It wil 
conthucto runas long as adequate solar energy - 
being received. In Dakar, for example, the daily 
operating period is about live hours. 

C   *'•>.*<• 

*f* Ú" 
Pumpt of thi« type are in tervlte in S.-nt-Rul. 

Haute-Volta andNu^r. while a Urj,.-in.ialUU«. »- 
bcincb.,iltin Mauritius. Out »-it is a i-.utior o. the 
• btorborare... which »l» »res. »I m*tallal.•••.* f."'»J- * 
?r»m «• n»^ r * *« ft) to .too ...^ « « *" '! •"• TVi- - 
Ll¡r «   >y«t.<ni  with an M m2 «'f *« !U  •'«*'»!-''«ri 

froin * »«urce a! a dt pth of Jim HI» ü|. 
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TECHNOLOGICAL DEVELOPMENTS SECTION 

CONCEPT  OF MAGNETIC MOTOR PUMP DIRECTLY 
POWERED  BY  SOLAR HEAT 

New Scientist (US), Sept. 21, » 72,  p. 487 

D.  Landel 
••.•.j^^-.v-fc-fr--" 

rhíí limpie magnetic device, developed 
èy Moteo» enoineer Alexander 
/*rew^«koti, convert« solar heat éhetttv 
(MíO mechanical power. The rim of IM 
ID))«et li mode from an alloy with « 
Ctarit temperature of GS" to ¡009C. 
Tkil it the temperature al which Ito 
material becomes non-magnetic. When 
t.'t« temperature of the ring reaches thi* 
point, the torco permanent magnet neetr 
the incide of the rim will attract the 
next tectum which is ¡till coot emouçh 
\o remain mooneitc. The rim cantinate 
to rtvolvf jn lids way o.t Iona a« (he 
port over the mapnet it hreted. 
rrentt/ekot) hopes his invention will b* 
of vseasa pump for raising well wtAm 
••"«no other application« 
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BfUDtBS OH HCT-An EKCIKB »UN Wim SOUR BNKROY CONDUCT» «J* »•*¡»¡L 
WWCJU LABORATORY, NET? ffilHI, AMD A CRITICAL REVIEW OP WS PRESENT STATUS 

by 

MOHAN UL KRUMA* 

SUMMARY 

w« conduced at tide labors**, the details of which have DO far reined unpubli»hea. 
Jut ¿veral »ubeequant workers have referrod to this work whil* de.cnbing hot-air 
er«ine» developed by the«. 

A »all hot-air engine, celled to a «»all reciprocating water pusp, was mounted 
at the focus of a parabolic reflector and trials wcr3 made for piping wterfr» 
différent depth».   Mention may be nade of t«o concentrators: one with an effective 
¡Pert« of 11.6 »q ft and depth of 2.25 ft and the other of 26.3 «*)«•!¡? 
«*rture and depth of 4.5 ft.   Main difficultie» encountered with big siie metal 
re^c^r^ere in tL construction of Urge reflector» with the desired focus-spread, 
hoary supporto, turning mcchani», counter-balancing with heavy weights, etc 

Later, another larger capacity hot-air engine was used with plane-glass-«irr©r 
•oncentrators, which were uted to concsntrate aolar energy. 

A hot-air engine, developed by Messrs Philips, Eindhoven, was obtained for oper- 
ation with aolarlnergy.    The heating syste*. designed for ^^,ke•inV£' • 
«•ove* and concentrated solar energy wa* ».ade to fall on the »et.1 »^ P**'!*J* 
iwd part of the engine.   The «agine could be .ade to run at it» rated r.p.a. when 
coupled to the generator. 

A haat exchanger or regenerator is the heart of a hot-air engine.   It. perform««* 
Uim the Lpelte^heoretiral tewl and the sourots of the efficiency or IOMM of . 
hot^Iir.i£E are critically reviewed keeping in view the work done so far by different 
grovpa on hot-air engine» operata* with solar energy. 

1.    1MTR0DUCTIOH 

In 1*«0, Robert Stir ling had hi, invention of a hot-air •"•*»*•*•"**•   *» 
•ngliw 1» a ¿i*ple but elegant .achine wixn advantage, of being ouiet in ^""»n» 
Ariï littWfert in maintenance and beine of u»e over wide range, of t«r«t*e. 
MeLwr   the het-air engine remained in the background, beoauae the .tea» engin, end 
«TE^rTl ££t*í¡%ngi~ wen. developed ^¡* •*»"??•£&:   "£ * ¿"lÍnT' 
interest in th« hot-air engine is being revive«.   The  potentialities of the S^1«* 
ÏSTnave prompted several investigator* [1-13J- in recent years - r<£*^* *.\ 
¿Ota.    »«ring«* fifties so,e work on the potability of »»j^ • **"?£."ffi! " * 
¡SHHWW^ aolar energy for lift irrigation was coveted in this laboratory, 
Kêetail. ef this work hav, so far remained unpublished.   However, «any •*";»«* 
i^er. tU-161 have referrea to thl. work while deaeriti,« hot-a^r ermine, developed 
»T^e«.   In the present rarcr, .tudie. or a hot-air cngiM run with solar energy 
JaÎÏÏe* to t£.7.bcr.tery\.ve been described in detail.   The preaent .tat«, of the 
hot-air engine has ales been critically reviewed. 

«tudie. conducted in thl» laboratory or. a solar operated hot-air engine «ay be 
Aivie!dIn* Ee part., vi*, the e,uipr«nt ue.4 to «neentrate aelar heat ante the 
et¡¡¡rJ*thrLtS¿ ..«in« it^lf.   Theae will V. een.ia.r.*. .«par-tely.          

•   ft» awther 1. a leniw ieienUfie Offieor, Motional Fhyeieol faabor.tery, Me« PolM, 

•• Mwsber» in Woottt» ref»r to *«fer»f»ee Uetod at to» eoi of %»* «•!•»• 

»fcÈ MÉH 
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2.   COHCEOTRATORS 

wa. Of Treat help intte dosi ßn an £nSt* ^[^reflector with a wide aperture 
in concentrati^ solar heat.    The 1 or« nev     H &hcet8 wa¡| iiffliiar 
„a lo» depth conttructea with «...roj. and Ih^tln^ ^ ^^ „^ 
to the reflect usod Vy r.« CM or a     was sui U ^    ^.„^„t, while the daily adit- 
ila «earing device  at  tte  wao ^«i^^-    ^    ^ 5sir^ through the focus.    This 
•ent was nade by turning the f "^Xïïor^ncideri on the tin aheet to be focussed 

pump through a leather belt. 

three parU, vi», lower portion, •lddla.P?r
f
t"" "„ a coi per sheet alor.g a curved 

aperture rii.   E«ch portier ,as prepared ,y ^.tinga col re    ^ The\hieknea. of 
.if.ee and by natchine it to a U*v **e of th; rc^si ref3cctor surface thereby 
the eopper  sheet was  so chosen that ^«a»£f^2us_BFrced.   Each portier had xU 
•voidine the fomttxon of f j£r£* ^t^f cach portion was equal.    This en.urea 
ovm paraboloid surface, but the focal length oí  cac    ro paraboUc metal 

^ ''Vi** of the roncar... so cj a. to ^^^^^^^^0^* 
engine with it. cylinder length ^ »*r«• •£      2.    The rest of the encine -a. 
tTa water puep thro^h a leather belt a. ahoan in Fig.  ¿. oUerved that  solar 
ItnM ag.in.t heat by u.in« a thick ^"^^^^^eto? raised the cylinder 
n?at concentrated by the three, portions * ^ ~*Jop•£ %£. „a8 „ade poo.iMe * 
tolte, temperature end •^^*te^£i2e

e£c"!,S£d.    This also helped to add 
r».îï ¿"»SSÍ Ä:^

2
 «VllnrZl E it. «ooth runnin. duri«, the 

pauaf. of cloud, and shift in the foou.-.pread. 

nr eeUecting »lar ererey fro. a ^•*fj££ ¡^ntetoTthe 
tatures at the î^«^^^^^^^^«* d.Fth of 4.5 ft -l* 
turntn« »eha«!».    It tod» «factive aperwe e ^lor-plated.   the hot-air 
e f.o.1 length of 9 in.   «« eopJ.r •»*«*• J «¿J« h\«1 B0Wlt<¿ with lt, «,lind.r 
•naiw, u*»d with the tac reflectors *»«**•* ~*i*' ?!*t °f the reflector and the 
S» W .to* th. "«e: e;t^

SUr... f^lì tTuS a heavy .eight to eount.r- 
•agine ..ocnbly beear.. M heavy that wed was reit TO „«rture .urface, the 
tolano, the ««"^-  ^»^•"SÏ^'J0 JÎ^SÎ,.    Meunling of th. engin. 
MMMnt of the Meekly becere umtatle and •>^       difficulties in eRfiii» 
iMi«. the refl.etor in ar. invert.* portier alee created «£»• f „f,Mtiri 

îXieatior.   Major difficulties •^^ï*4"!" ^ '^ £ Vpporta, turning 
.ith a Urge effective apart** and f^^ít ^te. *înî. Ä « * ^  ¿t f*«-r 
«•«.anise, oount.r-balw.cin« with a heavy weight, ««•    * BÍrr#r, „.cnted «n 
I^LrtaNitoUer. with «tal ccnctntr.tor. wd to  u« g"-^^^^ .„ th. 
toSen fra*«. .apaVl« of conoentr.t.ng •olfcrJ"'rfre** * 7r«%* eenatrueted i» MU  .      •.„ _* ti-,  fr»,e.    The§e ecno.ntr.ter» ««re «esißrwi »r» »v 
*££££ ~.*¿ÍS* Sffieultto. »entier a**vc wr. ov.r^. 

WM.Mrat«r., .«rleytn« t in by > in ^/ï" !£££ «ar» aM pal« 4*«M •• • 

•tailarly .irror. ef ? in by 2 in and fc I* «r >• w •     •        f,c«,..nr«a4.   ilrrer» 
TT!«—-L.W.. »irrer rafloetw» with differ*** »««• » *T "•T^LlI. „. .«»tor.. 
inns *•t!« •**•• *•* »^^ "

Iä
 *ta •i,,• ^ 

! 
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These refi« e tor« «ore used in experi*ents on the hot-air engine. 

3.    HOT-AI» EK6INB 

A »aali open-cycle hol-air engine was dismantled fron an old kerosene oil- 
operated fan and was overhauled.    Its wornout parts were replaced ani e'dtable modif- 
ications were carried out before its uto.    It operated at an average speed of 250 
r.p.B.    Heat at the cold end .was dissipated through large thick fins oast along with 
the body of the enfino.    To give  suocth and continuous ruining, a I5 in thick hollow 
disc, which forced'the  'false tottoc«, was slipped over the bottom of the expander 
cylinder.    The disc «as made of copper sheet and the ecpty space was filled with dry 
»and.    It foraed a perfect fit and ensured cocplete contact between the metal surfaces. 
The entire cylinder length of 8g in including tht  'false bottom' was enclosed in a 
pyrex glass tube closed at one end and of slightly larger diaoeter.    Both these 
arrangements helped to raise the  temperature of the hot end and to recline uninterrupt- 
ed and steady running of the engine. 

Coupled to a small reciproceting water puap, this engine was suitably mounted with 
the three netaî reflectors described above and used for experiments on pumping water 
fro« different depths.    The coupled unit developed about I/16 h.p., and not I/8 h.p. 
M stated by Jordan [16]. 

Later, another hot-air engine of nearly double the capacity of the ore used earl- 
ier was procured, modified ard mounted in the vertical position on an iron tripod 
•tend (Fig.  3).    It ras used with plaras-glass-nirror concentrators.    Coupled to the 
water puav, the engine developed about 1/8 h.p.     A mall cylindrical parabolic netal 
reflector was placed behind the cylinder to help heat the hot end of the engine [17] 
uniformly and thereby ensure its smooth running (Fig. 3)» 

Ar. excellent hot-air engine, developed by Messrs. Philips, Eindhoven [3,22] be- 
eeac available.    This engine was developed with the object of providing a small gener- 
ator to power a radio set.   A reexamination of the Stirling cycle as a hot-air engine 
resulted in a 1  h.p. engine, whose regenerator or heat exchanger is the heart of the 
••chine and consists of a neatly wound mass of copper wire O.OO8 in in diaoeter.    The 
heater nysteœ of the engine is designed for burning kerosene oil und io in the for« 
•f a cylindrical head of 8 co. diameter with an expo&ed surface area of 50 sq cm.    Tee 
Wits of this hot-air engin? developed by Messrs. Philips [3,22] were obtained directly 
free the manufacturers for operation with solar energy. 

The kerosene oil burner of one of these ungine s was removed ar.d the eetal alley 
»late of the engine was exposed te the concentrated solar ewrgy.    The engine operating 
with solar energy is shown in Fie. k.    The arrangement of the plane-glass-eirror 
reflectors in a se«i-circle and the solar energy concentrator on metal alloy plate 
capable of withstanding extrenes of temperatures are sten clesrly in Fie. k.   Using an 
oee^utite natter of oirror reflectors with «n effective concentrating surface area of ê 
•a, a., which area could not be obtained with a sinjle metal concentrator described 
••»ve, the engine unit, ecupled to a 200 watt generator, could be made to run at its 
rot©« r.p.B. and generated  the rated capacity of 200 watts.    But the high efficiency 
»•lièrent in the Stirling cycle could not be realised in practice duo to sene of the 
reasons discussed belo». 

%.   WVIW OP MEVtUmSNTB IN THE FM« 

•he »tiilini cycle has keen studied ani thoroughly investigated by several workers 
(1-11).    IWiler I23J has recently critically exarimd the hot-air engine cycle by 
establishing Us Xorscs or soirees of inefficiency, which fall into four categories, 
wis. Mtokoni« al iosa due to friction, insulation loti.es, non-licei heat transport, et«, 
teoreveaier.ts have been effected in the new designs of the engine so as to further 
iwéttte «to losses encountered in the first two categories, «aereas aon-ideal heat 
Viae pori ìetscs «eid further thorough stedjr. 

1» «* regenerator or heat cae»anger, hoot »wet te asserto« ani aa cerni •»«*»% 
•T toot rojeóte* during each cycle.   Neat trai.oftr be lag aen-teeal, Bar« of the he«* 

á« 
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•ralroiwnt«! f >"""% S'„i, „ia.nt fro. ri«. 5 thai Ih. Philip, .njU» 

iZr rv*-ve ressent» the performance of * .«11 ...chi,* built for jf »'t£°£?£ "* 
STLÏÏTOM that of a lire* industrial Barbine.    At high temperatures the  ermine 
efficiency, as depicted in the curvet, falls considerably. 

,.    A *._j u *h* pffieient transfer of heut across the  cy linter 
Difficulty is enoeurAered in «* Jl""""* "Ï* lle Mem0rial Institute ,  is pwv- 

held in Rone in 1961  [5,9,14]. 

»- eenclusiors arrived at independently W barber [11 ], Eibling [5,8.9] ui »111.. 

ÎS.ÏLÏnl ¿Ttrea. ani other pur*»«, but  not ^«*¿£f ¿^r^'Su- 
•stands ac eentinuily of operation and er.erfîy   storage.    AB stated earlier  126J, «mi 
ÎZÏ. It the order of 15 to ** •*«!* »ak* hot-air engine, praotiaal in these 
•e un tries. 

SÍÍiií Ír*£e\í trlluttnTolar c.,W «d «^«f «^^^'U» 
Strike dtove. The «uther Mkx»*le4ce. hie erateful thanks to .-1 ef the-. JJg 
ÏTalte iîTto the Direct«-, Natier-al P^siaal Utoratei?, »» Delhi, f.r p.r«i..Mr. 
t* pvftlish this paper. 
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rtf.  I - Hot-air enfine, coupled to a wattr pump 
I i*MMMte<l tneide the metal aolar «nerf,y concantrator, 

M«« pumping water from a depth of 14 ft. 
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Fig.   S - Planc-glaaa-mirror reilector» concentrate »olar energy 

on the bottom oí the hot-air engine mounted vertically. 

•WW».' '-»T •*»*?••"•; wrr**-;~ j^w^^jf!»*»^ p-swç' -^jfj*W((»¡«*^ 
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^Tä'f- ^4-é^ì 
"*fìfefiÌ;- /   h;L<r>J  A 
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ftf. 4 • Philip« hot-air engine, after suitable modification» it 
•hewn aerating with solar energy concentrate«! by meant ef 
piane-glasa-mirror reflectora arranged in a aemi-cirele. 

M      41      IN     11»      Mt 
ttttfMTUMlMWtf« KttVMI 

|. ft - Refrigerati«« efficiencies et varimi« »recita«! I« Ih« 
tMMgwraUre rang« ef St* and J00° Kelvin,  reproduce* 

re»ro4tKtd after Kehler (II). 
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SUKMHMSCD M« WATER INJECTED SOL« HOT AIR WSM 

t. A. FAWER* 

; 

SUMMARY 

TMi NW, one in the »«ries on the development of fractional horse- 
..Jr Solar Rot Air Engines, describes further changes and improvements of 

« previously discussed engine. 

Th« addition of a simple adjustable checkvalve allows the engine to 
•«iKrîTIteSf byVrSS V.lr during the below atmospheric pressure 
Srtif 3S cycle.   The same device can be used to dr.« 1n water Instead 
•f air. 

The performance of the engine 1s thereby improved giving higher power 
•«tput/lncreasi^ 1t for air Injection up to about 8 percent and for 
water Injection up to as nuch as 19 percent. 

1.    INTRODUCTION 

The hot «1r engine development at the Solar Energy Laboratory of the «n^rslty 
•f nlrtda wat started over a decade ago.   The main emphasis 1n this development has 
bin w fractional horsier engines of simple design and low cost construct on. 
HruVn of ¿Ms development havl been described In previous papers (9. 10, 11. 14} . 
tome of the work 1s as yet unpublished. 

iMffn-eni. Investloators have made improvements 1n the original Stiri Ina Enfine, 
fro* ? mj •« "to very complex ones,' resulting In highly efficient engïn« such 
•s^hl Serai Motors Stirling Enoines (1). These engines have conversion effielen- 
des even higher than today's best conventional heat engines. 

The present paper follows two earlier papers, the Î^^Ll^ni^Tte** ' 
simple hot air engine made from a lawn mower and presented its P«^•"«:•?, 
îlSnd (10) presented a tomtwh.t Improved design for MUroMrgyappilc.tlon and 
discussed the Derformance duc to pressurlzation of the engine.   The use of PT«"ur 

llîtïon required tljter seals which increased the friction losses and necessary 
maintenance. 

The present paper discusses self-supercharging of the engineby •! lowing " * 
draw In a?r or water durlns the below atmospheric pressure part of the cycle. 

•Th. author is Professor and Research Professor of Mechanical Engineering •»* Dimeter 
if the Solar Eneray and Energy Conversion Laboratory at the University of Florida, 
Catnesville. Florida, U.S.A. 

«ftavom In brackets refer to rtferences Usted at the end of the paper. 
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The following pages cover engine design, engine performance and £*"]** of 
theoretlcil   nveitigatlons.   They are necessarily approximate since these eng nes 
¡SnSf'ax ¡S3« with the amount of working fluid and Its composition varying 
throughout the cycle. 

2.    DESIGN AND OPERATING PRINCIPLE OF THE ENGINE 

The operation of the engine can be understood by referring to Figure 1 which 
presents a schematic dlaoram of the Important parts of the engine.   Figure 2 shows the 
Rot air engine. 

A displacer cylinder Is mounted on top, having an Inside diamter of 2 3/4 inches 
and an internal length of 10 1/8 Inches.   A displacer moves with «¡outside diameter 
of 2 11/16 inches and a length of 8 inches inside this displacer cylinder.    This 
diiter and a 2 inch stroke leave enough clearance, both radially and at the ends,      . 
to allow it to move freely 1n the displacer cylinder. 

One end of the displacer cylinder 1s designed to be heated by gas, oil. solar 
•»•rov   etc     the other to be cooled by air or a water Jacket (circulating or non- 
SStóS)!   The d splacer motion ^controlled by a 1/2 inch rod entering through 
. sleeve bushing.    The present Improvements were suggested at least In part by the 
difficulty of keeping the bushing gas tight without introducing unnecessary friction. 

The displacer cylinder 1s connected by a 3/4 inch pipe "IPC1« *° «* Powr 

eyl1nderw1th a piston diameter of 2 3/8 inches and a stroke of 1 1/2 Inches. 

The linkage between displacer and power piston allows timing of the engine. 
For J& operati «the displacer leads the power piston by about 100 degrees. 

The operation of the engine depends upon the alternate heating and cooling of 
the worklnafluld     When the fluid is heated the pressure Increases pushing the power 
¿StoTd¡3.   SÌ t£ working fluid 1s cooled   the ^^X^^lST""' 
allowing the power piston to be returned by the energy stored 1n the flywheel. 

The alternate heating and cooling of the working fluid Is accomplished by waving 
the working fluid back and forth between the hot rvl Inder. 

The performance of the engine 1s furthermore improved by regeneration «long the 
displacer ind the displacer cylinder walls.   In these walls heat h stored during 
part of the cycle to be released and used during another. 

3.    OPERATION, NORMAL AND KITH FLUID INJECTION 

Since the engine Is started with atmospheric pressure inside, the pressure will 
dip below atmospheric during part of the cycle. 

a.   Normal Operation:   During normal operation of the «nfli» «¡H «•£"•*]«; 
atamoherlc pressure, during part of the cycle, 1s enhanced by leakage of the working 
TO SrSghthc displacer rod bushing, out - during the high pressure part 
U% cycle and In - during the below atmospheric pressure part of the cycle. 

Efforts have been made to prevent or m1n1«1« this leakage but It, *» *•»•* 
„ft. difficult to do this without increasing the friction lo«escons^rrtly.   For 
IMt reason two Alternative methods were developed and they are described below. 

b    A1r Injection:   A smtll adjusttble bai. check valve was In«*«"««" as show« 
in Figure 1 which made it posile for fresh air to enter^^affÄ JÄS 
the below atmospheric pressure part of the cycle.   This »^Vdd1tî?îJÎ MJÎ! 
¡Ol• to operate with a larger average amount of working fluid resulting 1n higher 

output. 
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c. Water Injection:   When the Inlet to the small atlJustablB^ball^chÄCk v»lv« 

«cs dipped Into water, water was Injected into the system rather than air.   This 
•1lowed laraer amounts of fluid to be added to the system, since it was added In 
the liquid phase, resulting 1n even greater Increases 1n power output.   Another 
advantage of water Injection (or other liquids) is that it enhances the heat transfer 
at the hot end greatly. 

4.    PERFORMANCE OF THE ENGINE 

Normally this engine is operated with a 5 foot diameter surplus search light 
irtrror which gives solar energy concentration bet tar than actually needed.    For the 
purpose of this Investigation, a coroarlson of performance due to different modes of 
operation, the engine received its heat from a natural gas-compressed air torch, 
adjusted for constant output.    The engine WíS operated normally and the speed (rpm) 
•nd power output measured.   Then the check valve was opened and adjusted so as to 
give the highest power output for this speed. 

After these tests the inlet to the check valve was dipped into water, allowing 
water to be Injected instead of air.   The check valve had to be closed some during 
this step since otherwise too iruch water was injected, lowering the engine 
performance.   Again the best comoinatlon of settings was determined for the same 
speed. 

The above procedures were repeated for a number of different speeds Including 
that for maximum power output. 

Figure 3 shows superimposed the indicator diagrams for normal operation, air 
Injection anJ water Injection at 200 rpm.   The actual amount of air injected could 
not be determined easily but the water injection amounted to 0.096 lb/min.    In all 
cases, it was made certain that, before data was recorded, steady state conditions had 
been reached and could be   maintained. 

Figure 4 prenant: the power output, normalized with respect to the maximum value 
'for normal operation.   This method of presenting the three modes of operation allows 
comparison and indicates the degree of improvement. 

Figure 5 is a plot of the conversion efficiences, normalized with respect to the 
•Mimma value at normal operation. 

5.    DISCUSSION OF RESULTS 

The check valve seems to be a simple yolutlon to a problem which has given 
considerable difficulty, how to reduce or eliminate the leakage losses without 
complicating the design of the engine and without introducing undue friction. 

In the work described here the below atmospheric pressure part of the cycle we* 
used to introduce additional working fluid to make up for the leakage losses of the 
Mgh pressure part of the cycle. 

When air was used as the "injected" medium, increase 1n power output became as 
nidi as 8 percent.   The even greater increase (up to 19 percent) with water injection 
Il principiy due to two factors: 

a. More water could be added to the system than air, under otherwise Identical 
conditions. 

b. The heat transfer to the working fluid was Increased due to the liquid to 
vapor pitase change. 

The heat Input to the engine was kept constant at all times during these 
experiments and the power output war. determined for different speeds and optimum 
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. injection. 

Th«ftr»tic»l calculation» Indicate that the average amount of working fluid i« tht 
•nglnldur    "m   oper Ho» U "bout 0.0024 lb.   ^working «""^22" 
JK fr«« ¡bout 900 R to 18Q0 R.    Measurements of the displacer wall temperatures 
HÄ itttî hoi end of the engine reached 2200 »a^-TÎiTlAÎS 
jacketed) about 600 R. but satisfactory operation 1s obtained at «ore moderate 
temperature». 

In these experiments the amount of fluid drawn into t*»*^tt».dur^tl*« below 
atmospheric pressure part of the cycle, depends upon the conditions in the engine and 
<r?hU «If Ictina and controlling.    There exists a definite maximum of fresh fluid 
SlS CM te dr wn9i* fo   a ce     in design and operating condition     This .mount can, 
hoSver   bTinïreased by using a positive pressure or absolute displacement type of 
Actor,* S above ätJpheMc pressure operation throughout the cyclo. 

Pressurlz.tlon as described 1n an earlier paper (10) »VK^ÍL^B?2¡¡ íiU 
the engine by considerable amounts and the most efficient engines which have been built 
to date «re pressurized. 

k further imorovement of the performance of an engine with liquid HjJ«t<«¡ ***** 
b. Ä^bouiTv^ing which Sul. allow, first   ..cert, n ^" f°^   , £ 
k» Iniected and at the end of the power stroke the discharge of some or tn* ^mnj 
ft«. S!       s procedure could increïse the heat transfer •**•£•"}.£»«¡J "* 
phase change phenomena, and could, for otherwise stallar conditions. Increase the 

-««fine speed and thus the power output. 

Engines of the above type could be classified as "Hybrid" since they combine the 
I«t1c Stirling with other cycles. 

6. CONCLUSIONS 

leied upon the foregoing work described in this paper the f.llewini eemclwiew 
CM be drawn: 

1 Self-ectino air or water Injection can considerably 1e»re*e the e»Hor»»*c« 
•f the'simple hot air engines of the type used here. 

I. Hater injection Is «ore effect!« because It •"?"'*£* *"}1^ *,,,. 
fluid to be injected and 1t Increases the heat transfer at the hot end of the enfin« 
through phase change. 

J. Engines of the type described here can be classified a* "Hybrid" lince they 
'coabine the advantages of the Stirling cycle with those of other«. 
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A MaTTHOD OF SOLAR AIR CONDtTIONINO-Öwrtto. IDIT 

A Method of Solar Air CoadWookg 
BY R. V. DUMKXI 

(jtm-mtmbtr)* 

Introduction, 
Thè« paper diKuMct a method of solar «ir conditioning applic- 

able in humid tropical or sub-tropical are««. Electric power 
requirements are limited to air and water circulation and control 
rnechanisms, the major energy input being solar radiation. The 
proponed method il based on adsorption dehumidifîcation of the 
air, coupled with regenerative evaporative cooling. A complete 
working system has not yet been built, as until now the research 
effort has been concentrated on the components or " building 
blocks " from which the complete system will be assembled. 

Reasons for Selection of this Method. 
Tropical regions are, in general, subject to high insolation 

which is distributed fairly uniformly throughout the year (Ref. 1). 
Furthermore, conventional fuels are often in short supply, electricity 
rates are high, and operating costs of conventional heat pump 
system« are excessive ; hence the interest in sotar powered systems 
which may find widespread use both in Northern Australia and 
in other humid tropical and sub-tropical regions. The capital 
cost of the installation can be considerably greater than that of 
conventional systems and still be economically competitive because 
of the km power consumption. 

The working fluid in the cycle is actually the air-water mixture 
which tt circulated through the dwelling. Consequently, small 
leak« are of negligible importance and, since the complete system 
operate« at, or very close to, atmospheric pressure, cheap and light- 
weight construction is possible. By keening pressure drops low, 
electric power requirements are minimiied to that full advantage 
can be taken of the sir conditioning potential without incurring 
exceasive costs. The air conditioning cycle is designed so that 
relatively large quantities of fresh air for ventilation can be intro- 
duced without a large penalty in performance, thus overcoming 
the " stuffiness " frequently encountered in air-conditioned struc- 
ture«. The we of i heat-mass regenerative exchanger in the 
cycle would enable still larger fresh air loads to be handled econo- 
mically, although this is not included as an integral part of the cycle. 
The solid adsorbent, nominally silica gel or activated alumina, is 
odourless, non-toxic, non-volatile and non-corrosive. Finally, 
the individual components of the system are of considerable interest 
in themselves for other applications. 

