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/STATUS HKPQ3T  0:i SOLAR ENERGY/ 

Introduction 

Solar Energy has attracted worldwide attention- 
both for traditional use in homo and industry,  and 
scientific research on its  amplications in modern uses 
such as refrigeration, photovoltaic cells, and power 
generation.    According to an Ac1 hoc 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 

v 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 inaccessible population,  abundant labour 
and limitations on capital,  faced with high investments 
on conventional power establishments and transmission 
problems. The panel  concludes that solar energy is a 
resource that has the capability to meet energy require- 
ments substantially beyond the applications now being 
»ado, and this potential can be realised only with further 
R «D. 

* *u* •l^nificant aspect of the subject is that most 
of the problems in utilisation of solar energy are 
"Energy problems", not solar and solutions to the energy 
problems require consideration of alternative sources of 
energy and their exploitation.    The whole approach 
recorr.aended by the Panel  is *thet of tackling the energy 
problem as a whole through specialised and a cohesive 
¿S ÏUÎ tS ïOUld ei^c.3-"*ssacnt of the tota], nature 
and extent of energy neons  and development of suitable 
»cans and devices to exploit aonropriate sources of 
energy. 

Characteristics of Solar energy 

Solar energy is electro-magnetic radiation from 
Srv£$£Ce  % Ï^Vî1 nn nffactive temperature  of about 
COOO K.      Outside the earth's atmosphere, the  average 
intensity of solar radiation is 1,36 kilowatts per souare 
«eter on a plane perpendicular to the direction of the 
radiation.    The maximum intensity is about 1.2 kilowatts 
per square meter-  zero intensity occurs on the average 
for about one half of the time.       Tnterrated daily 
energy on a horizontal surface on good°days in low 
latitudes is 6 to 8 kilowatt hours per square meter. 

Contd.,.,2/ 
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The result is a radiation intermittent and 
variable in Its availability, with typical clear-sky 
intensity of a little over 1 killowatt per square meter. 
The spectral  distribution of the radiation is very 
roughly one-half visible,  one-half near infrared, 
with a very small amount of ultraviolet. Solar radiation 
is further distributed between beam radiation which 
reaches the receiver in a cUreciflTne  from the sun, and 
diffuse radiation which reaches  the receiver after 
Beine scattered by clouds, dust,  and molecules of the 
atmosphere.     On very clear days,  solar radiation might 
be 90 per cent beam;  on cloudy days it is 100 per cent 
diffuse. 

ffplar processosene! Devices 

Solar processes are based on either of two basic 
concepts i.e.  of flat-plate collectors or focussing 
collectors.    Jlat-rilate collectors., as the name implios, 
consist of flaT^TlackeTcd 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       [) 
il converted to a desired form of energy, usually heat, 
and means arc provided to remove that  energy, usually as 
hatted water on air.    Flat-plate collectors are generally 
operated in fixed position.    Ponds or basins of water 
used in evaporation or distillation are. in effect. 
horizontal flat collectors.   The present upper limit of 
the temperature of operation of these collectors is 
•bout 100°C. 

The second concept is that of the fpcusslng collec- 
%pft.    The basic element is an optical device, Q»g»t » 
parabolic reflector, to focus the beam component of sol 
radiation on a receiver smaller than the reflector, 
Th« result is hit',lv.,r energy flux which allows collection 
of energy at bichar tormer.r.turc-s, Energy flux ratios 
(i.e.  ratios of intensity of radiation on the receiver 
to intensity of tho beam solar energy incident on the 
optical system) may range from 2 or 3 at the low end, 
to 10,000-20,000 at the high range.    At any but the 
lowest of these rntios,  some deprco of "sun tracking" 
it required to orient the syston to allow for the 
changing diraction of the in-coming beam radiation. 

ar 

J 

All practical solar energy systems now in use are 
based on flat-elate collectors. The only exceptions 
aro solar furnaces, which arc in reality laboratory 
instrument.      Materials, costs and operational problems 
have been major difficulties with focussing systems. 
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The intermittent nature of the energy supply 
dictates that storage of collected energy, or of other 
products of the solar processi such as product water 
from a solar still), must he provided if output fron 
the process is to be available during period of no 
radiation. 

A review of the present status of solar energy 
application indicates that those recently put into most 
Widespread uso have been based on carefully engineered 
equipment, usually factory produced, and in some cases 
for community scale use.    Small scale application of 
"homemade" devices has not been widely made, 

Amplications. 

The applications(other then on space-crafts) 
enjoying most success tod-.y are  (1) sciar evaporation; 
(2)  solar water-heating with factory manufactured 
heatcrc;  (3) solar distillation on a small-community 
•calet which is now in an advanced "Pilot-Plant" state 
of development;  and  (4) solar drying, particularly of 
crops,    Boyond this there have been many experiments, 
•one enjoying a high degree of technological success, 
tout their economic and social feasibility is doubtful 
or has never been established. These experiments have 
concerned space (comfort) heating and cooling, refrige- 
ration and ice making, desalting of water, cooking, 
pumping of water, production of salt, drying, hot-air 
ongines, lighting, solar furnaces, horticultural systems, 
growth of bacteria to produce methane, and photochemical 
conversion. 

polar EvfiPoraUoji 

This has baen a historical, traditional »ethod of 
obtaining salt from sea vat-jr or brines. The basic 
concept is simule»    In areas whore evaporation exceeds 
rainfall a shallow pond of brine is exposed, resulting 
in evaporation of water and ultimately in crystallization 
of salt. Solar evaporation is used in nany developing 
countries- India, Pakistan, Ke::ico, Colombia, Chile etc. 
It is also an important industri?! process in the United 
States.    Modern developments have been concerned with 
inproved pond construction and harvesting techniques. 

There appears to be little further research on 
traditional solar evaporation processes that cannot as 
well be done by the industries using the process. The 
suggestion has been made,howdver, that further studies 
of "Solar ponds" might lead to,improve salt production 
•nd by-products of power or distilled water. 

Cont, At 
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^ater I?satlng_ 

This application has lonr; been used in southern 
Florida,  and has more  recently b-:on developed and 
applied in Israel, Jaren and Australia. There is  now 
en established solar water-heat r industry in Australia 
with a production of about $ 1 nillion per annum.     In 
Niger production of solar water-heaters is being under- 
taken,  and  email scale manufacture may be undertaken in 
several  other countries.    In In-; in,   the-; National Physical 
Laboratory had carried out v;ork 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 ne ed eel.    In Australian 
practico the absorbers  (collectors)  for house-hold 
scale use are typically O.S to 1.6 square meters, with 
a 300-liter water-stormo tank,  optionally fitted with 
a thermostatically controlled l-l:ilowatt electric booster, 
producing about 180 liters of hot water on a good day. 
Domestic installations employ thermosiphon circulation, 
which aloows the water to recycle: through the absorber 
without pumps, but large con.xrcial and industrial plan j} 
delivering some thousands of lit oro  of hot water per 
day use forced circulation with thermostatic contol. 

Wator-heater technology ir  \rell established,  and 
the needed development  is largely to adapt tho technology 
to use materials  and manufacturing capabilities of tho 
country in question.    Hot water  for hospitals, schools 
and other instutitens,  and for facilities, could become 
•Rich moro widely a'/ail able with these developments. The 
nature of equipment is  such ohi/.t it can be manufactured 
in developing countries, and adapting it to their 
conditions seems to bo straight-forward, 

8p3 a r. p \ s til 1 at. 1 on 

This is a process now in the "Pilot-pi antH stage 
of development, the basic method being to admit solar 
radiation through e transpatent cover to a shallow, ^ 
covered brine basin; water evr.porr/cos  from the brine,       J 
and the vapeur condenses on the covers which are  so 
arranged that the condensate flows therefrom into collec- 
tion groughs  and thence  into a product-witcr storage 
tank.      The idea was first applied at Las Silinas, Chile, 
in 1872 in a plant sunplyln¿ drinking water for animals 
used in nitrate mining ana transport.    Iho Las Salinas 
plant reportedly operated for 30 years.    Modern develop- 
ments in solar distillation h:'.vc been directly at using 
new materials and designs for economical and durable 
construction, to reduce product vater cost. 
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Solar distillation ir. us:-:l on 2 small commercial 
•cale to supüly snail torns and r.rtels in isolated areas 
in Australi!, and snail com uriities in the Mediterranean 
basin and the Caribbean. The process must still be      * 
regarded  as experimental,  but snail cceTmur.ity-r.calo 

• stills  aro noar to extensive  eorneercial  application. 
Durable designs have beer, developed in the Units States, 
Franco !  Spain,   and Australia    hie.;", require little day-to- 
day attention and operate vith Minimal maintenance. 

In addition    some experiments have been done  on 
small family-scale distillatici:, units,  for possible use 
on Pacific islands  and for emergency uso. 

Designs  aro nov: available for solar stills that arc 
•erviceabl« and that  ear. be u-> ed with a reasonable degrés 
of confidence.    Further research in this application 
would involve furthsr adaptât.'on of existing  technology 
to the specific needs of •"' cv eloping countries,  through 
design modifications to alio-; ase of locally available 
»ateríais and locally menuf-•ctr.rad components.   Studies 
of tills type could  improve the economics of solar disti- 
llation, widen the si-eas  in vrhich it »nlßht bo useful, and 
thus contributo to the solution of water-supply problems, 
fart i cui ari y  for snail communities in pood, climates. 

he Central Salt ¿: îI.ulne Chenical Research Instituto has 
carried out extensivo work or: those. 

I •» 

gplar prying 

A traditional and videsprea 
If for'drying, particularly cf ft 
This Is a process of substantiel 
»any areas. Tho customary technl 
»ateríais to be dried in a thin 
«Cpose it to solar redlatieu end 
Innovations have been adopl-./<., \ 
drying, in which fruit is'plaeed 
rucks £o provide controlled expo 
and wind, and to improve materie 
process control end* product quel 

Other experiments have cent 
wising either solar-heated air in 
air dryers, or a combination o" 
J lacing the materials to b: -"ri. 

ry&rs. Development of solar dr 
benefit from further dovei oenoj t 
nations, and flst-plete air heat 
•yiteruî to supply hot air to dry 
oí those processes, for the part 
«tt tor lai s to bi driod, ar-e arca- 
le ad to ooro practical applfs-ti 
wMch could rayait in improve 

d use of solar energy 
griculturai products, 

economic significance in 
que is to spread tho 
layer on tho  ground to 

-.•ind.    In recent years 
artieularly for fruit 
in carefully designed 

sure to solar radiation 
1 handling.     Improved 
ity have resulted. 

eren on crop drying, 
more or less  conventional 

direct and air drying by 
d. in flat-plito collector- 
yine can conceivably 

of collector-dryer corbi- 
ers and energy-storage 
er'j. Design and control 
icular crops  or other 

of research that coul.l 
on in developing countries 
til is at ion of food   sur,ù. i as 
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'•: All other solar processes arc in experimental 
.. ateges  of dovoloviment  en i hr.vt:- not boor used   in 

developing countries  ( or ;-l rauh are) of any basis other 
:   than as experiments. The presure status  of several 

•-.procossos and the observations of som of the major 
problems  associato:! with theiu aro noted, 

":.••'.'."•• "ipace.A^íiJíS, :'¡'--   "-• 

,'-•'••      This is not a primary -reblen in most developing 
'•countries, but providing eomi'ort-heating  in some areas 

volili inprova living  conditions.    îluch traditional 
•••• architecture has evolved,  in part, to control  or minimizo 

•temperature fluctuations  in the structura. This has 
'• "been.¿one by desi^nine openings to-control  admission of 
..ociar radi3tior: and designing th; heat canacity of the 
; structures of  minimize .und osi r>. ble. low (ori ìght ) 
•••temperature.'  However, traditional.: 'building methods 
¡vhav.^.not always' be-on followed .1;.; í'iüics.'.af growing popula- 
-tien;, and there are 'nodern scientific: developments that 
'-can bc: applied  to building dosici  co control  temperatura 

.'í.';Bomev;hat under extremes  of bot': high and lov/ temporatui «'. 
• ;' Thus space-heatin-  in •developin'; countries represents 
.   •;•;»'limit ud proci eras,  but one vrhieh may hi -improved the 

application of well-established principles. 

Re scorch and development efforts in solar heating 
have been aimed  almost entirely at applications in the 
temperature climates  of industrialized countries. About 
15 experimental solar houses have been built  and opera- 
ted vrith the hentlng  system comprised cf the collector, 

.".   a heat storage unit,  and appropriate heat distribution 
and control  system.  Extensive economic studies have also 
been made, but are  apri Ica eie to developed oc o nonios. 

.''•'• Sola'1 heatins in developing areas presents a set 
..of problems vrhich h->ve received relatively little att.;r» 

.   tion.    Of several possible reproaches, the first involves 
•• • design of the structure to utilize fenestration, shading, 

insulation, selective paints etc, to minimize heat       -. 
needs, A second  approach is to devise heating  systems     •' 

"that can operate with no mechanical'energy for'* fluid 
circulation. "Systems have b. en proposed  and  studied 

-.'.   (e.g. the Altenkirch sol-rr house) uvlnc enly natural 
; circulation;  there may be oth.r possibilities vorth       •• 

.*" 'considering for anplicatlon to small residences.    À 
••'.• third approach ir. te adapt solar beatine  systems (with 

•'. »echanical circulation) that h'vo t-^n developed for 
"'applications  in developed economies, perhaps   for use in 

'"large buildings, particular!/ i\ urban areas, vhero 
there are significant annual heitlnt; loads to be wet, 

Conta   ....7/ 
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Xr^onlitionin^ or Confo» Cooling. 

* i 

s 

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

¡)esigninr; air conditioning systems for use in 
developing nations a.^ain presents  a different set of 
grobloras, of both potential utility PXìO. design.  It 

as been suggested th•*•':. air-conditioning of factories 
and offices'wouli-'  significantly inprove the productivity 
of people working in then;  and there 13 also the 
Çrospect of applications to residences. There are also 
echnological problems of system design for operation 

without mechanical Dover, and for solar operation of 
other types of cooling processes.    Building designs 
to minimise needs fr.r cooling may bo productive. The 
best methods of obtaining cooling with solar energy 
in developing countries are far from clear at this time, 
and the imr.ieaiacy and extent of naods for air-condition- 
ing are not knovn. 

The Central BuilSin? Research Institute has 
carried out extensive work in these fields. 

Closely related to air-conditioning, solar 
refrigeration is intended generally for food preserva- 
tion (or storage of biological and nodical materials). 
There hr.ve been experiments in th3 United Statesf Ceylon, 
Prance, the Soviet union, and elsewhere on oolar- 
cperated coolers, usinn absorptíónncoolin.'? cycles, 
»ost of which are aimed at house-hold scale food coolers, 
or small-scale ica manufacture,    A single experiment 
in Mexico with a solar-operated, house-hold-scale 
cooler was unsuccessful; the machine was  simple in 
lis design but overly complicated in its operation, and 
was not usable by the people  for whom it was intended. 

Thare 
systems th 
It has yet 
on whiih t 
countries; 
of large s 
users, and 
butins ice 

are many possible refrigeration cycles and 
at can be c^nsi/orod for solar refrigeration. 
to be este.blishf/l vhat ra^y be the best scale 

o operate solar refrigeration for developing 
comtnunity-3cal3 systems may offer advantages 

cale, reduced educational recui ements for 
(if approprici)  the possibility of distri- 
to smaller users(i.e. house-hold). Thus 
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there are substantial number of open questions 
regarding solar refrigeration, and the application 
has the attractive possibility of better utilization 
of available food-stuffs if refrigeration could be 
successfully provided. 

Conversion to j;ec.h%rl^a_l_or 
gTëutr'î'V] ±LSI£L'. 

This conversion remains an elusive, yet 
Intriguing problem. Vh rm.-l  conversion systems using 
heat engines and f ocv.'-"3 in¿ collectors are one 
approach! perhaps tns <-ost difficult problems are the 
substantial dif^icùtl.os of cost and long-term 
operation of focus s ru' collectors which hare received 
attention but are far  from solved. Another approach 
is to use flat-plate collectors with heat engines 
operating at lower to voerature (and this lov/er 
efficiencies). Th"re r.re experiments on solar power 
now under-way which aro br.sed on flat-plate colloctos. 

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

The possible amplications of successful develop- 
ment of economic solar-energy conversion to needs for 
»ochanical or electrical energy are wide;   for example, 
pumping of irrigation or stock water and  cooling by 
•echanl-'-al refrigeration.    Therefore, several lines 
of study,  of a more lon^-ran^e nature, aooear to be 
justified,,  although the difficulties inherent in the 
problem must be recognized.    First, more  developnar.t 
work on focussing colloctor systems and their materials 
of construction ml cht be productive and should be 
undertak2n.  Second, studies designed to raise the '") 
Ïractical operating températures of fl¡:t-olate collée- ' 

ors would, if successful, help to solve  solar power 
problems. There may be energy-storage and  engine 
research which should  bo coupled to tha collector 
studies,    hirdj further research and development in 
solar cells might, in the Ion   run,  reduce t}.cir cost 
and widen th-'ir areas  of amplication, although the 
prospects of generating  alectrir.al  enorgy at the same 
costs as energy from conventional processes is an 
activity best carried out by very well eouipped labora- 
tories of industrialized country.    Identification of 

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

Solar Cooking 

The aprili .-.at ¡.on appears to be single in its 
technology and significant in its advantages if it 
can be successfully acli'd. Efforts to design and 
introduco successivi  sol'v cookers have been carried 
on for many years, wit1   cookers of two types.    One 
is based on concentrâtinr, tho solar energy by a 
reflector into a cooking vessel, and is t'ho analog 
of a surface heating unit. The other is a solar oven 
which depends on some  concentration of radiation, 
combined with tho green-house effect,  for trapping 
heat within a smaül space in which the food is placed. 
Both approaches have been developed to a degree of 
satisfactory technical performance 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 
Borne degree of utility has been shown,  tho users 
revert to their traditional methods of cooking. 

8olar cookers den 
their successful lone- 
»olving the materiali 
focussing collect ors- 
nie problems that hav 
Bents to date.    It is 
or heat-transfer techn 
cooking might help sol 
acceptance, 

end on focussing collectors,  and 
term utility will dopend on 
and operational problems of 
as well as the social and econo- 

: deterred acceptance in experi- 
possible thav- energy-storage 
i-iuos to permit indoor or evening 
ve some problems of social 

Eiel.QfiJ-.cal Processes. 

Conversion of sol? r energy to u. ^ ul materials 
foods, or fuels in a sense resresents  an extension 
of agricultural practice. Study of algae t-   wth Ks 
been doing on for some years with limited   redaction 
in Japan. Later hyacinth h?s bean prooosed'as  another 
plant having relatively good abilita to use solar 
radiation in photo-synthesis to oroàuce niant materials 
and sea-weeds my represent other possibilities. The 
resulting plants could provide fuel( directly or 
through fermentation to produce methane), useful 
protein, or plant fibre. ' 
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Aaboratory where 
"solar cells have 
been developed. 

fork In India 

Cons id or abl a resej TC; •. and dcvel optant hai been 
carried out in Indie in the  following institutions. 

Some feasibility studios have also been reported 
from Central Mechanical angine er inr, Roscaren Instituto 
and Tata Research y.aV.nr-torics ., J ans he d pur besides 
National Physical Laborc/cory yhero work on solar, 
heaters was carried cut   and the Solid State Physxcs¿ 

1 )       Central Building Resj^jchj^msjbjj.j^e > 
RoorkTe. 

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

i) Analysis of solar radiation for 
Indiar cities, 

ii) Design of flnt-plste collector. 
ill)  :)o»estic solar water heater. 
iv) Large sine solar water heater. 
v) Low cost solar water boater. 

vi) Solar air heater.. 
vii) Solar spr.ee heating. 

For a correct assessment of the feasibility 
Of using tha sun's energy, it is necessary to know 
the total radiation on the earth's surface at 
thct place. Data for direct solar radiation for 
all Indian latitudes   for assumed standard atnos- 
Ïhcric conditions.of :"3O0 dust particles por C.C., 

5 ram of precipitablo './ater. 2.5 mm of ozone  and 
at a atmospheric pressure of 760 rom of mercury, 
have been computed and are given in a special 
(priced)  publication of Central Building Research > 
Institute. J 

The Instituto has a meteorological observa- 
tory where they reenre'  hourly values of total and 
diffused solar radiation on horizontal surface, 
the average hourly rainfall, hourly values of ury 
and wet bulb temper*.turcs, rcaxir.iun and minimum 
temperatures of the day, ground temperature at 
a depth of 40 eras and 80 cms, average hourly wind 
speed and direction and atmospheric procuro. 
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Solar rac'.iatìon on verlous plants for 
»11 tho orientati one are measured under various 
Blcy conditions   (ovorcost and. clear)  and are 
computed with the computed values.    It is 
observed that oven under  overcast sky conditions 
tho usual assu-otion of isotrophy of sky radia- 
tion is not valici. 

A method has been developed for the 
computation of average hourly total and diffused 
• ol^r radìrtion on horizontal surface from the 
actual measured sun-shine  hours data which is 
avallarla for about 100 stations, 

¿t-flatc^A|¿¿cJbox 
A flat-plate sol:-.r energy collector was developed 

and is  optimized to  ^ive maximum efficiency por unit 
of co-it.    Express lori.} for various parameters, such 
as plats efficiency factor, heat removal efficiency 
factor, effective transmissivlty absorntivity product, 
overall  heat loss co-efficient  from collector plate 
to outside air, etc. whi.-.h effects tho performance of 
the flat-plato collector, are derived. 

Generalised performance curves for various 
configurations and operating temperatures of flat- 
plate  collectors for a number of Indian citites are 
obtained. Expressions &re also derived for arriving 
at optimum absorber size for various places, 

A formula for  the optimum tilt of flat-plate 
collector which takes into account, tho direct and 
diffused solar radir.tion and also (ho variation of 
transsaittance of glfess cover with angle of incidence, 
is derived, 

DopteBtjc spier water hoater(140 litres capacity), 

A theoretical  nKfc'el for predicting tho tharmal 
performance of natural circulation type solar water 
heater is developed  and validated for clear as well 
as cloudy weather.  Wit:-- th2 he?.p of this• modol, a 
prototype 8oli*r water heater(140 litres capacity) 
capable to meet the requirements of an average Indien 
family of five persons is developed  and its performan- 
ce has b3cn studied for a number of years under actual 
conditions with different drevr-offs during tho day 
tine. The heater is licenced to the following two firms i 
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1. M/s M.S.J, .lain Sngrs. ¿ Co. 
Khanjíirpur,   íoorkce  (UP). 

2. M/r, Bihar Ispaat 3ners. Ltd. 
17, G a no s ^ Char íra ./'enue, 
Calcutta-13. 

Tho marketed prlr.e of these units inc.'udinf, 
immersion heater and safety thermostat is 
fc.  800/-. 

Id^J^. .sA^^ol&Jl IÇ.tiîiLileAÎ;JSX|  í6^ litrei capacity) 

A large size solar water heater capable of 
••otinf; intermittent domaras  of hot  water in hospitals, 
hostels and kitchens is developed at this Institute. 
The system is fully automatic ani is capable of heating 
BOO litres of water upto 55°C in winter months. A 
differential circuit developed at the Institute controls 
the moan tank temperature, Thi"; heater has also been 
licenced to the above two firme, Tho total  cost of this 
heater with six absorbers and having auxiliary heating 
•yate© works out to be fo, 2500/-. 

pPSf.-fiPr^ PP?-*?- water AG«Jte.r: 
D 

A low cost solar water heater (PO lites capacity) 
comprising a flat-shallow tank which perforins the dual 
function of absorbing heat and storing tho heated water 
in developed and studied for its performance.    Various 
deairn ana operating par am ¡tors are optimised with tho 
help of tho theoretical mo'el ¿eveloriod for the purpose. 
The heater is  found to be very useful  for daytime use 
aa thore is no provision for overnißht storage.    It is 
••timr.ted that, the cost of R.--.ufacturinf, of such a heater 
would not be more than h» 250/-. 

Bolr.r ai£ heaters. 

«'. systematic s tue*, y on various type of solar air 
heaters for room heating purposes, has been made under 
various operatine and clinr.tic conditions.    In this stud J 
various design parameters,  su„h as the effective trans- 
mit:-.tvity-absorptivity protect, overall heat loss co- 
tfficient,plate efficient-/ factor, heat removal efficiency 
factor, etc., are brought cut. Cheap solar air heaters 
of tho corrugated type of construction have been fabrica- 
ted and tested to supnly hot air upto 30°C above ambient 
with an overall efficiency of 6C ner cent, ani mesh tyno 
upto 20°C above ambient wit', an efficience of 50 per cont. 
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For heating a room by solar energy an integrated 
•torace cum radiant heat in.", par el systor. with tne flat- 
plate collectors usinr, water an a storage medium has 
been deve1, oped.    Tho performance of this  sytera has boon 
studied by heating a tost roor.i in winter months at 
Roorkce.    The resulte vre re founcì to bo encouraging and 
t-'O room tenrjrratuvos  could bo maintained betwe3n 1:: to 
21°C over   a 24 hour period.    Based'on tha experimental 
observations % design cur/es, foi* arriving at tho 
absorber size an.i storage panel sir,c  fnr various heating 
requirements  aro developed. 

2, Central 3 al t ó. IJardno^ Ch aide al s 
^spaVöh' In^tij%viVG_,_ J-havnaçjir^ 

The annual average intensity of solar radiation 
in In'iß  is 600 calorics  per square centimeter per day. 
Tho part of this energy can be utilised in various 
•TjTjlications like solar distillation for pure water, solar 
Îonc! for bettor concentration of the enorgy,  solar cells 
or rural lighting,  sola- ice machine f0r preservation 

fish, dairy produits an" other food stuff, solar hot 
•ir engine for sm-ll power in villages, environment- 
controlled green houses for green vegetables. 

The investigations 
Principal Solar Radi 

at the. Insti'.-uto relate to 
;ion Recording C Analysis; 

(2) Solar Distillation:   ( 
investigation.  A detailed report is given in Annexure-I. 

>olar Pond;  and (4) other 

The Principal 3olar Radiation Station was started 
in this Institute since April,1967 in collaboration with 
Indian Meteorological Do-,artm<.;nt, Poona, and tho data so 
obtained are beins used f : r the solar devices of the 
Institute. 30l?.r stills  investi-r.tions  for solar dis- 
tillation of sea or salin',  water to produco pure water 
vere started in 1964. Solar dis cillât ion units are 
serving usefvl purpose not only in sea water desalination 
but the  spoiler units hrve become very popular for 
»upply of pure water in petrol  pump stations and for 
other automobile uses. Recently tho process has been 
Patented> and a few com'orciai firms  intend to manufac- 
ure tho units.    Solar Pond is a good device to trap 

solar energy in brino solution 
(upto 80 C)  or so attained can 
ture voter desalination (flash 
purposes.    Stabil it v of tho nor/1  and 
higher temperature are two imnortant 

and the higher temperature 
be used for lower tempera- 
distill.-rei on)  and other 

utilisation of the 
aspects of this 

Investigation both of vhiwi have be-jn attained to son» 
extent already,    Further investi;: at ion is in progress. 
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In tho othor fields of sola-' energy applications 
proposed for this Instituto, tho project has been 
divided irto four sections as:  (a) Solar cells  for 
rural li~htin~ relet inr to development of know-how 
for commerci oils at ion of. -.ol.ir cell kits  for rural 
lighting and  communications  ani. ultimately for saving 
foreign exchn"-o for kerosene. Some- amount of preliminary 
ground work has already boon carried out in this topic 
and given in the nnort-,   (K  Solar ice machine relating 
to research  and development work on solar devices like 
machines with fluid systems  for production of ice for 
use in presorvin* fish, dairy products and other food 
Stuffs. The  goal in this  respect is to develope the 
know-how for con-erciraisr'cior. of small  size ice produ- 
cing machine  for domestic purnoses in un-electrified 
and in rural   areas;  (c)  Sol*r hot air engine for 
producing  sinall localis?d power for various uses. The 
goal in this  resooct is  to develope the know-how for 
commercial is ;t ion of small portable power cn&ine for 
the un-etectrified and the rural areas;   (d) Environment- 
controlled  preen house relates    to the establishment 
of conditions such that such green houso can produce 
groen vegetables in dry ?,nc desert areas. 

3. p¿fence_ fr.abor at pry. .„J odhpur. 

'Che following aspects of Utilisation of Solar 
Bnorgy have been studied î 

D 

(ni) 
(iv) 

Space heat in?; at high alt Un ".e. 

Distillation of water, 
¿osert Survival Kit 

Mater heaters 

Hot box 

The results achi^vod on tho above aspects ar<3 
briefly described below. 

§©ac^Boj»tJ^jttJU^-^^ 
avft)-zero ali^cr^-^i^AillPJL3-.* 3 
The laboratory has developed an equipment 

for heat in-, the living sPüce at hi?h altitudes under 
»ub-iero ambient conditions.   The design is unique in 
the sense th-t it does not require  any auxiliary power 
for the circulation of tha heatei   fluid.    It is based 
on the t>rincinle of automatic thernosiphon circulation 
of tho heated fluid.    Detailed measurements hrveteen „ 
carril' out on an insulated hut at high altitudes. The 
IR na'.e of locally available sun-drie^  bricks. 
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Per fora-ncc of solar heated hut has also bea-, compared 
with identical korosen-bukhari heated and unheated huts. 
Round tho ciocie runs of sclnr heated hut and its compari- 
son wit'   bukhari and electrically hoated huts show that 
the he?/;  obteined from the sun ir equiv.-.^.n-.V:. to 6 litres 
of keror>G;..e or 17 KWH of electricity rer day. 

Solar heated houses cr>uld bo used by Amy Units 
stationed at  hirh -altUnies, Solar heatoO. Poultry Units 
and glass  houses fo'*'' growing vegetables at hi-,h altitudes 
are alr\o   :einú tried. 

Several studies  havo bean cprried out at Defence 
Laboratory » Jodler, on solar dir.tillnt.1nr. of ordinary 
and brackish water for nroducinc distilled water for 
batterli s  end potable water for drinking. Tho solar 
stills developed at this laboratory are essentially of 
two types ; 

(i)       Low glass-roof tytje. 
y (li)        V-shaped plastic type. 

Low fo-ìss-roof type 

"hi-  type of solar still essentially conr.ists of 
a shiillQ'.r trough of water which is covered with, a glass 
roof.    •his trough can be used with or without thermal 
insulation at the bottom, the. efficiency beins more in 
the ins-latcd tynes.    The trough can be ma* e of blackened 
aluminium or black plastic sheet, e.g. polythene or PVC. 
The producti.vitv of distilled water is found to be 3 to 5 

: iitres/ra /day in the Aluminium trough and 5 to 4 litres/ 
I m /flay in the plastic trough.    One of glycerol and 
Ì di&tiilncl v/ater from a çlycerol-vater solution which has 
r been used as anti-freeze mixture in the solr.r soc.ee 
1 heatir   ecv.i::nent develon^d by this lc\bor^';o*,~.   at high 
| altitudes.    Similar results  are airo possihio with 

glycol-wr.t-jr solution used in automobiles  as anti-freese 
: ^ mixture at hii;L altitudes.    It is important to point out 

that bulk of the glycol used for tha purpose is imported, 

/••sha^.Gd elastic  solar stills. 

\ In these SOIíIT stills, transparent plastic sheet 
I ia laid on a V-shcnr.d trench dug in the ground.    Braclcish 
| water to be distilled is' soaked in a black coarse fabric 
I spread on the two sidos  of the trench instead of boins 
¡ kept in a reservoir.      Thi^ design, being li;,ht weight 

and portable, will be very convenient for mobile army 
units as  it does not requiro any elaborato woodens glass 
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or metallic structures. Such stills can orovide 3-5 
litres/m of distillaci water per day.    It could bo 
possible to nro^.ur.e upto about 30,/litres of distilled 
vrater per day fron an area of 6 m .    This water can also 
bo used  for potable purposes. I ¡ 

A solar operated desert survival kit h.?.d also i 
beon developed by this laboratory for obtaining potable ( 
water from sub-soil moisture. This was designed for 
stranded army japans who may be lost in J3sert and find 
it difrir.vlt to survive for want of drinking water. The 
kit consists of a transparent pl.-.stic cover which is 
placed on an inverted cone-sh?^od hole,  freshly dug in ! 
tho 2roun...    The kit provides about 500 ml/".o.y oí' potable t 
water  *ue to evaporation and subsequent condensation of 
soil moisture on the insido of plastic cover. i 

Sfilnr, water hbaters I 

Sola1' water heaters can bo used by static army ¡ 
units and military hospitals for supnly of hot water for 
bethinr, and laundry purposes. The  solar water heaters J 
tried at this laboratory are essentially made of flat- 
plate sollar collectors connected to a storage tank. 
Efficiencies  as hi;;h as 70¿ could be obtained.    It is 
Sossible to heat water by löSc at tho rate of 60 litres/ 

our by using an area of 2 m • 

A soler hot box may have potentirl applications 
for keeping army equipments, lubricants and cooked food 
warm at M/h altitudes. L solar hot box consist inri of an 
insulated housing and an octangular reflector has boen 
fabricated in thir, laboratory.    It is  possible to produoe 
a temperature of 170 C in this box. 

• 
Process Reliability /   Practical Aspects. 

One Important cons id erat i or ic tho reliability ^ 
of SOIP.:' energy for an amplication.    Fortunately desirable •) 
degrees  of reliability can bo designed with the solar 
process denondinr- on availability and cost of alternative 
energy sources to supplement solar energy,    process 
engine e rinj'. should  tak;; into account the annual canital 
costs demsndinr; on the anticip.itod life time as this is a 
capital  intensive  field.. The design of simple economical 
domestic units and carefully- desi-ned larger systems for 
community and industrial uses calls for carefwlly olanned 
R £: D work. 
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« 17 - Annexuro-I. 

• i. ' Detallo 1 reportaron    : :.   " 
Central íialt ¿ Marina Chemicals Research Xnstt., Bhavnagar. 

• ;r.  PRINCIPAL SOLAR INDIAS I PK ST^Io;:. 

The Principal Solar Radiation Station at Bhavnagar 
(Lit.21° 45'H.  tons.72° 12«E) is one of the 13 principal 
radiation stations in the country.    The station vas estab- 
lished with the initiative of this Institute and Indian 
Meteorological Department, Poena ¿ave all the required 
instruments and the station started functioning fi'on April 
1S67.    The station houses tv o ìi.G.  solarimeters (one having 
shading arrangement), Angstrom pyrheliometer and Campbell- 
Stoke's sunshine recorder.    With these instruments global or 
tota], radiation intensity, diffuse radiation intensity, 
direct solar radiation intensity at normal incidence (measured 
at 8.30,  14.30 and 17.30 hours 1ST with Angstrom pyrheliometer) 
are measured alongvith number of bright sunshine hours,    Apart 
from this data station maintains record of maximum and minimum 
tenroeratures, dry and vet bulb temperatures, evaporation rate, 
wind velocity etc.   Prior to obtaining above radiation instru- 
ments a bimetallic pyranomoter vas obtained on loan from 
Indian Meteorological Department and used for measurement of 
flobal radiation intensity during 1966. 

The enclosed   ¿eta gives the values of global and diffuse 
radiation intensities alongv/ith number of bright sunshine 
hours, monthvise from April 1967 to December, 1971.    Table 1 
gives the maximum and minimum value of global and diffuse 
radiation Intensities during last 4 years alongvith no of 
bright sunshine hours in those months. 

This station will continue to collect data till 3J973 to 
complete a period of five years of collection of solar redia- 
tion data.    These data may bo taken as representing those of 
Baruaahtra region. 

A. 
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2t ßolar stills for distillation of sea or salin« 
vat or to produce miro water, their special 
apolications and cost estimate. 

In nature,  ovins to the heating with the incident solar 
energy, water fron oceans, lakes and rivers Is evaporated and 
the vanours are carried by wind to the regions sufficiently 
cold and are precipitated resulting in rainfall.    This pheno- 
mena of solar" distillation is initiated on snail scale in tho 
solar stills using very simple construction.    The saline water 
to be evaporated is kept in" black bottom containers (trays) 
covered with airtight enclosure of glass cover ( glass has 
high transmis s ivit^ and lower absontivitj ) and they are 
absorbed on the black bottom of tho still  (Black absorbs 
maximum radiation)  and heat the saline water.    Water vapour 
thus formed wove upwards towards the cooler covers (cooled by 
breeze or wind)  and  get condensed on the underside of the 
glass sheet.'  This condensed water slides on the sloping 
shoots and is collected in tho channels provided at the lower 
edge of the cover. 

This technique as a source of fresh water supnly depends 
on steady availability of high solar energy and of course 
needs a saline A/at or source.    Such situations exist in arid 
(deserts) and  semi-arid regions in the world.    First large 
capacity olant based on this principle war. built in Las Salinas 
in Chile In 1874 with a dally capacity of 22.5 m3 (about 5000 
gallons/day) with a surface area of 4757 n2 (51.100 ft2) and 
was operating for 40 years.    Research contributions mainly 
from U.S.A., USSR,  Algeria, Australia and Greece in recent 
Ï ears «  are responsible for popularisation of this method in 
ocations lacking both fresh water and power but rich in sun- 

shine and underground saline water.    Due to the adaptability 
of this technics o to treat saline water Irrespective of high 
salt contents  Cup to say 70.000 p-pn total dessolvod solids; 
plants have been" constructed in Australia,  Creek Islands, 
Spain, Tunisia and other countries.    Table 1 indicates some of 
the high capacity solar distillation plants operating In the 
world. 

Tho production fren the solar stills d co end s mainly on 
tho solar radiation intesity. Timidity has no effect on 
Î reduction.    A gentle wind is favourable and the production 
nceases with increasing ambient temperature.    Anon f.-st the 

design variables,  depth of the salina wrier in the stilus and 
the an7,1 e of tho cover he;/o some effect on production.    Lower 
angles and lower deaths increase the nrodw/ ivity (cinressed 
as litres/m'Vday).    The peculiar problems of this tcchnirue 
are about suitable mat rials of construction,  sises of units, 
type of construction etc.    A rr.jor probisn is regarding 
leakage of vapurs.    All these r>roblona have been^tackled bv 
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msaerous experiments in digèrent countries and during the 
•tudy in this Institute. 

In India, parts of Gujarat and Rcjasthan states havo very 
dry and hot clinatn3 and they have abundant saline water 
resources.    With thin population there tho requirements aro 
low pjid technique- of solar stills is suitable for meeting 
vator noeds in auch isolated areas,    üühls Instituto «ta?? tod 
work on desalination in 1964 and priority w*s r.iven to t!io 
work on solar 3till3.    Laboratory' experiments wore done using 
«mailer units of surf ce areas  of 0.316 IL

2
 (3.4 ft2).    A solar 

itili with a surface area of 3.21 n.2 (34,5 ft2) with an angle of 
10° was fabricated and with this still productivity of 4.9 
litres/m2/day (0,1 gallons/ft2/day) '.ras obtained.    After these 
experiments, need was felt for constructing pilot plant to 
study effect of different design variables a's depth and cover 
angles and also to study tho possibility of U3e of indigenous 
»ateríais. 

Tho pilot plant set ue by the Insti tito has 10 stills f") 
covering an area of about 350 n2 (3760 ft2).    The stills with       w 

lengths of 16.75 u (55 ft) and widths of 2.36 m (7»-9») and 
1*67 M (5»-6") have been constructed having depths of 15 ans 
(6") and 30 cms (1 ft).    Two smaller units with lengths of 
4,87 m (15 ft)  and width of r.36 m (7"-9") with a surface 
area of 10,l m2 (109 ft2) and depth of 5 cms (2K) are set up. 
Angles used are 10°, 15°, 20° for symmetrical stills and 
10°-20O and 2o°-40° for unsymnetrlcal stills.    Conáderlng tho 
applicability of these units on large scale the operation has 
given a good experience and it is observed that lengths of 
16,75 m (55 ft) are quite suitable and glass cover an^lo of 
80° is better from yield as well, as naintainanee TDolnt of view. 
To bring down breakages of glasses, it is seen that v/idths leas 
than 2,36 m (7~9M) are convenient.    Tho plant is now dismantled. 

Plastics can also bo used in placo of glass.    But the 
presently available plastics in India nanely (PVC) polyvinyl 
chloride and polythene are not suitable for the nuboso because 
of their very short life and therefore glass is the* choice _J 

.        In order to find out relationship between production and 
ineident solar radiation, Princlral Radiation Station has been 
fu    *¿P.1*icn the hGlP of Indian Meteorological Observatory and 
the data collected at the station has helned in correctly 
arriving at thermal efficiencies of solar*stills.    Data 
collected for one year at the rilot Dlant shewed thit the 

productivity will be higher in summer and lower in'winter 
nonths. 
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The quality of the product water is as good as distilled 
water and the cost of (distilled) water from solar stills is 
ineligible when cornar ed to the market price of distilled 
water.*    Thus there is c. rjcod scope for these stills to fict- 
ion as distilled water units for laboratories and experimental 
-Stations.    Also petrol pumps on highways can install these 
vnits and can suô-.ly this water even free of charge to their 
customers as the" cost of this distilled water in no case will 
exceed a few »also/litre.    Institute possesses designs for 
both permanent and portable type of units for t J TOM    , 
A solar still with a capacity of SO litres/day of distilled 
water was constructed on the terrace of 3aroda Engineering 
Research Institute for routine use in 1968 and it is perfor- 
ming satisfactorily. • 

liking into the growing popularity of solar stills for 
i\»>T>lyinr> distilled vater in quantities of 5 to 10 litres/ 
day a un£t was fabricated and tested.    In construction of 
this unit materials like wood,  asbestos cement sheets, alu- 
minium tee.  aluminium channel vere used as shown in Fig»d« 

. for bottom a thick black polythene film spread on insulating 
layer vas used as liner and water depth of about 2 to 3 cms 
was maintained.    The unit has outer dimensions of about 
(8 ft x 4 ft) 2.45 m x 1.22 m having an average capacity of 
about 7 litres/day and glass sheet3 are fitted at an angle 
of 20°.    In the unit operated in the laboratory the plastic 
film lasted for more than one year.    Table 1 lists some of 
of the units supplied by tills Institute for obtaining 
distilled water and all of them are reported to be giving 
satisfactory service.    In this unit it is necessary to change 
the piastio film once in a year ( if required)and to see that 
all ine ¿oints are properly sealed. 