Description of System. 
The system (Fig. 1) can be visualiacd as consisting of three 

sujor sub-systems each composed of « number of components. 
The three sub-systems are :— 

1. Tke NfUMfatlvt «vtsMrativ* coaitas trstom. 
i. TV fchuatiiifflmtlnn «sweat. 
J. Tke sdente! «netay «aun». 
To MsttfSte the method more chatty, ta eptratJoa wiH be 

kscribed Ik specific conditions typical of s ««vere day in Darwin 
»hen outside cooditkus ate tS*F. dry bulb and I3*F. wet bum, 
«Ule tafiis esodio©» i arc snasntained at 77 *F. and «3 per cent 
stative kumMIti («31.3* wet mito temptntw«).  A oantmueut 

«•MMI w^FmSBSU^SBSSmSESES» S ¡SJB 

supply of 200 c.f.m. of outside air for ventilation is assumed, corre- 
sponding to a heat load of 12.00C B.Th.U. hi. on the system. 
The peak building load, other than fresh air, is taken to be 16,000 
B.Th.U./hr. while the mean building load is 10,000 B.Th.U./hr. 
over a 24-hour period. 

The descriptions of the sub-systems and their operation follow. 

i.—Kigtntrativ* Evaporativi Cooling SytUm (Rrf. 2): 
A schematic diajuam of the system is given in Fig. 1 and the 

corresponding processes and sute points are indicated on a psycho- 
metric chart in Fig. 2.   Air is drawn from the room at a rate of 
1,100 c.f.m. and delivered to the first evaporative cooler whit > i« 
assumed to have an humidifying effectiveness of 80 per cent. 
The air leaves this cooler at 70.5'F. and 90 per cent relative humidity. 
Part of this air stream, 1,000 cf.m., is diverted to point 9 via a 
by-pax duct controlled by a damper.   This by-pass air stream 
then mixes with the cool air at state 8 returning from the dehumidifi- 
cation loop.   The resultant mixture at 68.3eF., statepoint 10, is 
delivered to the room.   It is seen that the temperature rise of air 
through the room is 8.7'F. under these conditions.   It will be 
noted that in the cycle as described here no latent heat was included 
in the room load.   If a latent heat load occurs in the building, 
statepoint 10 must be slightly lowered to maintain the desired con- 
ditions, which is accomplished by reducing the by-pass ratio by 
means of the control damper.   The recirculation and mixing 
feature of the by-pass system results in a larger enthalpy and 
humidity rise of the conditioned air when passing through the 
building, and reduces the quantity of air circulated through the 
dehumidification loop.   Consequently, the size and power con- 
sumption of the equipment is reduced.   The by-pass feature 
enables humidity control to be achieved, the larger the by-pass 
ratio the higher the resultant humidity in the building, and the 
smaller the quantity of air which must be circulated through the 
dehumidification system.   One of the major advantages of the 
by-pass system is that the effectiveness of the evaporative coolers, 
or air washers, has little effect on the overall system performance ; 
the only significant effect is a change in the by-pass air ratio to main- 
tain the desired conditions.   For example, it the two evaporative 
coolers are leduced from 80 to 60 per cent humidifying effective- 
ness, an increase in the by-pass air rate from 1,000 to 1,800 cf.m. 
will maintain the building at the original condition.   To go a step 
further, the evaporative cooler in the return air from the dehumi- 
dification system could be eliminated completely by further in- 
creasing the by-past ratio ; however, this results in undesirably 
high air circulation rates. 

The remainder of the air leaving the evaporative cooler passe« 
through the spray eliminator and enters the first regenerative heat 
exchanger at sute 2. This air stream, 800 cf.m., flows through 
this heat exchanger counter to the air stream returning from the 
humidifier and it heated to roughly ambient temperature, 93'F. 
The effectiveness of each of the rotary heat generators in this cycle 
is awumed to be 80 per cent with equal air r*tes through both sides, 
a conservative figure on the basis of experimental unit« tested in 
this laboratory. The exchanger is assumed to have leakage and 
catty over equal to S per cent of the air now per tide, so that tt a 
rest« las water content of the air decreases slightly between 
pota*« 2 and 3. Fieth outside air amounting to 200 cf.ro. is drawn 
IMO «ht «yttem at the suctioa of fan B, mixed with the air at sute S, 
sad danvaeed by a* B te the desiecam bod at state 4. 
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'i he tir passes through the desiccant bed and in the process ii 
iehumidified and heated, leaving at «ate 5 at 130° to 135°F. This 
iot dry air then passes through the second heat exchanger, counter 
o an outside air stream, and is cooled to state 6 which is about 
>:F. above ambient. The water content is raised somewhat in 
his process due to cany over of outside air. This cooling process 
ictually constitutes the heat rejection stage of the reversed thcrmo- 
iynamic cycle. 

The warm dry air at state 6 leaving this exchanger passes back 
hrough the first heat exchanger where it is cooled to about 80°F., 
he water content rising slightly to state 7. The air stream then 
>asses through the second evaporative cooler, also of 80 per cent 
humidifying effectiveness, and is cooled to state 8, about 65aF. 

, This cool air is mixed with the by-pass air at state 9 to form the 
nixture at state 10 which is delivered to the building. 

The heat exchanger and evaporative coolers, with the addi- 
ion of another fan at 6, form a very effective cooling system by 
hemselves in hot dry climates. In this case, the hot dry air at 
•rate 6 would actually be the ambient air drawn into the system, 
.vhik the hot moist air at state 3 would be discharged to waste. 
In this case there is no n.-ed for dchumidification, and the rest of 
:he equipment can be dispensed with. 

it.—Dehumidification Syttem: 
Solid adsorbents have been proposed for the dchumidification 

system, although some work has been done on solar concentration 
pf lithium chloride solutions as an alternative method (Ref. 3). 
Solid adsorbents were selected because they are stable, non-toxic, 

| non-volatile, relatively cheap, and produce very dry air, and are 
I readily regenerated with hut air. The regeneration temperature 
f for this system will probably fall in the range between 180 ' and 
i 220*F. This is below normal regeneration temperatures tor silica 
. gel and, due to a paucity of information on performance under 
; these conditions, it has been necessary to conduct a study of silica 
I gel beds under simulated operating conditions. This work is 
I rurrcntly being carried out by K. C. Johnston of the Division of 
ì Mechanical Engineering, and will be reported in due course. 
• Preliminary results indicate that satisfactory regeneration can be 
' achieved at these temperature levels. 
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Pig. Ì.—Sohr Air CetuStkrint Sytum. 

A rotarv desiccant bed hu been indicated in Fig. 1, although 
it is likely that a fixed bed system with periodic regeneration via 
a valve mechanism will be used in practice. 

3.—Thermal Energy Source : 
The primary thermal energy source consists of a vec-corrugated 

selective surface solar air heater (Refs. 4 and 5). The air heater 
will deliver air, state 14, at 210eF. with a thermal efficiency of 
about 40 per cent. The area of air heater required is roughly the 
sane as the roof area of the building and, in the author's opinion 
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economic«! conitruction, it will be necessary to integrate the 
•it heater into the roof structure. However, in the case of 

existing structures, it may be necessary to superimpose the air 
beater on the conventional roof at some increase in cost. Since 
neat tropical homes arc very poorly designed and built from the 
viewpoint of air conditioning, it is doubtful if a solar system would 
And wide acceptance in the usual type of building. 

The air supply at 13 to the air heater can be drawn from within 
ta* attic, thus ventilating the roof space, recovering the heat lost 
by conduction through the base, and reducing the heat load on the 
ceiling of the house. Alternatively, the air discharged from the 
outside air Cheat rejection) exchanger at state 12 can be used as a 
tuf*pry of preheated air. This air stream is also slightly lower in 
water content than ambient due to mixing in the heat exchanger 
which results in slightly better performance of the dchumidifier. 
A third alternative is to discharge the air at 12 into the roof space 
aad alio draw the air supply to the air heater from this space, thus 
racvming both the rejected heat from the cycle and conduction 
•MOM from the air heater. 

Due to the intermittent and variable nature of sunshine, it is 
•actuary to have a temperature control element at the air heater 
•wtan which varies a control valve to keep the hot air temperature 
at the proper level. The hot air from the air heater is delivered 
If Jen D to the top of the rock pile thermal storage and/or the 
taakajel bed via fan C (state 16). 

when the sehr air heater is inoperative, or is supplying in- 
MtaacJeat hot air for regeneration, heat is drawn from the top of 
the heat storage, outside air being drawn in at the base of the rock 
pur. A more comprehensive discussion of rock pile thermal storage 
» fctmd in the paper by Close (Ref. 6). Suffice it to say that the 
pock pue acts as its own heat exchanger and that more than 90 per 
mat of the stored heat can be extracted from a well designed rock 
pite before the outlet temperature drops significantly. The size 
af the heat storage required depends upon the climatic pattern of 
tbt region, the aise of the system, the storage temperature, and 
wbtthti any form of supplementary heating is supplied for extreme 
c—jditioi». A reasonably sized storage unit would appear to be 
•aw coatainini about 3 days' normal heat requirements. For the 
tiae of system described herein, this would be in the order of 1,500 
CM   ft. of rock screenings. 

Although this system has been designed specifically to use solar 
rnargy, it should be recognized that any other cheap source of low 
grade tbtratal energy could be used to power the cycle, thus elimin- 
ating the large capital costs for a solar air heater and thermal storage. 

One farther point applies to areas where heating is requited 
at wiancr. This can readily be obtained by connecting a duct 
fraen the discharge of fan C at point 16 to the duct returning con- 
¿stioawd air to the room at pouit 10. In this manner, the air heater 
and rack pik can oho be used for heating in cold weather. 

Power Contumption. 
The power consumption of the system consists mainly of fan 

rat requirements. The power necessary to rotate the heat ex- 
pert, operate the controls, and circulate water is small relative 

an power, Although the estimates are tentative at the present 
e, approximate pressure rises, air flow tatet, aud power consump- 
* ht tht various tans in the system at full load are given in 

fable I. Efficiency of each fan-motor combination it arbitrarily 
akc« at tt per cam. 

TABLE I. 

Mat 
fiumi« Rit« 

(fach« of water) 

Air P»ow 

(rim) 

Power Consumption 

kW.      | B.Th.V./hr. 

Í 
i 
X 

ti 

:! 

WW» 
1,0» 

MO 
MW 

0.0W 
• IM 

1.141 
ooti 

aw 
MO 
iw 
«0 
aw 

Tot«.: «sa» I.W0 

Thus it is seen that to handle a total heat toad of 30,000 
B.Th.U./hr. only about half a kilowatt electric input is required. 
This compares favourably witd the performance of a typical heat 
pump system with a coefficient of performance of 2 which would 
require an input of about 4.4 kW to handle this load under these 
conditions. 

Comparison of Regenerative Evaporative Cycle 
with Conventional Heat Pump. 

In terms of power cost in Darwin at the present rate of 3d. 
per kWh, the comparison is 13.2d. per hour operating cost for the 
conventional heat pump versus 1.6d. per hour for the proposed 
system. It should be realized that these figures are very tentative, 
but should be of the right order of magnitude. Also, to anivc at 
the total cost of operating the system much more information is 
needed, such as capital cost of equipment, and the load distribution. 
At the present stage of development of the system these factors 
cannot be estimated with any degree of precision. 

Another advantage of the regenerative evaporative system 
occurs under part load conditions. If the circulating fans have 
two-speed motors, they can be operated under low speed a large 
percentage of the time. The power consumption varies nearly 
as the cube of the fan speed so that cutting the speed in half cuts 
the power requirement to one eighth. Furthermore the effective- 
ness of the evaporative coolers, regenerative heat exchangers, and 
dchumidifier arc all higher at lower air velocities. As a result, 
the overall performance of the cooling system is much higher under 
part load conditions. This is in marked contrast to the conven- 
tional heat pump which normally runs on an on-off basis, and the 
coefficient of performance is nearly independent of load. 

Another factor of importance is noise, one of the most aggrav- 
ating features of air conditioning systems. In the proposed system 
there is no compressor with its noise and vibration to contend with. 
However, there are five air circulating fans to create noise. Of 
these ians, four are separated completely, or by effective sound 
attenuators, from the air ducts to the building. This leaves only 
Fan A and the connecting ducts as the major sources of sound 
delivery to the building. As the pressure rise through fan A is 
small, by proper fan selection and duct design it should be possible 
to keep the noise production below an objectionable level. 

Suggested Control Method. 
Although not pertinent to the theory of the cycle, a few com- 

ments will he made on the important practical problem of control. 
The complexity of the control system depends upon the flexibility 
and degree of control needed to maintain satisfactory conditions 
within the building. 

The first element of the control systems has already been 
mentioned; this is the solar air heater control. A temperature 
sensor located at the air heater exit would actuate a modulating 
valve in the hot air line which would open when the air temperature 
rises above and close when the air temperature drops below tbe 
set point. When the control valve is completely closed, fan D also 
steps.   No other control is needed on the hot air system. 

The building itself should have both temperature and relative 
humidity control, although temperature control is by far the most 
important. The relative humidity detector should aa via a modula- 
ting motor drive on the by-pass damper thus controlling the air 
flow it state 9. The control achievable is limited to the humidity 
levels reached with the valve closed and completely open, this 
will be discussed further in connection with the temperature 
control. 

A four-step temperarme controller it suggested to operate 
as follows.— 

Sitf I : The top leve! would be set to produce maximum cooling 
when the temperature mched or exceeded 77*F. Fans A, B, C and B 
would be ninnine at full »peed and all sprayt in the evaporative coolen 
would be on. The humidify control, assumed to be set for 65 per ctnt 
relativa humidity, would tend to open the by-put damper if ih« i cittì»« 
huaudJiy in UM too« dropped below 65 per cent. In tac unlikely 
mat that the relative hutnidrry sell bttow 65 per crut with uV by-pats 

ï 
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ral*« wide open, humidity control would b« low, but the condition» 
in the building would lull remain well within the comfort ruge. The 
opposite situation it perhups more likely to occur : under conditions 
of high humidity the relative humidity in the building might rise above 
65 per cent with the by-pus air Sow reduced to its minimum rate. 

Sttp 2 : If the building temperature drops slightly so that less 
cooling is called for, fans A, B, C and E are twitched to part speed 
operation. As mentioned earlier this reduced the power input per 
unit of heat removed.   The humidity control functions as in step I. 

Sup 3 : A further drop in temperature will result in shutting off 
all the water sprays in the evapora'tve cooler and the stopping of 
fans C and E as well as the reversal mechanism of the dehumidiner. 
Fans A and B will continue to operate at reduced speed. With regard 
to humidity control no corrective action would result if the relative 
humidity drops below 65 per cent during this mode of operation. If 
the relative humidity rises above 65 per cent, fans C and D and the 
dehumidiner will be called into action for dehumidificition. 

SttP 4 : At an appropriate temperature level heating will be 
called tor. Under these conditions humidity control will become 
inoperative as not essentia! to comfort. When heat is called for, 
fan C at reduced speed will deliver hot air from the air heater or 
thermal storage via a duct to poiat 10 in the circulation system. Fans 
B and E will be stopped and the hot air supply to the dehumidiner 
closed off. When the temperature rises to the desired point the 
system reacts to step 3 operation. 

Present State of Programme. 
Although a complete solar air conditioning system remains 

3 be designed and built, a great deal of research and develop- 
ment work has already been completed on the individual com- 
onents. Fur example, numerous types of packing for both heat 
ud mass transfer have been studied in an experimental ¡rotary 
xchanger. Based on early results of these experiments a proto- 
?pe fixed bed regenerative evaporative cooler, without the by-pass 
tature, has been built and is currently undergoing performance 
»is. 

The air heater has passed through a period of extensive analysis 
) a development and testing stage, and a large solar air heater is 
nder construction to supply the winter heating requirements for 
part of the Division of Mechanical Engineering. This heating 

rstcm incorporates a rock pile thermal storage and should answer 
ìany of the practical problems of design and operation of such 
rstems. 

As mentioned earlier, the work on dehumidification is progress- 
ig satisfactorily, and the programme is rapidly approaching the 
oint where the first complete system can be built. 

Conclusion. 
The proposed method of air conditioning for hot humid 

:gions using solar energy as the source of heat which has been 
escribed appears very attractive from a theoretical viewpoint. How- 
ver, many practical engineering and economical problems remain 
ï be answered before the true utility of this development can be 
ucrtained. 
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Discussion 
Mr. N. R. Sheridan (Associât* Member, Brisbane 

Division).—This proposal for providing complete air con- 
ditioning by relatively simple means is most interesting and, should 
it come to fruition, would be extremely useful in providing rela- 
tively inexpensive air conditioning. Such air conditioning would 
go far in assisting the development of those areas of Australia which 
are at present less desirable because their climate is severe. Since 
the proposal is obviously exploratory in nature, it is felt that con- 
structive criticism is sought to help the further development of 
the idea. 

On first sight, the system is complex with components of great 
variety. But it must be remembered that a maximum system is 
envisaged, i.e., one that can cope with any possible outside con- 
dition to produce any reasonable inside comfort condition. For 
particular situations, only parts of the system will be required. 

Being an extension of the idea of evaporative air conditioning, 
the system can best be assessed in the light of present evaporative 
air conditioner experience. The common direct evaporative air 
conditioner achieves a drop in dry-bulb temperature of the outside 
air by exchanging enthalpy between the air and evaporating water. 
Provided the outside air is of sufficiently low humidity, the con- 
dition of the supply air is such that it can remove the room loads 
though a rather larger air rate than used in refrigerated air con- 
ditioner practice may be needed. More complicated indirect and 
two-stage systems have been used with some success. Of these, 
the Pennington system (Ref. Dl) is of particular interest for com- 
parison as it uses a rotary regenerative exchanger and rotary chemical 
dehumidifier in a somewhat similar circuit to the one described in 
the paper. 

Generally, evaporative air conditioning has been confined to areas 
of low humidity but this system extends the method to high humidity 
areas. Since solar regeneration of the dchumidifying chemical is 
proposed, there may possibly be insufficient sunshine in certain 
areas of high summer rain. 

In areas where it is suitable, evaporative air conditioning is 
a simple and effective way of achieving comfort conditions at a 
minimum cost. All too frequently, the equipment is installed as a 
cheap job with resulting dissatisfaction from failure to give comfort 
conditions. The remedy is good engineering of the installation, 
a matter which will need careful attention. 

In the paper, noise is treated rather lightly as this is surely 
one of the problems of evaporative air conditioning where the air 
rates arc relatively high. Fan, air transport and distribution noise 
will still remain a problem with this system, a problem, however, 
to which there is an engineering answer. 

One of the biggest problems in evaporative air conditioning 
results from the high rate of water usage of the equipment and 
accompanying trouble with algae, fungi and mineral deposit. 
These troubles can be minimized by design but not eliminated. 
It will be interesting to see how the rotary heat exchangers, which 
art ' ubjected to humid air and possibly water, stand up to the hijh 
hu jidity conditions. It would seem that the nvurix with its flow 
pr «ages of small cross sectional area would be particularly suscep- 
tible to clogging by these growths or deposits and that the sealing 
nay be affected. 

The normal experience with silica gel as i desiccant would 
indiate that the temperatures proposed for regeneration, 180-220°F4 
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e somewhat low. AJso, die tendency of silica gel to powder with 
lovemem of the bed may make it undesirable for the rotary de- 
ccant bed. However, if the principle proves sound, other desic- 
ints could be investigated. 

One particular attraction of the proposed system is that it 
«bles a solar ?ir heater to be used. The solar air heater as 
fveloped by C.S.I.R.O. would seem to be a most economical 
nd practical way of collecting solar energy. The heater is efficient, 
mple and should require only a minimum of maintenance. 

The value of 90 per cent in the statement, " The rock pile 
cts as its own heat exchanger and more than 90 per cent of the 
itored heat can be extracted from a well designed rock pile before 
'ac outlet temperature drops significantly ", may be over-optimistic 
specially if storage up to three days is contemplated. Perhaps, 
he author would like to comment and give an idea of the expected 
iemperaturc drop. 

In conclusion, such an extension of evaporative air conditioning 
rould have wide application and, though there will be many 
troblems of a practical nature, the system is worthy of further 
'tudy and development. 

j Reference. 
Ol. WATT, J. V..—Evaporative Air CondUiomiy.   New York, The Indus- 

trial Pre«, J 963. 

Mr. E. G. A. Wets* (Associate Member, Melbourne 
Division).—Mr. Dunkle mentioned that an experimental unit 
nth a capacity of 30,000 B.Th.U./hr. and an air handling capacity 
)f 2000 cu. ft. per min. is under construction. 

(1) Bee?use of space limitations, the dimensions of the ìndi- 
ridual units such as solar air heater, regenerators and rock pik 
itorage would be of interest. 

(2) The installed cost of 2 window units with a total capacity 
>f 30,000 B.Th.U./hr. would be approximately ¿500. Would it 
be possible to estimate at this stage the capital cost of the solar air 
conditioning system? 

Mr. A. F. Hall (Associate Member, Melbourne Divi- 
tioif}.—Exploitation of solar energy is receiving increasing 
attention and CS.I.R.O. is to be commended for undertaking 
dcvelopmei t of a simple system in which solar energy is tmployed 
for cooling purposes. 

Because of the comparative simplicity, evaporative cooling has 
been used to a considerable extent in remote areas in Australia where 
conditions favour its use and the particular requirements are not 
great, but two problems have been commonly experienced with such 
installations : 

(i) In proportion to the volume of «pace served, air quantities are 
km »nd ihertfore air noise is pronounced in evaporative cooling 
units commercially available. 

(ii) Local water supplies are often charged with mineral salts (and 
sometimes other matter) so that the wet pad quickly become« 
fouled.   Maintenance attention must be frequent and often is 
troublesome to arrange. 

In the system of cooling under discussion both these problems 
might be expected to arise in many locations and comment by 
Mr. Dunkle ss to whether these points have been considered would 
be appreciated. 

Mr. K. Gorman (Member, Melbourne Diviaion).— 
It is disturbing to learn of the considerable effort in skilled man- 
power and money being devoted to the application of solar energy 
to various methods of cooling. , 

It would appear that undue importance is being given to cx- 
Etcted economy in operating cost which is expected to be achieved 

y cumbersome complex and costly dévias of relatively inferior 
performance whereas the general experience in residential air 
conditioning is that the purchaser is concerned with capitai cost, 
performance and reliability, with operating cost regarded at in- 
significant. 

Any program to develop an alternative cooling system CM 
only be justified by comparison with the existing method of vapour 
compression. 

In Australia the majority of residences ate in hot dry climates 
where daytime cooling is the problem and satisfactory conditions 
in reasonably insulated residences can be obtained by a refrigera- 
tion capacity between 2 and 3 tons, with a cooling power consump- 
tion for a normal summer of under 2,000 kWh costing about ¿20, 
which is relatively insignificant. 

In the tropial areas the main problem is dehumidification 
and this is a 24-hour demand where although somewhat more power 
may be required, performance at night is as critical as by day, 
which immediately involves the storage of the cooling cftcct at a 
temperature level effective for dehumidification. 

The present position in residential air conditioning is that 
satisfactory performance can be obtained from well developed 
semi-mass produced vapour compression equipment which can be 
installed easily in existing buildings and which have relatively low 
operating costs. 

It is instructive to remember that a 50 h.p. solar steam engine 
was installed and operated in airo in 1913 but has not come into 
general use because of high capital cost, complexity of design and 
indifferent performance. 

While the efforts and ingenuity of those engineers engaged in 
this project are to be greatly admired it is suggested their efforts 
might be directed into directions more likely to be of practical use 
to the country. 

The Author in Reply : 
I would like to thank Air. Sheridan for his constructive com- 

ments which will prove very helpful to us. As Mr. Sheridan points 
out, the proposed system is complex and many problems remain 
to be resolved. 

I agree with Mr. Sheridan that the matter of noise is extremely 
important and that good engineering design is essential to reduce 
the noise to acceptable levels. In my opinion this criticism is 
also applicable to conventional systems which almost invariably 
are much too noisy. 

The problems arising from the high rate of water usage in 
the system and the resultant troubles with algae, fungi, and mineral 
deposits, are very troublesome. These problems are not serious in 
Melbourne where we arc working, but could prove very serious 
in regions of poor quality water. As to the problem of clogging 
of the heat exchanger matrix, we expect that this will remain dry 
so that growths and deposits will not occur. However, there is the 
problem of dust accumulation. As the air flow reverses twice during 
each rotation of the wheel, these dust deposits tend to get blown 
off and we have had one heat exchanger operating continuously 
for over a year with very little drop in performance or visible dust 
accumulation. 

The regeneration temperatures proposed for tlie silica gel are 
low by comparison with conventional systems. Mr. Johnston of 
our Division is investigating this problem in some detail and these 
temperature levels appear feasible. He also proposes a fixed rather 
than rotary desiccant bed which should overcome the tendency of 
the gel to powder. 

I must agree with Mr. Sheridan that the 90 per cent heat reco- 
very from the rock pile is very optimistic. This figure applied 
only to short term stotage, the recovery from long term storage 
depends upon the insulation of the storage system, the temperature 
levels, and the effect of longitudinal conduction. 

To Mr. Weist : It is difficult at this stage to be precise with 
regard to the dimensions of the proposed system. However, it 
appears that the air heater area should rough> correspond to the 
roof area. It is possible that this can be reduced to perhaps 50 per 
cent of the roof area, dependent upon several factors. One im- 
portant factor which could result in quite a large reduction in col- 
lector area and thermal storage size would be the inclusion of a 
supplementär) heat source for peak loads and periods of low 
insolation. The proposed rock pile would have a volume of 
1,500 cu. ft. and could conceivably be located beneath the building. 
The regenerative heat exchangers tre about 3 ft. in diameter and 
3 in. deep. 
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M« .Ht)    •»»•* lM>»-iiatar tMMllMiMi 
(•»«ri«* •lèi. RMflMt •••«*.) 

M IM Mt af l| |MN M • »alar lw*-M««r 
ayata*.    Afta* MM« »WM MM Miar «MM «AU 

rumian »to IM« watar fr«« *M.ia MM faal far 
MM MfMiM ayata* will ha*a ta »a famlaaa« 
MM HM far ragularly. 

Finally,  actual lnatallatlana ara ahavn 
wnlth twva aaan UM« far a twrtaar af yaara «MI 
aatlifaatarlly auBBlia* all tha hat watar naa«a«. 

•afaranaaa 
1    "tha rarfarnanaa af Fiat Hata Salar 

•»at Oallaatara," by X. C. Nottal ana ».».Vaarti, 
tran.. MM, »al. «%. 1»*«. PP- Pl-l*. 

I   "Daawatle Baiar Vatar Naatlng in Piarle», 
•y M. M. Nabina, Snlvaralty af F lar Ida Inclnaar. 
Inj «M IiMuatrlal I&aarlnant ttatlan, »ullatin 

M«. Il, tapt. lf*»7. 
}    "talar Hatar Maatlruj Inatallatlana," »? 

1. V. ratrukhov, Hltlan af tha Aaaéany af 
lalaaaaa, «MU, Haaaa«, lfJJ. 

«   »Panar fra« talar tnargy—tan» Pimi 
Paatara," •» J. X. Talla*», AHB Papar Na.«*-*- 

IV 
5   "»ael«n Oc-ialAaratlana af P*a«ary-Nai» 

•alar «tetar IMMN,' »p I.. F. Yiaaar, *»rM 
tpnpaalw* an Analta* talar Inaraj Panar, Î»M», 
Arla., Mv. IflJ. 

i   "Prnaant I tatua af talar »atar Naatar» 
I« Japan,* ap Iahlnatau tanaahlta. Varli 
tynyaalun an AnnUaa talar 
Arla., •*•. 1»J5. 
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WHY SOLA! ONE? 
SOLAR ONE U the first home to directly convert 
sunlight into both heat and electricity for domestic 
toe. Built at the University of Delaware with sup- 
port from the Delmarva Power and Light Co., 
SOLAR ONE has been designed as an experi- 
mental structure to accumulate data from its solar 
harvesting system. These data will provide trie basis 
for further development and optimization of the 
system and its componen«. This will lead to the 
design of certain other prototype buildings that will 
implement these optimized systems. 

WHAT DOES IT LOOK LUCE? 
SOLAR ONE is unique in its architecture. The 
artist's conception on the cover shows it to have a 
high, interesting, 45° roofline, designed for ex- 
posure to maximum sunlight. 

The house hat a living roorn/dining room, two 
bedroom* and a kitchen as well as a garage and 
full basement. The upper level currently is devoted 
to experimental equipment but will be converted 
into two additional bedrooms in the future. 

The roof contains a skylight which is designed to 
protect the solar collectors during die experimental 
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period. Below the skylight the solar cell panel« and 
heat collector» are located. The front of the home 
also contains six solar heat collectors for additional 
heating during cold winter days. All collectors have 
plexiglass front coverings. 