Dopt, of Biosciences. 7 I960 
Hajkot. 
Urti College, Bombay 7 3070 
tteel Cast Corp orati ont 7 3970 
Bhavnagar. 
Drug Testing Laboratory,       7 1871 
Bhavnagar. 

ivnagar Motor, Saojh,       10 1971 
agar. 

Bhavn 
Hiavn 

!  * 
f 
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A survey vas undertaken to find out the Vater requirements 
and the^tVA'a^/supply in salt works ft *g «v

d
0?f^ 

of Saurashtra and Kutch ^ich indicated ^UcaMlity of solar 
stills for salt works where tney navo -co spend as high as 
£* in/m3 ÍRs.50/1000 EPlDons) whereas the cost of water by 
Sola?still? is about5¿.A.4?n3 (Rs.2O/lC00 gallons), moreover 
tSeadischarged concentrated brino ff ^«^îhîf inlti- 
processed in the salt works for salt production.    This 1£.^ 
lute has propared suitable designs of solar stills for the salt 
vorks. 

The applicability of this technique is best suited for 
arid îeliSns where the stills will produce water throughout 
the yea? without much interruption.    On cloudy days the 
productivity is low.    But clean glass covers offer a Ejod 
ïuïface for rainwater collection.    Thus if proper provision Is 
Sade for nlkingthis water flow through suitable channels and 
if sufficient storage is provided, this collected rainwater 
will not only give additional water for use but also improve 
the economy of the technique.    In the nomai design,  a 
provisi.on is wade for such rainwater collection witn a limited 
additional ca-oacity to store water.    Such combination of rain- 
fall collection and solar distillation has advantages oyer 
either only rainfall collection or only solar distillation. 
Places with rainfall distributed throughout the year are better 
placed for the combined unit than those with heavy rainfall 
in a few months every year.    Such combination has a possible 
application for lighthouses. 

Department of Lighthouses and Lightships, Ministry of 
TrnasDort.  Government of India,   spends Rs.77/tiJ (Rs.350/iuu 
f allons)  for supply of water to small group of workers in some 
ighthouses.    Normally on all the lighthouses, rainwater is 

collected on the flat roofs of the staff quarters and is 
stored for use.    Bat due to insufficient storce capacities. 
water shortage is felt.    Construction of solar stills directly 
on the roofs  (using roof slab as the bottom of solar stills) 
slightly affects the rain water collection, but gives a 
continuous a source of water with solar stills.    The solar 
stalls according to Institute's design have been constructed 
and put into operation since August 1968 at Navinar Ughthouso 
near Jamnagar.    These stills have a surface area of 67.2 m« 
(615 so. ft) with nroduction 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 maintains a record of the output 
and their department has been kind enough to supply dats to 
us.    Complete data from the bogining upto December,  1970 was 
sent by them ?.nd is plotted in Fig.5.    In 1969 the daily water 
consumption values were also given for a few months and from 
that iw seems that their daily water requirement is met 
through solar stills.    Department has also expressed satis- 
faction about the performance of the stills. "The lower outputs 
have been attributed to the leakages in glass joints« 

J 
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jfctf estimates 

Normally estimates vili vary with types of stills cons- 
tructed.    Generally for all estimates, efficiency of 
enorpy utilisation is assumed as 30jj and with the value of 
average annual radiation intensity,  the calculated productivity 
is taken as the tr.sis for calculation of surface area required 
for solar stills.   On the basis of the cost of construction 
(T>er unit surfr.ee area)  of still having facilities of rain- 
water collection and adequate facilities to collect rainwater 
and having a water sun-ly tank, total investment is calculated. 
Twenty years'  life and 4£ rate of interest are assumed to 
amortise the niant,    if, of the investment is taken as 
operation and' naintainance charges and operating labour is 
taken ns one unskilled labour permanently ^P10"/^^011?^ 
additional 100 nan-days ner year nor 930 mZ. (10,000 ft¿)  area. 
It is also assumed that fcCj' of 30 cms (12") rainfall is 
collected and this quantity is addod up in the total produc- 
tion. 

As mentioned above, the solar stills are suitable to 
meet the needs of Isolated small communities not having any 
source of notable water and power.    In order to assess the 

''advantages* of solar stills over the conventional piping system 
specially laid to supply very small quantities,  certain 
calculations v;ere made by us which are sham in Fig.2.    It is 
evident from the data that even though the cost of water by 
solar stills is very high, it has advantage over conventional 
piping system provided the fresh water source is more than 
ïk tans.  (15 miles) away from the point of actual use and the 
daily recuirement is less than 22.25 m3/day (5O00 gallons/day).. 
The data'is plotted on the basis of costs exLstirfg in 1966-67 
and since then the prices have gone ut>.    The estimated cons- 
truction cost of solar stills in 1966-67 was Rs.65/n2,   (Rs.6.05 
/ft2) which is now about Rs,20/m2. 

Design .considerations 
1m&m*fmhàî^*lSm*m •»••"»•»i ••»••«>•» m p» •• 

Two types of constructions have been adopted in desi- 
gning the basins of largo solar still plants« *0ne type 
provides for a single largo water basin covering the whole 
still area (i.e. üond tyne construction as adootod in pilot 
Çlant of Office of Saline Water (OSW), U.S.A. ."at Daytona 
each and at Las Marinas in S^-ain).    In the other typo,  the 

distillation plant is divided" in many units with varying 
lengths bi.it having restricted width (bay type construction as 
in Australia.  Greece,  etc).   In the pilot plant constructed 
by this Institute,  second typo of construction was used as 
this plant was meant for experimental studies,    pond type 
construction works out cheaper than bay type construction. 
Btills at ilavinar Lighthouse are having vond tyoe construction. 
Fig.3 sho-.;s the construction details of Iho uilot r>lant at 
this Institute. 

\ 

solar { 
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In tho initial construction,  class to glass joints wore 
sealed by cotton adhesive tapo which worked satisfactorily 
for about an year.    These were replaced by Tarsiasti e 
manufactured by U/s. Shali.mar Tar*Products Ltd.    This material 
is quite suitable» 

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

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

In the absence of avpliability or butyl rubber sheets 
at reasonable price in the country and short lives of iute 
impregnated asphalt mat liners and black plastic film (thicker 
ones)  it is necessary to adont complete concrete or brick 
masonary flooring suitably plastered and coated with black 
asphalt coatings  (those are*now introduced by M/s. Wossix 
Engineers in market)  for bottom of solar stills in permanent 
installations.    In the pilot plant width of individual still     U 
was taken as 5V ft and 8 ft. * This was found to bo larger 
for 3 mm. thick glasses particularly with lower cover angles. 
Hence this is now reduced to 120 ens (say 4 feet).    In the 
pilot plant pre-cast item:; were used for top ridge, bottom 
supports combined with rainwater gutter and ridgo supporting 
pillars.    It appears that their long life can only bo assured 
by better workmanship and proper precautions taken during 
casting.    At times these item's  caused difficulty in glass 
fixing as was experienced in at aliati on at Baroda.    In the 
pilot plant the botter.: supports combined with rainwater 
gutter were made out of brick masonary for two solar stills 
and they proved to be equally-good.    Duo to availability of 
suitable aluminium  'too'  sections and angles,  in the new 
designs they \,111 bo adopted as central support and glass 
supports at tho end wall's.    Concrete pillar's will, bo replaced 
by*wooden pillars on which Central  'Toe'   support will be 
fixed.    All these modifications are Incorporated in the new 
äesign and complete details aro prepared for a unit of 25 
litres/day capacity. O 

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

i the major and most important problem afiecting the tjorforma- 
', nco of solar stills during :.ts operation.    Use of silicone 

t %      sealant in Australian solar still's proves to bo a solution 
* to this problem.    But its adoption in India is difficult due 
| to high cost.    One has te continuo using asphaltic sealing 
I matorials and inspecting and maintaining the scaled Joints 
¡ at regular intervals. 

I The product water is very pure and tho productivity of 
î this technique is nearly independent of salt content of raw 
». 
ì i 
i 
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feed vater.    To drink tasteless water is dif£?S*f ?J*r
i9 

necesse-v to add some salts to sive tasco.    Dr liking water 
•înecificUions limit salt content or CS (total ^olvJd 

ïoîîds) to be 500 ^a and acceptable max^um is 1000 Ppm. 
Thus if this  technique is used to treat saline vater with 
í.iínií-v verv -neh less than th?.t of sea vater.  addition of 
r£ watert? product water   'ill give additional amount of water 
quite suitable for drinkin:; purpose. ... 

with ill  the exne-iencc naines,  this Institute is now in 
a position to gï?c suitable desks'for combined system, of 
Einfall collection with sciar distillation or alone for solar 
distillation for production of drinking water or uistilled 
waiter for various capacities.    In future designs, new ideas 
will be incorporated. 

The maximum capacity of individual plant is likely to be 
limited to about 22.5 m-Vday (5000 EalionsAlay>- to meet good 
quality drinking vater needs in many vilxaGes.    ihe villages 
Jack ií skilled*labour but the technique is very simple and 
iolar stills are easy to maintain.    Although due to hich 
initial investments this technique does not offer immediate 
attraction yet on the whole it may be economical in many areas 
where concerned authorities have to spend huge sums for 
providing the water.   One always considers the cost of produc- 
tion of the water by the technique but forgets many a times, 
Íravity of problem of water supply and what is actually spent 
n case of bed needs.   It is pertinent to mention here that 

this technioue is widely used for supplying water in Australia, 
in Greek islands, Spain and Tunisia.    This is because in 
Australia in many regions they have no other method suitable 
for those regions to supply water and if they will not do it 
those very hot and arid regions  (Western and Southern Austra- 
lia) will not develop even though they are rioh in minerals 
(for oxan-'lo thero arc gold mines in Western Australia).    In 
dosertlc renions of Sahara in Tunisia where water is so 
scarce that  snail oools,  after tahis,  or. the roads aro sources 
of voter for daily use who will rule out solar distillation 
as a solution with all its sisrolicity within the reach of 
unskilled nersons.    Under such situations naturally cost of 
water is a* minor consideration.    In Grael: islands and in Spain 
(at Las Harinas) Government was spending quite a lot for 
Buv/olyinc water through ships,    how al thou ~h the cost of water 
for the installation at Las Harinas works out to about 
Rs.6.9/n3 ( *F<:.60/n"), this is much below the cost incurred by 
Government previously for surmlying water.    Greek and Spanish 
Governments'have decided that the communities using water 
from such installations vili only bear the operation charges, 
and hence habitants at Las Marinas pay only Rs.l,13/m3 
(F.0.75/K3). 

• IF« Rs.1.5 
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list of large solar stills as in 1960 

Loo ation ¿izo n 
(1*2) 

2"" V 

Murosk 
(Western 
Australia) 

Goober Pedy 
( ßounthem 
Australia) 

Caiguna 
(Western 
Australia) 

Haaelln Pool 
(Western 
Australia) 

Byml 
(Greece) 

telamia 
(Greece) 

Patsio* 
(Greece) 

Xlnolos 
(Greeee) 

Las Marinas 
(Spain) 

Mahdla 
(Stonisi*) 

Chakmou 
(Tunisia) 

Petit St. 
Vincent 
(S.Indies) 

418 
(4600) 

3540 
(30,000) 

410 
(4,500) 

620 
(6,760) 

2.140 
(23,000) 

w 100) 

8.000 
(¿6,000) 

2,510 
(27,000) 

1,070 
(11,500) 

1,300 
(14,000) 

440 
(4,740) 

1,710 
(10,400) 

ear or       Capacity* Cover 
mate- 
rial 

installa-    in ia3/day 
P&Ç3 
»3/ 

Status* 

ti on. 

1963 

1966 

1966 

1966 

1964 

1966 

1967 

1960 

1966 

1968 

1966 

1967 

0 3 lits/ 
ris/day 
(gallons/ 

~Aa7).  
1.25 
(275) 

10.62 
(2340) 

Olas s   Operating 

1.25 
(275) 

1.88 
(415) 

6.48 
(1,420) 

1.14 
(850) 

94.00 
(5,300) 

7.63 
(1,650) 

3.21 
(710) 

3.90 
(860) 

1.38 
(200) 

5.90 
(1300) 

Glass 

Glass 

(Haft 

plastic     Bum 

Glass 

Glass 

Glass 

Glass 

Gloss 

convertod 
to stret- 
chod frame 
design. 

tticertain 

Operating 

**U. 
• Actual capacities vili be different. Fbr crcasple, in Tunisia 
average yields of 5 litres/n2/day have boon reported. 

JL. 
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fuels are fas 
As the conventional sources of energy euch as fossil 

t  exhausting, the Scientists all ever the world 
are voricing noro and more on suitable net nods of utilising 
•olr.r energy availablo in arid and  semi-arid regions.    The 
•oler pond ir. one- such device to utillso the polar energy 
more efficient!;/.    The solar ;'ond principle is based on the 
elimination of  convection currents in snello:/- bodies of water 
solution of salts,  re svitine in the he at ins of botton layer. 
This could be achieved by inposing a density gradient throu- 

f the nond in such a way that ghout the depth  of 
progressively heavier than the one above it. 

it each layer is 

Température and density gradients in the solar pond 
system are to bo maintained at all times as any rover sol will 
eonplotely upset the system.    Diffusion of salts in the steten 
Is remarkably low nrocecs and therefore the ->ond can stana fc-r 
veoks together without loosing its stability" on this account. 
It is known from the hydrodynanic studios that where vertical 
density gradient exists, flow of fluids can take olace in 
different layers v/ith alnost no nixing of layers thus extrac- 
tion of heat is possiblo of any Ir.yer. 

sto&usxta 
The ììegov Arid Zone Institute. Israel ha3 studied the 

•oler oor.d systom and suceoûed in getting botton tormerature 
up to 900c,   Solar pond v/orl: was also carried out at" Chile 
vhore they used seni-circular ponds instead of rectangular 
shaped ponds for better performances. 

The data, available on the wor':l:ig of solar Tend at 
Israel were scanty and that the working of their solar pond 
Was discontinued duo to leakage started to the t»ond.  and as 
such further results were not nada available,    fee 'resent 
study aas been therefore taken un to collect corcperehensive 
data, at the sar.e time considering the valuable wor!: conducted 
ât Israel. 

The siza  c? the solar pond was nair.taj.ned at 45 x 22 
Beters and vas located close to our nidificati on and 
ÎS:       Ífíc?^°í V?-ant of •••'•tor dosaliru-.tion which it vas 
jroposed to meet trie required sun- ly of heated sea water for 
dÍÍ*Í?ríÍl0n'   í;"^1-'» rria at * Ía"-Gr s^3° to the flash distillation unit of dosalination. 

The present solar pond v>.s filled in A^ril ifj?i and 
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has been continuously runnlnf; till the date of reporting. 
After initial-heating neriod the eond shoved sharp rise in  # 
temperature with the close of i/intor soason towards the 
besinins of liaren, 1S72.    iiaxinum teroeraturo of G4°C has been 
recorded at the bottom of the solar pond.    It was possible to 
extract the bottom layer continuously without my adverse 
effect on the stability of the soler -ootid or the reversal of 
the gradients or temperature  of the pond.    The nein achieve- 
ments of the solar pond are furnished below: 

1. The maximum temperature recorded for the pond is 84°C, 
which has been over and above our expectation of 00°C. 

• • 

8« Heat extraction was possible at a température attained 
by (i) extracting bottom layer of the pond on the 
round the clock basin and (il) through the G.I. 
coiled pipo laid at tho botto»! of the solar pond, 

3» The total :;ain by bottom layer reached above 20 per- 
çant of the total radiation fallin:: on the surfaco of 
solar pond. 

4* Tho polythene lining to tho bottom of the solar pond 
has stood well up to a temperature of 84°C.    This has 
Îeved the way for economical working of pond.    The 

ininc of solar pond bottom has been considered to be 
one of the costly i ten s for the pond. 

6* Tho stability of pond at temperature attained by the 
pond with ree :ect" to temperature and gradient has 
boon remarkably satisfactory, desirable for the 
economic and large serlo working of solar pond. 

1* Studies on temperature arid density gradients at a 
temperature up to 90°c with present set un and u-oto 
about l00°c in the proposed set uo tailing" special 
measures. 

2* Techno-econo^ic study on solar ^ond system for 
harnessing solar energy. 

3« Utilisation of heat energy from solar   )ond for power 
production In isolated areas. 

I 

D 
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has been continuously running till the dato of reporting« 
After initial-heating period the pond shoved sharp rise in  # 
temperature vith the close of printer soason towards the 
Defining of Kerch,  1C72.   ¡•ioxinun temperature of 04°C has been 
recorded at the bottom of the solar pond.   It vac possible to 
extract the bot ton layer continuously without any adverse 
effect on the stability of the soler io end or the reversal of 
the ¿radients or température of the pond.    The nain achieve- 
ments of the  solar pond are furnished below : 

1« The maximum température recorded for the pond, is 84°C, 
which has been over and above our expectation of 00°C# 

?• Heat extraction vas possible at a temperature attained 
If/ (1)  extracting botton layer of the" pond on the 
round the clock basis and (ii) through the Q.I. 
coiled pipe laid at the botte«.1, of the solar pond. 

3« The total r;ain by bottom layer reached above 20 per- 
cent of the total radiation falling on tho surface of 
iolar pond. 

4« The polythene lining to tho bottom of the  solar pond 
has stood veil up to a temperature of 84°C.    This has 
Îaved the way for economical worldng of nond.    The 
ining of solar pond bottom has beon considered to be 

one of the costly itene for the pond. 

6* The stability of pond at temperature attained by the 
pond with respect to temperature and gradient has 
been remarkably satisfactory, desirable for the 
economic and large serlo vorking °? solar pond. 

1* Studies on temperature and density gradients at a 
temperature up to C0°c with nrosont set ur> and uoto 
about 100°C In the proposed "set uo tailing" special 
Measures. 

2* Techno-econor.ic study on solar "-end system for 
harnessing solar energy« 

3« Utilisation of heat energv from solar  )ond for power 
production in isolated areas. 

i 
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It Title,".ojf. the "-irò3cet 

Solar Sherry applications (The project is divided into 
four sections). 

a) Solar cells for rural lifting 

b) Solar ice machine 

c) Solar hot air engine 

d) EnvironmentalAgrlculture 

2. Status: a) New Project 

3* Objectives and background of tho project. 

India lies in the latitude of between 7°N and 37°N with 
un annual average intensity of solar radiation of 600 cal/ 
cnS/day and in arid ano semi-arid zones, the intensity may 
be higher than 650 cal/cia^/day.    On account of the diffuse 
and intermittent nature of colar energyj  storage system for 
solar energy for any practical applications is important. 
The planned development of these applications there is need 
for investigations' in fields relating to (i) preparation of 
solar map of India (II) radiative properties of cheaper 
materials of construction for solar devices (iii) trapping 
devices (iv)   storage system    Tho conditions in the rural 
areas in India in which nearly 30 percent of the people live 
are such th t the;- live there very" much scattered' wi:th not 
much facilities of transport and the requirements of energy 
localised nature.    A close examination of research and 
development activities in solar energy amplications of the 
world wer indicates that great advances have been,  are, 
being, and likely to be made in the utilisation of solar 
evergy in relatively small units, na: 
solar radiation being diffuse in nati 

ìainly, on account of the 
.turc,  as larger devices 

will necessitate much higher capital investment.    This 
factor is of particular importance for the needs of the 
people    of rural areas and fits into the oattcrn of rural 
economy.    However,  at present,  firewood, dung, vegetable 
waste and oil are the main sources of energy for cooking and 
lighting.    The overall Picture in resoect of onergv consum- 
ption is that the rec.iiroment of ener'r- of a smalì* community 
of 40 to 50 families in rural areas may be about 3000 KVÍH/ 
fcrailty/year.    It is significant to mention that to brin- 
about a rapi à growth in agricultural sector,  among other" 
things, for control of soil erosicn mC. stepping denudation 
of forests,  the non-commercial sources of ener?v like fi*»e 
wood etc. aro to be replaced as sneedilty as possible. 
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Here solar energy can' play G groat role.    Another partinent 
fact in the case of India is that vithin the commercial 
energy sector  (In vhich coal, oil, hydro-electricity etc. are 
used), there is a trend to depend more and wore on oil as a 
source of energy.    Such a trend nay load to either attempting 
to discover more indigenous sources of energy or import this 

/rural    oil.   Kerosene is the universal illuminant particularly in p • 
areas and is a source of domestic heat in towns.    The demand 
of kerosene is on the increase.    The indigenous production of 
kerosene is not enough (and is not likely to be enough in 
future also)  as a result of which import to the extent of 
0.7 Million ton hrd to be maintained in 1969-70.    A large 
number of villages are away from cities and due to difficult 
transportation,  even a regular supply of kerosene is not an 
easy affair.    A large number of vilaf.;es in aroas remote from 
the existing and proposed National Grid vili remain without 
electricity foi* many more years to come.    Thus kerosene will 
continue to remain the only main sourco of light in thousands 
of villages.    Silicon solar cells with storage batteries have 
cot great possibilities of replacing to a considerable extent 
the imported kerosene (as mentioned above) and also the non- 
commercial energy like firewood. 

Providing licht and power in the rual areas of India is 
basic need of the country,  and in addition,  the import of 
kerosene can  gradually be roduced and ultimately stopped by 
the extensivo use of the solar cells in the rual areas for 
these purposes.    Those apart, the use of non-commercial 
sources of enorgy like firewood would be roduced and denu- 
dation of forests vili bo stopped. 

The conditions in rural- areas in India are such that 
poonle live there very rauch scattorod without much facilities 
of transport and the r o nui rement of energy is of localisod 
naturo and also people, generally, have not sufficient \/ork 
to keep them completely occupied with tho usual aversion to 
accept" sophisticated technological developments.    In tho 
arid and semi-arid zones,  tho intensity of solar radiation is 
fairly high  (as high as ¿50 cal/cm2/day or more)  for a longer 
Î eri od of the yoar.    Braokish water sources have been known j 

n many of the areas and the gr.-ound water is 1-novn to exist      '") 
at higher depth. Higher temperature prevent people to work 
outside their devollings for long period.    Firewood, dung, 
vegetable waste and oil are the main sources of enorgy 
for cooking and lighting.    Salt is an essential article of 
food as much  ar water.    The future community development 
centres to bo developed.    The corimunity contro? in  bhoso 
areas will also require small scale industrial centres to be 
developed.    The community centres in these areas will havo 
to take care  of health and training of the nconio there. 
Problems encountered therein centre round (a) water storage 
(b) fuol shortage (c) lighting  (d) cover shortage  (o) water 
lifting and irrigation (f) comfort conditions of work (g) 
salt and food.    Tho labour intensive smaller solar devices 
will fit in both psycologically and technically in tho mral 
economy.    Under the conditions existing in thoso areas and 

i 
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tho reouirenent of the neople therein, therefore, the techno- 
logies 'known in harnessing of tho solar, energy have got immesse 
possibilities.    The nossiblo annliorvtions of the scientific 
principios and technologies towards this end aro  (a) fresh 
water by solar distillation and hunidificat ion -dehumidifi ca- 
tion iDrlncl^le both of which he.vs been developed at this 
Institute,  (b) comfort conditions - by solar water heating, 
and solar rofrigoration and air conditioning by the use of 
ammonia absorption system (c) water lifting by pump driven 
by solar engine using nethyl chloride or synthetic fluids of 
freon group  (d) solar drying of agricultural products and 
dehydration by continuous devices (e)  snail powor by the use 
of Stirling hot air engine (f)   Focd/Greon Vegetables in air- 
inflated, controlled environment "Groen Houses".    In addi- 
tion to the completed ^ro^ects on sola:- distillation and the 
Îresently proposed project on  "solar cells for rural lighti- 
ng", the other projects of immediate importance relate to 

development v/ork* (i) ice production solar machine for rural 
and isolated areas suitable for commercial scale to fisher- 
men and dairymen and others in the unelectrified regions 
(ii) environment controlled "Groen Houses" for producine 
green vegetables in arid end semi arid regions and (iii; 
production of small power by the use of solar hot air engine. 
These development work3 will z° a l°n6 w&y *n iraprovine the 

.rural economy in the country. 

• ••/ 
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§• Studies to bo undertaken with en indication 
•    ftf, thejtr, naj^ltude and HQtftoaoJLpJgg. 

1 

In the dir oct conversion of solar redi-it ion to electri- 
eity,  oulte a few methods ana materials aro knwon to havo 
been used, of which photovoltaic colls of silicon give a 
fairly higher conversion of efficiency as high as lö per cent. 
These have been used in quite a few countries as sources of 
light and TDOwcr for remoto and isolated regions, for un- 
attended light houses, for light buoys at ports, for radio 
teleneterins stations, for terrestrial uses and satellite 
stations and so on.    These cells are durable and capable of 
withstanding mam'* years of continuous outdoor use,   cud can 
charge the long life îîickel-Cadniun batteries for storing 
electrical energy.    A solar stack v/ith Hickcl-Cadnitm battory 
is easier to build for low voltage and high currents.    Kits 
can be made of a solar stack of 5 watt capacity, a storage 
battery of 0.4 volts 20 amp, hr.f  two lamp3 and portable 
lantern, with lonw life of" solar stack and batteries.    In it, 
can be provided tapping for a 4.5 volt transistor radio.    It 
•ay be assumed that normally, tho village house for lighting 
purpose is a kerosene lamp of say,  5 candle power (C.P.O., 
and'portablo lantern of say, I.CP.    It is reasonable to 
state that in such a house, whiter and brighter light may be 
in demand with the lamps of intonsity of say 25 C.P»  and a 
portable lantern of 1 O.P.,  the noed for a transistor radio 
operating on 4.5 or 6 or 9 volts,  and D ma can bo connected 
in series parallel to provide the re cui rod voltage and 
current for lighting and transistor radio.   As an example-) - 
the intensity of solar radiation in a typical sunny village a 
650 Cal/cm2/day a 750 watt/m^ (anprox) j* âroa of tho module 
• 30 cm2; conversion efficiency = 10 por cent; tho power 
output per modulo = p.30 watt (aprro::.)      For 5 watts, tho 
number of módulos ~Q%   = 16 (apYrox).    For charging ÙA volts 
Nickol-Cadmiun batteries, 3 modules would be in serios and 
6 such links in parallel giving a total number of modules 
as 15. 

Ì 

It is proposed to use during tho five-year oeriod of 
experiments in a sunny village,  the modules of silicon solar 
colls together with tho ïli-Cd oatterles in the fora of kits. 
The number of such kits for an experimental village of say, 
100 facilities has been estimated.    This experimental neri od 
of fivo years nay be termed the first -ohase of such a deve- 
lopmental study involving an e::pe:~cU.turc of ¡tances  3.625 
ln.ihs and it is exnected that curing the coursb of this 
five years period,   sufficient data and experience will bo at 
our disposal to extend such applications to other villages 
in India in future.    In between.  r> ron arati on of chcaoor^and 
»ore efficient kits is to be undertaker. 

!) 
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(b) A protot^c machine to produce ice in blocks will be 
suitable for commercial sale to fisherman, butchers, dairy- 
men ote.    Such a nachine would raise income preserve food in 
tho unelectrified regions of a country.    The pover source is 
evidently sunshine.    Por ico production, the best systen seens 
to b© solutions of sodium thlocycnate in liquid ammonia. 
ïho physico-chemical characteristic and engineering data 
heve been develóle..    For a »achino of 75 kg/day of ice,  one 
•killed person is enough,  and the capital expenditure is 
about Rs~.4000/-.   Locally available materials can b3 used. 
8terile water for drinking cones out as by-product.    Tho 
coefficient of performance of such a machina is about 0.3 
under conditions of 45°C ambient. 

(o)  Development of sciar air engine is of considerable 
interest and importance for irrigation providing energy to 
•»all scale idustries vital to tho regeneration of rural 
economy» 

Exploratory studies indicate that a good approach ia 
through many focussing collectors of say 6 feet in diameter 
and small Stirling hot air engines of 0.2 KW power.    A 6-foot 
Sarabolic mirror can intercept 2?V KM of solar radiation and 
eliver 3¿- KW of heat to a small target.    It may operate a 

Stirling engine at 15 p.c.  efficiency, giving about 0,2 KW 
of mechanical power.    Five such small engine s | and focussing 
collectors costing about Rs.2000/- could produce one KW of 
Mechanical pover. 

(d) Air-inflated, controlled environment "Green Houses" 
vherein desalinlsed water is used to provide arid zones with 
fresh vegetables,   At the ftivironnental Research Laboratory 
of the University of Arizona in Tucson,  cren s are grown in 
controlled enviroment air-lnflatec. plastic Green House in an 
area of 4 x 4G00 ft.    Such crops  :-.rb tonato, cucumber,  radish, 
spinach,  carrots, squash,  erjg plants, peppers, lettuce« 
cabbage, beet, chill, water melon etc.'Control of humidity 
to almost lOOji it it is by the use of desalinised water for 
the Hunldification-dchumldification plant indicating indigen- 
ous development of this technique of* desalination end control 
of carbon dioxide it is fron the exhaust gas of generator, 
Tho crops arc s coded directly into sand.    The basic approach 
has been to provide vater and green vegetables pnd seme 
fruits for the arid regions.    The larger scale Puerto-Penas co 
(Mexico)  Green House,  designed on the basis of Arisona 
experiments is in operation  since quite a fev years producing 
vc.rious vegetables in the arid rogion.    ïne nicely plastic 
coverings of the Green Houses,   apart fren maintaining control 
of humidity, carbon dioxide etc.  also shields the slants from 
extreme heat and light, sandstorr.s end insects.    Recently, 
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the results of tho experiments end ejmerience h avo been 
extended to the Shaikhdon of Abu Dhabi, a hichly arid 
region of tho Arabien Peninsula south oast of Kuwait and 
the str.te hp.s started producing much ejected p,reen 
vegetables and vat or required there.    Tho r?.to of 
production there is soon ¿oing to be enhanced* 

Such t"VT>e of "Green House" has got immense possibi- 
lities in sow© of the arid regions of India. More basic 
data arc required for Indian condtions« 



"34"- Annexure £ 

M^JOR PUBLI :.rior^ OF S g A3 ENERGY 
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books, collected papers,  symposia proceedings, biblio- 
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applications. 
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•   of the New Delhi Symposium.    Unesco (Peris), 1956. 

PROCEEDINGS O? TK3 WORLD SYMPOSIUM ON APPLIED SOLAR 
ENERGY, Phénix, Arizona, Standard Research Institute 
(Menlo Park, California 94025), 1956. 

United Nations Department  of .'.conomic anc1. Social Affairs, 
NEW souncEs OF ."xrr-Y ...::< ECONOMIC DEVELOPMENT. 
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published by the .Inline er Inn Experiment 3tation. 
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BdAR ENERGY,    published cuarterly by International 
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Rockvillo, Maryland 20852).    Since 1957. 
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( H.C.S .T. Secretriat) 

RCST Document No. 149/72 

Panel of Experts For Alternative Sources of Energy 

At the last meeting, of the KCST it was decided 
that a panel of exports io  identify potentials in 
alternative commercial sources of energy, i.e. solar, 
tidal, air geothermal and. chemical should be drawn up 
and submitted at the next meeting for consideration It 
is suggested that the fol owing experts could be'nomina- 
ted to *"orn the Panels for examining each one of the 
alternative sources o" exsrgy.- 

i. - Chairman. Dr. M.C: rtterjeo. 
Director (Energy), 
Planning Commission, DulM, 

8.     Ranrosentative from 
CSIR, Dvhi. 

3. Dr. Gupta, 0: fonce Laboratory, 
Jodhpur, Def. RtD 0:*ß. 

4, Dr.R.L. D«- av 
Assistant Director, 
CSíMCRI, Bhavnagar. 

6,      Representatives from other 
associated C*>IH laboratori©• 
such as NPL. CM SRI, CBRI    te. 

6. Dr. A.K. Srldhar, 
8:lid State Pries Li'r-utory, 
Do?. R"D Org., ."3-ilM. 

7. RJ :«'.rontativo. from 8-w.c RoBearch, 
8. Ro resentativo from ClfPC, Do"M.# 

°.     Representative from TIFR. Bombay. 

CSIR   r.s '.\T ready boon requested for a status paper 
en Solar Kr-vrgy. 

1.     Dr. K.Pnrifc . 
H>ad, ?'<%-. \.r% \vy.t . 
Indian Statistical Instituto« 
Pol i. 

- C Vir »an 

Contd..,2/ 



ï 

-Cha iman 

•ft.    SVri V.S.Itao, Oivüctor, HBP, 
•    CWPC, D^hi. 

3.    Rc;.rosentativo from IH, Delhi. 
*.    R3-.«r.sentatIvo from CWRS 

Khadakvasla. 

/flr Bnorgy 

1. 
•2.    Representativo from 1!HL, 

Bangalore. 
3,    Ropresontativo from Meteorolo- 

gical 0 opart mont, ^olhi. 
4#   Dr. A. ¿rishnanU •.•.'.) OHZCRI, 

Jodhpur. 
6.    .Or. S. X.Gupta, KD03I, Bhopal. 
6.    Representative from CSIR, ualhi. 

ftgflil^rjsa>^n?rgy. 
1.   Dr. M.R. Srinivasan -Chain«! 

Chief project Engineor, 
Indian Atomic Powor Project, 
Xalpakkam. 

•2.    Shri S.A. Subramanian, 
Director, TMD, CVfpC, New Delhi. 

3. Representative fron University of 
'   Rcorkoo, Roorkoo. 

4. Bhri M.L. Gupta, KGRI, Hyderabad. 
6.    Representative from I1T, Delhi. 
6. Bhri Raymahashay, Goochemist, 

IIT, Kanpur. 
7. Shri V.S. Krishnaswamy, Director 

Engineering Geology. Southern Region. 
Geological Survey of India, Hyderabad. 

ç^m^cftl Energy 

1#    Brig. K.K. Monta, -Chairas»' 
Director,Elee cronies Dof.RSD Org., 
uelhi. 

•8. Reorocontr.t?. e t::on ';30iU, 
Karaikudi. 

3, Mr. Harnam Singh, Jy.Director, 
Dte. of Prod. ¿. Insp.<Electronics), 
Def. Insp. Org., Delhi. 

o 
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4.      Reprosontatlve from DGTD, Dolhi. 
6.     Shri CM. Josenh, Add. Dir., 

8ignals ¿- Telecom., KDSO, Lucknow-6. 
6. Ehrl R.L. Mitra»  >ireetor(Standards) 

Eloctricals Traction ¿ Rolling Stock, 
RD80, Lucknow-5. 

7. Shri H.Vasant lao, 
Dy.Dir.  (p.'-r; Telccomn., 
Research Contro,   lelhi. 

8. Representative from CVPC, Delhi. 

•,.     ?n tho flrst instance, a status paper on each of 
the alternative sources of energy would be requested from 
the 'best-placed'  institut ion/laboratory(Marked with an 
asterick*  above), except for Solar Energy, on which status 
paper has already been requested from CSIR. A meeting of 
the Panel3 would then be convened by tho various Chairmen 
to review/discuss tho status papers. The Chairmen will be 
requested to submit a summary on their rosoective Panels 
to tho Integration Committee for consideration. The 
Integration Committee at its meeting will review the 
summary pauers with the various Panels, and formulate its 
rocoraraendations, for consideration by NCST.    It is 
suggested that the Integration Committee could consist of 
the following members;- 

1. Shri M.H. Suri, Member, NCST     - Chairman 
2. Shri S.N. Vinze. Jt.  Secretary, 

Min. of Irrigation ô. Power, 
Delhi. * 

3. Vice-Chalrmen, CWpC, Delhi. 
4. Shri B.N.Balisa» Chief (power}, 

Planning Commission, Delhi. 
6. Bhri Baldov Singh,  RCIL Division. 

CSIR, Delhi. * 

6. Prof. CS. Jha, HTf Dolhi - Chairman.PHnnins 
Commission Task 
*orc© on RM, for 
Powor Development. 

7*5?ri S»K. Bhatia, Director, (Member-Secy. 
RDOEI, Bhopai. Planning Commission 

Task Forco on RTD 
Power Development). 

»••u*!0^"?? consider and approve the composition of the 
Panels and the Integration Committee. 

(P.K.BHAmfiGAR) 
NCST,COOHDIN/iT0ñ 
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Sun Could Brighten Long-Term 
Energy Picture For U.S. Economy 
W! ' hat energy «tatsT Then'« plenty af 

energy available, end we knew haw te 
MM it. Kart paying far H to Matter Mattar, 
end therein hand a tal«. 

The ana to a toare« of atoa «at unlimited 
energy, meat of which to »aw waatad. Aben* 
M «créent oí tat energy from the tua strik- 
ing the aarth'i «tmoophon to Immediately 
bauend back lata «pen aa sbertwsve redia- 
tlea. Another 47 percent to «beerbsd ay tha 
atmosphere, the land and the accana, giving 
m car daily temperata»; twenty-three per- 
cent to weed ia evaporation, convection and 
precipitati«« «recasse«. A amali fractiea af 
aae aarcaat powers the emvoment af air end 
ecean carnati. Aa eren «mailer «meant, 
about 40 Milton kilowatts, to converted lata 
slant energy la tha chclorphyll of green 
leave«. It to thia tiny fra«, tie« which baa 
produced all the feeeil faeto aa earth. 

• la forty days we receive enough «atar 
energy to last a century, if properly used. 

• fetal «alar energy reaching the ground 
In the continental 4t «tat«« each day 

agen about «0 times tha ecuntry'a daily 

• Salar energy «triking the roof af an 
average heuae to fro« taw ta ten tima« the 
«mannt nooaoa ta neat ana caai tne naaae. 

Ia recent htotary « new «aarca af energy 
baa been develaaad every eeverel decade«. 
In 1S70 coal began to displace wood, water 
power «ad wind power. Seme forty five 
year« later gaa entered tha feel pktare. Oil 
wa« dtocevered in ltd* and became an im- 
portant item of commerce in the IMOs. 
Hydroelectric power waa introduced in ISM 
fellowiag development of the generator. Tha 
meat recent entry was nncleer energy, 
where the «ret «neh power plant was com- 
pleted in 1*97 and wheee fall potential has 
«•¡ana)    aaaaaV    sammm   aa\aaeakek«WaB^«^él •••ff.   JWI   BOTH   9JgVT/W«W|P*?4m, 

Some scientists feel that a fatare majar 
•auree could be eelar energy. 

And yet, the aee af «olar energy to really 
not new. Over M year« ago, a MVh.p. 
engine was successfully pews red by salar 
steam along the banks af the Nile JUver. In 

«^v-tf^- 

-Um H 
p*frt a*/ • eWwjr •évwtT pttKm vOTvttj the 

• new 
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thto country, a California firm mads 
water heaters from around the turn af the 
century until competition from cheaper nat- 
ural gas farced them to drop productien in 
the mid-lMOs. Solar water heaters are com- 
mon today in Iarael, arc standard equipment 
In many homei in Northern Australia, and 
have been bought by mere than a million 
Japanese for their homes. 

In short, the technology is here; what ia 
needed is s major effort to develop economic 
applications that are competitive with cur- 
rently available energy prices. 

Three broad applications of solar energy 
have been identied: 

•» The besting and cooling of residential 
and commercial buildings (research has 
tended ta concentrate in this area). 

a> The chemical and biological taavirston 
af organic materials to liquid, solid and 
gasee«« fuels. 

a> The generation of electricity. 
A panel of expert«, formed st President 

Nixon's newest, reported that by the year 
SOM salar energy could provide at leaat M 
percent af the heating and cooling for build- 
ings in the United States, more than M per- 
cent of tha methane and hydrogen needed 
for gaseous fuels, and greater than M per- 
cent el the country'« electric power needs. 
The panel stresses that all this could be done 
with minimal effect on the environment and 
at a substantial savings of fossil fuels. 

Ponding jampa 
National Science Foundation funding for 

•alar energy research averaged about $100,- 
000 par year between IMO and 1*70, than 
turned sharply upward to $1.3 million in 
fiscal 1071, $1 « million in fiscal If» and 
$40 million in Meal IOTI. Spending for tha 
current (local year will total approximately 
$12 million, with rapport for 51 projects at 
nonfederal Institutions. 

The Atomic Energy Cammission baa al- 
loted «alar energy research two perçant af 
tha $10 billion which Präsident Nixon has 
Bcnaceed far energy research developnaojit 
in the fiscal years 1075-71 These spending 
levels an well below theee recommended by 
the Salar Energy Panel. 

f 
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SoUr energy become« much mere com- 
petitive once you throw in the risine prices 
of fossil fuels and their health and safety 
impact on the environment. The costs «I 
distributing the fuels arc also eliminated. 

Economic studies have shown that solar 
healing already js less expensive than elec- 
tric heating in a wide variety of US cli- 
mates, and in a few locations it is com- 
petitive with gas or oil heat. These same 
studies demonstrate that solar heating, even 
without supplemental savings from cooling, 
can be a practical alternative to conven- 
tional heating. The Solar Energy Panel 
concluded that residential heating and ced- 
ing could be in widespread public use within 
a decade. 