HOW DOES IT WOMCT 
SOLAR ONE is a systemized house which converti 
sunlight directly into heat and electric power. When 
light strikes the solar panels on the roof, DC elec- 
tricity is generated by the Cadmium Sulfide (CdS) 
Solar Cells. In addition, the sunlight heats these 
solar cells. Air if forced through the solar collectors 
and is heated by contacting the back of the hot 
solar cells. Additional black surface panels are pro- 
vided to boost the heat further. 

salt containers and now "extracts" this heat of 
fusion from the salt. The process starts over again 
when the sun begins to shine. When there is not 
enough sunshine to heat the house to comfortable 
temperatures, a heat pump is used to amplify the 
heat. In this way solar energy can be utilised for 
house heating even during cloudy winter days. 

During the summer, the heat pump is used as an 
air conditioner and will operate predominately dur- 
ing night hours to freexe another eutecuc salt. Dur- 
ing day hours house air is circulated through these 
eutcctic salt containers, extracting "coolness" from 
the salt and cooling the rooms. Night hours are used 
to freeie the salt since it is easier to cool during 
night time and more electricity is also available 
from power utilities. 

Ductwork conducts die hot air through a storage 
•yttetn containing eutecuc salu. At' the air panes 
over die eutecuc salt, heat is trantfe/red to the salt 
«ad causes it to melt at 120°F. abjctfbir.j á large 
amount of heat known as "Heat of Fusion." In this 
way heat can be stored in a much smaller volume 
(6 ft x 6 ft x 6 ft) than in heated rocks or water. 
During the evening and night hours when the house 
cools down, iti air is circulai-d through the eutectk 

The use of Cadrruum Sulfide Solar Cells and the 
generation of electricity as well as heat is what 
distinguishes SOLAR ONE from other solar struc- 
tures that have been built in the past. The Cad- 
mium Sulfide (CdS) cell is relatively simple in its 
design. As shown in the illustration, a CdS cell is 
composed of four basic parts: 

A metal foil substrate (A) forms the base elec- 
trode upon which (B) cadmium sulfide is vacuum 
evaporated as a thin film. Then a layer of copper 
sulfide (CufS) (C) b electroplated onto the CdS 
(both films together are thinner than a huin«n 
hair). A metal grid electrode (D) is then plr.ccd 
on top of Use first titrée Light passes through the 

¡^m 



•Mal grid and activa»« a current flow in the 
MM sandwich, which can be picked up through the 
two electrode*. Plastic material it laminated on the 
catire ceil to encapsulate it for protection. 

W> 

Wiring conduca the electricity (e) from the CdS 
eels to household units such as an electric range, 
heater», light», etc. Any exceu electricity that can- 
not be immediately used it stored in a ieri« of 
batterie«. TI« ttored energy will be uted especially 
during the hours when electricity it high in de- 

(afternoon hours) ami will help to alleviate 
• shortages for power utilities. 

A'î 

WHY ff IT IMPORTANT? 

SOLAR ONE is an experimental house that will 
provide information for residential dwellings in the 
future; it will define how solar energy can supplé- 
ment conventional energy sources and thereby heh> 
attiviate energy shortages. 

SOLAR ONE is designed t > obtain up to 80% ui 
its heat and electricity fron sunlight and the rest 
from the power utility predominantly at a tane 

i power is available (night hours). 

SOLAR ONE is designed to operate in conjunction 
with the power utility to prove how solar energy 
can contribute to "Peak Shaving" and can supply 
«Tower on Demand'' to eliminate "brownoutt,, and 
"blackouts". 

SOLAR ONE has been built with contributions 
from the University of Delaware and the Delmarva 
Power and Light Company. It was designed by 
Many Wette Associates with assistance by Cosentini 
Associât« and the Institute of Energy C «version. 
Further contribution! from Frederick G Krapf and 
Son Inc., York Air Conditioning Division of Borg- 
Waroer, Rohm and Haas Corporation, ESB, and 
Alcoa Ahuninum are gratefully acknowledged. 

PubHihid By The 

Institute of Energy Conversion 
University of Dataware 

Newark, Delaware 19711 
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Traditionally, fuels available locally and nationally, euch as 
wood and coal, have been used for dometio heating. But short" 
aighted polioiee -supported by advertising - have led to the 
general use of liquid fuels and gas, even in country dietriots 
where wood is olwap and readily available. The sun of fere 
another alternative as will be seen in the following article. 

HEATING HOMES BY SUHLIfflT 

by Filix Trombe 

A glanos at power estimates slows that in many so-called temperate and 
cold areas of the world the sun, sky and clouds can provide a considerable amount 
of calories for heating purposes.   A madium-sized house * \ these regions literally 
receives hundreds of kilowatt hours of heat each day on its façades and roof,   lliis 
heat is completely lost through infra-red radiation and the nonni heat exchange 

with the surrounding air. 
Work lias been going on for many years to find ways of using this wasted 

energy.   Sophisticated prototypes of dwellings have been designed but, unfortunately, 
they are hiyhly expensive, making heat derived from sunlight far dearer than that 

produced by conventional nethods. 
Using a somewhat different approach, the CURS - French National Cantre for 

Scientific Research - has cam up with several designs that have been patented by 

ANVAR - the National Association for the Advancement of Research.    Since it is not 
economically feasible to try to heat a house exclusively by sunlight, which appears 
and disappears capriciously, or to store sun-derived calories for long periods, an 
auxiliary power supply - such as electricity or soma conventional fuel - must be 

provided. 
A systematic study of the most economic ways of capturing sol-x heat has 

shown that the best receptor surfaces are the walls of a house, rather than its 
roof, particularly the south walls which receive a lot of sunlight during cold 
periods.   Heat from the sun's rays, the sky, clouds and even energy reflected off 
the ground can be collected by placing vertical glass panels, built on the same 
principle as a greenhouse, over half or two-thirds of the south wall,   unis method 
greatly reduces the loss of heat from the walls.   Moreover, the "greenhouse" walls 

can also be used to cool the house in hot weather. 
CNHS has been conducting research in this field for the last IS years, end 

nasi built a number of experimental houses at Odeillo, at the Mediterranean end of 

Prof. Trowbe ie director of the color energy laboratory of the French national Contre 
for Scientific Reeearch (¿BBS).        ,.    

-i. k 
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Haating mechanism with 
lateral air inlet duoto. 

1 - Accumulator wall 

2 - Clan8 panelling 

3 - Sunlight absorbing 
surfaces 

4 - Path of circulating 
air 

5 - Lower aperture 

6a- Inlet for air 

6b- Intake of air into 
room 
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7 - Cloning 

8a- Ventilator (closed) 

8b- Inlet of warm air 

9 - Inlet admitting warm 
air into room 

10 - Room to be heated 

11 - Circulation of air 

12 - Garage on lower level 

12 - Partition 

14a- Closed iniet for 
conditioned air 

14b- Inlet for conditioned 
air 

15 - Air conditioner 

These two diagrams from a patent recently taken out by CNRS-ANVAR   (Trombe i nichel) 
s>¡ow how aun-derived calories entering through the glase panela of the "greenhouse", 
can be used either to heat a Itouee in cold weather or to cool it in warm. Fig. I, 
showing tlve heating system, indicates how the warm air circulates round the wall to 
heat the rooms inside the house. In Fig. 2,  the wall serves as a auction mechanism, 
after which the air is expelled ttirough an aperture at the top of the greenhouse. 
Tlie depression created inside the house enables cold air from tlte north wall or from 
an air conditioner to be admitted. 

It should be noted that the accumulator area of the greenhouse is topped by totoral 
ohimneye surrounding the apertures admitting daylight. The chimneys make it possible 
to increase the pressure controlling the propulsive circulation of air; their role 
is analogous in the greenhouse accumulator to that of the flue of a conventional 
fireplace. The chimney exhausts all emoke upward. 

• w-itmeim^msjimmmimif****'*''!** wtmemMv* 
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the Pyrénôes, where familia« have now been living for «bout tour year*.    Ti* results 
are quite conclusivo: in countries «tiare there an clear skia« and tna sun saine* 
frequently, it can provide 75 par cent of the calories required for domestic 
reatino, tlie remaining 25 per aant being supplied by auxiliary sources,    in lass 
sunny climes, the econony achieved la lesa spectacular but still infortenti a 
prototype house was recently built at Qiauvency-le-Chateeu in the cloudy east of 
France by architect Jacques Michel. 

In each case, the coat of collecting solar calories is the yard»tick for 
deciding whether or not to build a solar house.   But in good climatic conditions 
tue cost of a kilowatt-hour of solar heat - calculated on the initial inveetwant 
involved - is two or three tinas cheaper than a kilowatt-hour of electricity. 
Sunlight, after all, is free. (U9Ü00 FEA'ttJSk») 

Note to Editore: Fhotogxvph* or* available upon r*qu$»t. 
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Portable tank captures toter energy 

A new concept in solar heating provides Tree hot water for 
MtftM-Kale needs of picnickers and campers. The water is 
contained in a foamed polystyrene tunk that ha» an alumi- 
MMM-theel, neat exchange surface covering molded-in chan- 
nels through which the water circuities by convection cur- 
rants. The product is the result of moie ihun 19 years of 
experimental work by inventor Frank I. Suhay, Glcndalc, 
CaKf. Production and marketing commenced late last year 
•fier the framing of a U.S. patent on the principles involved. 
TI* present model has a suggested retail price of $3.98. 

With a total weight of approximately 1 lb, the unit can 
absorb sufficient solar heal to raise 4 pal of water as much 
M JOF in from 3 to 6 hours. This amounts to approximately 
1000 Btu of heat absorbed by the I sq ft of aluminum. The 
inventor claims that it would require 24 ft of 1/2-inch copper 
tubing lo absorb the same amount of solar energy. Like- 

wise, he poinis out that best performance occurs during the 
9 months from early spring to late fall. 

Plastics make an important contribution to the unit's 
weight and overall efficiency in several ways. In addition to 
the light weight and insulating value of the molded poly- 
styrene bead lank, a sheet of "Mylar" film covers the heat- 
exchange area (o provide a dead-air space that increases the 
heat-transfer efficiency. The various components making up 
the assembly are bonded together with a nontoxic polymeric 
adhesive. 

The inventor also claims ecological benefits by the elimi- 
nation of Tires that otherwise would be required to heat the 
water supplied by his solar unit. And plans arc in the works 
to build larger units employing the same principles that could 
be used to heal swimming pools or provide hot water for 
commercial and industrial needs. 

». i-«»1! M/?.^i^tsyss? y t/y ' •"r,: 

r •»•1er heêter consists ot three polystyrene loam molding*, 
• 0.006-irich-thick aluminum aneti and a 0.003-iricMhick 
"Mylar" »Net. Aü component» are banded with Tockbond" 
MS adhesiva. 

**>*tlm>w »ftae« absorbs »otar energy and transfer« heat la 
' in channels. Convection currents circulate water threwf». 

' i in patyatyfana pa<.el triftet). 

** ••«< » ttiStj 
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SUN-COOKED LUNCHES IN GEMEVA 

Cooking lundi on the root of a Geneva block of fiata is no problem for 

Dr. Adnan T&rcici, Ambassador to the U.N. in Geneva of the Arab Republic of the 

Yemen. 
lie does it on a portable solar cookar designad and patentad by himself, 

reports Development Form, the monthly published by the U.N. Centre for Economic 

and Social Information (CESI). 

Dr. Torcici, 56, was born in Akkar, north of Tripoli, in Lebanon, and as 

a boy was often taken on hunting expeditions in the plain between the Mediterranean 

coast and the nountains. 

The area is hot and sunny, with few trees.   Camp fires wer« kept going with 

animal clung, ignited initially by Tarcici with a magnifying glass. 

But after learning how Archimedes set fir»? to the invading fleet in front 

of Syracuse - legend hap it that lie trained men with mirrors to focus the sun's 

rays on the ships' sails - he adopted the principle himself. 

Forty years later, the result is a fully portable, inexpensive solar 
cookar - the Solnar - which opens out in the shape of a parabolic mirror, its 

polished aluminium concentrating the sun's heat on a central grill.   It weighs only 
3 kilos (6 lbs) and boils a litre of water in 8 to 10 minutes. 

During a lengthy assignment in the United States, Dr. Tarcici surprised 
many people by using his cooker for picnic meals on country outings. 

"The cooker is an extremely useful article for most developing countries 
which have the necessary sunshine", Dr. Tarcici says.   The problem is now to mass 
produce it at low cost. 

looking further ahead, Dr. Tarcici, who is in touch with other solar 
enthusiasts in many parts of the world, as well as with several potential 
manufacturers of his cooker, can visualise son» of the wider possible applications 
of sun power. 

In many countries - India, Cyprus and Israel among them - the use of the 
sun's rays is already commonplace for heating domestic water supplies, usually by 
means of a rooftop installation.   In more sophisticated applications, particularly 

if constant sunshine is not assured, this functions in conjunction with a thermo- 
stat-controlled electric iisnsrsion heater.   India has also developed solar cookers. 

V- (UOSCO 9 
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THE SPIAR REVOLUTION 

by Daniel Békrmm 

Changes in society M revolutionary as those wrought by the adroit of 
steam or electricity could, well be in store if the sun becomes a major source of 

energy. 
Tin» and again, thi» forecast was heard at the international congress on 

"The Sun in the Service of Mankind" that filled Unesoo's Paris headquarters last 

Burner with SCO scientists from 60 countries. 
If the omens are right, our world may be turned topsy-turvy.   Hones that 

are cheap to build but costly to run because they consuma great quantities of fuel 
for heating, cooling and hot water, oould beoon» obsolete, giving way to houses 
that hoard the sun's energy collected on their roofs.   The shape of conwunities, 
too, would change if energy cane not only from mines, refineries and power plants 

but also from the sky. 
Solar energy has already made some major changes in the life cf Chinguetti, 

an oasis in the desert of Mauritania a good 500 miles (800 km.) from the sea.   There, 
a solar purp built by a young French engineer, .Tean-Pierre Girardi«:, supplies 

drinking water to 2,000 inhabitants. 
Orardier is a rare blend of industrialist and idealist.   Doing his 

national service as a teacher in Africa, he met his mentor, the labs Prof. Henri 

Massen, at the University of Dakar, in Senegal. 
"Massen told ne that Africa had sun overhead and water down below.   Ha 

saidi 'Look at the sun, it's hot.   Look at the water, it's cold.   Itou should be 

able to run an engine on that difference in temperature'« " 
Back in his small factory at Mohtargis, southeast of Paris, Girardicr 

studied the problem until he finally came up with a simple rugged engine that 
butane as its working fluid.   Heat from a solar collector evaporates the butane 
which expande, driving a piston that works a pvnp.   The cold water pumped to the 
surface is first used to condense the butane back into liquid for» so that the 

cycle can start all over again. 
At Dakar, one of these engines has run for three years without a breakdown. 

In June 1972, Girardier started to install another at Chinguetti, one of tos 

isolated placcai» the world. 
A ssmll-ecele social revolution «oak píaos.   Ünoe the solar pus? would 

and hie architeot, 

asÉssl svavavft BjBjBsejej sMejejsksj 
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Georges »sxandroff, reasoned that a school had to be built for tha kids who near had 
nothing to do.   Alaxandroff deaignad tha school in olaaalo Mauritanien style and 
used ita roof aa a collector for tha heat needad to driva Girardlar'a pump. 

Breaking the laws of economics 

They axe now working on two new idaaa - one a touriat hotel in the sad- 
Sahara, tha other a big pumping station that would supply irrigation tartar.   Tney 
eeam to be breaking all tha laws of econond.es because the aolar engine is ouch 

more expensive than a diesel of equivalent power. 
Girardier has a ready      »er tu that objection.   His installation runa 

to about $40,000, but the Mauri.'bunion government estimates that it costs from 
$5,000 to * 0,000 a year to mainta.1 *. and fuel a diesel installation in a remote 
spot like Chinguetti, where oil has to be trucked across the desert from the coast. 

Solar energy is beginning to look like an economic proposition to 
industrialists operating on a much bigger scale than Girardier.   Twenty-five of 
the 500 leading firma in the United States are supporting a project by Arthur D. 
Little Inc., one of the biggest of American 'think tanks*, to look at prospects 

for solar heating and cooling of buildings. 
Dr. ¡Peter Glaser, vice-president and head of engineering sciences at 

Arthur 0. Little, declared in Paris that the market for equipment could run to 
$1,000 million over the next ten years.   Glaser has also advanced a nuch more 
ambitious plan to put a solar power station 12,000 miles (about 20,000 km.) out in 
space where the sun always shines.   Power generated by solar calls would be beamed 

by microwave transmitters to a receiving station on earth. 

Averting the energy crisis 

Optimism was expressed at the conference in a asosega from Dr. Wemher von 

Braun, father of space flight, now working with an industrial firm in the United 

States.   He said: 
"I am confident that solar energy can be (Jeveloped to meet significant 

portions of our future energy needs and thereby help to avert the coming energy 
crisis.   The solar industry is in its infancy today, such as the space industry 
was so many years ago when I first started dreaming of rockets to the moon. 

"I Utlieve we are at the dawn of a new age, one which night be called the 

'Solar Age'." 
That age is already at hand for raeea reherí like Harold R. Hay of Los 
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Angeles who has built a 'solarchiteoture' houee in Phoenix, Arisona.   Ha has 
suooeeded in heatijig and oooling the house with a roof pond eight inchas (20 on«.) 
deep.   Moveable panels allow the pond to warm up by day during the winter, and 
shield it at night to keep the heat in.    In sunner, the pond stays covered by day, 
but at night the panels open to let the heat out. 

Such housing runs counter to the trend of hugs high-rise buildings standing 
in lonely grandeur amidst a desert of parking lots.   Hay has stated: "land use 
and value are changing in ways that will affect, and will be affected by, on-site 
use of solar energy.   To conserve virgin areas, new cities should be built on 

abandoned agricultural land and planned for lower power and fuel oonsunption through 
natural heating and oooling. " 

Prof. J.K. Page of the University of Sheffield in the United Kingdom 
reminded the congress of what he called the tragedy of architecture in latin 
America which, he said, has borrowed the worst features of European designs, 
walled buildings in hot climates demand air-conditioning that takes electric 
away from industry. 

Page sees the distinctions being wiped out between «own and country.   ALreedy 
factory faming has created 'animal cities' and even 'animal s lune1 in the 
countryside. 

She next step is to bring the country into the efty.   Page wants to use 
sunshine falling on buildings to grow plants on their roofs.   The carbon ^Tniie 

and moisture generated by the inhabitants of these buildings would then feed the 
cardans to speed plant growth, since plants thrive on the carbon dioxide produced 
by the hman nstabolism and nutans breathe the oxygen narufactured by plants. 

Kotê to Editora : Photograph» arm available icon raqmat. G*"800 WMRmssI) 

V- 
PBRPICNMi UNIVERSITY CENTRE PETERS OOUBSBS IN SOU« BCCT 

Perpignan University Centre is offering diplomi courses in solar energy with 
both theoretical instruction and practical experience at the solar furnace installa- 
tion at Odeillo - Font Romsu in the Pyrenees.   Organised with financial assistance 
from Unesco, the Perpignan course is intended fox professors, researchers and other 
poet-graduate students from third world countries who an interested in solar 
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.„„ „f civilized mankind. 
Vnwelvc»; a massive 

« " „ Voinmanding duly to 
S "i. HlHHlcie', and «ha«, if 
I i .iiiih-s tö promote disar- 
i l.e cotirsc of history. 
! /J1 ¿y ,o undertake the 

,,.M» Hi« 'dogmatic steep 
;u,co&nize the rcvolu- 
.,i the most eminent oí 

•,„M,, said not long ago: 
.«...it powers; the moral 

""¡3 to ma« murder of 
i,„vuip.itibility of tcchno- 

r îuiio lot »hese realizations 
\u utwtaMc, and becomes, 
.¿¿»y by day. The failure 
Ù« A a leader, the idco- 
' ^ *«>' moment ,ead t0 * 

^vvoluncnis; against the 
uvsuvns through shelters 

\ sx oí »hose who enlighten 
^•*m. •gioì«'. P?ssion. i°J 
.« thwc ideologies which 

..: ..sa* «parate the wxld 

¡ v» tf v< «ate everything on 

I     Hi w *»**» evcrythinf r 
vjAd ve have enough time. 

Félix Trombe 

wi :••». «M« *•*• h „••• 
;\S¿***** »»*'. ¿* »{*« 

Some aspects 
of the utilization of natural 
radiation, especially in the 
developing countries 

Energy requirements vary considerably from one part of the world to another, 
and depend on a number of factors relating to human societies and their 
activities: climate, living and working conditions, basic needs of daily life, 
needs arising from scientific, industrial, economic and social development 
and to on. 

In countries with a high industrial and economic potential, the energy 
factor is the essential basis of a continuali!;' expand':«:; and even more 
multifarious material civilization. Energy consumption per inhabitant is 
growing apace and the majority of human activities depend on it. 

The human societies called 'civilized' from the material standpoint possess 
a host of mechanical, electrical, electronic, thermal and other 'slaves' which 
enable them to act and operate in cxtraordin:.iily diverse and effective ways. 

In these countries with'a high potential, :hc earth's reserves of conven- 
tional energy—coal, oil and natural gas—arc 'o'Jng more and more hcu*'i!y 
drawn upon, while the immediately available forms of energy, such as heads 
oí water, are being used to the maximum. The present situation is extremely 
promising, for intensive prospecting of the soil and underlying strata of thé 
earth reveals great opportunities for the use of coat, liquid fuel and natural 
gat reserves. 

At the moment, there is even an overproduction cf various fuels, and in 
certain cases new deposits arc not exploited because of the uncertainty of 
finding markets for them. 

There remain perhaps a few hundred years' supply of oil and a thousand 
years' supply of coni, but that is sufficient to give an optimistic touch to 
energy prospects, especially as nuclear energy with its enormous possibilities 
b appearing on the horizon. 

This, of course, does not prevent keen world-wide competition and vigilant 
concern for these terrestrial capital reserves which, as consumption trends 
show all too clearly, cannot be replaced at the same rate by natural processes 
even now, let alone in the face of future demands. 

As matters stand today, the use of the so-called 'secondary' or replacement 
sources of energy, which include solar energy and in which we also class 
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5. Other applications of solar energy will have this importance in the futur« 
•lit cannot M yet be considered as paying propositions. These include the 
production of motive power for pumping water and generating electricity. 
The small individual plant is as yet much too expensive, while power pro- 
duction in large solar generating stations siili works out at too high a cost 
per kilowatt. But these disadvantages should only be considered spun to 
further research in this field of importance. 

How can we now envisage the gradual promotion of the use of natural 
radiation energies? 

The Artt step is to install publicly-operated plants with the help of 
governments and possibly international organizations. Little by little, thanks 
to tuch concrete examples and accumulated experience of actual working 
conditions, private ventures will follow. 

With regard to those uses of radiation energy which, while already techni- 
cally feasible, arc still generally inapplicable for economic reasons, one can 
only hope that every effort will be made to develop devices of various kinds 
and that prototypes of these will be put into service in the actual locations 
where their future utility will be most valued. Here again international 
co-operation in both research and practical development will be required. 
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SO 

SOLAR ENERGY UTILIZATION 

SoUr and Thermal Radiation Properties of Materiali 

In reiponse to the demand for radiation coefficients for 
materiali med by the Australian building industry, the 
spectral characteristic» of a range of materials have been 
measured using a Gier-Dunkle apectroradiometer. Co- 
efficients of reflectance, transmittance and absorptance for 
solar radiation, transmittance and reflectance for visible 
radiation and thermal omittance properties are determined 
for most materials. These values may be used to calculate 
equilibrium temperatures of surfaces under known conditions 
of insolation and air environment, shading coefficients of 
fenestrations, solar heat gain factors or other calculations 
which give an estimate of the thermal load on a building. 

All spectral reflectance measurements are for hemi- 
spherical reflectance for an incidence angle of 20° from the 
normal with the sample at or near room temperature, and 
may be determined for radiation of wavelengths from 0. 3 
(ultraviolet) to 25 microns (far into the infrared). The 
spectral transmittance and absorptance for both diffusing 
and non-diffusing materials are determined over the spectral 
range from 0. 3 to 2. 5 microns and direct beam spectral 
transmittance characteristics are measured over the wave- 
length range from 0. 3 to 25 microns. 

Simple integration procedure« have been developed so that 
solar, visible and thermal radiation properties may be eval- 
uated from the spectral data. Solar radiation properties 
are computed for the solar spectrum corresponding to an 
air mass of 2, i. e. twice the mass of atmosphere which 
would be traversed to an observer at sea level from the sun 
at his »enith. Visible radiation properties are corrected 
for the standard visibility function of the human eye, whilst 
the thermal radiation properties may be evaluated for any 
required temperature. 

Interest has been increasing recently in types of glazing 
and treatments for glass that reduce the solar heat gain 
through the fenestration. Clear window glass transmits both 
visible and infrared radiation in the solar spectrum; however, 
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to complete jointing with silicone rubber sealant, have re- 
sulted in a higher distillate yield than from early Mark 
numbers,  as graphed in Fig. 16. 

AtCoober Pedy, the composition of the bore water supply 
is such as to give fairly rapid salt precipitation. The effect 
of this on distillation rate is being measured by first clean- 
ing five of the ten 500 sq ft stills, which had all become 
similarly affected. This was done by a lengthwise pull- 
through of a plastic loop, to break up the thick surface in- 
crustation. A progressive comparison of daily yield from 
the two groups of five stills indicates how often this is 
necessary. 

Also at Coober Pedy a number of level checks at marked 
points on the concrete edges of stills has been made period- 
ically, using a small dumpy level and a graduated staff, to 
see if ground movement was occurring.. Over two months 
no change was observed,  outside observational tolerance. 

At Griffith, apolyisobutylene lining was tried on one still 
instead of the dearer butyl rubber. Failure occurred after 
only nine months service. 

Some theoretical workhas been done in estimation of loss 
of performance cue to reflection from salt incrustations, 
and on the possible effect of adding a dye to the basin water. 
These investigations are still incomplete. 

(W. R.W.Read, P.I.Cooper) 
(P. 89,  102, 103,  110,   117,  131, 140,  144,  148, 151, Aust. 

Solar Air Heaters 
The 300 eq ft (27 m2) bank of unit heaters with its 340 

cu ft (9. 63 m*) rock pile thermal storage, which were illus- 
trated in the Division's 1968-69 Annual Report, have now- 
been in operation for over twelve months. Measurements 
of the performance of the tystem under varied control con- 
ditions have been made, and the results can be summarised 
as follows. 

Test runs, each lasting two weeks or longer, have shown 
that with a system discharge of 650 lb/hr (161 c.í.m.atl20 F) 
(0. 082 kg/s (76 l/s at 49° C)), the efficiency of the solar air 
heater and thermal storage system is 49% and 52%, lor 
solar heater outlet temperature settings of 150andl3O * 
(66 and 54° C) respectively, when average insolations for 
the test periods were 1,170 and 960 Btu/ft2/<Uy (13.3   and 
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64 5 and 61   5° F (18.1 and 16. 4    C). 
"Th. „..» ha. al.o been ädertet.with « f £»'£ 

control. "TM. control ^ ^^Zì"«••*' »eat.r 
heater when the t«»P"aS" f"V,w l. moi. than » .et outlet and the cool end of *e «orage i 
«lue of 19° F   >0.5°Ç) »nd «top" the .ir uo j 
Lnp.T.t»r«dlKer.nc«i.le..lhanl5   F (8 3   o,    ^ ^ 

„.¿»»ofthree .^ <*$#/£„  psl W/m"Vd.y)   »»« 
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oí practical applied•. •£^/£ tob« drying ha. „d other primary product..   From tnea«n ^ ^ 

Ptr^rr^ro-roc^^eratin, inconiunction 
U «.. .xi..in, .olar heater.        ^ ^ ^ ^ ^ 

1nm--~. „. Want. H.at.lsJsIajLSaaa 

ÎSLSrSTSWrAÎ^ Ä -Un, iaca.t and e,- 

""Th.""»"-«, re.earch 1. «££**£S£S£Z 
from*, engine jack.« to •«g•?^^\H po..lbl. 
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,om. form of h.at «•*»««'•„»f,.^^ pa'.B.ng ho, water 
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oí 400 - 800 sq ft (37 - 74 m2) giving 200 - 400 gal/day 900 - 
1, 800 l/day) of distillate. 

Aseries of tests is being made on a small Mk. VI still at 
Higiiett on performance with various set rates of flow of 
heated and "saline" water, to obtain suitable figures for 
design purposes. 

(W.R. W.Read,  D. Proctor) 
(P. 150) 

Solar Measurements Programme 

(a) Measurements. Routine measurements of solar energy 
• re now being made at Muresk (WA), Coober Pedy (SA), 
Griffith (NSW), and Townsville (Qld), where the pyrano- 
meters are connected to integrating electronic recorders 
giving printed outputs of the energy received. 

These measurements are used mainly to determine the 
efficiencies of experimental 6olar devices established at 
these locations, and to give long-term radiation data to assist 
in such studies as agricultural experiments and heat loads 
on buildings. 

The results from these stations, together with those 
obtained at Highett, are processed by computer and sent 
primarily to the Bureau of Meteorology and thence to the 
World Meteorological Organization at Leningrad, USSR. 

(D. J, Norris) 

(b) Calibration of Pyranomcters. A method of calibrating 
pyranometers in situ has been developed. A pyranomcter 
tobe calibrated is mounted near to and in the same plane as 
a reference sub-standard pyranometer. The outputs of the 
two instruments are fed to a data logging system consisting 
of a digital voltmeter, a scanner and a PDP8 computer. 
The ambient temperature is also recorded, and an estimate 
of cloud cover is entered manually into the computer. 

The computer is programmed to calculate the calibration 
coefficient of the pyranometer and prints out each ten min- 
utes the average of fifty readings, together with solar time 
and ambient temperature. The output from the computer is 
in the form of paper tape which is used for full regression 
analysis of the results. Correlations are determined be- 
tween calibration coefficient and temperature and time. 
Thus temperature coefficients and vai iations with the sun's 
position may be studied. 
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/ ^    ciar reUs for PowerGeneratiom     Thin-film micr:- 

of power. 
A r.eentlv developed silicon solar battery has been testtç. 

.„d since the cadmium sulphide cells degrade «o rap:; . 
ÜT ïli, the most economic so far produced. ¿~ 
SÍTtrf'Saning^a »olar battery now y»»^^ 
:$M per watt based on an available input of 100mW/cm . 

'(K. G.T.Hollands,  R.V.Dunkle.   *>• J'*£*£ 

id) Desißn oflnstmncnts. The pyranometer developed ^ 
/coUp^rX with the-DivTsion «*«***" !&Z£%?-! 
undergone .mall modifications in de. g" »o facili ££»£;_ 
facture and to overcome minor faults that developed a.... 
several year "operation. Approximately fifty W»«g»«;!.: i 
have been built and they are in use in Africa, India. Pak.^ 
New Zealand and widely in Australia. 

•By combining two pyranometers ^V*"^^«.«--- 
.nieten has been built.     This instrument ! s used to me»... 
the proportion of incoming solar radiation that is reilec... 
by the ground or any other surface. 

Thedesignof a new integrating digital '«order hailUtT 
completed ïnd tested. This recorder •« «»"• «"^V.; 
..^al. from a pyranometer to be integrated and encode- -n 
•BCD for direct input to a computer. 

(D.J. Norrie 
(Aust. Pat. 402. V-') 
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The waste heat, radioactive emissions and disposai of radioattive wastes 

from light water nuclear  reactor are vexing questions because of the potential 

environmental hazards from these three factors-^Jftey also contribute appre- 

ciably to the cost of operation of the realtors.     Precautions against radio- 

active emissions are usually arrived^« through the construction ce barriers 

which depend on the specific djtsign of the reactor.    On the other hand, the 

geographic and geologlcaj^condi tions at the power station site strongly 

influence tha solution of the cooling scheme needed \o take care of the waste 

heat.   The»e>»6'nditions also dictate the procedure of disposal  and storage 

of the jtetOloactlve wastes. 

3.3   Solar Energy 

Because of the large amount of the solar energy reaching  the earth's 

surface,  there have been many attempts to exploit this energy.    The use of 

solar energy for direct heating has encountered a certain degree of success. 

In Japan, commercially available units for providing residential  needs for 

hot water appear to operate quite satisfactorily.    Similar reports have been 

given from experiments  In the U. S. where a great deal of pioneering work is 

being performed. 

The chief Incentive  In using solar energy  is that It Uva non-polluting 

source of power and that  there  Is no expenditure on fuel.    There are two 

serious disadvantages, however,  to the exploitation of this method for the 

production of electricity.    First, solar energy  is very dilute.    Consequently 

the size of the power plant becomes inordinately large.    The second disadvan- 

tage Is the high cost of  the capital  Invested per kilowatt of electricity 

that would be produced when direct photoelectric conversion Is contemplated. 

To fix the ideas a few comparisons are given.    A 1000 MW coal  btrning powe' 

: 
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plant ta projected to cost In 1978 «bout $360 million, i.e. 360 $/kW, a light 

water nuclear reactor of the same rating  Is expect to cost 380 $/kW, while an 

oil fired plant would cost the least with a corresponding figure of 330 $/kW. 

On the basis of improved  (cadmium sulfide)  ceil  production techniques it  is 

conceivable to construct plants costing about $2500/kW. 

Two promising but radically different approaches have been suggested 

recently.     In one of them the energy from the sun  is collected in a "solar 

farm".   Assuming an energy conversion efficiency of about 30% (which Is very 

optimistic), a 1000 MW can be collected over an area equivalent  to a square 

k km on a side.    Since the collectors do not completely cover this area,  the 

area under the collectors  Is tn partial shade and  is hence cooler,  and more 

apt to retain moisture.    The tdea of the solar farm is to utilize the space 

under the collectors for agricultural purposes.    The high cost of   the power 

plant could thus be advantageously offset by the availability of cooler agri- 

cultural land.   The true effective cost of a solar farm In Egypt Will have to 

be determined.   Me i nel        the originator of the concept of the solar farm 

claims that the cost of such a solar plant could be made to operate at a cost 

competitive with that of a gas fired plant. 

The second alternative method proposed by Zener* ' makes use of the solar 

energy absorbed in tropical  regions of the seas.    Zener's proposal  would apply 

to the waters of the Red Sea.    In this scheme a heat engine using a Rankin« 

cycle operating on the temperature differential between upper and  lower levels 

In the sea Is the basic conversion process.    Several working fluids have been 

suggested (propane, ammonia, etc.).    Although the system is fundamentally in- 

efficient from a thermodynamic point of view, Zener claims that such a solar 

plant could be made competitive to a nuclear power plant. 
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PLOW DUTMBUTION IN SOLMI AMOMm* MM» 

I.V. DOmUB and E.T. DAVIT* 

tnauiT 

The efficiency of large solar watar heating installations la reduced if 
flow la not uniformly dlatrlbutad anona, the individual abaorber «sita.    A 
tliaoratleal analysis of tha flow distribution la preeeotad in thie »apar "^ 
reeoemendations proposed for large lnatallationa.    8o»e temperature messure- 
awnu on «a experimental system are alao presented. 

1.    IRTMtWCTION 

tolar watar haatara are uaually «ade In standard alsaa, e.g.  2 feat by 4 feat, and 
vacar heating lnatallationa are usually composed of a nimbar of standard unita connect- 
ed together.    For asall ayates* it la customary to connect the unita in parallel.   Cold 
water entera »la tha lower header of tha firat abaorber, flowe through the riaera 1« 
parallel, and is discharged fro« the top header. 

It It apparent that If Inlet and outlet are at the aaan end of the abaorber bank 
that flow will be "short circuited" through the firat few rieara with laaa flow toward 
the far end of the bank.     It la not ao obvioua that a almllar "short circuiting" affect 
occurs if the flow dlachargea at the opposite end of the abaorber with the dead tone of 
low flow near the centre of tha abaorber bank. 

In tha region of low flow ratea high absorber temparstures srlk« reeultlng in high 
heat loaae* and low thermal efficiency,    fortunately, free convection forcea tend to 
counterbalance thla "ehort circuit" effect to some extent when the absorbere ara 
Inclined.   However, in the tropica where the absorbers are nearly horltontal, a serloua 
drop in performance can reeult fro* thia "abort circuit" effect.    An ana lys ia of thla 
"short circuir" effect end sosa experlsentel measurements of temperatures on abaeiber 
plates in a bank of 12 absorbera are given in  the paper.    It should be recognised that 
this problem of poor flow distribution arlaea whenever a large nurbcr of parallel pipea 
are connected between two cocoon headers, end ia not confined to solar vater heating 
systems. 

I.    KZSSUKE AND FLOW DISTRIBUTION IN A SYSTEM WITH 
KUmm TAHALLEL HUM WITH COIWOJI HEADERS 

Thla problem can be solved by conventional pipe line network an» lys it techniques, 
but is tedious sad tha Incluais« of buoyancy forcea la difficult.    Aa the problea la 
•est important in large banks with many risarà, an alternative approximate analytical 
approach conaiata in tha replacement of the individual risarà by s distributed flow 
reala tance between the headers, thus peral t ting a general analytical solution of the 
pressure and flow distributions which will correspond closely to the actual distribu- 
tions 1« large lnatallationa.   Thla could, alternatively, be visusllted aa replacement 
sf the aeparata ritara by an infinite number of risers offering the same total 
•the authors are, respectively, Chief Research »cientlet and Senior Technical Officer 
St the Division of Mechanical Engineering, Coaatonwealth Scientific and Industrial 
mesmerch Organ Ita tío», Granas. Road, tighett, Victoria, Australia. 
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Ih. ...ustión, .r. ..d. that fi« to turbul.nt in th. £*«. ^^.^S. 
,i.cr..   Thirî. prob.bly a valid f^^^^^^^^ 1»» *• 
header, du. to fon» di.g introduca by th. ••*• P« •« •^".Lorb.r..    In . larg. 
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1) 
(S) 

It is tten fro« (5) that when S i» «««11 the flew le distribuiti «ilfonly 
the rieere, and tha larger the valut of « tha «ore tha flow tend* to concentrate to- 
warda tha anda of tha ayate«.    Tha ratio of flow In tha cantra rlaar to that In tha and 
rlaar la: 

(•) 

PtlSSOH DltTRIlUnONi 

The n*»»» *'•>» *• tB« rtMM *• »iv*ft iB *•*•• of li"t*nct fro* •Btf«BC# •*' 

- •* 
«jLàBHMMftla* •*• 

àfj alnh » 

Tha trattura drop along tha top haadar li giva« byi 

<« 

.   .     coah I (f* 1). 
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tlnh » <£* 
• k- 
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1) coah g (& 
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Thlt eaeatlen lndicataa that for vary larga valuta of • that tha tratst»« dreee 
litttrly with dltttnc«, that it, flow it unlfomly distributed between tha cot headert 
with erott flow eoncentratad in tha and rlitri, ao that 
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On tha othar hand, for very stall valut* of • »he »tttaari dree vttlM wit* tha 
tube tf th« dittane« along th« haadar, «r 

ÎL9. 

UM total tratture drot in tha tot haadar la» 

flit " *lilt . i 7~~~TT* FítañO 
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t» illustrata thaaa equations, eonaldtr a hank of » typical solar ebeorber« «ach 
S ftat by 4 faat and eonnactad in parallal. Maadars ara 1 inch (0.0753 ft 1.».) a** 
litars »re «i Inch (0.0333 ft I.D.). Tha vlteoaity of water ia take« aa 1.6 lb/kr ft, 
length of haadar 15 faat, langth of ria«r * faat, friction factor In haadar 0.10, and 
fit« rat« 1 gallon tar ft* or Or • 7.705 ft'/hr. In Figur« 2 tha calculated pr«astra 
dlattlbutlon It plotted, dcawnetrating the larga treasure différences st tha anda of 
tha abaorber bank relative to tha centre section. 

HMITT BfttCTSi 

If tht flow were unlferaly dittribeted aaong tha rlaar*. the effect of «««ait* 
varlatlone could be neglected.    Tf flow Is not unlforn, fluid unpertturea are higher 
th the ritett with low flow, and th« lower density of the hot wtter Increases the »ow 
te thee« risert thua affsettlng te see» attest th« "theft eireuit" effect previously 
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discussed.   These high local temperatures can significantly reduca tha overall 
efficiency of tha aolar vatar haatars.    For amali banka with low valocitiea, tha fraa 
convection effect* tend to minimise the effect of tha forced /low pattern,    »or large 
banks tha forced flow pracaute* predominate and control the flow dletribution to a 
large extent.    Thla problem la conalderably «ort coaplex than the laothermal system and 
will be treated In a separate paper. 

4.    EXPERIMENTAL INVESTIGATIONS 

The flrat a tap vas the construction of a amali simuli ted sbaorber Dank In clear 
plaatlc.    Cold water vaa allowed to flow through tha system and provision was made for 
the Injection of dye into the lover end of the risers.    The observed movement of the 
dye agreed qualitatively with the isothermal  theory, In that the velocltiea were much 
higher in the end rlaera than in the centre on«a. 

The second step In the experimental investigation Involved Instrumentation of a 
forced convection solar hot water system.    The tests described were carried out on 
twelve aft x 2ft selective aurfaced absorbera at flow rates of 1,   llj and 2 gal/min 
corresponding to approximately 60,  90 and 120 ft2 of abaorbers.    The pump uacd vas a 
centrifugal hot water accelerator.    Thermocouples were attached to h Inch rlsera on the 
abaorbers in the position shown in Figure 3 and inlet and outlet temperatures were 
recorded.    The pump was operated manually and ran continuously during the period of the 
readlnga.    Comparative reaulta and comments are given for each of the four methods asad. 

As the teata were carried out on an operating system, it was not possible to 
reproduce test conditions with different arrangements.    The criteria of performance 
here are the temperstures measured on the ebsorber plates.    If flow were uniformly 
distributed in the risers, it is expected that the meaaured temperature distribution 
would b« smooth and roughly parallel to but aotmwhat higher than the water temperature. 
Any peaks and dips in the temperature distribution will be due to low or high flow 
rates through the respective element. 

Probably tha most common way of connecting absorbera la to put them In parallel. 
Thla arrangement la ahown in Figure 4.    The high températures measured In the centra 
section of the absorber indicate that little water is flowing up the centre risers, the 
bulk of the water paaslng through runa either up the flrat few risers and along the top 
headers, or along tha lower header and up the end risers.    This method is therefore not 
recommended for large banka.    It will be noted that the temperature diatribution la 
worst at the highest flow rate.    This la becauae the presaure drops are larger relative 
to density affecta at higher velocltiea. 

An Improved distribution waa obtained from a aeries-parallel arrangement.   The 
absorbera were connected In 3 lota of 4 and Interconnected by 1 inch pipe aa shown in 
Figure 5.    In the case of the test set up clear plastic hose was used aa it was thought 
that air may have been trapped in the upper headers particularly at the low flow of 
1 gal/mln.    However thla was not so,  it waa carried through In large quantities 
initially and after settling down the amali amount of air rcleeaed from the water 
during the heating cycle waa very readily discharged. 

Another auitable method of connection la a multiple parallel arrangement aa shorn 
ia Figure 4.    The absorbers are broken into groups containing up to 24 rlaera In 
M'aliai, which ara then connected in a larger bank to a header ayatea.    If the headers 
ars larga enough to have a relatively low pressure drop compared to the preaauit drops 
across the groupa, then fairly even flow is aaaured.   Tha analysis in this papar can be 
used as a guide treating each group as an individual riser aa a first approximation. 

S.    tECQMIEHDATlOMS 

UM receeseandetlen* on large bank« of solar sbierbcrs are: 

••     *•**• of up to 24 risers in parallel are aatUfactory ft* alt*«* natural at forced 
circulation. 
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i.     lor lotted circulation bank« with over 24 rlaers, it la recoa»ended that no tore 
than H risera be connected in parallel.    For Urger Danke dovncoaare can »a usad, 
althar • separata 1 inch pipe, or on« of tha abeorbara can serva aa • downcoaar. 
Aitarnetlvely, tha Multiple parallel syetaoi can be uaed. 

Î.     flow retee of 3/* to 1 gallon par hour for each »quera foot of absorber araa la 
satisfactory and will give a reasonable temperature rie« through the abaorbars. 

*.     Aa the presaura drops  in headcra dependa to a large extent on the aethod of 
construction (e.g. projection of risers into headers), it is receewended that 
•anufscturera should check their own designs. 
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Flg. 3 - Sketch of exptrlnental absorber bank. 

rig. 4 - Baperlaantal results, abaorber« «11 la parallel. 
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CORRELATION OF SOLAR RADIATION WITH CLOUDS* 

D. J. NOKRISt 

{Received 15 February I96«) 

Abstract-The possibility of installing solar energy devices tuch as novel air conditioning pianti, solar 
desalination stills, etc. in remote parts of Australia has led to the necessity of predicting solar radiation in 
places where no measurements have been made. In the past good correlations of solar radiation with sunshine 
hours, as recorded on the Campbell Stokes sunshine recorder, have been obtained. However, when looking 
into the proposed regions for application of solar energy devices, it was found that very little information was 
available on sunshine hours recordings. It was decided, therefore, to investigate the possibility of correlations 
of solar radiation with reported cloud cover. Several methods of cloud classification have been examined and 
in no case was a high correlation coefficient round. It is considered that if cloud reports arc used to predict 
values of solar radiation, only monthly or longer averages may be obtained with reasonable accuracy. 

Resumí-La possibilité d'installer des dispositifs à énergie solaire tels que des installations nouvelles de 
conditionnement d'air, des distillateurs solaires de dessalement, etc.. dans les régions isolées d'Australie, a 
conduit à la nécessité «¡o prévoir les radiations solaires aux endroits où l'on n'avait jamais fait de calculs. 

Lm fmsii- '' * i,é P°"ib|e d'obtenir de bonnes corrélations de» radiations solaires par les heures d'en- 
soleillement, selon les enregistrements de l'héliographe enregistreur de Campbell Stokes. Toutefois. *n 
étudiant les régions proposées pour l'application de dispositifs d'énergie solaire, on a trouve qu'il y avait très 
pei» d informations sur les enregistrements des heures d'ensoleillement. Il a donc été décidé de rechercher la 
possibilité d'obtenir des corrélations de radiations solaires à partir de données sur les nuages. Plusieurs 
méthodes de classification des nuages ont été examinées et l'on n'a pas trouvé de coefficient de corrélation 
«levé. On considère que si les données sur les nuages sont utilisées pour prédire les valeurs des ratiations 
solaires, en se basant uniquement sur des moyennes mensuelles ou plus longues, il est possible d'obtenir um 
précision satisfaisante. 

Resumen- Ante la posibilidad de instalar aparatos de energìa solar tales corno nuevas plantas de aire acon- 
«cionado. destiladores solares de agua del mar, etc.-en ins zonas remotas de Australia, es necesario hacer 
pronósticos sobre la radiación solar en lugares que hasta ahora nc han sido objeto de medición. En el pasado. 
se venían obteniendo buenas correlaciones entre la radiación solar y las horas de luz solar, según registradas 
en el heliógrafo de Campbell Stokcs. Sin embargo, al investigar les regiones donde se propone emplear los 
aparatos de energía solar, resultaron ser muy escasos los datos de registro disponibles en materia de horas de 
luz sotar. En consecuencia, se decidió estudiar la posibilidad de correlacionar la radiación solar con los partes 
rfc ciclo cubierto; pero, después de examinar los diferentes métodos de clasificación de nubes, ninguno 
inesenló un alto coeficiente de correlación. Se opina, pues. que. si se emplean los partes de nublados para 
predecir los valores de radiación solar, solamente se podrán obtener valores razonablemente exactos aptican- 
oos promedios mensuales o más largos. 

1N AUSTRALIA interest ¡s rapidly increasing in the possible utilization of solar energy for 
useful domestic purposes. The use of solar water healers is already wel» established in 
the northern states and is spreading to the south. Desalination of salt or brackish water 
by solar stills is today entérine a new phase following the successful testing of pilot 
installations. Research is being undertaken to apply solar heated air or water to air 
conditioning. Since most useful applications of solar energy will probably first come in 
remote areas where there is a premium paid for other fuels, a need has arisen to predict 
the intensity of solar radiation outside the existing network of recording stations. This 
network is at present associated with the centres of population and does not give a 
representative picture of radiation distribution over the continent. 

• lf»7 Sotar Energy Society Conferenco paper. 
t Division of Mechanical Engineering. CSI HO. Highett. Victoria. Australia. 
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Following much successful work overseas and in Australia on the relationship 
between solar radiation and measured sunshine hours, it was thought that this would be 
the best approach to this problem of radiation prediction. However, it was found that 
the network of sunshine hours recording, although more extensive than that for solar 
radiation measurements, does not penetrate into those climatic regions of most interest 
in this regard. 

It therefore became necessary to look at other meteorological conditions which 
may aid in this prediction. Several reports have been made of the use of cloud measure- 
ments for this purpose. Therefore, correlations have been sought between solar radia- 
tion and clouds classified by type and amount. Firstly, the method proposed by Lumb 
|1] was investigated. He divided clouds into nine arbitrary classes and calculated re- 
gression between solar radiation intensity, Q. and the sine of solar elevation. S. within 
each class. He proposed the formula 

Q-AS+BS: (1) 
by substituting a factor T defined by 

Q —> 135/5 where 135 « solar constant in mW/cm' 

he derived a linear relationship 
/««+** 

where 'a' and 'b' arc constants determined by least squares analysis of reported data. 
The classification of cloud data used by him is shown in Table 1. His results appear 

to Indicate an accuracy of prediction of better than 10 per cent. 

Tubiti 

Category Criteria wed for classiftcaiion 

1 Total amount of cloud« « 2 oktas 
2 3-3 oklat Ct (excluding cases where showers were 

report«!). Total amount of cloud 3-5 oktas 
S Í-I okiat G (excluding C„7) with 0-4 oktas Ct 
4 i-t oktal C„ 3 or 6. As category I AC/As7 with 

tase » 12.000 ft, with 0-4 oktas Ci 
5 C«7 with 0-4 oktas C,. 
• 7-1 oktai C, 5 or S without precipitation other than 

ww «10. No rain reported at preceding or succeeding 
synoptic hot r (Also checked by refere» ce to synoptic 
charti) 

1 < M oktas C„ 2, C» 7 (either with rain or with C - 4) 
with 0-4 oktas d: also 7 or 8 oktas CL h* rain reported 
at next synoptic how 

I I oklat Cu 2 or Ct- 6.7 with ww 50-59 
• I oktas G, 2 or Ct-6.7 with ww- 60-«» 

Loudon [2) proposed the assignment of transmission factors to each of Lumb's 
cloud categories. He applied this method to Lumb's data and found little decrease in 
accuracy due to this simplification. 

Sharma and Pal(3] have introduced a factor which they call "clearness number*' and 
Il denned as the ratio of the measured direct solar radiation to the computed solar 
radiation (standard atmosphere) for the same solar attitude. They have used this con- 
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cept, in empirical formulas, for computing direct and diffuse solar radiation on horizontal 
surfaces from measured values of total radiation. 

Wen Bennett [4] in his paper on preparing maps of daily total radiation quotes the 
regression equations 

QIQe = 751 + 0-845 Cd- 3-56 Cd1 

o/ßi- = 775-28 97C</ <2> 

where QIQe is the ratio of total radiation to extraterrestrial radiation and Cd is daily 
mean amount of cloud cover. 

Coefficients for the linear and parabolic regression lines are given as R* ~ 0-646 and 
0-708 respectively. Standard error of estimation in both cases is approximately 10 per 
cent. 

Budyko el al.[5), have proposed a formula relating total radiation on a cloudy day to 
that on a clear day by a linear expression. 

(G+f)„«(G + *).[l-(l-#D»] (3) 

where the coefficient (1 - (I -K)n] is made to depend on if. a transmittance of cloud 
in the case of totally covered sky and on n, the mean amount of cloud in tenths. 

They state that the value of K depends on solar altitude and properties of clouds and 
is thus dependant on latitude. 

In applying this formula to measured va!-»« of both (G + g)„ for cloudy days and 
(G + s)o for clear days, they found that monthly means indicated an error of about 
JO per cent, while yearly means gave errors less than 5 per cent. 

METHODS USED AND RESULTS OBTAINED FOR MELBOURNE 

Linear regression 
Solar radiation measurements and total cloud reports for synoptic hours during 1964 

for Melbourne were tested for linear regression. Correlation coefficient of R* = 0-2 
were found. 

Method of Lumb 
When this method of classification of cloud measurements was applied to Mel- 

bourne records it was found that approximately fifty per cent of observations was not 
included in the classification. Results are shown in Table 2. 

Table 2 

Category       A         B A N 

1             -2 04  0 51 0 13 174 
2             -1-72  0-36 059 M 
J             -1»  J-31 063 35 
4             -Ml   0-4) 0 98 3 
5               »0 0 1 
<            -131   Oil 0-10 M 
1              0         0 0 0 
|             -IVI   0 92 03« 21 
t              0-35  01$ 054 IO 
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110 D. J. NORRIS 

Only in categories 2 and 3 were reasonable correlations found. The sanali number of 
•amples taken indicates the number of records discarded as not fulfilling, the require- 
ments of the classification. 

Following the small success found with the above method, by critically examining 
the International Cloud Atlas and the procedures used by observers in reporting cloud, 
a new all inclusive classification was drawn up. Clouds in each of the three layers, low, 
middle and high, were divided into classes of thin, medium and thick based on the 
amount of cloud present. 

Once again measurements of cloud and solar radiation were applied to this classifi- 
cation to seek correlations within each classification using the formula proposed by 
Lumb. Results are shown in Table 3. 

In this case no significant improvement in correlation was found ovei that shown by 
the method of Lumb. 

Sharma and Puf s concept of clearness number 
This concept has been used to classiiy 3 hourly means of solar radiation into 

classes of 0-1 in this ratio. The cloud reports were then sorted, placing the clouds for 

Table 3 

Category A       B R N 

1 -215 034 0-39 77 
2 -114 023 020 3SS 
3 -106 006 006 189 
4 -117 0-40 0-37 55 
i 0        0 0 0 
C -0Í5 012 0 12 «9 
7 -I-55 025 0-25 47 
1 -212 008 014 25 
• -209 001 001 23 

each corresponding 3 hourly synoptic period into the appropriate class of clearness 
number. Within each class a correlation was sought according to the formula proposed 
by Lumb relating solar radiation to sine of the solar elevation. 

Correlations were found to be extremely low and it was found that various types of 
cloud in large amount were placed in nearly all classes. 

Similar classifications were drawn up defining the transmission factor in each of the 
following ways: 

(a) Ratio of diffuse to total radiation, 
(b) Ratio of total to cxtraterrestial radiation, 
(c) Ratio of direct to cxtraterrestial radiation. 

In all cases the same low correlations were found as was the poor classification of 
some types of clouds. 

Untar regression applied to means of several days 
Since all these above approaches failed to give the desired accuracy of prediction of 

solar radiation and since it has been found that on a basis of monthly mean values a 
good correlation exists between total cloud amounts and solar radiation, an analysis of 
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daily cloud amounts was made. From the 9a.m., 12 noon and 3 p.m. total cloud obser- 
íaUons a nil was taken and a number assigned to each day. Th.s was compared w,th 

daUr^t SÌ« analysis based on a linear recession line was carried out for these 
daily values The daily values were taken successively on two. three or more at a time 
Índ mean va Les obtained. A computer programme was devtsed to determine the 
dumber of days that must enter the mean to obtain a correlano« coefficient greater than 
S 8TA summary of results for a mean of ten days is shown tn Table 4. No number of 
days less than thirty gave the required degree of correlation. 

Table* 

R'_, N 

0-296     2-25     7270    -184    10 

Where y » Ax + 8; x » cloud number; 
y •» solar radiation. 

DISCUSSION 

In the observation and reporting of cloud, subjective assessments are relied open. 
in Australia only three hourly synoptic observations are made ^¡*•%££ 
reports depends upon the skill and experience of the observer. Apart from th.s factor, 
To wsessrîent is made of the luminance of clouds or of their transm.ss.v.ty. S.m.la ly, 
£ îeïor Ts made of which part of the sky is covered by the clouds For example the 
*yn£y be half covered with cloud and the sun never obscured dunng that penod. In 
îactl the extenúe cases, one small cloud could obscure the sun by slowly traversing 
he Z and s Srly a small hole in the clouds could include the sun for long penods 

As ment Led above, in the classification of clouds according to transm.ss.on factor 
no matter how this is assessed, certain types of clouds fall into nearly all classes. For 
«ample, the most widespread report of cloud, stratocumulus, appears .n amounts of 
•even cifihtsofthe sky covered with transmission factors ofO-2 to 10. 

An analysis of frequency of occurrence of clouds over five c-t.es m Austraha has 
been made Stratocumulus is the predominant cloud type reported at AJela.de Mel- 
bourne  Sydney, Brisbane and Townsville and in most cases compnsts more than 

'^iï^iïÏÏ** of this behaviour and this is due to clouds being 
obJrved in «he past only from beneath. If seven eighths of the sky .s covered woh 
«t^ocumulus clouds, it is extremely difficult if not imposs.ble to descr.be the m.ddle 
¡nd Wgh clouds which are above. Stratocumulus may be accompan.ed by cumulon,*- 
bu. clouds giving very low transmissivities or they may be accompanied by no «her 
clouds and be themselves in a thin layer. Transm.ss.v.Les may then be h.gh. In fact it 
can be considered thnt a nearly overcast sky may have a wide range of transm.ss.v.ttes. 