Approximately 20 experimental solar heat- 
ed homes have been designed, built and op- 
erated in the U.S. Various combinations of 
collector types, heat storage techniques, heat 
transfer media, and auxiliary energy sup- 
plies have been used. Workable heating 
systems have evolved; however, they are not 
fully engineered, either from the standpoint 
of selecting the best systems er optimising 
the design of those systems. In addition, 
solar-powered air conditioning systems, 
which have been operated in several lab- 
oratories, must be designed into and com- 
bined with the solar heating system. 

How it's done 
Solar energy ii trapped by a rooftop col- 

lector facing the sun at an elevation IS 
degrees greater than the latitude. Collectors 
fall into two categories, flat plate and fo- 
cused. Flat plate collectors are usually 
preferable since they can utilise diffuse 
solar radiation and, consequently, perform 
effectively on cloudy and overcast days. 
They can also be maintained in a fixed posi- 
tion. While focused collectors can generate 
much higher operating temperatures and 
thus are capable of higher efficiencies, they 
must follow the sunlight and be kept clean. 

Solar radiation is transmitted through the 
glass plates covering the face of the collec- 
tor and then absorbed by a blackened metal 
sheet at the rear. Tubes carry the heating 
element—usually wster, air or some other 
gaa—through the intervening space. As the 
metal sheet warms up, the water or gas 
is heated to temperatures of 100 to 200 de- 
grees Fahrenheit, depending on conditions. 
Heat losses are minimised by rear insula- 
tion and the overlying glass covers. 

The system also includes an insulated 
storage tank for the heated material, and 
an auxiliary power supply unit for these 
periods when the sun fails to appear for 
several days. The solar system is not totally 
self-sufficient, because in addition to the 
periods when the sun doesn't shine it still 
needs a pump to keep the water circulating 
or a fan to blow the air. Overnight heating 
is no problem, because the storage tank 
accumulates enough heated matter during 
the day to last through the night, ani an- 
other day or two for that 

MAKI TOI« OWN—Schematic dsserem eatkW* e soler 
«stock Mets m winter and eeeis dorme tat swrnmer. 
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Current efforts are concentrating on 
adapting solar heating to conventional sys- 
tems in existing homes— 'retrofitting" in 
the parlance of the trade. Depending on 
which expert you're talking to, the cost of 
"solarising" a home today could cost any- 
where from $10013000. Incorporating solar 
heat into a newly-built home "generally 
rana about twice as much as an oil-fired 
hot water system and three to four times 
as much as an electrical resistance system," 
says Dr. James E. Hill of the National Bu- 
reau of Standards. Estimates alas vary on 
hew long it would take a solar system to 
pay for itself in lowered fuel costs, but 
six to ten years are the meet frequently 
mentioned periods. 

Several small operations have recently 
begun marketing solar energy components 
for the home, "but I don't think the nation 
will be affected by people like this," says 
Hill. "It will take people like General Elec- 
tric and Westinghouse before there is any 
real Impact." He expects some of the major 
U.S. firms to begin marketing combined 
systems, in which the conventional capacity 
will be strictly auxiliary, with» three to 
five years. 

In a temperate, sunny, central U.S. loca- 
tion, a house with 1,900 square feet of tear 
area could get about three-quarters of its 
heating and cooling needs from a 100 ta 
SOO-square foot collector and 1000 gallons 
of hot water storage. Careful 
incoi por at iag ouoetivo mo of 

wall erientatien as 
can tower the 

Solar energy use is being explored at the 
National Bureau of Standards, where solar 
collectors mounted on the roof of a town- 
house will collect and store the sun's energy 
for cooling snd heating purposes. The town- 
house experiment is designed to produce 
standard test procedures for solar systems. 

The townhousc will be equipped with 
"state-of-the-art" systems manufactured by 
commercial firms presently considering the 
production of solar heating equipment. 
This house has been studied extensively 
over an la-month period and ita thermal 
characteristics arc better understood than 
those of any other such structure. It has 
been moved to a site on the NBS grounds 
and will be tested with its conventional 
heating equipment before beginning opera- 
tion as a "solar house" this spring. 

Scientists st the University of Delaware 
are working on a test house which would 
be the first to convert sunlight into both 
heat and electricity. "If mass produced, this 
system wouldn't add to the coat of a house," 
says protect director Dr. Wolfgang Beer. 

Refrigeration, tow 
Research i» the refrigerator driven by 

solar energy has been insumcient to permit 
immediate residential usage, according to 
Dr. Betsy Anckcr-Jehnson, Assistent Secre- 
tary of Commerce for Science and Technol- 
ogy. "The ammonia-water absorption refrig- 
eration system is considered to be to the fore- 
front of development," she says, "although 
current research is also being directed to- 
ward a lithium bromide and water system. 
In isntspt, the refrigeration system la ideati- 
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Roger X. Schmidt, manager of Honey- 
well'« solar energy programa, describe» 
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 efforts 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, concentrator surface 
materials are being tested in Florida, 
Ariiona 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 1080's. 
Our estimate of initial cost in 1973 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 lMO'i. It 
is also possible that the $1000 por XW 
estimate may be lowered through addi- 
tional engineering development and new 
volume production techniques.'' 

Photovoltaic process 

Photovoltaic conversion is based on uso 
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 
bo collected on contacts applied to the 
surfaces of the semi-conductor. The theo- 
retical efficiency of this conversion process 
is 29 percent but it has not been reached. 

Solar cells made from silicon have sup- 
plied essentially all of the power used by 
spacecraft. Their performance and relia- 
bility in space are well established. For 
earthbound energy application«, solar cells 
are in use in the U.S., Great Britain, 
Japon and other countries in the form of 
small "packaged power" systems to ener- 
gise transistor radios, harbor and buoy 
lights, highway emergency call systems and 
microwave repeater stations. However, be- 
cause of the very high coat of solar cells, 
terse photovoltaic aratomi far terroatrUl 

Hi 

[»('ny'v, 

TOMORROW—This experiment«! solar heating system is bting installed m a suburban 
Minneapolis junior high school by Honeywell under « Notional Seitnet Foundation 
contract. Wkn operational, it is expected to saw 12JQ0 saUotw of fuel ml annua»«. 

applications have not been built, although 
the technical capability exists. 

Harncming the wind 
Solar energy sustains the winds. On an 

annual basis, the winds are remarkably 
repeatable 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 loto» a 1300-kilowatt wind energy con- 
verter was built and operated for a year in 
Rutland, Vermont. Steady improvements 
directed toward large-Male applications 
were made through the 1960's, but the 
availability of large amounts of cheap fos- 
sil fuels made the further development of 
wind power unnecessary. 

However, recent events have prompted 
a réévaluation of the merits of wind power, 
and several largo scalo wind power sys- 
tems with 2000-kilowatt acroturbiaes have 
been proposed. These units would be lo- 
cated one-eighth to one-quarter of a mile 
apart and linked together to form aa inte- 
gral system. 

Cost estimates for large scale wiad power 
systems indicate they could campite wtta 
today's fossil and 

Between the Tropics of Cancer and 
Capricorn, where the intensity of incoming 
solar energy reaches its peak, 00 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 30 miles wide. It is 
possible to modify a conventional energy 
conversion system to convert some of the 
energy contained within the warmer water 
into electricity. The conversion efficiency 
would be quite low—«round 2 percent— 
and the cost of such a facility is expected 
to be about double that of large conven- 
tional power plants. A collection system 
of units moored on one mile «pacing» along 
the length and across the breadth of the ' 
Gulf Stream is thought capable of an an- 
nual energy production about tea times 
the present electricity generati«« in tao 
United Stetes. 

Feasibility shown in 1929 
The proof-in-prineiple of the generation 

of electricity using a vapor cycle operating 
between the warm surface and cold depths 
was demonstrated in lt2$. A technical and 
economic feasibility study of a 400,000-kilo- 
watt central power station based on this 
concept is under study. 

The knowledge is there sad in most 
cases the equipment is there for full-scale 
development of solar energy. To date the 
only thing lacking has been aay real tense 
of urgency that would justify the very sub- 
stantial sumí lavolved. 

Perhaps the energy crisis will supply 
that senos. 
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Solar Energy: Conversion and Utilization 

by DR. ERICH A.  FÄRBER 
Professor & Research Professor of Mccfionie.il Engineering 
Directo', Solar  Energy & Energy Conversion Laboratory 
University of Florida 

^ 

fidfsprcad roncrrn with our 
energy situation and crisis, find 
Whai mecling Ilio ever increasing 
demand of this energy does to the 
environment through |>c>llutiori. 
prompted the writing of this paper 

A knowledge of the specific 
properties of materials under solar 
irradiation will then allow the 
collection and, or conce n tra I ion 
and absorption of this entrar- 

li night linif operation or npera- *-• -"'I •* >• . «,"i|. >', im- (-..(.' i . it 111 (; o i uni-- cpci anon or (¡p''l iT- 
lt prorciits tin' over-all a itivi tic:, of lion durine bad »real lier candi lions 
Ihe Solar Lnorgy I; Fni rgy Con- is In ccssaty t)l desirable the 
version Laboratory of the Univcr- storage   hai   In   be   provided,   Foi 
»lly of Florida rather than the 
technical details of one particular 
Investigation. 

The laboratory has looked into 
old methods of rouvertni(; solar 
energy i"|0 the forms of energy 
lieeo'ou, has used the present state 

many applications this is r.ot nec- 
essary. 'I lie energy could I«- stored 
in conventional manner as poten- 
tial energy (pumped wain, etc) 
as heat in hot water storace tanks 
or rod: him;, as chemical nurty 
utilizing   chemical   processes,   the • •«.iii-.u, e,,» iiM-u mi- pii-M-m siau-     uini/uig   incuneai   processes.   Ino 

of the ut 1,  and   has  pioneeicd in    latent   lirai or heat cf fusion, etc. 
ITltny mv.'S of colar energy utili.'a 
»ion. 

It Is obvious from all surveys 
• rid repoils that we arc using nur 
fossil fuels ut a tremendous and 
ever increasing rate so that in the 
not loo distant future these sup- 
plies of energy, so vital to our 
present growth of civilization, will 
be depleted. For this reason it is of 

In other word:, the technology 
lias been developed to convert and 
utilise solai (neri:/, ihr ccoiio'iiics 
and sociological act ep'-.neo h,,? 
sl'il to he v.orlod out m many 
ca.ses. These pioblom: var> from 
region to region and therefore take 
on a local character to he worked 
eut  by  the patentnl users. 

«~ u^|..u,.v. . ,.. ,,1,-, m.A^i, n i.i u, To be most rficctive, iocad mate- 
utmost importance that we look for rials should be used in fahr.rating 
other more peimanent sources of by local methods and labor fitting 
Wiercy and learn to use them the economics and habits, of Ihe 
lwfoie the dire need arises   Solar local civilization. 
enerpy  Is  readily   available,   well        Willi this introduction of a eon- .      .        •     •        
distributed,   inexhaustible   for   all eral nature the paper will now go    f s(^cl,on rari bl- made to obtain 
practical   purpoi.es,    and   has   no into some of the work done bv one          ,            results   in   any   desired 
pollution eff.-its upon the environ- croup i.nd the best way to do this is    ,l>l'"catlon 

ment when converted and utilized, to take you on a tour thiough the 
Our picsonl usage of energy can Solar   Fnergi    Laboratory   of   the 

be compared to a family or group University of-    orida in Ihc United 
States of America. 

Solar Propellici 
The fiul Mcp In utili/mg solar 

tnerfy is to find malciials which 
will withstand the exposure ncers- 
lary In the equipment to be built. 
To do this V.C lake some of these 
materials und expose them under 
rather lealistic operating condi- 
tions to the weather and the urn 
Fig. } show» different plastics ex- 
posed tu the environment, 
stretched over cans which are 
filled with water or sand or wet 
soil, etc. If these materials deterio- 
rate after a she! I time the inves- 
tigation is terminated. 

Those mali rials which, however, 
withstood tlus cxposuie test satis- 
factorily aie then investigated in 
our Solar Calot mieter as to their 
reflection, absorption and trans- 
mission characl! ristics under actu- 
al sol; r il radiation. 

The Solar Calorimeter, Fig. 4, 
can be oriented into any desired 
position, it ran he made to follow 
the sun, it ran simulate severe 
winter conditions or extreme 
summer cnviionments. It is further 
instrumented v.-ith many, many 
thorn..i.-uuplcs to be able to obtain 
com;,¡etc heal balances This in- 
strument, the only one of ¡Is kricl, 
It imrljiitly used to investigate 
new types of materials such as 
glasses with tinting or coatings, 
laminated gla-srs and plastic ma- 
terials, Venetian blinds, tiier- 
rnopanc windows, plastic bubbles 
for ancrafl, fabric used fur cloth- 
ing, curtain:, and draperie.,, 
water cooled Venetian blinds, etc. 

With the properties detei mined 
a selection can be made to obtain 

living off then savings, stored ii 
b»nk, and being steadily depleted. 
Tili» process cannot go on very 
long unless some "income" is 
•elded lo the savings 

In the field of energy the moil 
•blindant "income" is solar energy 

Solar Water Heating 
In Fig  S, five different flat plate 

collectois  used   for water heating 
•re  pre:ciiteri   They  consist  of a 
box   with   glass  or   plastic  covers 
(one or more) with a metallic ab- 

The University of Florida Solar    sorber element inside, which eon- 
Energy   Laboratory  is one  of the    tains   the   water.   This   water   is 
largest   laboratories  of  this   kind    circulated    to    the    small    water 

UP Solar Energy Laboratory 

-•„u,.„, ,„»»„„». hMimr energy, largest laboratories or this kind circulated to the small water 
This incornine energy was, usually and a tour thioligli it will give or. storage tanks shown above Thee 
In very in-efficient  processes and    idea   «hat   su. h  labóralo, i,-.   tr.,,1-    ni,c„-w.,.<,  „...   K.. -„. ...A   .....I. In very in-efficient processes and 
over millions of jrars. convened 
Into Olii fossil fuels With these 
(•vines rapidly disappearing we 
Will have to barn to use this in- 
come, in the form of radiant 
•nrij-y, directly by converting it 
Into the forms of energy needed 

This conversion  from sciar in 

idea «hat su. h Indoratone.", look 
like and the kind of work which is 
canini out in them The work 
carried out at this Ir.l-cratoi., is 
supported by we:k ; id p.'isjns all 
over the world and p: upe- eredi! 
should ne gì, m li t'unì Fig 1 
presents  ihe entrance, within  the 

ib'orbers can b" compared with 
each other when exposed to the 
sen under identical conditions and 
for the same h ngih o.'  time. 

Some uf the absorbéis have 
ropprr plates v.-iir. copper tube» 
soldi-led into tl.i in, otlu rs, are two 
flat    plates    riveted,    crimped    or fc-i .                                  ,        ' •                                   '        •"* •""      i--.«,,.-,     inuiu,     ii unpen     ui 

This conversion  from  solar in- gale  to the laboratory and two of welded togcthe:. The most efficient 
erfy into the desi.ed furms should Ihe four buildings „nit  found cou-isted of two  thin 
IV>   nritin  in   Ihn   r  i.,..,ri   . -.11..E... *» «  > be done in Ihr f west possible step.. 
• net alOii| Ihr most rinnt ionie. 
This piofcdiirc will iivuie the 
most officii nt way of doing this 
«lid will keep Ihe equipment ncc- 
es.'.iry 'iinplist 

Solar rncrpv h.,s certain chaiac- 
Ifristics    It   is   inleimiuint,   only 
• «'«liable dining the day on a p.u- 
licul.il location on the sui fan of 
the i.-iith In spi cti.,1 ih.,r,.iter u 
»pproxini.iics a hlaik body sonne 
Of «bou! I Ci, (j to F, mod: hid by 
(«M-oiii lijéis of bui h the sun and 
the failli a'.mosphi re. 

Il arrives on the sui fan of Un- 
earth h.,tl. as ri.ir, I »..-li.iiion and 
diffuse radiation Ihr ferirei por- 
tion can be cum entwirrt if desìi- 
•ble 

A»Nf   WJ 

Stepping around those two 
biddings one i,;n sec some of the 
rqi.ipm, nt of the 1,,1-oidtory wlmh 
will he discus ed in moie detail m 
the paper and the f .||c,ieu g illus- 
trations. Fig. 2 show» this romp. 
ment ivilh engine:, t.í vai unii types 
in the foiigioinci, heiiind tin in 
coüeclois and crin mtiatoi s of 
various types (In «he lefl of ihc 
picluir .ile ,i re.all lel.u .e: -co:; !o 
tienili," s) steri and tuo * ohi r water 
lu atri s. ., solai Mil! and p.ii.ib.'lu' 
coiiivnti ,it',r< Fui toe: visible aira 
solai p-mi-r plant, a sc.].,r still, thr 
solai   fu; oar, , , ,| t,,|,,|  r, i ., Ilr, lrl 
tu   ri'.r-'lgalc   ||,,.   ;,.!;,,    |..,,¡ ,., ,„ s 

of rnatriials h, ||H. hat kgrrund 
pjiti.uly vnblc i, a five ton solar 
•ir -condii ioni jig rquipnient. 

unit found eu-isisteJ of two thin 
flat cupper piati.. fastened together 
on ti,e (éc-ï and f .-oviding J water 
space of about 't inch, with one 
glass cover and one inch of styr.i- 
foim insulation behind the plates- 
No phvlii Mut. nais were found lo 
he as go.rt as glass sinn none o' 
Ihe ones we could riiid had the 
characteristic, ( ' /!,::.., nanw i; I, i- 
ting thiough tie short «ave radia-- 
lian h.il ni '. the l.-ng w.ni i.,i,;a- 
lion This char.ulciistiis of glav. 
allows il io he u.-ed m the design of 
a (olar  liap. 

Fig C prieinf a typical Finida 
Sohn Water l!..:t, r il cor.i'.s of a 
sheet n„l..l l,o... » ful by I.' f, ,-i, 
coveiid h; a l,,e,r of gl.,... lundi- 
the box is a »upper shed with 
copper   tubes   sul.lned   to   it   in 

(Inusoidal configuration and con- 
nected In un PU gal. watci storai e 
lank. This system, rallier ion.mon. 
is found satisfactory for a type al 
American family of 4 with auto- 
matic washing machine, etc Under 
the ropper sheet is one uà h of 
styialorm insulation For ?.-i'i:'ec- 
lory operation the bottom of ihe 
hot water storage lank n.u t be 
• bove the top of Ihc ub-orlcr to 
provide circulation without a 
pump. 

Fig. 7 shows actual installations 
of this type in an apartment house 
in Florida with each apcite.er.t 
having its own unit lo previdi ihr 
needed hot v.-aie,-. 

These standard units may be 
damaged if used in freezing tem- 
peratures and for this u„so;i we 
developed a dual circulation 
system which eliminati', ihis 
problem. II consists of tu o tanks on 
inside the other, the outer tan'.; 
being connected to the colloclor 
and this system i:, fillid with «a 
antifreeze solution The lo-at is 
then Iransfeired from this solution 
through the vs ¿ill of the inner tuo; 
to Ihe water lo be used Since in 
this system the primary circuit 
operates ;.l atnva phone conditions 
(the outer la:,!,• i,m just hale a lid 
on it) the iclkcior can !>e cot, 
strucled much cheaper and ligi,tir, 
for example patterned after the 
mo.-,t efficient design mentionne: 
earlier. Insulation covers the out- 
side tanks. 

Swimming Pool Healing 
Another type of heater whhh 

has interi sled many people in 
Florida is a swimming pool heater 
as shown in Fie 8. It is one of the 
(implosi one.- and least exp'-nsne 
]l consists of a galvsimcd sheet, 
wrapped into plastic. The sluct is 
painted black (flat) h.,e all the 
other absorbers Wetor from the 
pool can be fed to these ¡.U.orbors 
by Ihc filter pump and then inn- 
nine down the front and bad. r.f 
the metal plate drains back into 
Ihe pool II useally taker a co! 
looting surfin- equal to the pc ol 
surface for laising (he water tern, 
peinture in Ihe pool ? (¡cgiee¿ F. 
These l'hiorbris can he coii'ti ut'.-, d 
to form tin fence around the p>,l 
tvl'.ich is in many localiti. s 
required by lav,-, and in a.Hition 
can provide p: i» aey. 