• Another factor that may invalidate the classification of clouds by transm.ss.v. y is 
the reflection of solar radiation from the edges and sides of cloud masses. Th.s is tradi- 
tionally referred to as the "silver lining'. Evidence has been obtained that with broken 
cumulus clouds reflections from them may increase the amount of rad.at.on reaching 
the Earth's surface to more than that which would be received on a clear dayjOccasions 
have been noted when in tropical regions this reinforcement has led to the intensity 
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reaching the surface to exceed the solar constant for appreciable periods. In one case 
from Gladstone on the east coast of Queensland, an intensity exceeding the solar con- 
stant was recorded continuously for more than half an hour. 

CONCLUSION 

The foregoing discussion and the reported attempts to divide cloud reports into 
classes of transmissivity indicate that it is probably impossible to use cloud informa- 
tion to predict solar radiation. This is because of the doubtful extent of the reduction 
in intensity of transmitted radiation and the possible increase by reflection of the total 
amount of radiation reaching the Earth's surface. 

In order to predict solar radiation, the only method proposed is that using sunshine 
hours or as has been proposed by Bennett a multivariate analysis of cloud amount and 
sunshine hours. 
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Solar Radiation on Inclined Surfaces 
a j. 

Division of Mechanical Engineering, Commonwealth Scientific 

To predici llic* ainoiinl of solar energy falling on 
inclined absorbing surfaces, such :i>. absorbers for 
solai hot-uatcT scrwees. several formulas have 
been published b> authors in this field. These arc 
based on measurements of sunshine hours, cloud 
cover, totnl sola» energy fallili;; on a horizontal 
stirfucc or bolli total and dilfiise solar energy on a 
horizontal surface. A study of thec formulas has 
l>ccn made and the two most likely lo give accu- 
rate predictions have been tested against meas- 
ured values of energy on an inclined surface. 
Using the assumptions made in these formulas 
good ugrccment is found for some conditions 
though for short period values, such as daily 
totals, gross errors arc indicated. Since the 
amount of solar energy available varies greatly 
with climatic condition« it is suggested tlint more 
MÎdcspread measurements of solur energy fulling 
on inclined surfaces should he inaile, These 
measurements are essential for the design of 
aliaorhci-s and heal storages for the increasing 
application of solar energy lo useful purposes. 

Noffis 
and Industrial Research Organization, Highett, Victoria, Australia 

does not shine every day storage of energy must he 
provided for any system that relics mainly on solar 
energy. The .size of the storage is related to I he .size of 
the absorbing surface, the energy demand, and on the 
variations in .solar energy. 

A knowledge i« therefore necessary uf the way in 
which the intensity of solar energy varies with time as 
well as the amount that will he collected by the in- 
clined surface of the absorber. 

There exist in several countries of the world net- 
works of instruments for measuring solar radiation 
and scattered solar radiation, the hitler only at a small 
number of locations. These instruments are, in nearly 
every case, mounted horizontally. 

Vov places where no measurements are being or have 
been made methods have been proposed for calculating 
the solar energy available from other climatic data. 
The most direct approach has been to use sunshine 

S OMR energy, (he heat energy from the sun that 
reaches the earth's surface, is used at present for 

the heating of water, distillation of salt or brackish 
water, direct conversion to electrical energy, and for 
cooking. Other u-es such as air heating have been 
used on a limited scale. In most cases where the maxi- 
mum energy collection is required the collectors are 
jointed towards the sun. In some applications, such as 
water heating, the collector usually consists of a flat- 
plalc absorbing surface. Since automatic tracking 
devices to follow the passage of the sun across the sky 
arc expeiisivo these flat-plate absorbers arc mounted 
at an angle varying from zero to 90 degrees to the 
horizontal facing towards the equator. The optimum 
angle of inclination depends upon the latitude of the 
place of installation. This inclination can be selected 
to give equal energy ab-orption dining winter and 
summer, to give maximum year round absorption, or 
to give a maximum at any desired season of the year. 

To design an ab.-oil><r, a knowledge of the amount 
of energy it will receive is necessary and since the sun 

Manuscript received August 30,1*15. 

NOMENCLATURE 

a and 6 =» Constants. 
li «=-- Diffuse radiation incident  on a  horizontal 

surface. 
/)« «= Diffuse radiation incident on a surface in- 

clined CO degrees to the  horizontal   facing 
the equator. 

A' " Solar energy falling on it surface inclined at 
a fixed angle to the horizontal. 

G «= Solar energy falling on a horizontal surface 
at the top of the atmosphere. 

Cr» = Solar energy falting on a horizontal surface 
•t the earth's Biirface. 

// •» Total solar energy falling on a  horizontal 
soliate. 

Hi = Solar energy falling on a surface inclined to 
the horizontal. 

JV •* Possible hours of sunshine. 
>» *• Measured hours of sunshine. 
/?!>] Liu and Jordan ratio for inclined lo horizontal 
Ri > values ot direct ¡>cum,  diffuse  and  ground 
R, J reflected radiation. 
A* •= Horizontal component of solar energy in the 

vertical plane normal to the ¡udii oil surface. 
Y •= Vertical component »f .«ulai enemy. 
0 «= The angle of inclination of the surface to the 

horizontal. 
r» «= Albedo of the surface reflecting onto an in 

eli ned surface. 

t; 
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hour, as measured «t many places  by a Cumpbc 
Stokes sunshine vceorder. The formula relating «¡lai 
corgy lo sunshine hours i* due to Angstrom' and .s 

given in the form: 
G>     „4-ï,n (1) 

Revend authors have measured boti..solar rachat on 
and sunshine horn, to determine a and .lap gn« 
a summary of value, shown in Table 2 ot Ins paper. It 
LLwn L« varies from 0.10 to.^ ^ '^ 
from 0.35 to 0.70. Claimed regression cocfhe.enls for 
these correlations vary from 0.45 to 0.99. 

The«* ««.Its would appear  to   east  co.ndcrable 
doubt on the validity of this equation. 

Another climatic measurement proposed fo. alcu 
kiting solar radiation is cloud cover as estimated syn- 
ontically at weather stations'. Formulas based on 
this have not received much recognition due to the way 
Ä cloud cover is usually reported. No reference 
fe made to the location of cloud bod.e.s m the sky for 
partly overcast skies. Where -loud cover is recorded 
photographically, as in a few places, some assessment 
of solar radiation may be possible. 

To obviate the necessity for relying on other chmatic 
data the World Meteorologica!  Oflice has proposed 
publishing world maps of insolation with contours of 
Suri «Siati«, based on monthly   means of soar 
radiation measured by the various networks. As the 
number of networks of measuring stations mercases 
îhe value of thee maps for interpolating to regions 
where no measurements arc made will increase. Lvon 
at present the interpolation* may bo made w.th nea.l> 
the same accuracy as L, probable  from usi.« corre- 
lations with other climatic data. 

These interpolations and calculations from clinic 
data with their inherent errors are unsound bases on 
which to commence the calculation of insolat.on on 
surfaces equatorially inclined. 

Proposals have been made of methods for ealeulut- 
ing, from published or measured values of solar radia- 
li on horizontal surfaces, the value to  .o expeded o 
surface* equatorially inclined  to   the hor.zoutal«- 
i....   Bcfor: nroeeeding to a  detailed  d.scuss.on  of 
these"  method's, the assumptions   used   need  to   be 

mTne total solar energy reaching the earth's su,face 
consists of a direct beam and scattered or ehfu.se sky 
radiation. As the solar radiation .cache* the top of he 
earth's atmosphere a part of it »s scattered b> the 
molecules of the atmosphere, part is airbed or scat- 
tered by dust particle,, ice partido or water droplets, 
1 part is absorbed by water vapor and ... the osono- 
Xe, «id « P«l transmitted. The scattered solar 
ration arriving at the earth's surface is usuaüy 
referred to « "diffuse" radiation. One gumption that 

Val. W, V« '•,m 

is frequently used is that this diffuse riid.at.on largely 
?„«mates from the area of the sky eU*e to the suns 
dittai, ami that this circumsolar portion can tlu-rcfoic 
be treated as a direct beam. Another opposing assump- 
tion is that the diffuse radiation is isotiop.caliy d.s- 
I,eclÎTh,s latter a-sumption is used when meas- 

„rhîg the dim,c o. >ky radiation. When th.s ,« done by 
means of shading the measuring dev.ee by an «^ 
Lallv mounted ring, a correction  must be apphed 
or that part of «ho >ky occh«l«l by the r.n-, 1« 
formulas ue in use due to Blackwell- and Prummond» 
and both use the latter assumption that the sky ra.lo- 
tion   is  isotropic.  Drum.no.Hl, however,  regards tin 
computation   of   this   correction   from   as rononueal 
«moderations only as the starting point. He «•>-» 
Z X on a very extensive basis, such theoretically 
derived shadow-band corrections with corresponding 
value, established experimentally (for real nondrop» 
conditions, and has advocated this procedure gene, ally. 

A search of the literature for reported measurements 
of insolation on inclined surges reveals ^•«*£ 
few   places are measurements made on otic,    han 
horizontal surfaces and then only on vertical surfaces 
?ac"g various „imnthal directions. These measure- 
ments have been used mainly for assessing solar heat- 
ing loads on buildings for air-eonclitionmg calculations. 

Since March 19G4 a solariineter has been mounted 
at Highett, at an angle of 00 degrees to the horizontal 
facing north and recordings of hourly and daily inte- 
ra ed values of insolation obtained. Th.s has per- 
mitted a check to bo made of formulas based on cither 
of the two «sumptions discussed earlier. 

The formula proposed by Morse and Csarnecki» uses 
the assumption that -'the diffuse radiation * not um- 
ormly distributed over the whole sky but «; ^ 

concentrated around the sun and may   hcrefoiebe 
approximately treated as di.-cct.onnl rad.«turn. Th.  u» 
true both for clear and bright overcast sky. lor dull 
overcast sky conditions the maximum intensity is at 
the zenith but the radiation is then very low. 

The formula proposed is 
E •= X sin ß+ Y cos (3 (2> 

The ratio of X for north facing surface to Y X/Y, « 
a function of solar altitude and the authors have given 
a serie* of curves for its easy determinano... 

This formula has been applied to measurements o 
total insolation on a horizontal surface to predict 
values on a surface inclined at «0 degrees to the ho. - 
«mtal facing north. The remits obtained for month 
means of daily total isolation has been comp ed 
with measured value- ob.ain.-l mouth by month. Tlu e 
result* are shown in Table 1. Error* up to 42 percent 
are found and the mean error is 22 percent. ^ 

When comparison is made on a da.ly ba-.s laWe 
individual error* up to 30 percent arc found and a 
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Day 

McaauremeuU 

1 
9 
3 

4 
6 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

IG 
17 
18 

19 
30 
21 

32 
33 
34 

26 
26 
37 

38 
29 
M 

31 

Telai 
HorUontal, 
BTU ft'.day 

1313 
099 
1C40 

1602 
2057 
904 

1352 
1222 
1335 

1283 
1855 
922 

1302 
1512 
2051 

702 
1832 
1149 

906 
1798 
783 

504 
2028 
1805 

1860 
2140 
2215 

1056 
380 
2280 

2271 

Horizontal, 
BTl. ft' day 

725 
004 
759 

820 
476 
730 

775 
C98 
796 

SO'. 
732 
870 

823 
920 
553 

603 
911 
929 

930 
912 
096 

550 
682 
980 

913 
743 
658 

1017 
371 
650 

723 

Calculated Valuta 

15S2 
2146 

824 

1220 
1179 \m 
1185 
1719 
087 

1090 
1385 
2007 

509 
1028 

717 
1502 
574 

393 
1789 
1500 

1514 
1895 
1741 

1410 
285 

2091 

1871 

BIT. Il', di) 

1395 
1053 
1087 

1601 
2115 
1013 

1307 
1225 
1327 

1263 
1811 
892 

1249 
1437 
1935 

711 
1G94 
1Ö52 

870 
1615 
097 

497 
1769 
1558 

1505 
1811 
1856 

1373 
312 
1855 

1824 

F.iror Percent 
of Measured 

Value 

+6 
+0 

+24 

+5 
-2 

+23 

+12 
+4 
+8 

+6 
+5 

+ 30 

+15 
+4 
-4 

+25 
+4 

+18 

+22 
+3 

+21 

+» 
-2 
+4 

+5 
-4 
+7 

-3 
+9 

-11 

-3 

TABLE 1-COMPAR1SON OF MONTHLY MEANS OF 
CALCTLATE1J AND MKASITIK1) RADIATION RL- 
CEIYED OX A .SURFACE INCLINED 00a TO THL 
HORIZONTAL 

Moaifc 

Jan 
Feb 
Mir 

Aut 

Jun 

Jul 
Am 
Sep 

Oct 
Nov 
UN 

Measurements Calculated Values 

Total 
Hori 
«onul, 
»1X7 

It'/day 

2123 
1932 
1500 

1100 
GA4 
500 

615 
I 743 
1 1105 

Diffuse 
Hori 

;tduation;pV•iv 

'VfC'ft',' BTC/itV; i<'>V  Measured  Pffi'     Mea.ured 
day    i     day Value  I " ' °*y 1   Value 

Total !   K"or, 
Inclined  Kqualiim   Percent i 

«',       i. BTU.        of 

810 
720 
571 

527 
359 
288 

203 
470 
•50 

lc«0 
1043 
1008 

1463 
1038 

933 
884 

1178 

1337 -11 
1535 ; -7 
1651   ¡    -1 

1595 
1078 
15SS 

1618 ! +13 I 1408 
12Ñ» 4 24 J 996 
1343   i +30   , 1042 

1«'.3 ' 754 1286 
1872 842 1440 
1*77        «4      1268 

131(1 
1251 
im 

1340 
UM 

SCO 

-(41 
4 42 
417 

44 
-10 
- 31 

1022   ' 
S'JÜ    , 

íao  i 

12f2 
1058 
14 Jó 

42 
43 
-5 

- 4 
-4 
+6 

1 10 
+3 
+ 3 

0 
4 13 
411 

..      ,.      ,1 Krror, Percent 

BTU, It' day Value 

1302 
90S 
965 

1578 
2166 
911 

1288 
1159 
1253 

1189 
1795 
792 

1190 
1382 
1970 

670 
1677 
1003 

826 
1615 

673 

481 
1816 
1582 

1635 
1873 
1930 

1420 
323 

1053 

1917 

-1 
-2 

+10 

0 
+ 1 

+11 

+6 
-2 
+2 

0 
+ 4 

+15 

+ 10 
0 

-2 

+ 18 
+3 

+ 13 

+15 
+3 

+ 17 

+22 
+1 
+5 

+8 
-1 

+ 11 

0 
+ 13 
-7 

42 

Kquation 4, 
BTU, fl'/day 

1208 
620 
009 

1470 
20G0 

802 

1258 
HOG 
1214 

1145 
1737 
013 

1148 
1283 

646 
1552 
880 

652 
1519 
598 

411 
1837 
1468 

1837 
1932 

1317 
264 

1940 

1895 

Error. Percent 
of Measured 

Value 

-4 
-17 
-24 

— 4 
+5 

+3 
-ft 
-1 

-3 
+1 
-6 

+5 
-7 
-1 

+14 
-5 
-1 

-9 
-3 
+4 

+6 
+3 
-2 

+3 
-3 

+ 11 

-7 
0 

-7 

+1 

mean error of 8 percent is indicated. The high errors 
occur on days of high cloud cover, which arc not neces- 
sarily days of low total involution. 

Liu and Jordan» have adopted the second alternative 
assumption regarding diffuse radiation, that it is iso- 
tropic over the whole sky. They have proposed a more 
exact and more complex method of calculating insola- 
tion on inclined surfaces. They apply well-known 
astronomical formulas to determine the angle of inci- 
dence of the solar beam to (he inclined surface and use 
this to integrate the direct insolation on an inclined 
surface at the top of the atmosphere between the hours 
of sunrise and sunset. An assumption is made that the 
ratio of direct radiation on an inclined surface to that 
on a horizontal surface is the same on the earth's 
surface as at the top of the atmosphere. 

In treating the diffuse component they tvsumc this 
to be isotropic as a fair approximation and proposo 
that tlie rutio of that incident on inclined to that inci- 
dent on horiiontal surface is given by the expr«ston 

•' 
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They also include a term R, to account for the diffuse 
component  reflected  from  the surface beneath  the 
inclined surface such that 

— COSÍT 
R, 

(\ - cos ß\ 

The complote formula then becomes 

//, = (// - D)R„ + DIU + ¡IR, (3) 

Using this formula and Liu and Jordan's method of 
calculating these ratios, measured values of total and 
diffuse radiation incident on a horizontal surface have 
been applied to predicting total radiation incident on a 
surface inclined at GO degrees to the horizontal facing 
north. The values obtained have been compared with 
measured values on a monthly and daily basis and 
these are shown in Tables 1 and 2. 

Good agreement is found of the calculations of 
monthly means with measured values except for two 
months when the cloud cover was unseasonably high. 
But when daily total values ave compared, errore up 
to 22 percent arc indicated. The higher errors are 
«gain found when the cloud cover is greatest. The 
mean error found for daily values in the month selected 
is 7 percent. 

The tables show that for the formula based on the 
direct beam assumption the errors in monthly mean 
values are higher than those for daily values. A reason- 
able explanation of this feature is that when averaged 
over a month the distribution of sky radiation is iso- 
tropic. This is borne out by the low errors for monthly 
values calculated by the formula based on the isotropic 
assumption. The errors for daily values arc comparable 
for both formulas and their magnitudes for days of 
part cloud cover indicates that both assumptions are 
incorrect and that probably the sky radiation comes 
predominantly from some sector of sky not adjacent 
to the sun's position. Even on days of high cloud cover, 
for example the 22ud and 29th October, both assump- 
tions give high errore. There arc, however, few days 
when either assumption appears to be valid. 

To arrive at a more exact formula for calculating the 
diffuse component incident on an inclined surface it 
would be necessary to study the anisotropy of the sky 
radiation. As this would involve considerable instru- 
mentation it is unlikely that widespread studies will 
ever be made. Because it is far easier to measure the 
insolation at any desired inclination and location, the 
development of a method of calculation including n 
more exact treatment of diffuse radiation appears 
undesirable. 

Measurements have been made at Highctt of total 
and diffuse radiation on a horizontal surface and on a 
aurfaee inclined at 00 degrees to the horuontal. Corre- 
lation* haw been «ought and theae, for total radia- 

ra. J#, A'», f. ¡m 
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FIO 1—Least squares correlation of insolation ou surface in- 
clined 00 degrees with insolation on horuontal surface. 

tion, arc shown in Fig. 1 for twelve months from March 
1904 to February 19C5. These are mostly as expected, 
showing a fairly uniform variation with solar declina- 
tion. During October 19G4 when diffuse radiation was 
measured on a G0-degree surface a correlation between 
horizontal total und inclined diffuse radiations was 
obtained when each was expressed as a ratio to the 
maximum incident radiation on a horizontal surface 
taken from the tables of Spencer». The relationship 

found is 

DM = 0.203 + 0.555 

[l - 0 .225^- 0.641 ©] 
(4) 

When this empirical formula is applied to measured 
values of Go and Liu and Jordan's method of calcula- 
tion of R» » used, a prediction of the total radiation 
on an inclined surface can be made. The results of such 
a calculation arc shown in Tabic 2. A considerably 
higher mean accuracy is shown, equal to 2 percent. So 
that such an empirical formula can be established for 
more general application it would be necessary to 
measure both total and diffuse radiation on inclined 
surface* at a variety of latitudes. Again this would 
appear to be more costly and more painstaking than 
the measurement of the total radiation incident on a 
surface of any desired orientation and location. 

The foregoing discussion has placed much emphasw 
on diffuse or *ky radiation, as argued first by Drum- 
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moud." Since this rom|K»iont may bo up to 100 |K.T- 

ccnt of the total radiation received on any day its 
¡ni|x>rtancc in the design of solar-energy absorbers and 
storages is more than lias sometimes been assumed. 
The most important regions of Australia for the 
application of some solar energy devices arc those 
subject to cither or both north-west and south-east 
monsoons. They therefore experience considérable 
cloud cover for parts of each year. It has boon noticeli 
at latitude 28 degrees south on the east coast of Aus- 
tralia that maximum total radiation tends to occur 
on days when partial cloud cover adds to the total 
rather than subtracts (Figs. 2 and 3). 

This increase in insolation with partial cloud cover 
is probably attributable to reflections from the sides of 
thunder clouds that are prevalent during the monsoon 
season. A similar effect has been noted in inland semi- 
arid areas of Australia14. Funk1* hns suggested that by 
this reflection the total radiation received at the 
earth's surface may exceed the solar constant. 

This phenomenon throws considerable doubt on 
both hypotheses regarding the distribution of diffuse 
sky radiation. The manner in which this is distributed 
appears to be determined by the microclimate of the 
region in which measurements arc made. 

It is suggested that until such time as far more 
detailed examination of climatic data has been made 
the prediction of solar radiation from climatic data is 
prone to lead to gross errors. Also that the calculation 
of radiation incident on non-horizontal surfaces is 
similarly restricted. 

Thorefore in regions where solar devices arc being 
used or are proposed to be used there is a need to study 
experimentally the radiation incident on the absorbere. 
This it is felt would be far more economic than esti- 
mating the energy available from available meteoro- 
logical data or from using simplifying assumptions. 
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BPraCT 0Ï ADDINO WASTE HEAT TO A SOLAR STILL 

by 

D.    PROCTOR* 

>\ 

SUMMART 

4t some of the solar stili eites in Australia there 

is an adequate supply °*J***£e
hett « ïoul" therefore, 

performance of solar stills. 
Outputs fro, the Highe« -peri-nta   va telatili 

Dhows that adding vraete heat to a solar 
proposition. 

1.    INTRODUCTION 

Ihere are several advantages to be gained fro. adding vaste heat 

to a solar still via: 

•ifa—! 

(«0 

<b) 

(o) 
(d) 

a reduction in the size of the solar still to produce a 

r^ucir in the storce capacity reared to tide the 
•till user over the vi^er months F"" 
leas still area to maintain, and   
a "asme improvement in the Performance of the unit fro» 
which tie vaste heat is being abstracted. • 

Problems arise as to v?t ¡^«-.^Ä^SiÄT- ¿t 
to the solar still.     Either the heat    or all at once to the inlet feed 
ticable along the length f ^'"^l SLhett the latter system vas „ter.     In the expeCental system at Highe« ^ B%m        d ^ 

Srvfth^^ifyia%A¡irydesnign.      (th. only modification was 
to lover the outlet pipe). 

2,    EXPERIMENTAL STILL USED 

The still used vas 48 ft long„£* gr»^fiiíulíU 50^110» 
„ete heat was supplied to the feed sea vater in an 

».?athrate°^ ¡iï£&®% ^faf***^^ 
&\ank «Tsupply line had been JJJ^^ä^i/tS^Sw    , 
diameter flexible polythene tube, ?»» «"«¿J8"^ ¿eed tank, tlit return 
SSL* of saline water ,o «"^¿^ gifted.      The flov in tha 
line being underneath the stii-L ana neu<-   
reoyole line van 6 g.p.n.       __ __ —  

ESÄf. Su»«, »le«"., AMtwii.. 
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OVIKSIAS DEVELOPMENT ADMINISTRATION 
Tropical Products Institut« 
Industrial Development Department 
Culh-TI Abingdon Berkshire 

T»l«ph«n« 0i6-??0-861 

Mr S Grigore 
Industrial Inquiry Service 
Industrial Infor- tien Section 
UNIDO 
Felderhaus, Rat^au-rlate 2 

DltMt^ r> C $Mn«l»v MA US« OPhlt fH'C 

Y«ut r«f««ne«       o  655'+ Chad 

Our f#f»f»f«« 

0,M»       25 February 197** 

Daar Mr Grigore 

Thank you for your letter of 1J November together with the 
•nquiry fror, Mr Toirscn, Fort Laay,  -had or. celar coo':ero. 

I regret that I hare r.o knowledge of any VX eanufac turerà 
of Solar ccokers.    Mort of the information available on 
these appliance« is in the fora of dc-it-yourself manuals 
and inotructior.s and a selection of these was rent to 
Mr Tensón. 

I am sending you a list of references which include the 
names and addresses of possible canufacturers of solar 
àaârgy équipent" I would surest "that Mr Terror, writes to 
the Sc^ñr "r.erçy'"'Society Headc-iarters,  Campus, Ariaona State 
University. ?*-'pe, /ri ree '°5?oa, USA,  who would I am sur« 
kn'?*-' of recent developments in the field.    Alternatively, 
the Rational Physical Laboratory of India, Killsii'e ^o-d, 
New Délai 12 have dore so::;e development work in this field 
and th~y nay be able to hftlp. 

I enclose a dunlieete copy of this letter in ca~e you wish 
to pac« it to Mr Torcson and if you think we can be of further 
he?."-',  piece?, do not hesitate to write. 

Tour*? sincerely 

rOJ.... 
A H Paddon 
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Val i.viv. 

Solnwr Te re ici, 
Aui»r 3en ¡CJíC.tt   J Straat, 

P.C.iox  ¿Oói , 
Bairut.   (Solar Coakara) 

erican 

n n f    'a^ufact\:rlr»~ Corporation, » C'4ÎÎ936 Valïîîo St?.et/        flaira« h~t .xchanc-r.) 
Worth HollywooA, 

California. 

Solar Powered Applicane*» Comprar, haatln 
39 Si. George Street, (Solar hot-w«t«r apaa« nmm^ 

St.  Augustino, 
florida. 

SiOM'-TSter Solar Syatetr.o, 
666 Waat Central Avenu«, 

Orlando, 
Florida. 

Usfcroiler Company, /.-»« ñ«ak*»a) 510 Farmara Union Bv-ildin^,    (l«Ur Coo*ora> 
Denver 3, 

Colorado. 

Jat-Haat Inc., 
152 Van Brunt. StraeJ., 

»ft^levooâ, New ¿, raey. 
(Solar Ovan; ,  at anA mf* ht»t«r»> 

Clavlab, 
34* Harv'ood Hoad, 

Hatich, Kaaaachucetta, U.S.A« 
(Solar cooker) 

«*• Ipplay Pyrhalioa«ter, 
Tha Ipplay Laboratory, Ino.» 

So tant if lo Inatrv.*anta, 
Hawport, Kao4a IalanA, 

O.t.A. 
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65 FI indora Stroct, 

Adolsldo, 
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Irooanr Bag. Coy. (W.A.) Pty. LU., 
76 Kin« Stroot, 

Forth, W.A. 

F. C. Xorwlll, 
6d Hooba Avonuo, 

Mediando, W.A. 

Arthur Movo,  *Sun 1 Con' tolor lot Voto» trttoBt, 
26 Tirât Aronuo. 

Loftuo, K.I.W. 

lout* Af rioon 

llloon f^ulpaont (PV) Ud., 
F.O. *ox 8100, 

Johannoabur«. 

Bwitohoroft (Pty) ltd., (»•nufoottupinf •*tro«lt' unit undot 
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F.O. *m tUUU, 
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Sol- r 3r.iteri«s for Use  ru-   the lower Source of Unattended l". 
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Institution of Sloetric." 1 1 
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C.A.   Eaeoffery and Werner 1 
whteraational Rectifier Cor 

International Rectifier Ccr-c 
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Photocell - Powered Äeceiver. 
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Joseph Kay« and John    A.  Welch  (Editors.) 
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er«. May 1959. 
Utilisation of Solar Sne. 

,'una 1960. 
•.on Bulletin«, 
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t. 1958. 
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Oct.  1960.    University of Calif orai*. 

Soligau» Ltd., B&genhast Dook Sesax. 
The ?a*%©il Coy., Say Highway and Montfoaery Strett, Baltimore 30, 
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British 
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Dr. :ì.S.  eilvcr,  the I-Ier..-V;./. 
Sec.  1961 

Water Distillation 
•1rs J.  Inst. Puel Vol.3'- 

Multiple Effect Solar ¡till. ... 
Defoe C.  GlnniBßs U.S. Patent No.2,445,350. ^ 

Solar rater Distillation :   The Roof Type **m aad M*1*1?1* ~-   - 
Diffusion Still. 

R.V. Dunkle.  C.S.I.R.O.  Victoria, Australia. 
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¡;o.3i Au«. 195S Researoh Div. College of Sag. îc.ï. universi-^. 

A Si»plifit<S Engineering A^profcoh to Swiwtlng Pool Heating. 
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rrrctic»! Aspects of Solar Swistming ?eol Keating. 
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Perfectionnement en conversion directe de la lumière en électricité.- 
Le Moniteur professionnel de l'électricité et de l'électronique,   15 janvier 1965, 

pp. 64-65 

il 
il 

Ü 

il 
! s 

- DR20KE (H.E.).- La conférence internationale sur les terres arides.-    , 
In J Nature et ressources, n° 3» vol.5, septembre 1969, pp. 7-14 

- Collections WÍ3SC0 ',.,..,,, 
VII. Wind and solar Energy. Proceedings of the New-Dehli Symposium. Arida lands. 
A geographical appraisol. Paris, UN33C0, 1966 

A.  UOUMO'JNI. L'énergie solaire en Afrique 
Présence Africaine, 2eme trimestre  IOG4 

Los moteurs solaires à collecteurs-plnns 
In Annales des Mines, Septembre 1964 

n»MMMf    ipeoe u'¿¡ 

CROI SET (M.),- Tenpératures maximales atteintes au soleil por des parois de constru: 
-tion.Lea parois sans inertie ni vide d'air vontilé.tfuhicra ri» CSTH.n'Sfl.Cct. 1 562 r 

KRTmER(J.)AHqMCZ (J.-C.).~TEHPERATURES MAXIMALES atteintes ou ooleil par des paro: 
da construetior.tles parois inertes«-Cahiers f'u C5TIîtn

,6fifFcv.iqfo 

MiQUE2(J.U!WEL(J»-C.)CR0ISET (M.).-La protection solaire ties baies vitrées.-Ce**— • 
AL£SI3,n*72,Fév.  1965 —ÄÄ-1 

BOREI. (J.-C.),-La protection des baies vitréeo contre la sol ali. -Cahier s du C5T3. 
n»55,*vril 1962 ^" *a~ai—*' 

BOREI. (J.-C. )««Protection des parois par dos pare-soleil »- aüIÍIL.9a5B,1C: 

*- 



f 

^3 

* 

GIRARDIER J.P. 

MASSON H. 
Le moteur solaire face au moteur diesel. 

In: Annales des mines, n°5, Mai 1967f pp. 7-16 

B. NEWELL John 
Applicaciones de la energia soàar. 
In:  Revista Mexicana de electricidad, n°358, Julio 

1970, P. 2? 

IX.    - ERNLE-ERLE-DRAX (H.P.) 
A handbook of solar heating 
(Handbuch des Sonnenenergie-Heizung) 
J. Looker Ltd., 82 High Street, Poole, Dorset, 19$3.- 

**•    - PEYTÜRAÜX (K) 
L*energie solaire 
Paris.    PUP.    1968. 
(Coll.  Que-ûais-Je?    Ho. 1294). 

•s 



U&\ 

, <Ui 1 ir» i it • "klff 11' • AUfcfJ4 f «niiig^'iAà»»« 

...   „lUilil »lit «•NaaekiMUi I» ni      >'•' hai r if^ 

f<, 

X 

M 
Secüon 12-PHYSICAL Al 

XI 

M 

* 9101 * 
M:0ill University 
IWCE «SEARCH INSTITUTE 
Manlreol 7,  Quebec, Canada 
Of. Gerald T. Word,  Dir*<tor Founded)   IMI 

|nte;rol unii of Foculty of Engineering at McGill University.   Sup- 
plied by Income from endowment.    Stoff:   2 reseorch profeisianolí, 
3 i.'Pportlnj p/ofessionols,   3 technicians,  5 other«.    Annual volume of 
resecreh:   $85,000. 

Principo! field of reieorch:   Development of methods for utilizing not- 
oral energy tources for provision of wo.er and power  in orid oreot, 
¡n;lvding development of sun-operated water pumo of one- or Iwo- 
bulloclt power, ofone-bjllock power wind-çiiivcn woler pump of lim- 
pie design, <ii lO-hìiscpower oirscrew ».¡ndmill orid  10 lorsopower 
»lor powered sleom turbine ond their opplicolion in irrigation woter 
pv^ping ond desolinotion,  of o 2,000-aollon per flay vapor compression 
dittilletlon unit for uie In orid land development ond of oilier tolor 
equipment for uie in orid oreos,   opplicotians of wind power in orid 
•real of live world ond provision of fresh water from saline water. 
Maintains o field experiment nation in Horcados, V<est Indies, where 
%jn wA wind ere plentiful,  provides specialist advice on solar and 
«rind energy use ond trains engineers in arid land development. 

teteorch results published In tciantilic journals,   technical reports ond 
teafleti.   Publication:  ANNUAL IE PORT.   Mointoins a library on 
•rid ione development,  ialine wotor conversion,  »lor energy utillto- 
lien and wind energy utilization. 
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NATIONAL PHYSICAL LABORATORY OF ISRAEL, Jerusalem. University 
Campus, Dan Danciger Bldg., Tel. 302U, ext. 475 

FOUNDED 1950.   Carries out re»earch in applied physical sciences, 
especially energy conversion - mainly solar enerr/v "utiliMiion, apolied 
thermodynamic», and medical engineering;** Maintains a basic pbvsical 
standards laboratory for precision measurement and calibration. 

DIRECTOR:   }I. 2. Tabor, Ph. D. 

GOVERNING BODY:  Prime Minister's Office. National Council for 
Research and Development. 

LIBRARY:   300 books. 17 current periodicals. 
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Concerning solar pumps: 

Informations  sur les fabricant de pumpet: solaires 
•t sur les sources d'information existant a ce sujet: 

Fabricant:    Etablissements Pierre Mengen 
B.P.  40 
45 Montar gis,  France 

Rechercheurs: Dr.  A. Moiwouni 
République de Niger 
Ministore des Travaux Publiques 
Des Transports  et de l'Urbanisme 
Office de l'Energie Solaire, B.P.  621 
Niamey,  Niger 

Professor H. Masson 
Directeur du Centre d'Etudes Supérieure' 
B.P.  69, Brazzaville, République du Congo 

M.   J.P. Girandier 
45 Pancourt, France 

There is Also a Solar Energy Society whose address ia: 

Solar Energy Society, 
Campus, 
Arizona State University, 
Tempe, Arizona    85281, 
U.S.A. 
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united nations educational, scientific and cultural organization 
organisation des nations unies pour l'éducation, la science et la culture 

7, place de Fontcnoy, 75700 Paris 

telephone : SM>-57.57 
cables : Unesco Pari1« 
Idei : ¿7 602 Paris 

STD/TER/ESR/74/349 

Dear Sir or Hada«, 

Subjeot   i Internationel Congress "The Sun in the Sarrio« 
of Mankind" - Paris, 2-6 July 1973  

With rafaranoa to your anquiry oonoerning th« abore Cong rais 
plea*« be advised that th« doouiMntation «ai produced in rery limitad 
nimbara fr distribution to tha participant • of this Congress and wa ara 
now completely out of etook. However, tha authors of all tha papara 
presented  at tha Congress are fraa to publish their papers in any 
soientif io  journal of their ohoioe. 

Therefore, wo are happy to anolose herewith a oopy of the liât 
of persons who hare presented i paper to this Congress» This will enable 
you to get directly in touch with the author of the paper the subjaot of 
which may be of interest to you. 

Yours sincerely, 

8» Bolko 
Division of Teehnologieal Research 
and Hif.her Education 

* 
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W. PALZ) 

NEW TECHNOLOGY FOR CdS-Cu£S SOLAR 
CELLS OF HIGH RELIABILITY.(Co-author« i 
BOUYBN DOY, G. PICHARD,  J. FRBMT, W. 
PAU). 

R.K. BHARDWAJ 
M.N.R. B&ginearing Braaeh 
ALLAHABAD 211004 - India 

INVESTIGATION ON THREE CLOSED CHAMBER 
SOUR WATE«. 

If. BITTBRMAH 
Arohitaot 
PRAIA « Cieohoilovakla 

Co-author i D. DYIYJOVA, Institut« of 
Botany, D«pt. of Hydrobotany, 
Cieohoilorak Aoadaay of Salano««, 
Trabón, Ci«oho«lorakia) 

H.A. BLUM 
Southern M«thodi«t Unir«r«ity 
DALLAS, Taxa« - U.S.A. 

Oo<«uthor« t J.B. BSTB8, B.B. EBRLXH 

B.O. BORROWS!* 
I nati tut d'Amélioration« Afrtoolas 

at Forastllra« da 1»UniTarait* 
agrioole 

ORAOOVIB - Polaina 

OPTIMAL SHAPE OF GREENHOUSE ROOFS 
DEDUCED FR >M TEE SOLAR SHAPE OF TRE» 
CROHNS ARD OTE» PLAIT SURFACES (T IS) 

DESIGN AID F1A8IBILITT OF FUT PUT! 
SOUR COLLECTORS TO OPERATE AT 
100-1B0 C (1 18) 

L'UTILISATION M L'BBBftOIS SOU IRE 
POOR U PRODUCTION AGRICOLE. 

; 
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K. BOB 
Director, 
Institut« of Energy Conreraion 
Unireraity of Delaware 

:, Deltwara 19711 - U.S.A. 

A COMBINED 3.)LAR THERMAL BUGTRICAL 
ROUSE SYSTEM. (IH 108) 

FUT PLATE COLLECTORS WITH CMS SOLAR 
CALLS AHO FIRST INDICATION OF FEASI- 
BILITY OF THBIR IARQB SCALE U81. 

H.TT.  BOLLER 
ABG«T«l«funk«n 
HAMBURG - Federal R«publio of Qin—iy 

Co-author i S. EASIUS 

SOLAR BATTERIES FOR SPECIAL TERRES- 
TRIAL APPLICATION 

R. BONHOMME 
Station do Bioolinatolofi«, 
Institut lati one 1 do la R««h«roha 

Agronoadqu« 
Doaain« Duolo« 
PETIT-B0UR0 - Guadal oupe-Franoe 

Co-author t C. VÀRLIT-GRAICHBR (B126) 

•VALUATION DI L'BBBRGIB SOLAIRE • 
GUADELOUPE (| 125) 

CAPTATION DE L'BVBRGIl SOLAIRE PAR 
UNE CULTURE DB MAIS (Co-author! i 
C VARL1T-GBANCHBT, P. CHARTIER )(V 2) 

R.J. B IUCHET 
Station Contrai« d« Biooliaatologi« 

Agriool«, 
Institut lational d« la R«en«roh« 

Agrononlqu« 
VERSAILLES - Frano« 

Coauthor i A. PBRRIER 

BILAN D'ENERGIE IT BVAPOTRANSPIRATION 
A DIFPBRWTBS BC^RLLU. 

J.J. BOUNHIOL 
IO Arenue Jeans« d'Aro 
33000 BORDIAUI - Frano« 

LA LUMIERE IT LI DEVELOPPEMENT OH 
IN3M3TBS 

J.P. BOUROBT 
I.I.t.A. 
Laboratoire Contrai d« 1' 
0«ntr« d«Od«illo 
66 ItO OTBILLO/FONT-ÄCMBU 

Co-author t P. QUILLET 

OOBCBPTION IT EXPLOITATION D'UN POUR 
SOUIRB COMME BANC D'ISBAI AU PUOI 
THBÄIQÜB 

#JP ' - .í "*< >;»   T>0.    - 'tó    *'.vf..        - «*..KSí.%.míanV^t > 
4;-'« 
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H. 30UTIERB 
Ingénieur de reoherehe 
Laboratoire de Banyuls 
66 BANYULS - France 

1C0P0LIS  (Co-*athor$  t M. RAGON, 
G. ROTTIBR, M. TOUCHAI3). 

ENCEINTES SOU 1RES POUR LA CÜLTÜWS IT 
L'AQUACULTURE COMBINEES EN ECONOMIE 
D'EAU (V 17)  (Co-Authors   s P. COU- 
LOMBON). 

D. BRILLE 
Unité de Reoherohes de Phyeiopatho- 

logie Respiratoire 
5 rue Catulle Mendis 
75017 PARIS - Franoe 

Co-author  t P. ORIOL 

METHODES BPIDBMIOLOGIQUES APPLIQUEES 
A L'ETUDE DES BRoNCOPNBUMOPATHIES 
CHRONIQUES. 

F. CAMIA 
Ingénieur au CNRS 
20,  rue de la Bibliothèque 
13001 MARSEILLE - France 

SUR LE CHOIX DBS MATERIAUX POUR LA 
CONDUCTION ET  LE STOCKAGE DB LA 
CHALEUR EN HELIOTBCHNIQUE (EH 76) 

G.T. CAMPBELL 
Department of Biologioal Soienoes, 
northwestern University of Bvanston 
BVANSTON, Illinoie, - U.S.A. 

Co-authors  i A.J. DOWD, A. WOLFSON 

HYPOTHALAMIC NOREPINEPHRINS, LUTEI- 
NIZING HORMONE RELEASING FACTOR 
ACTIVITY AND THE PHüTüSEXUAL RESPONSE 
IN THE JAPANESE QUAIL, COTURNIX 
COTURNIX JAPÓNICA. 

G.  CASTKLLAWOS 
Département de Méoanique 
Université du Chili 
SANTIAGO - CM li 

REFROIDISSEMENT D'UN CORPS SOIR IRRA- 
DIANT m DIRECTION DE L'ESPACE DAMS 
LE DESERT D'ATACAM  (CKILI)  (B 20) 

Co-e.uthor t J. FOUHNIBR 

T.P.S. CHADDA 
University of Pennsylvania 
PHILADELPHIA, Pa.  -U.S.A. 

COMPARISON OF VERTICAL f.iULT I-JUNCTION 
AH) CONVENTIONAL SOUR CELL PERFOR- 
MANCE. 

Co-author  : M. WOLF 

A.  OTÁNDOLA 
Départaient of Zoology 
Bañaras Hindu university 
VARA HA SI 221005  - Indi« 

PHOTOPERIODIC AMD SEXUAL ACTIVITY IN 
INDIAN BIRD8 (B 14) 

Co-author . JJ. THAPLIYAL, 
0.S.R.C. MÖRTY 

Wr mm~^W"ik ^ -A- 
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D. CHAISON 
2 rue Pierre de Roneard-Le-Lae 
98360 EBUDON LA FOUT - Frano« 

oo-euthor i P. CLAUX 

DITERMINATION DI LTOSOLEILLEMIIIT D'UN 
SITE. RICHÏRCBS SOR UM HABITAT COLLEC- 
TIF IT IH TURRASEIS, CLIMATISE ORACI 
A L'UTILISATION RATIONNELLE DI 
L'ENERGIE SOLAIRE. 

J. CHARPIE 
Clinique Pneuao-Phtyeio logique. 
Hôpital Sainte-Marguerite 
MARSEILLE - Franoe 

Co-authore  i C. BOUTIN, A. BARRE 

LIS METHODES CLINIQUES EN BIOCLIMA- 
TOLOGIE PATHOLOGIQUE   i APPORT DE 
L'INFORMATIQUE. 

W.W.S. CHARTERS 
Senior Leoturer, 
Meehanioal Engineering Departa«* 
UniTeriity of Melbourne 
MELBOURNE - Aultralia 

Co-author t R.W.C. MACDOMALD (1 87) 

HEAT FLUX MEASUREMENTS FOR FRB 
COIVICTION WITHIN INCLINED CILLÚLAR 
STRUCTURES.(I 56) 

BEAT TRANSFER EFFECTS IN SOLAR AIR 
HEATERS.(1 57) 

M. CHAÜTBT 
Ingénieur I.C.P. 
MKIOO-CITT - Meade© 

CHAUFFEUR PAR REFRACTION. (I 47) 

J. CBAVAUDRA 
66 ATenue Paeteur 
91600 SAVIGIY S/ORGI - Frane» 

0©-*«thor t R. UTABSIt 

INFLUENCE DIS VARIATIONS DI L'OZONI 
ATMOSPHERIQUE SUR CERTAINES ACTIVI- 
TES BIOLOGIQUKS DU RAYONNEMENT 
ULTRAVIOLET 30 LA IRE. (B 46) 

I.  
Laboratoire d« Bio-Infomatique 

o/o Dr» UTOIUW 
Offioe Franeaio *• l^o-»io^Un*t»l0f4e 
71-77 lue de tèrrea 
ttlOO BOULOGNE - Frante 

ORGANISATION BT INTERROGATION D'UE* 
BANQUE DE DONNEES B IOC LIMATO LOG IQUiS. 

WJU CHERRT 
EASA-Ooddard Space Flight Oemter 
Code 760 
ORREWBILT. Maryland - 0.S.A» 

Co-author t F .H. MOISI (for both) 

CONCLUSIONS AID ÎJCOMMBIDATIOM OF 
TRI UNITED 8TATES SOLAI EMÄGT 
PAUL (1 39) 

001CLU3I0NB AMO IJCOMMENDATICNI 09 
US BEENGT l*JÉL. 

.*"•> 
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J.C.V. CHIEIAPPA 
Profeaaor of Moohanioal BngÌM«rinc. 
Uniraraity of Guyana 
P.O.Box 841 
GEORGETOWN - Guyana 

COMPIJTSD YBAR-ROuHD PERFORMANCE OP 
SOLAR-OPERATE» MULTI-STAGE VAPOUR 
ABSORPTIOH AIR-CONDITIONERS AT 
GEORGETOWN, QUYAIA AND COLOBO, 
CBYLOI.  (EH 97) 

P. CHOVIN 
Laboratoire Contrai 
23 run de Dantiit 
76C15 PARIS - Frano« 

LA MESURE DBS CONSTITUANTS MINEURS DE 
L'ATMOSPHERE 

J.R. CLARKE 
Dapartaaat of Agricultural Salane« 
Univ«raity of Oxford, 
Parirá read 
OXFORD -   U.K. 

SEASONAL BREEDING AMD PHüTOPBRIOOISM 
IE MAMMALS  I CENTRAL PHYSIOLOGICAL 
PATHWAYS. (B 25) 

Co-authors  t G. PARRAI, CA. OROCOOX 

M. CIAC 
Chaf du Laboratoira da Bioehinl« du 

Cantra Hoapitaliar UniT«reitair« 
d'Abidjan 

AB ID JAI - Cita d'Iroire 

ACTIO» OOBnDOtTIMULAMTE DES RADIATIONS 
SOLAIRES ET LUMINEUSES ARTIFICIELLES 
CHEZ LES REPTILES   t CAS DB AGAMA 
AGAMA(L.) MALE.  (B   12) 

I. COLIN 
Eeola da Spécial i «at i on du Sarria« 

d« Santé p 'ur l'Amée d« l'Air 
at Cantra 4« Ia«h«rohaa d« Méd«olna 
Aeronaut iquo 

91220 . BRKTIGIY S/ORGE - Fraaoa 

MICROCLIMAT ET TBTBMENT. 

R. COLWBOUBS 
Laboratoira d« Chini a Appliqué« 

d« l'Etat Solid« 
94400 Tim/S/SEI« - Frano« 

APPLICATION DU CHAUFFAGE PAR CONCEN- 
TRATION DE RAYONKEMENT (POUR A IMAGE) 
A U DIFFRACTION DBS RATONS I A TRES 
HAUTE TEMFERATURB  (I700OC)  (B 184) 

% 

Co-authcra i  J. HUBERT, A. 
(for E 184) 

RBVCOLEVSCHI 

A. RBVCOLBVSCHI, M. 8AURAT, 
G. DRALENN1 ( for B 186) 

APPLICATION DU CHAUFFAGE PAR CONCEN- 
TRATION DU RAYONNEMENT  (POUR A IMAGE) 
A L'ELABORATION DE MATERIAUX REFRAC- 
TA IRBS NOUVEAUX. (• 188) 

V 

m m* 
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P.Z. COOPER 
csnto 
Division of Kechanioal Engineering 
MELBOURNE - Australia 

Co-author  t W.R. READ  (E 103) 

HBAT AND MASS TRANSFER WITHIN A SOLAR 
STILL ENVELOPE.   (B 49) 

DESIGN PHILOSOPHY AND OPERATING 
EXPERIENCE FOR AUSTRALIAN SOLAR 
STILLS.  (I 103) 

E. CRIVELLI 
Département Hélio-Energétique de la 

Connioaion National« d'Etudes 
Géo-Héliophysiques 

SAN-MIGUEL - Argentina 

Co-authora t  J. GUERRERO, J. k M. 
PEDREGOL (E 24) 

SOLAR RADIATION AND SOIAR ENERGY IN 
ARGENTINA (S 24). 

MISURE DBS FLUCTUATIONS D'INTEMSITE 
DU RAYONNEMENT SOLAIRE A IA SURFACE 
DE U TERRE.   (B 25) 

D.J. CURTIN 
COMSAT, P.0.BOX  116 
CLARKSBURG, Md. - U.S.A. 

Co-author i W.J. BILLBRBECI 

ADVANCED INT ¡«CONNECT SYSTEMS FOR 
LIOHTWBIGHT SOLAR ARRAYS. 

R. DABAT 
11 rua Gax du Midi 
18008 MARSBILLB - Franca 

Co-author  J R. PERRIN 

SOLEIL IT ARCHITECTURE. (BH Í7) 

J.U.K. DAKE 
The University of Zaabia 
P.O.Box 2579 
LUSAKA - Zambia 

TBI SOUR POND  t ANALYTICAL AX» 
LABORATORY STUDIES (1.17) 

J. DAMAGNEZ 
IBRA - Cantra da Reoherofe 

Agronomique d'Avignon 
84140 MONTFAVBT - Franca 

ROIX DB L'INSOLEILLEMBW DABS LA 
DEFINITION DU  CLIMAT DES 
(«1th oo^uthors) 

E. DAVIS 
Supervisor Civil Systems 
Jet Propulsion Laboratory, 
PASADENA, California - U.S.A. 

Co-authors  i R. CAPUTO, 0. SPIVAB 

TECHNICAL ARO ECONOMIC FACTORS IN THB 
IMPLEMENTATION OF SOLAR WATER HEATERS. 

k m~M Mmwmwmmmmlg\Wj<Ji * 
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D. DAWES 
Environmental Quality Laboratory, 
California Institut« of Teohnology 
PASADENA, Californie, - U.S.A. 

Co-author   t   J. WEINGART 

-i 

URBAN SUN RIGHTS. SOCIO-LEGAL IMPLI- 
CATIONS FOR URGE SCALE USE OF SOLAR 
ENERGY POR SPACE CONDITIONING. 

P. DELAVEAU 
Centre Médico -Chirurgioal Pooh 
92150 SURESNES - France 

P. DENIS 
Laboratoire MKMR-CENG 
38000 GREN0B1E - Frane» 

Co-authors   i R. GUICHBRD,  J. DAMAGNEZ, 
M. MEHMIER,  Station do 

Bioclimatologi» - INRA,84140, 1IÜNTFAVBT 
Franc» 

TECHNIQUES D'ACQUISITION DES PARAMETRES 
BIOLOGIQUES  (CHOIX ET UTILISATION DES 
VARIABLES, MESURES CONTINUES OU DIS- 
CONTINUES). 

MISURE DU RAYONNEMENT NET   i MISE AU 
POINT D'UN PYRRADIOMETRE DIFFERENTIEL 
A CIRCULATION D'EAU.  (I  119) 

G. DERMEGREDITCRIAN 
Météorologie National» 
75-77 ru» de Sevrée 
92100 BOULOGNE - Frano» 

TESTS NON PARAMETRIQUES. 

ANALYSE DISCRIMINANTE. 

J. DESAUTEL 
Département d'Héliophysique 
Université de Proveno» 
St. Jérôme 
13015 MARSEILLE - Frano« 

Co-authore   i G. PERI 

UTILISATION DI STRUCTURES AMTI-PERTES 
POUR LA CONVERSION HKLIO-THERMIQU« 
A MOYENNE TEMPERATUR!. 

P. DISCLOS 
Maftre-Asai«tant 
Université J de Bordeaux 
33 BORDBAUX-TALBNCB - Frano« 

INFLUENCE DBS FACTEURS PHYSIQUES 
NATURELS SUR LE DEVELOPPEMENT ET LA 
MORPHOGENESE DES LARVES D'AMPHIBIENS 
ANOURES  (Bll) 

V.C. DOOGBTT 
Department of Cell Biology, 
University of Texas 
Southwestern Medloal Sohool, 
DALLAS, Texas - U.S.A. 

Co-author a   : R.K. OILERS 

LIGHT AND THE PERIODICITY IN THE 
NUMBEF. OF EJACULATED SPERMATOZOA OF 
MEN AND RABBITS 
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R. DOGÏIAUI 
Ch«f d« S«otion Radiometri« 
Institut Royal Metéorologiqu« 

d« B«lgiqu« 
Av«nu« Ciroulair« 3 
B 1180 BRUXELLES - Belgique 

J. DORST ,   . . 
Laboratoira d« Zoologi« Metanir«r«s «t 

Oiseaux, 
Musé«viffi National d'Histoir« Iatur«ll« 
65 ru« Buffon 
75005 PARIS - Frano« 

A. DUBOIS-POULSEN 
epthalaologist«, Hôpital d«s 

Quini«-Vingts 
8 Ar«nu« Denial Uiuiur 
75007 PARIS - Frano« 

Co-authors  J Ph. CHATBLLIER, 
. PR17)ST (B7) 

CLASSIFICATION DBS DIFFERWTS TÏP13 
DS CLIMATS RADIATIFS BT LUMINEUX EM 
FONCTION DBS CONDITIONS MOYENNES DU 
TROUBLE ATMOSPHERIQUE. 

L'ORIENTATION 30IAIRE CHEZ LSS 
OISBAUX (B 41). 

LBS  LESIONS PAH RADIATIONS ULTRA- 
VIOLETTES DU SEGMENT ANTERIEUR DE 
L'OEIL. CONSIDERATIONS PROPHYLACTIQUES 
ET THERAPEUTIQUBS.(B 7) 

PHOTOCOAGULATION RETINIEN MB. TENTATIVES 
DB MESURE DU SEUIL DE PHOTOCOAGULATION 
RETINIENNE.  (B 8) 

L'ERYTHROPSIE.  (B 9) 

M. DUCARROIR 
Laboratoire d« l'Energi« Solair« 

du C1RS 
66 üDBILLO - Frano« 

Co-author  : a. ARMAS 

DEPOTS CHIMIQUES BN PHASE VAPEUR AU 
FOUR SOLAIRE.  (E 15) 

M. DUCRBY 
Station d« Sylviculture «t Promotion 
C«ntr« National d« R«oh«roh«s For«stiir«s 

Amano« 
54370 EINVILLE - Frano« 

APPRECIATION DU RAYONNEMENT SOLAIRE 
DANS ET SOUS IE COUVERT FORESTIER. 

J. DURAI© 
UER Soi«no«3 Médioalas, 

aux bons soins d« M. J.G« H«nrott« 
Hôpital Coohin 
27,  Faubourg 3t. Jaoqu«« 
75014 PARIS - Franc« 

H.J. DURRE 
AB'. T«l«funk«n 
HAMBURG - WEST-GERMANY 

CoNSiftUSMCSS PHYSIOLOGIQUES DS LA VIE 
EN ALTITUDE, PROBLEMES METHODOLOGIQUES. 

THE HELIOS SOLAR ARRAY. 

Co-authors  « B. QORGENS,  J. RATH 
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F.E. BCKARDT 
CIPE - CNRS 
BP. 5061 
34033 MONTPELLIER CEDEX 
34 MONTPELLIER - Frano« 

Co-nuthors  t M. METHY, R. SAUVEZON 

INTERCEPTION ET UTILISATION DI       
L'ENERGIE SOLAIRE PAR DIFFERENTS TTP1S 
DE VEGETATION DANS  LA REGION 
MEDITERRANEENNE.  (7 8) 

•I.A. 3FIM0VA 
U.R.S.S. 
(Address unknown) 

RADIATIVE FACTORS OF THE PLANT 
EFFICIENCY. 

M.S. ERLICII 
Uniyeraity of Noghor 
BEER-SHEVA - Israel 

DIRECT ENERGY CONVERSION BY MEANS 
OF SOLAR CELLS. 

Co-authors  >  V. FRIEDMAN, D. SCHIEBER 
Ï. GAURIL 

V.J/. EVDOKIMOV 
U.3.3.R. 
(Addr«sa unknown) 

Co-author  j A.F. MILOVAMOV 

THE OPTIMIZATION OF SILICON PHOTOCELL 
OPERATED IN CONJUNCTION WITH SOLAR 
RADIATION. 

L. FACY 
Météorologie National« 
73-77 Rue d« S«rr«s 
92100 BOULOGNE - Frano« 

EXPOSE INTRODUCTIF SUk L'ACQUISITION 
DIS DONNEES BIOCLIMATOLOGIQUES. 

P.H. FANG 
Boston College 
CHESTNUT HILL, Mas«. U.S.A. 

LOW COST 3ILIC0N 30LAR CELLS FOR 
TKUHSTRIAL APPLICATIONS. 

i 
I 

E»A. FÄRBER 
UnlT»ralty of Florida 
GAINESVILLE, Florida - U.S.A.32601 

Co-author i H.R.A. SCHAEPÄ (18) 

SOLAR POWERSD V-l VAPOR ENGINE (E 7) 
(Co-author i F.L. PRE3C0TT) 

SOLAR SWIMMING POOL HEATING (EH 68) 
(Co-*uthor   i J. TRIANDAFYLLIS) 

THE UNIVERSITY OF FLORIDA SOLAR ENERGY 
LABORATORY  (EH 106) 

THE UNIVERSITY OF FLORIDA SOLAR H0U8E 
(EH 107) (Co-authora C.A. MORRISON, 
J. TRIANDAFYLLIS) 

THE SOLAR ELECTRIC  CAR URBAN VEHICLE 
PERFORMANCE 
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D.S. FARDER 
Professor of Zoophysiology 
University of Washington 
SEATTLE, ïïashington 98195 - U.S.A. 