House nesting 
If Ihe objective is lo he.it a house- 

rather than wat'-r it ian he done hy 
hot water riieuhded thiough I.. ,e- 
hoiid pipes ,ii a 'on\ i :,t!ona! no! 
water heating system, l'nqucri!« 
it is, however, inule colivi inert or 
desirable lo Irai a building by he'. 
air. Fig 9 sliov. s fuch an an I.e. ut, 
Inadr up of o\ei lapping rluie.iisi- . 
plates, painted I.I.u I. on l!.e po:ta.n 
expo-ed p. ihe sun Ah,til ', of 
each plate is showing the other •*-, 
>h...l, J by the p!.,:e abose "ii-ii 
an pul into a gh, s cove: ed box 
'Ihe air will cutir this urn on Ihc 
bottom and then sircan,ir.g be- 
laceli   the   I ut   plates'   svili   pick   I.,, 
the h. at i-wi h.\e in top as I. * 
»ir. 'i he (iiiolati-n ran l<- pn- 
eured either hy fire tr naliiial 
cue illation or by • f.m 

All   Ihc   above   mentioned   col- 
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•*<•.:•..-. '• -  •• • / „ ,    _ .... Fit. 3. Exposure Test of tome Plastic 
Fig. 1. Entrance te the University cl Florida — Solar Energy Laboratory. ffim 

Flg. 2. View of sumo nf the Solar Energy Conversion Equipment in the Laboratory. 
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Fig. 4. The Polar Calorimeter. 
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Fil. S. Experimental Flat Plate Collectors. 
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Fig. 6. Florida Sotar Water Heater. 
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Fiß. '« Solar V/ater Heaters In Apart- 
ment House. 

Fig. 6. Swimming Pool Sciai Heater. 



Fit. 12. Laiger Solar Still, alio able to Collect Rain Water. 
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FiC. 0. Solar Air Heater. 
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fig. 10. Solar Oven. 
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FíE. 13- Refrigerator, Driven by Solar Energy. 
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Ma kckd U . l^ka -¿m 
.Fie. 11. Small Solar Still. 

Fl£. 14. S Ton Solar Air Conditioning System. 
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Fie.   15.    Small    Solar    Relrigcration 
System, Front. 

L-wVji^.*.>LL,.-i'::i:i—-;-v;tiL/.-i 
Flg. IG. Smalt Solar Refrigeration 
Syitoms, Dock. 
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Cl 
lectors are ideally funic South nnd 
inclined with Ilio linrmiiil.il at nn 
»nule cullili to »li«' l'Hill geographic 
latitude plus IO dogi ces. Tini gives 
a little higher collection efficiency 
during the winter when the ri lys 
»re shorter. 

The air heater could he designed 
forming Ilio w.ill <>f .1 building, let 
us Mï the Fasi wall »Iure it could 
produce hol »11 the fust thing in 
the mommi; lo lake the chill out of 
Ihr building the first past of Ihr 
day. 

Solar Biking 
Another application can be .1 

solar oven, Fig 10, essentially a 
piasi covered box facing into the 
»un. Cooking and baking tempera- 
tures ran easily he rcai hed with 
»uch a device. Tel iodic (about 
every 15 minutes) icoi icnlalion, 
due to the movement of the sun, is 
required. Flips can be added as 
shown in Fin Î5 to provide fonie 
degree of concentiation and thus 
bringing the tilings to be cooked up 
lo temperature quicker. Ve. y little 
heat   is  actually   required   for  the 

toking process, only a certain 
.ernperalurc for the requited 
length of time. If one of thes" 
oven» is to be used in the late after- 
noon or early evening, the wall!. 
could be maüi: tnick, of clay 01 
ether inaici ialr which can More 
appreciable amounts of heal and 
thus remain wann lonß «fier the 
tun has none down. 

Solar Distillation 
One of Ihc major problems iv 

many parts of the world is fresh 
water. Solar energy can with very 
limpie equipment convert salt or 
brackish water into frtsh arid pure 
water. Fig. 11 ¿hows a simple solar 
(till. A metal box with slanting 
glas.:, facing South. Inside lite box 
Is a pan on short legs, painted 
black and holding the bad water. 
The sun shining into this pan heat'. 
the water in lb« pan and vaporized 
It. The vapor or steam thrn will, 
when Coming in contact with trV; 
cold surfaces of the I«JX, both the 

'ass   and   the    metal,    ronden.-c 
rming the fresh which runs dov/n 

the tides in the form of droplets 
This fresh water can then be 
Collected for future use. About V¿ 
lb. of water can be prudi ceci al an 
• vetir,e per  squalo  fe :>l   per  day 

Another larger still is shown ih 
Tig. 12. The pan is invero«) by glass 
•I about 4a decrees which form* 
most of the condensiti!; surface. 
Class is much botioi ih in plastr 
•ilice it forms film condensatimi 
letting the solar energy through 
without much diffic u!l>. Plasties in 
general produce drupwise conden- 
sation, cicli droplet foi mint; a little 
crystal which leilccts much of the 
incident .solai 1 nei 1 y. Thi; larger 
•till is ilso designed to be able to 
collect tain waler and in saine 
»reai such »r Fionda this «an 
double the output  of the  still 

The best orientation of the still 
depends somewhat upn:i the angles 
of the glass but is generally Fast- 
West or somewhat  NF.-SW. 

Solar RXrigeraticn and A/C 
Another phase of cur work is the 

usi1 of solar einig) for solar refrig- 
eration and air-coiiditiiuiiiig  At a 

numlx'r of international meetings 
It was pointed out that famine 
could b«' pi evented 111 much of the 
world if the food which is raised 
during certain pails of the «oar 
could be prcsoivcd fiom spoilage, 
and thus preserved for use during 
the lest of the year. This recientes 
refrigeration and for 1 emote areas, 
or areas without electricity, solar 
refi igeration may well I«1 the an- 
swer. 

Some of our rally work along 
these lines was to heal oil to rathe. 
high tenipcialuic:; by concen- 
trating solar energy anil then 
circulating the hot oil aiour.d the 
generati.r of an ammonia alaorp- 
lion rcfrigeiatwn system. Fig. 13 
This pictuio is romev.'iial out of 
order since all the applications 
thus far dealt with solar energy m 
its natural state without concen- 
tration but it was put in here since 
it was actually cm first attempi. 
We believe, how ec et, that rolar re- 
frigerati.-n without concentration 
holds much moie pr.imise since 
noiieoncci.trating decires can also 
utili/c the diffusa-- pjrliou of solar 
radiation, thus fundi, n even or> 
cloudy  days. 

A number o< «.mill units have 
been built an-t |i,cn a 5 ton unit 
shown in Fig n. Hal plate 
collectors heal w.-'.ci which is then 
circulated to dr..'' out the ammo- 
nia from the water m the generator 
of the system. This, ammonia vapor 
is condensed and thou expanded, 
providing the rnoiing eifert by 
evaporation. After having done its 
work the ammonia vapor is reab- 
sorbed in the ammonia absorber of 
the system into the valer to repeat 
the cycle. 

Fig. 15 and \r> show a smaller 
version of such a system with some 
improve merits. The main one, of 
combining the solar collector and 
the ammonia generator into one 
unit, thus eliminating the primary 
fluid ¡.nd reducing the heat losses 
by providing a more direct pith for 
the solar heat to get into the 
system and do its work. This small 
Ixt fool unit can produce CO lb. of 
ire on a  good day. 

It should be pointed out again 
that all Ihe applications mentioned 
ro far did not requiie concentra- 
tion of solai energy, an.i therefoie 
could utili/c the difli.se purtion of 
solar energy und rven v/oik on 
cloudy  days. 

The solar air-conditioning or tc- 
frigeiatu.n systems hase an added 
advantage, that the demand and 
supply eie in ph.ire. When the sun 
shines hottest the need for refi ig- 
eration and air-conditioning is 
greatest. 

to\tx Energy Concentration 
For some uses, however, higher 

temperature; than can be obtained 
with flat plate, non concentrating 
«•olleclors, are needed. If this is the 
•;asc, then concenti at ion is called 
for. Many diffeient ine thods can be 
used for concent iati «n. Ihe (am- 
plest ones stationary in design bul 
not as good, ami Ihe Letter ones 
requiting mctl.'.Js wl.u h allow 
them 10 follow the sun Fig 17 
shows a simple high (empcratuic 
absorber. Il consists of a number of 
paiabolir troughs oriented hori- 
zontal]} »ml with a pipe running 
down the ftic.il line of the parabol- 

as. Thr system of parabolic 
ttoughs is inclined at about the 
local latitude. iJi pending upmi the 
diameter of the pipe adjustment 
may or may not be ricvded during 
the year. The solar energy is 
icflecled by the parabolic surfaces 
upon the focal gap«' «chicli painted 
wilh a good ab.oilang paint (fiat 
black) absorbs this energy and 
tiansrnits it to the fluid inside the 
pipe. This device can easily pro- 
due e hol water, steam or hot oil. 

Some energy is loot dining the 
early 1111 ruing and the late after- 
noon hours wilh Un- above method 
of converting sol.tr energy to heat 
because of si. .tlu.g, but the sim- 
plicity and stationär.« dc.agn have 
consic'erable advaut igcs, both eco- 
nomically and do noi need much 
attention. 

Solar Power fiant 
If better efficiency is desired, 

then cylindrical prua bol a s can be 
used which are allo.sed to follow 
the sun. In the .simplest form they 
can be made as slu '.« n in Fig. 18 of 
a single par.'bola with a pipe at the 
focal line. This particular ab:,orber 
is used to prudtii'e steam to operate 
a small ¿train engine, which in 
turn drives a small generator and 
lights up a light bulb, thus demon- 
strating what a solar power plant 
could lo.ak like. The Jx 5 foot ab- 
sorber is the equivalent of 500 
watts of electrical heat. 

A large cylindrical parabolic ab- 
sorber is shown in Fig. 19 having 
dimensions of 6 x 8 feet with a 
glass covered focal tube. The glass 
cover reduces the losses from the 
healed tube Depending upon the 
needs, different diameter tubes C3n 
be uied. Copper bar. been found 
best, »gain painted with a good ab- 
sorbing high temperature paint. 
This absorber is mounted on a ro- 
tating axis parallel to the earth 
axis. It is 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 work timing unit can be used 
as well The construction of such a 
large device must be rather rigid 
since wind loads in windy arres, 
may make it difficult lo keep the 
unit directly facing the sun i-nd to 
keep it  from oaciliatm?. 

This unit has Ken used to 
produce steam for the operation of 
a fractional horsepower steam en- 
gine, to provide EOOF oil to operate 
a solar refrigerator, etc. 

Olhei methods of concentrating 
solar energy are lenses both of 
Itlass »nd other materials (in- 
cluding liquid lenses), but they are 
not widely used became of their 
cost in large si;« s and their w eight. 
However Fiesnel lenses, specially 
made fiom plastic sheets, with 
groves cut or einbos-cd so as to 
fue us the rays, Can le produced 
rather inexpensively aie unbreak- 
able and tan be of huge swe and 
light weight The Irnsc show 11 111 
Fig 20 is of this type anil can 
produce  tcropcialurc of J .'XI OK. 

A very effective way of cur.cen- 
tralini: solar em 11 y is to lake flat 
pieces of reflect.ng materials (for 
lutter result, they can even be 
slightly curved) such as minors or 
relli-itini; metal sin faces, and ori- 

ented in such a manner as ¡0 reflect 
the solar radiation or» one spot. 
Fiiuit surface reflerlnig minors 
aie giving hitler peifoim.ii.ee 
than, foi instance, back silvered 
murors wheie si.me oí the cruugy 
is absorbed in the glass. Very laii.c 
cunoeriliatois of this type lave 
been built with thousands of the.;" 
mirrors used in some of the I irge 
solar  furnaces  in the  wolld. 

Solar Cooking 
A few concentrating par.els of 

this type- are shown 111 Fig 21, 
where three of them concentrât' d 
upon a board will make this bond 
fl.ish into fire. Pich mirrors can 
also be set up in a different pattern 
like the one shown in Fig. '¿'.' v. ho e 
the mirrors aie set up into a 
circular pattern, heating the fluid 
in the jar at the focal region of the 
device. 

If higher concentration, and thus 
higher temperatures, and smaller 
focal regions are desired then ei- 
ther small minors are needed or 
continuously curved surfaces can 
be employed. In this manner ex- 
cellent concentrating minors even 
of optical quality can be made but 
they are very expansive and there 
is a practical I111.it to the ii?e of 
these configurations. 

Two such mirrors of fair quality 
are shown in Fig. 23, the one on the 
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 out funning pa- 
rabolas. Then thin highly re- 
flecting metal sheets are held 
loosely to these libs lo nllovv foi 
expansion when the rr.ctsl sheets 
are slightly healed thus avoiding 
distortion. This tvue of construc- 
tion is especially important in 
large sues. This type of construc- 
tion was also used in the large par- 
abolic cylindrical concentrator 
mentioned earlier. 

The two concentrators of Fig. 23 
were used as solar cookers where 
only a moderate amount of concen- 
tration is needed and loo good a 
concentrator may burn lióles 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 concentrators are used 
for solai cooking it may be desir- 
able to design thorn for ça: y porta- 
bility, thus eithei in sections v. Inch 
can be collapsed for moving, or of 
coated cloths of an uinbidla design 
which can be folded when net in 
use. This type is shown in Fig. 24. 

An oven and a cooker of moder- 
ate concentration arc shown in Fig. 
25. The Paps on the oven can be 
adjusted to legniate the degree of 
concentration needed. An oven of 
this design will shoilen the 
cooking and baking lime by bring- 
ing the food up lo the desìi ed tem- 
perature faster than the type men- 
tioned  cai her. 

Higher conrenliation, than the 
surfaces previously discussed ran 
provide, is needed for high tem- 
perature work solar engines, etc. 
For Ihn l'en pò .e the geuiuetiy has 
to be i.i.ue perfect 1-ig 26 shows 
various minors of rather high 
quality giving high degrees ef con- 
centi alimi wilh Ihe ultimate 
re.11 heel 111 the solai furnace, Fig. 
27. 
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Tig.  t7.  Stationary High  Temperature 
Absorber. 
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Fig. 21. Solar Concentrating Panels. Fig. 22. Solar Cooker. 
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f'l£. 23. Parabolic Sc'ar Cüntontraton. 

Flg.  II. Solar Steam Boiler of Solar 
Steam Power Wart. 
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Ffg. 19. 6 x e Cylindrical Parabolic Ab- 
sorber. 

Fif. 20. Plastic Fremei Ltrut. 
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rig. 24. Collapsable Solar Cooker 
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Flg. 25. Solar Oven and Solar Cooker.       Fig. 26. Concentrating Mirror». 
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Fig. 31. Steam Engine Operated by Solar Energy (1/4 hers« a ewer). 
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fit 32. Solar Steam Power Plant (set       Fig. 37. 1/3 Horsepowtr Closed Cycle 

Fig. ?8. Calcium Oxide Target Irradiated 
in Salar Furnace. 
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Flg. 40. Open Cycle Hol Air Engine. 
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Flg. 41. telar Pump. 

Ftf. 42. Solar Turbin«. 
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fif. 43. Solai-Cravity Motor. 

rif. 44. Solar Thermo Hm« Shift Rf 
téprocítint Engin«. 
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Fig. 47. Sewage Dieniten Heated by Solar Energy. 
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$o!*r Furnace 

lili« lolar furnace, with » S fool 
diameter mirror, can produce crni- 
tentration ratios "f .limosi 25,001) 
and temperatures uf up lo 7000 F. 

Solar furnaces r;in be uscii for 
research where high temperatures 
»nil extremely pure, unconl.imi- 
natcd hc.it is needed Miittri.ils 
can be enclosed in glass con- 
tainers or pl.i>tk- containers, Mir- 
rounded by vacuum or any dosned 
atmosphere and heded under very 
closely controlled conditions Since 
the solar eneigy ran ho concen- 
trated onto» very sninli rrpi >u it is 
noi necessary fui tin- s-.q pe-i t of the 
sample to be able to withstand 
very high tcmpiratur s nor ir, it 
necessary for the i;l;.»s or plastic 
container lo b" high lempo-ratine 
resistent since the rn-rfy as it ices 
through this material is not yet 
concentrated to a high degre." Vic. 
2«. 

The furnace ha» In-cn used to 
produce extremely high parity 
materials, to grow crystals of I.'gh 
temperature material«, FIR. Í9- 
eryslals non-exisiing in natu.e, to 
extract water from rocks and 
moisture containing soil:;, ; v, ork 
which may be of creai imp:rtance 
when a L'jiiar station if Ron« to be 
»et up *;rv.v many experts believe 
thai Ihí salar furnace wil. be an 
important ¡ool en tin moon,. =md it 
may be possible to produce materi- 
als on location instead oí baubng 
them from the earth to the moon. 
We received a citation from the- Air 
Force for this work, etc. 

Mechanical Power 
One of the laigcrt programs in 

eur laboratory is the conversion of 
lolar eneigy iuta mechanical pow- 
er. This is done by titani engines, 
Mie of Ihcm shown in Fir ?0 arid 
»upplicd with steam from the large 
cylindrical parabolic .mirentraior, 
Fig. Î). The combination shown 
will give about one quarter horse 
power, onlv limited by the concen- 
trator end quantity of steam deliv- 
ered by it 

A working model of a steam 
power piar! is shown in Fig 32. 
with the absorbs and boiler 
(howii from the Hunt in Fig 17, 
and the crgine driving a generato- 
and lighting rp a ¡call light bulo 
The fleam engine with a different 
type of absorber is also shown ir. 
Fig. 33. The sn.all squaic boiler ,n 
this case must be used with the 
concentrators shown in Fig. 21 
Other combinations and designs 
arc possible and will work equally 
well, if designed properly. 

We believe, however, thai ha' 
air engines hase a much greater 
promise lh;n steam engines for 
fractional horsepower icquire- 
ments They ¡ire safer, quiet and 
*nly need a source of bea',, any 
(curco. Tinse engines can be 
operated off sciar energy during 
the day and, if power is needed 
during the night, by other .sources 
»f heat such as we >.l, coal, eil, or it 
tan be operaiod by the heal 
produced from ine burning of 
waste pioduits such as 1ia-.li, cow 
dung, etc. 

Cloud Cycle Hoi Air Engines 
Thcic »re two basir types uf hot 

air engines, tin- closed cicle type, 

winch encloses a certain amount of 
nlr which can be pushed back and 
forth by a plunger between ho' and 
told sui faces. When the air is in 
contact with the lint surfaces it is 
heated and thus increases the pres- 
sure in the engine and when in 
coniaci Willi Ihe cold surfaces it is 
cooled thus decreasing the pu ssuro 
in the engine. A power piston is 
pushed down when the pi essor' in 
the engine is high and return: dm 
lo flyw heel action v. hen Ihe pres- 
sure is low So every down stinke 
is a power stiokc. With proper 
liming of the power pMon and 'le 
plunger considerable amounts of 
energy  can  he  produced. 

These engines a:e inherrently 
slow speed engines - — a few 
bundled levolulions per minute — 
since it taries lune lr> I.cal anil coo! 
the air. The heal transfer can be 
improved by either pressor i/ir.g 
Ihe engine or filling it with gases 
such as hydrogen or helium. Also a 
large surface regenerator will in- 
crease the pei foi n.'ince of such en- 
gines bul they become more (du- 
plicated and much nunc expensive 
by such additions and refinornenis. 

Fig 34 shows a quarter horse- 
power engin« with the displacer 
cylinder • • i hcri/onial position on 
lop and the power cylinder direct- 
ly underneath in vertical position 
The blacken; d end of the displace- 
ment cylinder is heated and the 
other end cooled, in this case by a 
water jacket. Fig. 35 shows such an 
engine dis-assembled. The basic 
unii for this engine is a lawn 
mower engine but the engine its If 
ii much simpler and less o> pensivi' 
»ince it does noi require any 
valves, carburator or electrical 
system. 

Another engine is shown in Fig. 
36 in operation with a radiation 
shield around the hot end of the 
displacer cylinder. The concen- 
trated solar energy can clearly be 
seen heating the end of I hi dis- 
placement cylinder. A five fool 
mirror is used with this engine 
which has to be moved abtut every 
15 minutes to keep the energy con- 
centrated on the engine This 
movement is rather small and 
could be automated. Fnough heat 
rapacity is buill into this engine so 
lliTt if una'! clouds pass over the 
sun the engine vili operalo 
through ihe short inloivals of 
shading. 

These engines are not self 
starling arid idler Ihe engine sur- 
faces are healed must be given a 
push bul will then take off on their 
own. This should k>e no handicap if 
compared with Ihe attention a 
team of bullox requires. A single 
man can operate a bank of these 
small engines, adjusting the 
mirror s p:-i lodically. In addition no 
further la:,d is needed as in the 
case when anini.ils ai e used to raise 
Ihe food they need. 

Fig 3~< shows another one of the 
closed cycle hot an engines in 
operation and in Fig. 3E il is 
pumping waler out of a dileh The 
miner »hewn with this engine is 
uclualh much bélier lluiii needed 
but was used since il available. It il 
an old r.iiiror from Ihe solar fur- 
nace which has It-en pohshed so 
many inns that the icflivliiii; sur- 
face is no lunger vi-iy good For en- 
gine   «pelatimi    the    concentrator 

only has In be good enough to 
provide a spot of concentration of 
the M/C of the displacement cylin- 
der of the engine about ,1'i inches 
in diameter for the engine shown 

A '? hoise-power engine, closed 
cycle, is shown in Fig. 39, which is 
designed lo be used with solar 
energy and can directly without 
modification he used to burn wood. 
coal, or liquid fuels If used with 
solar eneigy it is only necessary lo 
(-pen the big door shown and to 
concenliate the solar energy upon 
the end of the displacer cylinder 
inside  the fui naie  box. 

Open Cycle Mot Air Eneines 
The other type of hot air engines 

is of the open c>cle type, takes at- 
mosphci ie air compresses it then 
heals it again by solar energy or 
other means and then expands the 
air and exhausts il into the op -n. 

These engines have the advan- 
tage that Ihe heating of Ihe air a.id 
the speed of the engine are in- 
dept ride ut arid so these engines ran 
bo ruade lo run at much higher 
rpeed. This higher speed makes it 
pnis.blc lo reduce the weight per 
unit p.j.ecr uutpul but the engines 
so far built by us do not have as 
lii¡ h a convcisiori e-fiV.iency <es the 
closed cycle engines. I'i¡¡. 40 shows 
one of these engines. 

Roth these types of hot air en- 
gine., but especially the closed 
cycle type can be built without 
special equipment and with only 
the simplest types of machine tools. 
The liming for best performance is 
rather critical and should be ad- 
justed larefully. Another critical 
parameter of the closed cycle en- 
gine ir, the clearance volume. 

Our work was concentrated on 
fractional horse-power engines of 
the portable type which could be 
used for irrigation or drive small 
machinery. 

There are other solar devices 
whii h can convert solar energy 
into mechanical energy but they 
are of less importance. 

Solar Pump 
Fig. 41 shows a solar pump 

model, in this case made out of 
glass to that its operation can be 
observed. It only has two check 
Vdives and otherwise no moving 
pints. A boiler is Conner ted by » 
Hiaiehl and n V shaped lui*.' tu a 
chainb: i with check salves at the 
inlet arid outlet. The liquid in the 
boiler is vagolinoci pushing liquid 
out of the system and when the 
vapor reaches the bottom of the U 
lube it suddenly streams into the 
other chamber filled with colei liq- 
uid where Ihe steam lapidly con- 
denses. While the steam is pro- 
duced the top check valve is epen 
and liquid is pushed out. When the 
vapor condenses Ihe top check 
valve closes due to the v.iuuni 
piuducod and ihe bollori check 
valve opens Idling in more new 
liquid to be transported. Thi'. jml- 
;a'.'..g action can be- smoothed into 
steady flow if an an rhanil>or I» 
piovided past the top cheek  valve 

Solar Tuiliine 
Another method of converting 

solar energy into mechanical en- 
ergy is by means of a turbino, a 
model of which is shown in Fig 42 
A vellica! chamber with a lui bine 

wheel in It is filled with a volatile 
liquid to Just above the turbine 
wheel. The colleeiing sui face has a 
cover with a small hole In Ihe 
bottom of the ih.-unlxr The liquid 
will dram through this hole into 
Ihe space below, will come in con- 
iaci with Ihe hot surface U-low and 
vaporine. The vapor will stn-am 
upward forming a jet which in 
torn drives the turbine wheel 
When leaving the turbine wheel it 
will come in contaci with the cold 
sui fai ( s of Ihe upper part of the 
vellicai chamber and condense 
running down the walls and re- 
peating the cycle. 

For some applications il is more 
convenient to separate the steam 
generator from the turbine and Ihe 
condenser. 

Solar-Gr.ivity Motor 
Shifting of weights from one side 

In the other on a wheel or seesaw 
can do work. Fig -1- shows a motor 
where a ii'imbci of spheres, two at 
a time, are connected by a tube and 
mounted on a wlo-cl. Ihe sun 
shining on one side will vaporiîe 
the liquid and the vapor streaming 
to Ihe other side will condense. If 
properly deigned continuous, mo- 
tion can be obtained which can be 
used to pump watci or do other 
useful work. The conversion ef- 
ficiency and power output are 
rather small but may be'sufficient 
for certain tasks. 

Solar Thermo-Pliasc Shift 
Reciprocating Engine 

Fig. 44 shows another device for 
the conversion cf solar energy into 
mechanical energy. It consists es- 
sentially of a column of w«.t.?r with 
bellows ot the top,. The system is 
completely purged of air. The end 
of the tube is heated by concen- 
trating solar energy upon it or any 
other concentrated source of best. 
This will vaporine the water on the 
end of the tube and force the col- 
umn of water to the right, aï 
fhown in the picture. Willi vapor 
now In contaci with the hot sur- 
face, the heat transfer is suddenly 
decreased tremendously arci »o 
the cooling effects are now greater 
than the healing and Ihe vapor 
condenses letting the column of 

water retuin lo the left until it 
touches the hot CMII and Ihe cycle 
repeats. Cooling of the lower end 
of the column of water will 
¡mpiovc the performance. The 
moving column will make the end 
of Ihe bellows move back and 
foith. Tins reciprocating motion 
can be coupling lo a flywheel 
transformed into rotary motion. 
Ibis very simple little device it 
quite noisy, sounding like a »mall 
gasoline cucine' and can, Ly ad- 
justing the pii'ssure on the end of 
Ihe bellows be made to lun at dif- 
feient speeds, several hur.drcd 
cycles per niinule if desired. 

Conversion lo Electricity 
If electricity is desired as the 

form of energy to I»? used it can be 
produced by ouivorlmg solar en- 
eigy into i. cih.'iiu JI eiu-igy end 
Ihen chiving li «nnvcUmn.il c ler- 
Inc giiiei.itui. Mme coinenienlly 
the solar eneigy can be ((inveì led 
illicitly into eletti e ily by one of 
Ihe many solid stale cVvuc» i.or- 
mali)'   referred   In   us   sul.ir   cells. 
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Through the »pace program (real 
•Iride» have tern made in Ihr pho- 
tegilvanic conversion field uti- 
lizing Silicon »5 the most common 
tnMrrial. Two photogalvanic con- 
verter» »rf shown in Kip. 4i and 
41. 

Thcrmorlectric conversion has 
also been investigated in our labo- 
ratory, using certain semicon- 
ductor malet »..Is as »uprr ther- 
mocouples as well as thermionic 
conversion but not a great deal of 
energy wa« spent in these areas. 

Stwage Treatment 
Another project of interest is 

application of »olar energy to sew- 
age ttealmcnt. One phase of this 
work provided »olar heating for 
»ewagc digesters. By heating Ihcr 
digesters and controlline the tem- 
perature for optimum efficiency 
considerably mere sewage cm he 
handled by a C'ven »"e plant. 
Many plants buy very expensive 
covert and collect the »ownpe gas 
and then burn it to heat the fluid in 
the dicestera. Many of these plants 
even buy fuel and all this becomes 
k very expensive operation. Solar 
healing of these digesters proved 
relatively Inexpensive by being 
•ble to use plastic sheets clued 
together In form an air matress 
type cover floated on lop of the 
digester. This in many cases pro- 
vided enough of a solar trap to 
keep the digester at good operating 
temperature* in our region. As a 
•natter c-f fact one winter with 
rather severe and prolonged 
freezes all lite bacteria in Hie 
unhealed digesters died and action 
»topped completely until they were 
restocked. Dui inn this same period 
the aolarly heated digesters sur- 
vived and the bacterial action, 
tven though »lowed down during 
the extreme cold spells, picked 
right up again when the tempera- 
ture of the dicesters increased. The 
basic problem of healing here is 
the »amo a» for swimming pools. 

If the digeatt r is designed more 
like a »otar si ill in addition to the 
digestion fiesh water can be pro- 
duced by distillation and the re- 
maining sludge used for fértil- 
hation. 

Trantpertation 
The Solar Energy and Energy 

Conveision Laboratory has an 
Klectric Car which one of I he staff 
members drives to work regularly 
lo obtain operating and perfor- 
mance data under high traffic den- 
sity conditions. This car, Kig. 48, 
has both NIC'd and I'b Acid batter- 
ies. These batteries can he charged 
by converting solar energy either 
by Solar Cells or by a solar engine 
— generator system This method 
would mal.'; it « truly non pol- 
lutant    transportation   system. 

Solar Houst 
The Solar House, originally the 

¡est house of the Mechanical L'ngi- 
nccring Department of the Univer- 
sity of Florida, has been in opera- 
tion for quite a number of years 
under actual cccupr-ney conditions. 
A graduate student couple has 
lived in the house and various 
heating systems, air conditioning 
systems, hot water systems, 
washing machines, dryers, lighting 
systems have been studied fully in- 
strumented. 

This house is now being con- 
verted step by step into a Solar 
House, where all Ihc energy 
requirements will be met by con- 
verting Solar Kncrgy into the 
various forms needed. 

A true and realiutic comparison 
can then be made with conven- 
tional methods on both a technical 
and economic basis. 

Closure 
The above discussion with a 

number of illustrations, and we 
believe that pictures can tell a 
»lory much better, covers much of 
our work b-.it by no means all of it. 
It presents the range of activities in 
our laboratory. 

When solar energy utilization is 
contemplated its availability end 
amount of supply, the require- 
ments, the avail:.-lulity of materials 
and labor, an well r.s the economic 
considerations s! uuld be [ n-tly/cd 
on a regional or local basis since 
large variations can occur from 
place to place on a global scale. The 

device» discussed here and thown 
may have different degrees of ap- 
plicability in different arcai. 

As an example, we recom- 
mended one lime for an Army l'osi 
in Chile to spread steel pipes on the 
sandy ground and to hook them 
together into a number of parallel 
circuits lo provide the hot water 
they needed -- they had slecl pipe, 
the labor and the sandy land. To 
recommend to them the Florida 
type solar water heater would 
have been the wrong thing to do 
since they did not have copper 
sheets, copper pipes and hot water 
Horace tanks. Their problem w. ' 
solved with local materials, under 
local conditions, and produced Ihc 
desired results. 

In closing I would like to »ny 
that solar energy, its conversion 
and utilization will not solve all 
our problems, but it will be a great 
step in the right direction, by 
supplying needed energy wheiever 
it can, without having adverse ef- 
fects upon the environment and at 
the same time conserving our fossil 
fuels which can do much more for 
us than provide heal. The chemi- 
cals they contain can be used at 
preservatives, in medication, etc., 
so that the indiscriminate use of 
these resources for energy i» un- 
wise and a loss to future genera- 
tions. 

Aeknowledfcemen;» 
The Solar Energy and Energy 

Conversion laboratory of the Uni- 
versity of Honda was used as Ih« 
basi» for this paper but credit must 
be given to the many laboratories 
around the world and individual» 
who are engaged in the effort to 
utilise »olar energy for Ihc better- 
ment of mankind and their work 
supports ours through ideas and 
results as our work is helpful to 
them. 

Thanks must be given to Ihe fac- 
ulty, students and staff of our labo- 
ratory who have over Ihe years 
had an importer! part in adv-ine- 
ing the state of the art of »olar 
energy utilization and who have 
provided knowledge and result* 
for other» to build on.       AAA 
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The Generation of Pollution-Free 
Electrical Power From Solar Energy 
Projections cf the U. S. electrical power demands mer the next 30 y tar s indicati that 
thl V. S. could be in trave danger ¡ram perder shortaits. undesirable effluence, and 
thermal pollution. A pollution fret method cj Converting solar energy directly into 
electrical power mint photovollaics on the ground shews thai sunlight Jailing on about 
J percent oj the land crea of the 4S states could provide the total electrical power require- 
mints cj the U. S. in the year ¡990. By utilizing and further dtvelopint some .VASA 
technology, a new source of electrical po-j.tr will become available. Such a development 
U attractive front conservation, social, ecologkal, economic, and political standpoints. 
While the cost of producing solar arrays by today's methods prohibits their use for large 
teak terrestrial plants, the paper suggests how the cost may become acceptable, especially 
tu conventional fuels become scarcer and more expensive. Some of the desirable, reasons 
for developing methods to convert solar energy to electrical power ere: to conserve our 
fossil fuels for more sophisticated uses than just burning, to reduce atmospheric pollu- 
tion by 20 percent, to convert Imo productive land areas into high productive land areas, 
le make the U. S. less dependent upon foreign sources of energy, and to ¡earn to utilise 
tur most abundant inexhaustable natural resource. 

T. 
Introduction 

I ne uni) advancement in the American standard of 
Hiring Is reflected in tho draglie increase in the nation'* electrical 
power demand». In 193S the U. S. had an electric«) power iti- 
etalled capacity cf approximately 26 million kw. Thirty yr 
le.ter (19GS) there were22G million kw of capacity installed [l].1 

TI« actuul installed capacity und the projected requirements (2) 
for the next twenty years are shown in Fig. 1. Clearly, the elec- 
trical power demand across the U. S. is doubling every 10 yr 
and ¡n some areas, such ILS Washington, 1). C, the requirements 
art doubling every S yr. 

F%. 1 show* that the principal method of power generation is the 
burning of fuv.il fuels and »hall continui* to he so for nt least the 
nut 20 yr. Nuclear power geiiei.iliun is projected to increase 
from something around :) percent today to about -10 percent of 
Our needs by 1990. While hydroelectric installations represent 
about 15 percent of the U. S. rapacity in 1'JVO, they will account 
fer only about 7 percent uf the* U. S. demand in ItlliO. The U. S. 
bats tun out of suitable >ilïs for hydroelectric installation*. Other 
fMventioual methods of power generation, Mich as internal cun> 

• Kunibert in brvltU itoiitii.ite t'rfcrenres at enil of naper. 
CentliUilul I') tlic¿wl.ir liner*. Acplic'im>i.-t!|»ti|'aiiil (»rx-itlril 

al ih« Winter Annuiti M mm*. Washington, I). ('., Xuveuiltcr 23- 
Deeembrt 2, IOTI, ut Tut Animes* .SOIKTT tir MI:I«*KII»I 
KMOINIIH« Mamwriiit r.vtiveil al ASMI! lit i.lioi U'Hr», July Vii, 
ItTI.   I'«l*t No. 7I-WA/S.J-Ï. 
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buition and gas turbins facilities, will probably play only a« 
auxil'ary or emergency power supply role. 

Except for hydroelectric installations, the other mentis of 
generating power produce undesirable by-products of COi, CO, 
nitrous oxide*, SO«, fly ash, water vapor, and large amounts of 
wsste heat which mint be vented into the atmosphere or dumped 
into rivers or lakes. Since the best of the fossil and nuclear fueled 
installation* arc between 30 and 40 percent efficient, about 2 kw 
of thermal energy must be dissipated for each kilowatt of electrical 
power generated. M>o, the disposition of vast amount* of nu- 
clear waste must be taken into necount as this method of power 
generation becomes more and more prominent. 

There «re serious questions concerning the advisability of eort- 
tinuing to produce electrical power at the expense of our en- 
vironment and the wholesale exploitation of our irreplaceable 
natural tesources, such as natural gas, oil, coal and nuclear de- 
posits. Perhaps the timo has come for a reappraisal of other 
methods of generating clcctri* al power if only to supplement our 
present methods to that the rale of inciense in use of our irreplace- 
able naturili resources «ill be slowed. 

NonCotmnti&.\al Methods o! Producing Electrical Power 
Examining other methods fur generating electrical power re- 

quires the need In ic.-tricl ¡I t" pmef—e* whiih will not «cilou-lv 
allett ihn cinlogy. Tidal ¡mum mi-ht be harne»eJ in min» 
regions of the U. S. and the world but ibis would lie m restricted 
M to add little to the U. S. gcitcrntitig rapacity. World-wide 
puientiiil generatine capacity is MinmtcU to U* Gl MKW |'.ij. 
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Wind power, in certain regions, has promise but in the heavily 
populated locutions of the U. S. ttic velocity and consistency is 
highly variable. Gcothcrmi! power has interesting possibilities 
and is pnttic'ilarly favorable in certain regions, especially along 
the- «est roast of the U. S. Some pilot plants are already in oper- 
ation in the U. S. and other places in the world. About 0.8 
MKW U installed and shmild teach 1.31 in 1971 world wide |3). 
It is, however, a polluting process.in the tense that thermal 
energy is being removed from the earth's interior faster 
than by natural processe*. Therefore extensive use of this 
method would introduce substantial amounts of heat into the 
surface environment. 

Perhaps the most abundant source of energy available io man 
k colar energy. It is entering the earth'» atmosphere at a density 
C# 130 watts/ft' which means that over every square mile 3.G X 
IO1 kw potential energy is available during the sunlight hour^. 
8oJ:r energy is an absolutely clean "fuel," has no by-product* 
•ad lor all practical purposes is inexhaujtib' \ Its interception 
¿ad partial conversion to electrical powe would not causo 
thermal unbalance sine« the energy is arriving at the earth in any 
•vent. 

Various methods of using solar energy for beating hot water, 
warming buildings, drying food*, recovery' of salt and other 
chemicals, as well as agricultural processes, are well known. 
However, its direct conversion into electrical power has been re- 
stricted to outer space applications where, over 00 percent of th« 
U. 8. unmanned spare vehicles arc solar powered. Photovoltaic, 
tbermoelcctiic, Ihcttnionic, and dynamic processes have been in- 
vestigated as means of generating elee\ ¡cai power from sunlight 

40* N LATITUDE 
T" 

in the U. S. space program, but the method which proved most 
practical was the photovoltaic (solar cells). 

Let us now turn our attention to the con¿ideration of Using 
solar cell processes for conversion of solar energy into commerrial 
quantities of electrical power. • 

Conversion of Sciar Energy on the Cround 
Fig. 2 shows the Wll/ft* of solar energy falling on a horizontal 

surfar•; at 40 «leg X latitude on the cast coast of the U. S. under 
Various seasonal nnd weather conditions J4). The power avail- 
able was considered when the solur illumination was sufficient to 
develop useful power in the array. At no time was there suf- 
ficient illumination on the cloudy winter day to generate signifi- 
cant power. Table 1 summariies the total KWII available under 
the various conditions measured for a ground power station 1 
mi square in tiie. 

Tabi* 1    Intldtfit intrf y/p*wir «vallali«, 40 citi N lalitvdi, ti« levi! 

Kilowatt hours per square mile per day 
Incident 

toar        3 percent     7 percent    10 percent 
energy      convention   conversion   conversion 

Season 
andJtvpe 
of day- 

Clear summer 
day 

Clear winter 
day 

Cloudy sum- 
mer day 

Cloudy 
winter day 

17.3 X 10« 0.8« X »0« 1.21 X 10« 1.73 X 104 

0.3 X 10« 0.32 X 10« 0.45 X 10« O.Ci X 10« 

3.5 X IO1 0.17 X 10« 0.24 X 10« 0.3Í X 10» 

BU nU all nil 

HOUR Or DAY 

»CI   t.l«lM.t.li»««H..!...!.! 

A fully electrically equipped modern 17.V) ft' air conditioned 
borne along the east coast of the U. S. averages about IÍO0 
KWII per monili from May through September to operate its 
electrical equipment. This same house in the October through 
April period requires about 700 KWII per month, exclusive of 
heating. Thus u square mile of solar amy, as illustrated in r'ig. 
3, during the summer months, as'iuruing OX percent .«uushine 
hours tit 7 0 percent cotivcR-iuii i lltciency, could produce enough 
power to nccoruriiiiJate «bout IS.Wd bornes. This sanie power 
«talion during the winter mouths »ilh about ."0 percent sunshine 
hours and lower intensities could accommodate about It'.lXX) 
homes. • 

Jly providing an cU'ttriiiil »torage »y-tem fur the »t.-iiiiMt s* 
illustrated in 1'jg. 3 animiti the t-loi-fc power would I if avuit.ibU-. 
lining lend acid atol age Latiti ¡es fintil.ir to time in-lulled in 
telephone exchanges, a storage capacity of 'J.Ci KWII, ft' cm h* 
obtained.   A I milliou KWII »lorage rapacity itr,.,¡,| -.quire 
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»bout 400,000 ft« or « builds approximately 115 ft X 115 ft X 
30 ft high. This steraße could próvido around the clock power 
to the 10,000 homes in the winter time fur 4 full days, should 
this be necessary or it could be used to handle peak power de- 
mands. 

The entire electrical power requirements for Washington, D. C. 
»bd Prince Georges County, Maryland (PKPCO) for 1900 wcro 
1.1 X 10" KWH/yr |5|. 

Fig. 4 show» the mean monthly percentage of possible sunshine 
in various parts of the U. S. If s terrestrial eolnr power station 

I VU built in the Washington, D. C. area it would require an arc* 
of »bout 73 sq mi to produce PEPCO's 19G9 needs. The total 
»rea serviced by PEPCO ii about 5-15 sq mi so it requires about 
1 sq mi to servie« »bout 7.5 sq mi ia the Washington, D. C. 

U tho »arac power station weis located in the sunny south- 
* western U. S. where the possible sunshine hours average nearly 
W percent year «round, then PJirCO's neods could bo generated 
la » region of about 53 sq ini. -       •     . 