Co-authors  : R.A.   LEWIS,  T.A. DARDBN 

PHOTOSTMULATIOS  OF GONADS IN BIRDS   i 
THE BUNNIMG HYPOTHESIS AND RESPONSES 
TO VERY SHORT DAILY PH0T0P3RI0DS. 

(3 13) 

M. FATRANSKA 
Institute of Experimental Hygieno 
Slorak Aoadeny of Sciences, 
BRATISLAVA - Ciechoslovakia 

CONTRIBUTION TO  THE PROBLEM OF LIGHT 
SYNCHRONIZATION OF HUMAN CIRCADIAN 
RHYTHMS.   (B 34) 

P. FAYET 
CNES 
B.P. 4 
91220 BRETIGNY - France 

POSSIBILITIES F R UTILIZATION OF NEW 
TRANSPARENT AND  PHOT03TABL«; PLASTIC 
FILMS AS SOLAR CELL FILTERS. 

H. FISCHER, Head 
Di s orate Development Department 

.EG Telefunken 
Theresienstrasse 2 
HSIIÍR0NN - Fed. Rep. of Germany 

(Co-author  : W. PSCHUNDER) 

TECHNOLOGY  AND   PERFORMANCE CHARACTER 
RISTICS OF ITTBGRAL DIODE SOLAR CELLS, 

J. FLËCH0N 
Professeur, Université de Naney 1 
Casa J fiele lie 140 
»4000 1ANCY - Franco 

Co-author  :  I. TOURE(BH 99 è E128) 

M. F.lEX 
Laboratoire des Ultra-Réfnotaires 
CNHS 
B.P. 5 
P6120 ODEILLO - France 

REFRIGERATION SOLAIRE. COMPARAISON 
ENTRE UN INSOLATEUR PLAN ET UN 
CONCENTRATEUR CYLINDROFARABOLIQUE. 
(EH 99) 

ISSAI DE PRBDET^RMIIATION DE L'IMTBN- 
SITE DU RAYONNEMENT SOLAIRE DIRECT k 
BAMAKO  i CIEL CLAIR, FAIBL'. TENEUR 
DS L'ATMOSPHERE EN AEROSOL?.  (E 128) 

COMPARAISON ENTKE L3S FOURS SOLAIRES 
ET FOURS A IMAGE (E 132) 

Co-authors   :  J.P. TRAVERSE, M.R. COLLOMQUBS 

B.K. WLLST 
Department of Zoology 
University College of North ¿Tale« 
BANGOR, - Great Britain 

DAILY RHYTHMS OF GONADOTROPH» SECRE- 
TION H QUAIL WHEN GONADAL DEVELOPMENT 
IS INITIATED BY  LONG DAYLEVGTHS (B43) 

Co-authors  i T.J.  NICHOLLï 
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R.J. FLOROV 
Boole Supérieure de Sylvioulture 
SOFIA - Bulgarie 

APPROCHE THtRMODYNAlCQUB POUR IVA LUTO 
L'UTILISATION DI L'SÄRQIE SOLAIRE 
PAR LBS PLAITES.  (7 14). 

M. FRAICOIS 
ALGER - République Algérienne 

lATOimiT 3ÜUIRI, CARACTBRI8TIQUBS, 
MESURES,  TRANSMISSION A DISTAROS D»UN 
SIGNAL RELATIF A L»B«R0H SOIAIRB 
D«UN LI1Ü. 

Co-euthor   t  G. STANHILL 

Co-euthor  i G. PERI 

RATONIiBMnT SOLA IRE t CARACTERISTIQUES, 
MESURES» BANALISATION DE LA MISURI 
DU RAYOimSHR. 

DIRECT CONVERSION, CONTRIBUTXOW TO 
THE ECONOMIC RESEARCH OF CONCMTBA- 
TIOH UN TERRESTRIAL BATTERIES OP 
SOUR CELLS. 

O. FRICK 
UniTersité Teehnique Federiee 

Seat» Merle 
Airare* 454-2 
VINA DEL MAR - Chili 

ETUDES ET MESURES D1 IRRADIATICI 
SOLAIRE AU CHILI. 

M. FUCHS 
Diri elan of Agricultural Meteorology» 
Volean! Center, Agricultural Researoh 

Organisation, 
BET DAGAH - Israel 

SOIL-FOLIAGE INTERACTION IN THE  SOLAR 
RADIATION BUDGET OF A CORDON VI»YARD. 

P. GALLET 
Département d'Héliophysique 
Université de Prorenoe 
Cantre e) e Saint-Jértno 
13013 MARSEILLE - Frasee 

ETUDE; DES STRUCTURES ANTIRAYOlOiAUTES 
ASSOCIEES A UNE BASE SELECTIVE.(B 22) 

H.P. GARG 
Contrai Building Rosear eh Institute, 
ROORKEE - Indi» 

Co-authors   t R. GAHGULI,  J.S. PURSI 
(EH 91) 

A. KRISENAI (B 12) 

DESIGN AND PERFORMANCE STUDI33  OB A 
SOUR ROOM HEATER. (EH 91) 

SOUR ENERGY UTILISATION POTEMTIAL IN 
INDIA (B 12) 



^^fe^^$$*F!;:< -Jä 

- 16  - 

^3 

C. GAUDEAU 
C.N.R.S. 
103 rue de l'Unirersité 
76007 PARIS - Frano« 

Co-author i J.C. GAZRAU for 1) 
J. DELANOE for 2) 

1) ANALYSE DE VARIABLES ALEATOIRES  t 
TECHNIQUES D'ANALYSES MULTIVARIEES 
LINEAIRES ET NON LINEAIRES. 

2) ANALYSE DBS PONCTIONS ALEATOIRES 
STATIONNAIRES ET NON STATIONNA 1RES 
SYNCHRONISEUR DES RYTHMES BIOLOGIQUES. 

P. GAUDENZI 
Contro Riaer ohe Industriili 
Industrie a Zumasi Spa 
33170 PORDENONE - Italy 

L'UTILISATION DE L'ENERGIE  SOLAIRE 
DANS LBS LOCALITES SOUS ZERO  (ALPES) 
ET DANS  LE CERCLE DOMESTIQUE ET 
SIMILAIRE. 

P. GERVAIS 
Clinique Toxioologique 
Hôpital Fernand -Vidal 
200 rue du Fbg. Saint-Denis 
75010 PARIS  - Fr*noe 

Co-author  t A. REIMBRRG 

RYTHMES BIOLOGIQUES ET BIOMETBOT 

ROLDOIQUBS 

B.N. GHOSH 
Head, Agricultural Engineering Division 
Contro de Posquisas do Caoau 
Caixa Postal 7 
ITABUMA-BA, Brasil 

A NEW GLASS-ROOF DRYER FOR COCOA 
BEAMS AID OTHER CROPS. (T 30) 

M.K. GHOSH 
The Tata Iron and Steel Co« Ltd» 
JAMSHDPUR - India 

THE DESIGN OF A SUN COOHR.  (1 112) 

R. GIBRAT 
Société pour l'Industrie Atoad quo 
107 Brd. de la Mission Marohand 
92400 COURBEVOIE - France 

ACQUISITION DBS DOUES GRAPHIQUES BT 
NUMERIQUES. 

J.?. GIRARD1ER 
Ets. Pierre Mengin 
220 rue Emile Mangln 
46200 MONT ARO 13 - Frano« 

LES MOTEURS SOLAIRES ET L'HABITAT POUR 
LIS ZONES ARIDES. REALISATIONS 
ACTUELLES IT PERSPECTIVES (I 82) 

0o-euthor8  i G. et J.l. ALKXAYDROFF 

*0mm**M*'~~'~ 
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B. GIVONI 
H«ad, Department of Building Climatology 
Building Research Station 
Teohnion Israel institute of Technology 
HAIFA  - Israel 

PREDICTING THB PRTSIOLOGICAL BFFBCT 
OF SOLAR RADIATION (B 28). 

P.E. GLASER 
Vio« President, 
Arthur D. Little, Ino. 
20 Aoorn Park 
CAMBRIDGE, Mass.  - U.S.A. 

SPACE SOLAR POWBR  (B 11). 

J.V. GOLDSMITH 
Groap Supervisor, Solar Energy Group 
Jet Propulsion Laboratory 
4800 Oak Grore St. 
PASADENA, California - U.S.A. 

TUB PERFORMANCE OF SOLAR ARRAYS 
IN DEEP SPACE. 

S.D. GOMKALE 
Central Salt St Marine Chemioals 

Research Institute, 
mVNAGAR - India 

Co-author i R.L. DATTA 

30MI ASPECTS OP INVESTIGATION ON 
SOLAR STILLS.  (E 101). 

J, GOUDRIAAN 
De Dreyen 3,  Landbouwhogeoohool 
WAG3NINGEN - The Netherlands 

A CALCUIATION MODEL AND DESCRIPTIVE 
FORMULAS FOR  THE EXTINCTION AID 
REFLECTION OF RADIATI >N IN LEAP 
CANOPIES.  (V 6) 

S. GRAND JEAN 
Institut d'Hygiin« et de Physiologie 

du Trarsi 1, 
Boole Polytechnique Fédérale 
Clausiusstrasse 26 
OT-3006-ZURICH - Svitserland 

Co-authors  t A. GILOBN, A. BARRIBR 

R. GRAJDPIERRE 
Paoulté Meaeoine Phamnoie, 
SS BORDEAUX - Frano« 

ETUDE SUR L'EN30LKI11TMWT D'HABI- 
TATIONS  (BH 53) 

METHODOLOGIE D'APPRECIATION DBS 
BPIBTS THERAPEUTIQUES DO CLIMAT. 

L. GREEN 
5140 VOsbpath Way 
WASHINGTON DC - U.S.A. 

AN OPEN GAS-TURBI NE CTCLI POR SOUK 
•INSRGY CONVERSI 01. 
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A. GUILLEMONAT 
Professeur, Université de Proveno« 
Directeur, Boole Supérieure de Chimie 
Direoteur, Institut Universitaire TeOhnique 
Université de Provence 
St. Jérftse 
13013 MARSEILLE - France 

POSSIBILITES D'UTILISATION DB L «ENERO II 
SOLAIRE POOR LA PH0T0CHIMI1 
INDUSTRIELLE (E 115). 

F. GUASTAVINO 
Université de Montpellier 
34 MONTPELLIER - Prance 

Coauthors   i li.  LUQUET,  J. BOUGNOT 

STUDY ON TRANSPORT PHENOMENA IN THE 
Cu2xS IN FUNCTION OF ITS  STOBCHIO- 
METRY. 

B.K. GUPTA 
Moti 1*1 Nehru Regional Engineering 

Collage 
ALLAHABAD - India 

ON THE REDUCTION OF SOUR HEAT IN 
INDUSTRIAL BUILDINGS. 

Co-authors   i S4TIBH CHASD 

C.L. GUPTA 
SRI Auro-Bindo Ashraa 
POND ICHERRY 606002 - India 

FIELD DESIGN METHODS AND DATA FOR 
SOUR ENERGY APPLICATIONS.(E 45) 

J.P. GUPTA 
Solar Energy Group, 
Defenee Laboratory 
JODHPUR - India 

SOLAR SPACE HEATING AT HIGH ALTITUDE 
CONDITIONS.  (EH 92) 

Co-author  : R.K. CHOPRA 

G. GUTIERREZ 
International Solar Energy Sooiety 
University of Wisoonsin 
MADISON, Wisconsin - U.S.A. 

Co-authors   : F. HINCAPIÉ,  J.A. DUFFIE 
H.A. BECKUM! 

SIMULATION OF FORCED CIRCULATION 
•ATE* HEATERS t EFFECTS OP AUXILIARY 
ENERGY SUPPLY, LOAD TTPB AND STORAGE 
CAPACITY.  (BH 60) 

P. HALBERG 
380 Lyon Laboratories, 
University of Minnesota 
MINNEAPOLIS, Minnesota 65466 - U.S.A. 

RYTHMES BIOLOGIQUES.  (B 44). 
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J. HAMMOND 
Sohool of Agrioulture 
CAMBRIDGE, United Kingdom 

SEASONAL CHARGES OF FELT, BODY WEIGHT 
A»  GOHADAL ACTIVITY IN THI FERRET, 
AMD THE INFLUENCE OF PHOTOPERIOD IH 
THEIR REGULATION.  (B 17) 

P.L. HARRISON 
Department Mechanical Engineering 
AhJMidu Bello UniTeriity 
ZARIA  - Nigeria 

Co-author i I.J.N. WOOD (E 34) 

A SIMPLE STEAV-DHIVEN WATER PUMP. 

SIMPLE SHEET -METAL CONCENTRATING 
REFLECTORS.(E 34) 

R.G. HARRISON 
Department of Photobiology 
Institute of Dermatology 
Homerton Gr .ye 
LONDON E9 66X - England 

MEDIATORS RELEASED IN THE SKIN A3 A 
RESULT OF SOLAR IRRADIATION.(B 4) 

H.R. HAY 
Sky Therm Prooen,iei and Engineering 
945 Wi libi re Boulevard 
LOS ARGELES, California 90017 - U.S.A. 

THE CALIFORNIA SOLAR ARCHITECTURE 
HOUSE  (EH  75). 

SOLAR ENERGY, SOUiR POWER, AND 
POLLUTION.   (E 14) 

SOLAR RADIATION AMD COLOR ADAPTATION. 

0. ST.C. HSADLIY 
Departneet of Chemistry 
University of the Weit Indies 
ST. AUGUSTINE - Trinidad, Weit ledili 

Co-author t B.G.F. SPRINGER 

A NATURAL CONVECTION SOLAR CROP 
DRIER (V 26) 

J.G. EENROTTI 
Hôpital Coohin 
27 Faubourg St. Jaoquei 
7(014 PARIS - Fra&oe 

LIS ENQUETES BR BIOCLIMATOLOGIE 
PHYSIOLOGIQUE. 

J. HERBERT 
CAMBRIDGE - Great Britain 
(addreii unknown) 

ROLE OP TBI PINEAL GLAND AID CERVICAL 
OLAJOLIA SUPERIOR II THE PIOTOfTDRI- 
LATIOM OF IKE 001AM OP TBI 
VERTEBRATA. 
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Y. HERISSON 
Secrétariat d'Etat I la Jeunesse 

•t eux Sports 
17, Boulevard Mor land 
75004 PARIS   - France 

METHODOLOGIE D'BTUDB Dl L'UTILISATION 
DBS FACTEURS CLIMATIQUES A TITRE 
PREVENT IF, PROBLME GBHIRAL DU SPORT 
BT DBS VACANCES. 

no-authors   : H. PBRIE, J. MOST 

G. HEWIG 
University of Stuttgart 
SUTTGART - Federal »epublio of Oe 

Coauthor   j  F. PFI3TERER 

OB INHOMOGBNEITIBS OP THIN FILM 
SOLAR CBLL3. 

J.R. HIRSCHMAIN 
Di reo tor. Solar Energy Laboratory, 
Universidad Téonioa Frederioo Santa Maria 
VALPARAISO  - Chile 

THE COSINE FUNCTION AS MATHEMATICAL 
EXPRESSION OF SOLAR ENERGY PROCBSBBS 
(S 122 - B 125) 

M.E. HOFFMAN 
Building Re «ear oh Station 
Israel Institute of Technology 
HAIFA - Israel 

EVALUATION UP SOLAR RADIATION,  CLIMA- 
TIC CONDITIONS AND BUILDING MATERIALS 
INFLUENCE IN BUILDING TBMPBSATURBS 
DESIGN BY TUB TOTAL THERMAL TIMB 
CONSTANT METHOD.   (BH 75) 

OUTSIDB SURFACE TEMPERATURE OF BUIL- 
DING MATERIALS AND THE SOUR 
RADIATION. 

I, HO'JI 
Institut fur Lionteohnik 
Binatoi »tor 19 
1 BERLIN  19 - BcR.D. 

3UNLI0HT IN DRILLINGS.   (IH M) 

F. HOLLWICH 
Direktor der Universität! Augeakliaik 
Universität Munster 
«••trine 16 
44 MÜNSTER - B.RJD. 

INFLUENCE OF LIGHT ON M«TAB0LIBM(B35) 

T. HORIÏ 
Diri sion of Meteore logy 
National Inatitute of Agricultural 

Seienoes 
T01TO - Jfcpan 

PHOTOf YÏTHMI« AMD OtOfflH OP PUNT 
CANOPY XI RtUTIOl ID SOLA* BADIA« 
TION CLÜMB. (• t) 
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E.D. HOWE 
3«» Water Conversion Laboratory 
Unirersity of California 
BSRKELSY,  California 94720 - USA 

Co-author  t B.W. TLEIMAT 

TWBNTY «ARS OF WÛRK OH SOLAR DISTIL- 
LATION AT THE UNIVERSITY OF CALI- 
FORNIA  (B 1). 

D.H. HUBEL 
Department of Neurobiology, 
Harvard Medioal Sohool, 
BOSTON, Mass,   - U.S.A. 

THE VISUAL SY8TSM OF MAN, 

3.   ISOBE 
National Institute of Agricultural 

Soienoea 
Nishigahara, Kita-ku 
TOKYO - Japan 

STATISTICS OF SUHFLICKS AND ITS 
APPLICATION T) LIGHT FLICKERING 
PROBLEMS IN PLANT COMMUNITIES. 

J.L.  IZARD 
Arohiteote 
16 rue Edouard De langlade 
11O06 MARSEILLE - Frane« 

HABITATION ECONOMIQUE UTILISANT LI 
FLUX DB CHALEUR RESULTANT DE 
L'ABSORPTION DU RAYONNEMENT SOLA ITE. 
(IH SO) 

Co-author  i  J.P. LOMO 

I 

R.  JACQUES 
Sous-Direoteur d'Institut de 

Reoherohe CNRS du Laboratoire 
du Phytotron 

C.N.R.S. 
16 Quai Anatole Frano« 
76007 PARIS - Frano« 

S.R. JAOADISH 
Central fuel Rosearon Institute 
BIRAR - India 

INTERACTION ENTRI LA PH TOSYITHJISI BT 
L'ACTION DU PHYTOCHROMB  t COBSIQötlCBS 
POUR LA H0RPH00BÌIB3E DBS PLANTES.(T 4) 

THE PROSPICTS OF UTILIZATICI OP SOLAR 
MROY A» WIND POUR FOR OEMIRAT ION 
OP POWER t AIR COniTIONNINO AID RB- 
PRI0BRAT10I IN THE CLIMATIC CONDITION 
SIMILAR TO  INDIA  (BH  156). 

A.K.  JAIN 
M.B. Departaont 
B.I.T.S., Piloni    (1) 
RAJASTHAH - India 

FsmFORMANCE OF A NOVEL SOUR WATER 
HEATER  (EH 01). 

O.C.  JAIN 
Contrai Salt è Marine ObasAeals 

lesearon Instituto« 
BHAVIAOAI - India 

BBATHO OP EOLAR FOB). (IB 81) 

(1)   Birla Institute of Technology and Soione« 

•aftwaVftl 



• t 





•n 

F-, ,.  JArtV ; 
Inirsrsity  o"   Ab#rd#«in 

AHEHDtíRN   -   .ru*».  H rit» in 

Co-author 8    ¡ :.   Nc.ILiî )N,   .).«.  NORMAN 

Ï'JLAH HAD [ATT iN UÍSTWT WJ T I <N AND : T3 
K«'FKCT3 'N PM ,T '3YM'^Iis.3[S IN A 31'H'r. 
•   Kl',;"      AN)!'/. 

H,C.  Jtji- I. AN 
)nlver3ity    .r Miruwiot* 

«lINTrtAPMLIS   -  n.J.A. 

TE''HB.1TH .AL JULAR T''£ 
'»YST'M.i    (t 13V). 

L P m\' 

^o-nuthor i i S.H.i). BCKKKT, B.N. SPAKR 
¡.K. IHBIKFt, J.3f. RAMStY , 
fc.N. SCHMIDT 

V.   KANAL O )"AK 
H«*d,  El»otriOHl   Pdwsr  * Maotiln« 

Dtoartm^nt, 
Faculty   of In# n*»rin|ç 
CAI Hi  -   A. h.E. 

'.ILA»  BMKRO    A3 A  '¡E!*E< >T [NG  AMD 
líTIIJZmr;  ?<mVH  S   fRCK.   (Í   -M) 

J.f .  <UP"W 
Dunfoi !   ( Indi* )   Ltd, 
7CK/707 Sury»  Kirwi 
19 R««turb%   ¡«tidhi Mtri; 
MPT DELH i   -   I  -   Indi« 

SOLA*  DRY1H3 K.)R  [(DI«'   aWDI IT OW, 
(V 29) 

Co-*uthor   i  H.f'.   A.¡RAUTAL 

¡.  RAH ITS 
ABO-T«l»fun Iran 
HAIPt'Wr,   -   r»d»ri*l   Rtpublio   of   Gimiy 

Co-author   i  D.   RU3CH 

ROLL-OUT   30UR ARRAY;   KO M  H [OH PüWEH 
APPLICATI  if!. 

I..'. KARPSMlO 
Miniitry  of the   Sl»etrle»l 

Engineering  Indntry 
U.S.S.R. (aridr».!,   unknown) 

POSSI <ILiT¡h3 JT THIN   30LAR BATTHIT. 
APPLI  A TT OIS FOR THE   TSRAE3TRÍAL USE 
aiiTS. 

Co-Author   :  h.N.   T 'KTB1 

.  KËLLEH 
ìn>*rsid»d  Tienici *,  3*nt* 

CiM   110 V 
AUAhAÍ3'i   -  Chi 1« 

iri» 
SBUCTI7S  SURPACI8 OF   CüPPÍR  PJILS. 
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A.   KITTAI[ 
Coll«?«   jf P«tr«l«ta« * Mln«r«lt 
DHÁHWAI   - Arabi«  Saoudit« 

CLIMAT  LO'iîCAL  EFFECTS   Jl  ULTO« 
KTDROILICTRIZ   («HI) PofJSR GBMÏ- 
RATIOI.   (I 38) 

Co-autfcor   i I.Y.   LA M 

K.   KIMTTRA 
Department  of Arooiteetur« 
flaseOa   University 
Niahiolrubo   ìhinjulm 
rirr<>  - j«p«.n 

EXPLORIHD   II Ho USI Co OLI MG WITH  SOLAR 
EMIRGY.  STUDY O»  THE  HORIZONTAL 
PARABOLIC  CYLINDER  TYPE   W  COLLECTOR 
(»I 95)* 

^••ut.hor«   i  fc.   'TDAGAWA,     . OHWJRA 

t.   riROHHOF 
Assistant,  Project  Manager 
Groupe   Satellite  Syaphonie 
CUES  -  H.P. 4 
91120 BRIT IG1ÍY/0RG8  - Franee 

THE SOLAR GENERATOR  OF  THE  TELECOM- 
MUMICATIOH SATELLITE "SYMPHONIE". 

K.   KOGLBF 
Head,  Theraodynaado  Department 
Domi«r  System,  Giebh 
779  FRIEDRlCHSHAFIl   -  Fed. R«p. 

or Germany 

SKA -WATER  DESALIRATIÜH BY  SOLAR- 
HEATED HSAT-PIPIS  (B   104). 

Co-author   i M.  KUBLER 

H.M.   K -LTU1Í 
Ministry of th«  Eleotrlcal Engineering 

Induustry 
MOSCOW  - Ü.3.3.R. 

OPTICAL COATINGS  POR SEMICONDUCTOR 
PHOTOTOLTAIC CONVERTERS A ND  SOUR 
ENERGY CONCENTRATORS. 

K.  Ya  lONDRATYEV 
U.S.S.R. 
(address unknown) 

Coauthors   i  L.N. DYACHEIIO, 
N.P,  PYATUVSIAYA 

RAD IATI 01 BALAICI AID SHORTWAVE BADIA- 
TI71 PLU! DIVERGACI IH TBE ATMOSPHERE 
FOB VARIOUS CLIMA TO LOGICAL ZONES. 

V.B. IOTATCHBVA 
College* SeisBtlfiqiM à  i'Aeademi« 
Bulgare des Selene«« 
Institut "Energoproekt 
SOFIA   - Bulgaria 

ETUDE SUR LA POSSIBILITE D'JTILISIR 
DIS CRAL.TB-BAU SOLAIRES.  (EH 67) 
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J,  KROCWAJl 
Institut far   LUhttMtelk 
T«ohniaeh«   ïnl<r«raltat 
linit«inui»r   19 
1  RERLII   10   -   Fad «rai   ««public  of G 

QUAJITïTIIS or rixiflniw-iio ir.rin- 
RIEG  FOR DAYLIGHT.   (IH   52) 

OU  THE PHYSICAL AB)  PSYCH«>-PHYSI   LO- 
GICAL MKAIIIN';  MF WINDOWS   FOR THE 
EwviiowraT m IHTIRIORS. (ta 6b) 

A.P.   IHÜEOER 
Sohool of Publio Haalth, 
Oni^araity of Califoraia 
BERKELEY, Californt»  - U.S.A. 

THl EFFECTS UP Aï H   IONJ ut PLAIT3 
ÍT  6). 

Co-Authora   t   S.  IOTAIA,   K.J.   RGWD 

I.  IULARATMAM 
COLOMBO - Caylon SRI  Lanka 

SOUR MMGY USI   II CEYLON  (SRI   LâMKA ) 
IDMERAL3  FROM THI  SIA.   (I   105) 

R. IUMAR 
Spar A«roapao« Praduota Ltd. 
TOROITO - C« 

SO«  CHOICES  FOR   D1SIQN    F DEPLOYABLE 
SOUR  ARRAYS. 

Co««utaor  i  3. AHME) 

S. EUROIWA 
Ubo r a tory for Plant Eoolagleal 

Stadia« 
Faculty of Salame«, 
ly«"*^ ünlTaralty 
rrOTO - Japan 

PUET-COMMJWITY PH0T0SYWTHMI3 AS 
HUTTO TO  IISOUTIOM CLIMAT!.   (? 7). 

M.   LAFARGÜE 
IS HA 
PARIS - Frano« 
(Addrass unknown ) 

I.T.  LAM 
Coll«g« of Potrolaua è Mia«rala 
DHAHRAI - Saudi  Arabia 

Co-author  i A. «TTAH 

EUBüRATIOE DES MODELES D«IRTERACTIOM 
nrfRE L'ÛRGAUSME IT SON EMVIROMWEMEWT 
(IDIIITÍFICATIOI DKS SYSTEMES ADAPTlFs) 

ATTIMPTS Ol MAPPIMO THE SOUR  INTEN- 
SITY. DTSTRIBUTIOM FOR THE ARABIA* 
PÏMINSUU. (I 10) 

M. LAMAICHI 
Sarria« d »Hydro logia thérapavtiqi 

•t Paarmao logia 
54000 IAICT - Frana« 

•TODI DI L'UFLUEICI DIS FACTUM 
CLIMATIQUES SDR L'ACTIOW DIS MDI- 
cAMwirrs. 
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J.   LA MB' LÏY 
Metéorolofj • Mattonale C.T.H. 
()bi«nratoir€>  L.T. da Bort 
7íí!»0 TRAPPES  - frai»« 

PROBLèMES RELATIFS A U cowrm/noi 
DMJW RESKAfl   RADI OME TT* IQtîB. 

A.i .   LAND3MAM 
Ministry of Eleetrioe]  Engineering 

Industry 
Most air, n.s.s.R. 

UW-P'JWERBD PHOTOILICTRIC OBNKR/TolS 
FOR THE TERRESTRIAL APPLICATION. 

H.   IAÄSSON 
Engin« Matra 
B.P.   I 
78 VEL1ZY -  France 

PROBLEMS up DEVELOPMENT A BD TEST OF 
LA RGB  LIGHTWEIGHT   SOLAR PANELS. 

T.A.   IAWA>© 

Director, External Operation« 
Braoe Rascareh  Inati tuta 
McDonald Collage 
Sta Ann« da B   llerue 800 
QUELEC  - Cunada 

LR  ROLE DE L'EITKRGIE SOLAIRE DAIS   LE 
CHAUFFAGE DBS SERRES AU QUEBEC. 
(• 23) 

Co-authorg   i   R.   ALWARD,   J. MAGHSOOD, 
H.A.S.   MALIK 

B.   LEPE 
Corporación da Posen to da la 

Froduocion 
VALPARAISO - Chi la 

CULTURES COUVERTES AU   CHILI. 

Co-author   t G.   PRICK 

J.  LEWIN3KA 
Meteorolog 
Institute of Hydrology and 

Mat«orology 
KRAKOW - Poland 

CLIMATICAL CONSEQUENCES OF ESTABLISH- 
MMT THE WATER  RESERVOIRS IM THE 
MOUNTAIN.  (B  129) 

N.S.  LIDOREMIC 
lead «dei an 
Acadany of Solano«« 
MOSCOW - U.S.S.R. 

MBTHODS .»F INSULATING MATERIAL AG IMG 
T1STS UBDBR REAL SOUR  IRRADIATION 
COMDITIOBS  (E  118).(Co-author  i 
TA T. SCHKRMAZANYAI). 

FHOTOELECTRIC  POWER  BEG I NUR IMG. 
(Co-author   , A.P.   LANDSMAN). 

POSSIBILITIES OF SOLAR BÜRGT COBT»- 
3I0I TO ELECTRICAL Oil.  (Co-author   t 
B.V. TARNIZHEVSKI). 
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V.M.  LIBHhRMAN 
Pel«   Research  [rjtituta, 
Department       f Panno logy 
T«f; 1« Hni ver«ity  Medicai  Cantar 
PHILADKti'M : A    -    !.:  .A . 

DNA   k KI A IN    IN   JKI'V   'Ml-     " :fch   Ti33!,KS 

DAM/1,KD Hl !   !      IJR-V,    UTHA.P   **r!    N 

ANI  ''HSV! TAI    :ARrrn<».EN*.  A   ;mKh"- 

I.I/.KD iv Tsr -:VH; KíWP NS. .  i H   , ) 

Co-ftut>ior PcRbE; 

J.  LINDMAYKh 
St'LARKX  Coopérât i un 
i35b Ploeard   Drive 
RiOCVÎLLE   -   Maryland   2O850 - OSA 

THE   /'1   LP.T   "KL1   AND   Ili   r MT i í r ATÎ   NS 
F"H  THE F:;. .,1 v. 

G.C.G.   U)F 
Colorado Stata University 
168 Fiilaor«  St. Suit«  204 
DENVER,   Colorido 80206   - U.S.A. 

oo-»uthor   j    3. KARAXI   (E   14S) 

R.A.  TYBOUT   (EH  146) 

A   RATI   NAI.  METH.ID   F<R   EVALUAT INC. 
s L'R povrwt •]EmMATïWN r NCEP"-S. 

(E   143) 

THE DESIO« AMD CuST uF UPTIMIZKD 
SYSTEMS PC» COALING DWELLINGS BY 
S   LAR  ENERGY.   (EH   146) 

B. LOFTS 
Department   of Zoology 
UnWeraity   of Hoop long 
HONG KONG   -  Hon* Kong 
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How to Build 

A SOLAR WATER HEATER 
THIS leaflet describes how to make an in- 

expensive, yet efficient, solar water 
heater suitable for domestic or agricultural 
use in areas enjoying a sunny climate. Al- 
though a number of commercial firms 
manufacture solar water heaters in several 
countries, these are in the main sophisti- 
cated and expensive to buy. The unit 
described herein has been specially de- 
signed to incorporate low-cost materials 
generally available, even in relatively re- 
mote parts of the world. 

This solar water heater can provide  from 
30 to 40 gallons   of   hot water   per day   at a 
temperature of   l.*ÎO" F to 140° F in   tropical 
areas,   depending   upon the   weathe;.   The 
estimated cost of the materials required for 
the   collector,   hot water   storage tank   and 
cold water feed   tank is the   equivalent   in 
local   currency   of   about   US   $45.00.   The 
cost of   labour necessary   for the   complete 
assembly is   estimated as the   equivalent of 
about US $40.00.   Therefore, for the   handy 
man who builds his own unit,   this installa- 
tion   can   be    obtained   for   as    little   as 
US $45.00.The life of the equipment is of the 
order of five j ears with negligible mainten- 
ance, after which time it   will probably    be 
necessary to spend   about $10.00 to   replace 
the oil-drum hot   water tank and   overhaul 
the    installation.   This solar   water   heater 
should   be   particularly   useful   in   isolated 
areas where the cost of   alternative methods 
of heating, such as   electricity and fuel,   are 
high. 

Description of the Solar Water Heater. 

Fig. 1 shows a general view of the assem- 
bled equipment, comprising four main parts: 
A — The Absorber which receives the sun's 

rays and heats the water, 
B — The Absorber Casing which houses the 

absorber and the insulating material, 
, C — The Hot Water   Storage Drum   which 

is suitably   insulated to   conserve   the 
heat in the water, 

D — The Cold-   Water    Feed Tank,    made 
from half of an oil drum. 

The Absorber, which is conrtructed from a 
corrugated   galvanized   steel sheet of   stan- 
dard   roofing   material   and a   sheet of   22 
gauge   flat   galvanized steel   rivettcd   and 
soldered together, should slope   towards the 
equator at an   angle of about 10  degrees in 
excess of the geographical latitude. The Ab- 
sorber   should be   mounted in an   exposed 
place     where    it   will       "see"   the     sun 
during    the      greater    proportion     of   the 
day. It   may be laid   directly   on a   sloping 
roof, mounted on a   frame on a flat   roof or 
cantilcvered out from a wall so that it serves 
as an awning over a   door or window.   The 
Hot Water Storage Drum must be   mounted 
so that the lower (cold) water connection to 
it is at least one foot higher than the top of 
the absorber.   Both the Hot and Cold Water 
Storage   Drums should   be installed   inside 
the building if possible to reduce corrosion. 

How To Build The Collector. 

A materials list and   explanatory sketches 
are located at the back of this leaflet. 

A — The Absorber. 
The following detailed instructions are 

based upon the use of a standard sheet of 
corrugated galvanized steel, 22 gauge, 8 ft. 
Jong by 2C in. broad, with corrugated 3 in. 
apart and J in. deep. Should it be necessary 
to use another size of sheet with different 
corrugations, then the builder will have to 
modify the dimensions set out in the 
sketches accordingly. 
Step 1 — Part (1). Cut the galvanized 

steel corrugated sheet to 26 in. 
by 88Jin with a pair of metal 
shears and place to one side. 

Step 2 — Part (2). Cut the sheet of 
"special1' flat to 26Jin. by 90gin. 
Place a piece of stiff cardboard 
against the end of the corrugated 
sheet, Part (1), and trace the 
shape of the corrugations on the 
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cardboard with a soft pencil. 
Cut along the pencil line on the 
cardboard so that it can be used 
as a pattern. Lay the cardboard 
pattern on each end of the flat 
sheet, Part (2), in turn and mark 
the corrugations on Part (2) as 
shown in the sketch. With .•» 
pair of metal shears cut the ends 
of the "special" flat sheet, Part 
(2), as marked out by the card- 
board pattern. The ends of Part 
(2) should then look as shown in 
the sketch No  Z. 

Cut out two holes, 0.84 in.    ¡n 
diameter, as shown on   Part (2) 
in the   sketch, to   allow a   è in. 
galvanized   steel    pipe   to   pass 
through each with a tight fit. 

Step   3 -- Next take the corrugated galvan- 
ized sheet. Part (1),   and   attach 
one 9 in    length of i in. galvan- 
ized   pipe to each end,   as shown 
in sketch No  X. First screw the 
3/16   in.    diameter,    J in.    long 
machine screw (Part No. 5) into 
the i in.   galvanized pipe,   then 
solder the pipe to the corrugated 
sheet. 

Step   4 — Bend the ends of the sheet    of 
special flat  (2), at right angles, 
as   shown    in   sketch    No.    W. 
The bent    end sections    should 
each be one inch long, i.e. J in. 
longer    than the    depth of    the 
corrugation«  to allow  for  over- 
lap when soldering.    Place    the 
corrugated  sheet   (1)   on   top of 
the    sheet of   special flat    (2), 
slipping the i in. pipes into the 

holes. It will be necessary to cut 
the   special flat at one end    to 
allow the pipe to enter the hole, 
as shown in sketch No. Y. 

Step   5 — Bend the   edges of the   sheet of 
special flat (2) over the edge of 
the corrugated galvanize« 1 sheet 
(1), as shown in sketch  So. V, 
and    solder  (6) as    thowr.    To 
bend the edges of the flat   gal- 

vanized    sheet    i in. from    the 
edge,  clamp  the sheet   between 
two pieces of    angle iron along 
the edge where it is to bo bent 

• and    use a    hammer to    obtain 
the  right-angled   bend. 

Step   6 — Drill \ in.    holes for   the   rivets 
in the    valleys of the   corruga- 
tions,     spaced     as    shown     in 
sketch    No. U     Place the    k in. 
galvanized    rivets    (3)   in    the 
ho'es    with    the heads    resting 
on  the  flat galvanized sheet as 
shown,    and peen the   heads of 
the rivets.   Next solder over the 
peened  heads of the rivets. The 
collector   absorber  is now  com- 
plete and it    will be   necessary 
to    test for    leaks.   To do    this, 
place  the absorber in a sloping 
position,    by      putting   it      up 

against the    side of a   building 
or by placing a box underneath 
one end,  fill the absorber  with 
water —   do not put mains pres- 
sure    on     the    absorber —  and 
allow to stand.    Mark all leaks 
with  white    chalk and    repair. 
Very  slow   leaks  are sometimes 
difficult    to stop — leave these 
as they will most probably seal 
themselves with time.   After all 
leaks have been repaired, ieave 
the absorber to stand in the sun 
filled with water. Paint the cor- 
rugated    side    of the   absorber 
with    two   coats   of flat   black 
paint. 

B — The Absorber Casing. 

Step 7 — Cut Part (7), a 3 ft. by 8 it. 
sheet of flat 24 gauge galvan- 
ized steel along one side to re- 
duce it to a 332 in. by 96 in. 
sheet. Next cut the corners off, 
as shown by the solid lines in 
sketch No. S, and bend the 
sheet at right angles along all 
the lines   ahown dotted in   the 
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sketch    Having  bent  the casing 
into shapp as shown in    sketch 
No  T,    rivet    the four    corners 
with 8 - - \ in   galvanized rivets 
(8).      Place    the    rasing    aside 
•iter    drilling    2 — } in,    drain 
holes in one    end of the casing, 
as    shown    in    sketch    No.    T. 
When  the    unit   is    finally    as- 
sembled    in    a    tilted    position, 
these holes must be located at the 
lower end of the casing so that 
any     condensed   moisture   may 
drain off 

Step   8 — Cut out Part  (10), consisting of 
6 "L"   brackets   and   drill   1 in. 
holes for the rivets in the   brac- 
kets. 

Step 9 — Bond the ¿ in    thick felt   strips 1 
in  by    1 in. (II) on    to 1he "L" 
clamps. 

Step 10 — Locate the 6 — J in. holes in the 
casing, one in each end and two 
along    each side    as shown    in 
sketch No.   T,   and drill.    Rivet 
the "L." supports   (10)   onto the 
casing,    placing    the    flat   rivet 
heads (12) on the outside. 

Step 11 — Draw out the coconut fibre    (9) 
into light straw and place a 2 in. 
layer of fibre at   the bottom   of 
the casing. (See sketches Nos T 
and V.) Place the absorber in the 
casing,    with the black    painted 
corrugated     surface      upwards, 
resting the   absorber on the "L" 
supports, Part (10). 

Step 12 •— Make   Part (13),    consisting   of 
4 — i in. by 3 in. by 1 in. — 22 
gauge    galvanized    steel      hold- 
down   "L" clamps.    Using   Part 
(14),     screw     the     hold-down 
clamps (13) into place to secure 
the   collector   absorber   to   the 
casing. 

Step 13 — Make l'art   (15), consisting of a 
galvanised steel "T" rib to sup- 
port the    2 glass sheets at    the 
centre of the collector. The rib 
can be bent from   a sheet of 22 
gauge galvanized  steel.    Alter- 

Step 16 

Step 17 

Step 18 — 

natively    a    pre-formed    T-rib 
may   be available commercially, 
e.g.    the rib for    the   "Grecon" 
suspended ceiling. 

Step 14 — Rivet the rib  (15)  to the casing 
as shown  in  sketch  No   T,  with 
2 galvanized rivets (16) at each 
end. 

Step 15 — Stick the i in   Dor-Tite or alter- 
native sponge   rubber   stripping 
(17)  onto    the  J  in. edging    on 
the glass supporting rib (15), as 
shown in sketch  No. U. 
Stick \ in   wide sponge    rubber 
stripping  (18)   all  around  the | 
in. edge of the casing. 
Place    the    two sheets of   glass 
(19) on the casing to cover the 
absorber,  making  sure  that  the 
glass rests    evenly on the } in. 
stripping  (18)  all  round 

J*pply the silicone sealant between 
the  glass   sheets   and  the  centre  and 
edge  supporting ribs.     Be sure  to 
allow 1/8"  on each side  for expansion 
of   the  glass.     The  silicone   sealant 
is very strong  and should have  a   long 
life.     Otherwise  use  ordinary  putty 
and seal  the  glass  to the container 
with black electrical   insulating 
tape. 

Step 19 — Make Part (22), 16 — 1 in. by 1 
in. by 1 in. hold-down "L" 
clamps, and drill an è in. diameter 
hole in each clamp to allow the 
•elf-threading screws to enter. 
Stick the i in. sponge rubber 
strips (23) onto the glass, over 
the black electrical tape, where 
the hold-down clamps are to go 
— see sketches Nos T and V 
Press the hold-down clamps onto 
the } in. stripping and drill an } 
in. hole in the casing to cor- 
respond with the i in. hole in the 
clamp. Use the 16 — } in. self- 

threading galvanized screws (24) 
to screw the hold-down clamps 
onto the casing. The co'lector is 
now complete. Place to one side, 
then proceed to make the tanks. 
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C — The Hot V/ater Storage Drum. 

Step 20 — Thoroughly rinse out tin» ml 
drum (25) with a half pin» of 
diesel oil (30), then rinse „am 
with a half pint of gasoline The 
diesel oil dissolves any oil etc 
that may be in the drum, and the 
(¡asolino dissolves the remaining 
diesel oil and leaves the inside 
of the oil drum dry and free 
from  crease,  ready for   painting 

Step 21 — Next pour the pint tin of heat 
resistant paint (29) into the oil 
drum and shake thoroughly so 
that the whole inside of the 
oil drum is coated with paint. 
Place the oil drum aside to allow 
the paint to dry 

Step 22 — Build the wooden frame work 
to contain the oil drum as 
shown IM Fig 3, using the deal 
boards (28) to make the sup- 
porting nbs Place the oil drum 
into the frame work and cove? 
over with the 24 gauge sheets of 
galvani/eri steel (26), making 
sure that the top is left open so 
that the coconut fibre insulation 
(27) can be tuclced 'nto the. 
spaces around the drum Connect 
the neri-ssary reducers to the 
two holes in the end of the oil 
drum and leave 6 in of ^ in. 
gaKam/ed pipe protruding from 
each opening in the oil drum. 
Tuck the coconut fibre insula- 

tion around the tank and place 
the cover on The hot water 
tank is now complete Place t© 
one side. 

0 — The Cold Water Feed Tank. 

8tep 23 — Cut an oil drum in half and 
utilize the best half (32) Install 
the ) in float valve (33) M 
shown m Fig 1 Paint with two 
coats of Rust-Oleum (35) paint 
of colour of /our choice and let 
dry 

Step 24 — Obtain    the necessary    ;      -\- se 

NOTE i A simple  vont   pipe   s.,juld be 
water   return  line  leading frc 
(as  illustrated) 

"i , - "J 

that the system can be connected 
up as shown in Fig 1 The 
maximum head of water acting 

. on the absorber must not exceed 
7 ft and the minimum head 
must not be less than 1 ft 

f — Assembly Of Equipment. 

Step 2fi — Connect up the equipment as 
shown in Fig 1, making sure 
to use piping joint sealer when 
tightening the pipe threads 
Bleed the system of all air En 
sure that the collector is tilted 
at an angle equal to the latitude 
of the area plus 10 degrees and 
is facing the equator For eco- 
nomy a layout should be 
chosen which keeps the length 
of water piping, connecting the 
absorber to the hot water 
storage drum, to a minimum 
If it is not possible to place the 
drum adjacent to the absorber, 
then 1 in water piping must he 
uaed in place of the è >n piping 
specified in the materials list 
If this is not done, the hydraulic 
resistance of the piping may 
be so high that the natural con 
vectionai circulation of water 
between the absorber and tank 
may be severely restricted and 
the performance of the heater 
suffer accordingly 

Before attempting te draw 
hot water from the unit it 
should be left for otte complete 
day to allow the system te heat 
up The installation should be 
kept permanently filled with 
water te prevent damage due 
to overheating Should it be 
necessary to empty the ay»«*** 
at any time, either for repair 
er to avoid winter freece-upe, 
• «ever should be left ever Un 
aaoorber glaaa. 

installed at the high point of  the hot 
is the abeorber  to the e tor eoe 



MOT   WATE«   SUPPLIES   ÍOt 

URGE*    INSTALLATIONS 
In many rases  such  as  hospital«,    institu- 

tion», hotel«,  public buildings, laundries and 
public    bath» there    is «    demand lor    hot 
water far in excess of the    ,10 to 40 gallona 
per day output  obtainable  from the domes 
tic unit described  above     To provide, large 
quantities of hot     water  several    absorbers 
can be <*onnr-cted in parallel with each other 
and to * common    hot  water storage   tank 
Providc-d    that    provision    is   made   in   the 
initial design of the building a very inexpen- 
sive installation can be    achieved by piacine 
the   absorbers immediately    under the   roof 
and   covering them with    corrugated    "per 
spex". "lucile'   or olher suitable transparent 
plastic sheets   which form part of the   roof, 
«• indicated in Fig  2  It it then not essential 
to insulate the    absorbers, although   insula- 
tion will improve the performance 
fftftHTfS)! 

Enqiiir te and  requests fer addi- 
tional copies of this    leaflet should bs   se- 

Brace  Research   instituts), 
Macdonald Collage  of 

McGill  University, 
St«.   Ann«  do  Ml lew« tOO, 
Québoc,  cenad«. 

Nef« tor Prvtacctna U$f% of Solar Waiae 

Homtort M aWeWes, W,l. 

Jaiary, IKS. 

Two solar water heaters, similar to the 
one described in "Do It-Youisclf" Leaflet 
No 4 have already been installed on the 
Island and have been operating satisfac- 
torily without maintenance for the past on« 
year, one is st the Cottage, Mallows, St 
James, and the other i* at Mrs Stoute's 
Nursing Home,  5th Avenue, Belleville 

In Barbados the solar heat absorber 
should be Ulted about 25 degrees below 
the horizontal and face south However, if 
this is not possible owing to the structure of 
the building, it may be tilted in any direc- 
tion south of east or west, the only result 
baring a slight fall off in performance. / 

Locally AvaHabla Mataríais 

1 Part No 15, the support rib for th« 
glass sheets attached at the centre of 
the absorber casing, is available com- 
mercially as the rib for the "Grecon" 
suspended ceiling, the local agents aro 
DaCosta and Co, Ltd 

1. Parts Nos 17, 11 and 23. Dor-Tit« 
rubber strip, are obtainable from 
Durkl«-Atwood Co, Minneapolis 13, 
U.S.A., th« local agents are Chas 
MkEnearney and Co  Ltd. 

1. Fart No 29, heat resistant paint, is 
•Maenad from Barbados Co-op Cotton 
Factory Ltd. 

May 1972 
Sine«  Issuing this ieport a significant 
number of solar water heaters hav« 
been installed in Barbados.    Th« four 
unita at Mallows, St.  James, hav« boen 
porforming satisfactorily for ov«r 
••wan y«ara.    Th« aw in problem la th« 
occaaional sticking of th« ball float 
valw«. 

ioV 



Materiah List 

Ho. 
Off 

(tatari«! Sia« 

A  -  The  Absorbe- 

1 
¿ 
3 
i» 

6 

1 
1 

28 
2 
2 
2 

corrugated   F,a\r.   steal   sheet 
"special"  flat   calv,   steel   she't 
galv.   steel 'lve' s 
galv.   stsel   w«ter  pipe 
ra.s.   ru>chinc   6cr<*w 
sticks  of   »older 

2S  0/MJf;e,   8ft .x?fin. 
22  gauje,   8rt.«36iB. 
fcin.   di».,   approx.   5/l6i«.   long 
)*in.   I.D. ,   9li.  long 
3/lf>in.   dia. ,   Hin.   long 

7 
8 
9 

10 

11 
12 
13 
Mt 

15 

16 
17 
18 
19 
20 
21 

22 
23 
2i» 

The 

1 
8 

k 
2 
1 
2 
1 
1 

16 
12 
16 

Absorber  Casing 

"special"  flat   g«l».   steel   sheet 
galv.   rivets   for  ends of  casing 
tocc-nut   f'bre or  equivalent 
insulation 
2?. gauge  galv.   oteel   6heet 

felt   strips or   suitable  insulation 
galv.   rivets  for  part   (10) 
22  gauge   galv.   6te«l   sheet 
galv.   steel   aelf threading  screws 
for  part  (13) 
22  gauge galv. steel sheet 

galv. rivets for part (15) 
sponge rubber atrip,a.g. "Dor-Tite" 
sponge rubber atrip,a.g. "Dor-Tite" 
«Indo«    glrtbS 
silicone  type  sealant(or equivalen 
black plastic   electrical   insulating 
tape 
22  gau(/e  col*«   steel   sheet 
sponge  rubber   atrip,e.g.   "Dor-Tite" 
galv.   ctoel   self-threading  screw« 

2k  gauge,   8ft.x3ft. 
Vin.   di«.,   appro».   V16in.   1«»« 

20 lbf. 
1in.x1in.xJMn,   supportine   MLH 

bracket e 
1in.Klin.Kl/8in.   thick 
»in.   dia. 
1in.x*in.i0*in., hold-down  "t" elaapa 

l/8in.  dla.xHin.   long 
27   l/8ln.x2)4in.,   * •  «äks  glass- 
support  rib 
)4in.   dia,,   appro*.   5/l6i".   long 
)iin.xl/8tnx17*in.   long 
jAin.«l/8in.x22ft.   long 
27Hin.xViMn.x1/8in.   thick 

t)     12 oz.   cartridge 

one  roll,   lin,   wide   (o¿   naireat) 
1tn.x)4ln.xfcin.,  hold-dew*  "L"ela*pa 
*in.xl/8in.xJHn.   long 
l/8in.  di»,   x »tin.   long 

C 

25 
26 
27 

' 28 
29 
30 
31 

Hot Water  Storage  Drun 

used  fiteel  oil  dru« 
"special"  flat  galv.   sisal   shsst 
coco-nut   fibra  or  equivalent 
Insulation 
deal wood boards 
heat resistant paint 
diesel oil 
gasoline (petrol) 

standard six« <«5 gallan« 
2k  gauge, 8ft.x<»ft. 

30 lbs 
Hn.x12in.x9ft.  long 
1  pint  tin 
1  pint 
1  pint 

Col<"  Water  Feed Tank i Piping 

32 
33 
3* 
35 

used  steel oil   <1ru« 
plumbing  floot  control  vulva 
Kin.   gaiv.   steal  pip* and   fittingi 
Rust-01»uà or siallar saint 

standard  alts >i5 gal.,*«aly require* 
* in. 
to suit  particular  lnstallatiaa 
1 flat  tin 



M-JE» NAT I '/E    TtLíMTOW   HBSOBBIQt 

In many   r«sfi   it  will   b*»   pr>f«*Lbl»  to   ut i lire   flat   a 1.1» t mas ,     opper   or 
qaltfamted   «jt»»<>l   she**    for   th»  ibiorhtr   rnll^tor,   «s    illustrât»!   bulo« 
In  thi«   rase,   « matrix   of   «a; vanned,   or   alueunui* ®r   copper   pi?«  »r   ttstoin«. 
'•an   be   «*>f   out   on  «   n + mnñaté   flat   «sh*«t   rollwtor,   normally    1   ft   H   #,   ft   or 
4  ft    «   8   ft   mtr       in   » h i «t   <~«ae   the   HJ«   Sp«< i nq   should   be   «ppr m IM« # I y 
h   inrhes,    the   diameter    of    tuhinq   fu    t h«   vertu al   riser«   should  he    S    inch 
to   1/4    imh,   and   » l»p    inlet    ind   nutlet    h«»*der   pit*«t   should   hi»   *t    lea-it 
1   in.h   nomi«-,*!   pipinq in   t h«   fis«   ,,f   «TMI   pinina   rhc   wrtifil   ri«*r! 
can  be   rut    t<>   MI»   and   hois*   drilled    into   the   header«   tn   re<*iv#   t rwm 
The   «.firls   shooiil be  welded   tn(J#th«[    and   the   whole   asso«*) 1 y   -f»,<Ui»    tested 
bifore   attar hincj  the   «atrm   to   th#   %n*et The   tana   ran   t.«   done  with 
aluminum  and  copper        Under   no  r i r < >i»s t arx e*   «hould  any   di   «¡,milar   *w»t«ls 
be  u«ed   tf»q*"h»r   as   this   will   cans«   cjalvarur   rnrrn»tnn        However    it    i» 
possible   tu   <j»  aluninui«   »heat   and  <;alvani!id  steel   pipinq   as   ther«    i«   no 
contort   betwPin  the  water   and  tha   sheet Ir,   this  case   reasonable   thermal 
contact   between  tha   tuhinq   and  tha   sheet   ran  ba  obtained  by   tie In«   th« 
piping   to   th«  sheet   every   few  Inches   with   qalvanieed  wir«       Obviously   th« 
closei   th«   contact b«tw«*«n   t >• pip«   and   th«  sheet,   th«  better   the  h««t 
transfer,   «nd th« better   th« par formane«  of  th« collector. 

AMUAr/r rmrs 

»v/«r ci**"*»* 

WßrrtcAi msrrns 

Mf TAI SMUT 
mt*/T£* BLACK 

^ OMW» 

¿Cfe> 



NliTF 

This   |r»t|t.i»"   distributes   the<*e   leaflets   with  the  objetive  of  dUsemenat inq 
mtoiiMtion  <»n   » he se   subjects.   There   arc   many  method*   of  building  a   solar   water 
hea!i>r,   a   wm.iiwill  or   »incultural   dryer.   What   19  described   in  this   leaflet   is  on« 
r* <=sLt>t 1» v     we   suggest   that   you   use   this   as  a   technical   quid«   in  applying   this 

technology. 
Ba'k^r « »und   Informat ion   on   t he   Brace   Research    Institute 

Brace   R*«,ear(h    institute  of   Mccill   University  was   founded   in   19S9   to 
(1f>velcii'   equ i junent   and   techniques   for   making  dry   lands   available  and 
e   iinnnii   i I i Y   .jspful   for    agricultural    nir(»>sfs.      The    Institute   has 
concentrated   on   the   problems   affettino,    individuals   or   small   communities 
in   rural    areas   and   is   one   of    the   f<?w   or <t<* n i *at ions   with   this   basic   objective. 

in   qewral,   p.juinwnt   developed   by   this    Institute   utilizes  as  many   local 
rcsiKifPs   as   possible,   whether   human,   enerqy or  material,   so  that   the 
techno I oqy   < an   t>e easily  adapted   to   the   local   environment.     As  a   result, 
the   institute   has  concentrated   on  utilizino,  solar   and  wind enerqy  as 
well   as   simple   desalination   systems,   specifically  concentrating on   the 
problems   that   face   isolated   rural   po^m la t ions   in developing arid areas. 

instructional   manuals  are  available  describing  the  use  of  solar energy 
for  the 

(1)   heat inq  of   water   for   domestic 
and   r <**ne r c la 1   use 

(J)   cookinq  of   food 
(J)   drying  of   agricultural   produce 
(4)   desalination   of   water   for   human, i      ? 

animal  and  agricultural   use. 

The  adaptation   of   simple  greenhouses   combined with   solar  desalination 
systems   for   the   production  of   food  and  water   in ar *d  areas   is  also being 
developed.     The   Institute   is   also adapt inq  greenhouses  to »alie better 
use of   solar   energy  to  reduce   hfating  costs   in colder   regions. 

in addition,   »imple windmills   for   the   production  of   electricity and   the 
pumping  of   water  have been  deve loped 

Further   inquiries  should  be   directed   to   the 

Brace   Research   Institute, 
Macdonald college  of McGill  University, 
Ste.   Anne de  Bellevuei 
Quebec,   H9X   3M1, 
Caned« . 

Other   leaflets  available; 

Ll   -  Mow   to  Make  a  Solar   Still    (plastic   covered) 
L2  -  How   to  Make  a Solar   Steam  cooker 
1.3 -  How  to  Heat  your   Swimming  pool  using  Solar Energy 
1.4 -   Mow   to  Build è Solar   Water   Heater 
15 - How  to Construct  a Cheap Wind Machin«  for  Pumping Water 
Lb  - Mow  to Mane a Solai   Cabinet Dryer   for  Agricultural  Produce 
1,1   -  Arabic   Translation of   L-€> 
.«   -   Spanish   Translation  of   L-6 

1,9 -   French  Translation of   L-2 
T17 - Simple   Solar rull  for   the  Production of Distilled Water* 
Please  remit   payment with money order  or   edd t.25 to your 
cheque  for  benti handling charges. 
• Also available  in rrench,  Arabic »nd  Spanish. * 

Price 

$1.00 
$1.00 
$0.50 
$1.00 
$1.00 
$1.00 
$1.00 
$1.00 
$1.00 
»1.00 

Of 
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