Enormous land areas in the arid parts of the U. S. arc low pro- 
'•' duclive regions. Many thousands of square miles could bo mado 

highly productive, "harvcsliüß a crop" of electrica! power for 
»aìe In tho areas where it Ì3 vitally needed. Not only would the 
land become more productive and valuable but the U. S. would 
become less depeodent upon foreign import of energy resources. 
Considerable savings of our irreplaceable natuial fuels could bo 
made and a. bip, step toward relief from atmospheric and thermal 
pollution would be accomplished. 

It is estimated that the total U. S. electrical power needs for 
IW0 will amount to some CO X 10" KWH/yr. Assuming tho 
? percent conversion efficiency as before and Ï0 percent sunshine 
fcours in tho southwestern U. S., about 31,500 sq mi of solar 
»rrty could cenciate our nation's total needs. This represents 
barely 1 percent of tlic land ares of the 4S states. 

If ways could be found to intercept the solar energy entering 
our upper atmosphere |CJ, then over 3 MKWI1 of power could 
be generated durine tn<* summer months and over 2 MKWII 
during the winter each and every day from a I sq mi station. 
To provide the animal consumption of Washington, D. C. and 
Prince G cortei County, Maryland would refluire about 15 sq 
ml of array at 80 per cent transmisión cflicicncy. While such 
»station would be i.bove the weather and benefit frorr ICO por- 
tent pm-àblc sunshine liours every day, there are major problems 
to be overcome in stipi>ortiiii; such a power station and of tran.v 
mltling tho power to the ground. 

The ultimile method of griieratini; Vint quantities of electrical 
power would bo fron» a Ferir-« of synchronous satellite* |7] illus- 
trated in Fig. 5 beaming the microwave power back to earth to 
b» tt»e«l wherever needed.   A nilellite with an area of about 6'/< 
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square miles could cenerate the total power requirements of 
Washington, D.C. and P. G. County, Maryland. The losses of 
convertine the DC power to microwave frequencies, transmitting 
through 2'2,yOO mile* and reconverting to useful power on the 
ground are considered to be 20 percent. Table 2 summarises 
this comparison. 

ToMt J C»mp»rli»n »f «»lor p«w«r B«*«otl«i» •* tht »«UBI«, vpptt 
k!moiph«ri, »n4 In »ynihr»»»vl »«Wll, »Mwrnlni 7 |>«»i»r>l ten»e(»i*n 
•ilki«n«f 

Location & condition 
Ground, Wash. D. C. 

50% sun 
Ground, S. W. U. 8. 

70% sun 
Upper atmosphere 

100% sun i>0f/0 
transmission eft. 

Synchronous orbit 
100% jun 807o 
transmi.s&ion elf. 

Art» to 
provide 
Ptpco 

production 
I.I X 10» 
KWH/YR 

•qmi 

n 
u 

is 

•'A • 

Area to 
provide 

total U. 8. 
requirements 

6.0 X 10" 
KWH/YR 

(1090), 
•qmi 

»1,500 

1,600 

1,700 

Are» 
ratio 

H.T 

I.i 

t.4 

Convenlionat Elcclrital Power Costs 
Most commercial power stations are amortized over a 20 yr 

period. Typical cost of generating 1 million K\Y of clectriol 
power for 20 yr by conventional methods |S] are shown in 
Table 3. The least expensive method, obviously, is hydroelectric 
where most of the cost U tie<l up in the installation. The wide 
variation of cost, rann'ms from $170-$.VJO per installed KW is 
related to location, wheic s'irne may be in ru;y,i.'d isolate! terrain 
and require the lelocation of roads, railroad«, and towns. The 
big advantage of hydnx^hctric installation is the »rro "fuel" 
coït. 

Katural r,as i* the cleanest and at present Ic.isl expensive typ« 
cf fossile fuel generatine plant. It is »l.o the first fuel »hub i» 
likely to bo depleted hince the-e reserve! «re ind.-cl M-rioii-ly 
limited. At pie-eut it costs alwul ît('>.) per installisi KW \J 

build, maintain, and operate a plant for ?U yr at IOCS pri.v 
Peihapi iimnuf.ittitred gas mu l>c prudm-ed from coal or »bah: 
but it will cost more limn imtural gm. 
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Ty»»a 

Hydroelectric 
UM fimi 
Oil furti 
Coil fired 
Nuclear fueled 

Irutslla- 
Üon 

IVM70 
IW 
>7ft 
100 
300 

Million« of dolían 

Nonfuel Fuel 

»-IK) 
33 2« I 
»7 284 
47 3K7 

152 301 

Total 
170-SW 

4M 
510 
M4 
ftA3 

• Baaed en IPC "llydmtlKtric A fitcsm Tower Tinnì Coiuitrus- 
tioi» »nd Annual I'rudurliun IJIKüW Ittport, Nov. I9C9. 

Oil and coal fired installations lire quito comparable in ewt, 
ranpnc from r. boi it f .ÏIG to $'>3I ¡ver installed KW, und they will 
probably be llic major fossil fuels Ubcd to generale electrical power 
for the rest of the century. No charges for the deterioration to our 
environment are accounted for in the costs shown in Table 3. 

It still cost» about l'A limes M much to cenerete electrical 
power with nuclear energy than with naturili g,!i3, but a» the fossil 
fuel« become le»s abundant and more expensive to retrieve, it Is 
expected that the fav-il and nuclear fueled plar.ts will rest f bout 
UM tame to operate. 

• /. V *-'•... 
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Solar Electrical Power Costs   . ;. '\ ' : ; • ''. 
Today the direct conversion of solar energy into electricity is 

very exp«nsive and confined to those applications ¿here conven- 
tional processes art impractical. Solar evìte bove found wide. 
application on long life unmanned spacecraft. Ths, solar cells 
manufactured for the »pace protrimi are subjected to stringent 
tpeclfichtiims and high quality control measures, both of which 
involve expensive band operations. Further, the ik-r^'ui for 
solar cells is quite small, amounting to some 2 million devives per 
year with »total market value of between C and 8 milium 'loll.-ii. 
Also, the demand is sporadic. 

Tbl* involves numerous start-ups and shutdowns of the- pi yduc 
tiou line, resultine in considerable waste in manpovc and ma- 
terials. Finally, no standard dcsif.n has been «creed VIJJC u by tha 
Users, forcine the manufacturers to rely he vily on ii>any hand 
operations »imply because it is economical!; jnfessibk to invest 
in automation. 

Because of all this, oriented space solar arrays, like tbr. Irirge 
Apollo Telescoi>c Mount illustrated in Fig. G, cost aboit K?,0í¡0,000 
pel KW. A recent study |9J has shown that cells for n-ieMriid 
applications ran be made now for about $15,000 per K\V using 

ALUMINI2CD SURFACE 

GLASS OR PLASTIC WINDOW 
SOLAR CELL 

ADHESIVE 

•ELECTRICAL FEEDTHR0UGH 
AND WIRE 

•PLASTIC "EGG CARTON" 
. CONICAL CONCENTRATOR 

G. RALPH HELIOTCK 
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exwtinp ailicon notar cell manufacturing method*, by relaxing 
tltf» stringent apace cosmetic and performance specifications, 
ermnguig the cells' shape for better utilization of the finple crystal 
»ilicou, and automating many of the processes fci large scale 
production, liy using simple concentrators, as iUaslmtt^l in 
Fit:. 7, which would require fewer relis to generate the same elec- 
trical power, the cost would he ncurer to $10,000 per K\V. 

The. next big tlcp in cost reduction would be the utiliratiou of 
inherently inexpensive procedes, such as evaporation or deposi- 
tion on lonn sheets of substrate. Thin fdm solar cells made of 
cadmium sulphide in 3 X 3 in. kites might be mass produced for 
52,500 KW. . .-'.v. .. 

Fig. 8 illustrates a process where many thousands cf sq ft 
of solar array might be produced at costs around $50 per KW 
under space »¡mutated conditions or J.fiO per sq ft. Thus a 
square mile of array would cost about $H million. Const" iction 
of the necessary ground support structure and conducir might 
amount to SI.00 per sq ft or Î2S million per sq nú. Batterie» 
for ft 1,000,000 KWH storage facility might cost $10 per KW'U 
or $10 million when purchased in larpe quantities, and i.he neces- 
sary building and ewitching gear might add another $20 miüion 
ovi r a 20 yr period, including two battery replacements. 

Since the solar nrrny is a direct energy conversion *yst.:m »nd 
has lio fuel roste associated with it, its operating costs should be 
considerably less than any of the dynamic systems, pcrhap» »s 
lo.v as (1.00/ft* over 20 yr or $28 million per sq mi, which 
vould include 2 array replacements. Table 4 ihov.-s lhat a 
1 sq mi solar nrrny power tuition, built after techniques »rt 
devtloptd to produce low cost rolar arrays and batteries, would 

fit. *    Ap.tl* Iritiupt m.unl with "}«rl«»" 
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tont »l>rmt »UK» miti: HI lit »mild, <>|>cr»te HIMI maintain »ver w '.Il 
yi pcrHxt. A filnr nrrny in tin- mimy uroithwi^liiii pail, of tl«" 
U. 8., «sing a 7»t (irrcr-nl MiM-tiinc factor, wmiM tonerai« at 

fcMt Í.I X 10* KWH/mi* yr. If »!•« !•"»" «»^ ",,d '"r W 
KVVII, about twice Way's rati«, the K"'« rrluiii over » '.'0 yr 
period would be tl.'-'li X Hl*.'nii'. Subtiarling lite ii<-l:iILitiun, 
»alirtemwc ami «.pcnilirm r<Ms of *l<» X W'/uii' _«•••»*«•••• 
»boni JÜO million m:» ¡moine per .-<| mi over 20 yr. This land 

U (ken producing n "«-'"I»" *'•'•• •'' .vit,(,,i n,"",, 5-MHM) pur acre 
r.   Farm land yielding «urli « net return is eniiMckird per ye» 

premium 

Te-M« 4   «test »t I •% "»< i»t« •«•* *•«»•» ••••»•« 

tl4 X 10* 
»2H X 10« 
$10 X 10« 
120 X 10« 

$2S X 10* 

f too X to* 

Solar array fii_$0..*>0/fl» 
Site construction 
Storage find switching farilitv 
Xfemtenanrc of storna- fatuity     • 

(2 rc|>larcniciits in L'li yr I 
Maintenance mid operation <>f »tnlior» 

(2 array replacements in '-'0 yr) 
Total 20 yr construction maintenance and 

operating 

Major Problems to be Solved 
Before the large »cale terrestrial u>e of *olnr energy to general« 

electrical poner can take place, the cost of *olar artay» must be 
ttduced in cost between 3 and 4 orders of magnitude The un- 
Mitomated jewelry techniques presently u«ed for making »olar 
Ctlk wmt be replaced by rnas»ive automated technique* using 

abundant low coat material*. 
Inetead of the 7 percent efficient array* considered in this 

paper there is definite promise of doubling thij performance 
wHhia the next 5 to '•' yr by improving the »olar cell material 
•ad better controlling the |uocess. 

Methods of constructing large area array* on the ground from 
materials that can withstand many yearn of »untight and weatlier 
•met be developed. Large acale production of UV resistant 
plastic »heeU, for example, would bo required. 

Development of large scale batterie», capable of long life and 
deep cycled, i* needed to »olve the 2-1 hr per day requirement. 
While the batteries will be operated at an ideal environment eon- 

' ulte«, they mint have high »torag« density and be made *A 
»bandant and inexpensive materials. They »hould be constructed 

Irum HMttrinh that, after Mr* fofimd, m* IH- rrpr.«-.««r.l time 
and »Kiin M. as lu eliminate the n»*<l f«f < «mpklr n pit« .imnt ni 

material*. 

Reasons lor Converting Solif Energy Into Electrical Power 
FollowingaicMtincri'ii-wi* why «hv»'l<-piiifii^h«iiiM l*-'arlwl 

immediately »n the convergimi of «olar energy to electrical power. 

I Toeoif-erve our irreplaceable natili»! resounds MMII as gvs, 
«il, coal, and unclear oie MI they ran be u>cd fur rinne valuable 

purposes than just burning. 
3 To make, rondici able progrès toward rcihirinir almo- 

»phcric and thermal pollution which are having »trimi" dcirimcn- 

tal effects on our environment. 
3 To make many thousand* of ma- of our sun rich land more 

productive and valuable in producing a marketable "crop" of 

electrical energy. 
4 To make the U. S. left dependent upon foreign lource* of 

tnergy. ... 
I   Te kam to utilize our most abundant and inexhaustible 

natural resource, solar energy. 
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Tho Miar anargy raaaivatf at «round lavai la oonoldorablo (»if ta 1 K Watt/ 
•2 in alaor woother) and ana wandere why ita dir act e*nvoralan into aonvontionol 
energy la na>t »ara wideeprood, aftar deeadoo of reeeereh an« e*#arleant. 

Tha roaaene aan ba auonarlioe) aa fallano i 

Mltr «nergy apart fra» ita 3 «ajar advantagee (free, unlimited production, 
dietrloution Independent af dletaneoe and obotaelaa) preeente ohereoterietloe 
which pan eondeon It whan tha toohniquee and flaida of applloatlan af Ito uaa 
ara not thoroughly adaptad ta thooo aharaetorlotlea. 

Tha erltaria which wo think ontiraly oondition tha uaa af oolar energy 
ara tha following i 

W - knowing that tha aune'e raya ara vary attanuated in oloudy weether, 
wo »uet eartalnly (at laaat in tha preeant atata af captura teohniquaej 
adopt techniquee te give priority to tho noodo and oonditiono of dry 
eauntrloo Qonorally having eloar ekiao for a larga proportion of tha 
yaar. Oaaart ragiona (for OKOoyle tho Sahara,  tho high Irailllan plotoauM, 
ftlddlo-faet coun.rieo). 

!•/ - knowing that aalar anargy la periodic, it ahould bo applied to 
whieh ara alao pariodic, not peeing complex anargy otoring probi 
for whioh wotor pimping ani rofrlgorotion oro tho boot aiiaaploa, 
noting thot in both eaaoo, tho Mulatte) naad earraapanda to •aula»« 
dwotlon intanaity. 

I      i Aro« receiving »ora thon 2.300 huh por yaar. 
fry'/ Uroo racaiving batwaan 1.160 mnê 2.300 kwh par yaar. 

I^v./Uraa racaiving botwaon 1.400 one 1.M0 kwh pot yaar. 

^3 Araa raaalvlng botwaon MO ana) 1.400 kwh pot yoor. 

I     Ur— raaalvlng looa thon MO kwh pot yoor. 
••/•• 
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3-/ " ïrr'1;!Lth\t §unu9nt *• *w*> c«ptuM »odia MU»t b. »Mxi.. 
tic, and not naeaaaarlly bo .iopiy tho mult of laboratory logie 
(aaa paragraph 2 on difforont .olor oopturo tochniquoo).    * 

4#/ " Îï/îî'î' Ï"0"1"« th* P"«»nt worldwldo diotribution of waalth 
ml  Cüíúi LÍ!.   d,w?1?Pln9 oountpio. whioh pr...nt tho »oxl- 
ir.«^nïh:«:î M*!" S?Ur inM9y *"du«"°" .no* uaa raaaareh, 
1112    ÍÜ'S*"* °f d«w»l0P*»n*. »«»t conoidor th« ovoroll Umita- 
iiono, and tho »oonowlo roooureoo and nooda of thooo eountrloo. 

uiàK *K-4.y! ,h?uld *dd that within thooo oountrioo, wo oro «or« oonoornond 

oí «roo of Ila oìllilT  ?fT< °r h«Uot«°""*«l in.t.ll.tion. o. baing 
tll    !.î;u : 

P,fXí"'îi0 i1"**«"•«. gonorolly rich in ropid orooion foo- 
11  if Iti   lé ìltLÌn"°:"ibì''  lnh*blt-d *  "•«"•• «ithoÜ ««Suo o«y or Ufa, ond looking aodorn toohniool qualiflootiono. 

ih* •— iî'' ín thB "«ht of *"••• limitation» that wo ara Mina to oxooino tha rango of oolar «atarlol oxioting today. "   MWI" 

!•/ . S8ÄSS!i9SÄk^5£!!M^ 

•naW ar.AÍhír;:uÍ;inS
,
I
Ueh',á,,UM '" """'"'HI "*•' •»•*•* •• *«•*• 

•> - ttHQt MflVtrilQf) Of .«lor anorov int. .i^fTlllll ,n|rnï - 

Silicon oolar collo oon ba uood for thla. 

It oan bo oonaldarad for an anargy raoalvod of i 1 KW/o2t with a 
Vitti T!   ÍrKÍ^ÍÍ !llleon Ml1*' u *• Htrttt« to obtain 

îî/ÎÎItJÎÎ2?,\!hî' ,olutlon •«»•" vary ottraotlva. Ho«ovor 

£ .^zTr\ni.
l:iTvr

tm "••"•lv# %hM •**"••• **» - 
imdloto futuro, lloltod to tho opooo lnduotry. 

• •/•• 

 -   ^ 
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b) -  conversion of solar ansrov into mechanical anarnv uainn » hloh 

Using the«« techniquoe, parabolic mirrore concentrate their raye 
on black bodita poaitionod at thair fooal pointa, tha oaloriaa 
thua produced faad a conventional thermodynamic oyete» to achiava 
a high thermodynamic output. Solar ovene ara tha aoat widely 
known application of thia principia. 

But thoee ayatoma praaant problema whieh randar the« praotioally 
uaeleee except in vary apaoial aituationa i 

• tha concentration requirea parallel raya, and thua a oomplete 
abaanoe of oloud,  which io very rara. 

- it alao requirea oonetant and praolaa «irror reorientation, 
thua requiring very ooaplloatad feeturoe, whioh are vary 
difficult  to Maintain. 
(tha collector - adjuataent unit, whioh ia often onorooue, 
ie particularly vulnerable to wind). 

- the reflecting aurfaoaa auat be Maintained in good condition, 
and perfootly olean, whioh neceeeltetee great oere. 

*'/ " Ô-2HÎI35!ÎÎ.5SS5S3£ï-9ÎS££ÏI2ï-i-i:2^.îl!î?S55îii5!.l!fSi!i5! 
Í52-?bñí!L£2fekESI23.?i£?5 

In short, conventional oollactora, even thoee whioh ara theoretical- 
ly aatiafactory, do not lend theneelvas to uaa in unoiviliied area« where it 
would be preferable to inatall the«. 

Tor thie reaaon it appeered naoeeaary to totally ohenga helioteohni- 
oal inatallation conception towerde atrength, aiaplioity and reliability whioh 
ore the only oharaotariotloa allowing sueh an inatallation. 

Those optione raaultln tha ohoioe of a low toopereture thsrmio eyolo 
alailar to refrigerator oyclea. 

Solar anginea uaing thia principle, work with tsnpereturee no 
greater then 70*, whioh simple oolleotore or plsns colleotore, produce sasily. 

Low temperature aolar anginea, aa they have bean atudled for ths 
leat tan yeare et 1» Institute do Physique lUteorologique do OAK A«, under ths 
dlreotlon of Profeeeor HASSON, end in oloss rslatlonohip with Etabliseemente 
Pierre nCNGIN ds nONTARCIS (Trance), have bssn sspsolslly daslgnsd for water 
pumping. 

Thoos solsr puaips, although still prototypee, srs not merely 
lsboratery instruments. They srs slrsady ussd for agricultural, psstorsl, 
snd eoaounal purposss, and srs soosssibls to tho populstion. 

• •/•• 
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«# M-.ÎÎ    y:       y   !U1  <P«tlcul«l>' *"• SEGAL pu»p) oovorol thousand» 
of working hours end of cubic «otaro of wotor puapad. Thoy oro indivi- 
dually doocribod lotor.  Lot uo just ooy thot ot prooont,  4 prototypoo 
oro working in Africo, o 5th i. baing built, ond 7 othoro elonnod. 

4*/ - JATN.WINCIPLES^gr A PLANE COLLECTOR SOLAR 
••""••••"••••"••••••••••••••••••••«i 

PU«PINQ STATION 

1-/ 

W 

Plan« eollootor oolor puopa oooprloo oooontlolly i 

A bottory of inoulotoro intandad to hoot tho Motor «iroulotln« in 
o oloood circuit by tharoo-siphon, on«) whioh eon ola« bo wood oo 
0 roof (ooo oolor orehltoeturo thoory lotor)* 

A oolor angin« converting tha own*o calorific onorgy into ooohoni- 
001 onorgy, by «aana of o low teaparoturo tharoic oyola. 

A hydropuop intandod for oxhauot, comprlolng o hydraulio prooa 
al tuo tod cloao to tho aolar angina, ond o hydraulicolly oontrollod 
ploton pump at tho botto« of walla. 

4t mrttiwiio, snfl thtttfort tho Mio•nniv:''Lrs: Kg»?raf!i.. 
thon   ¿5 a«t«r«  fr?,   th« HmlimT 

MOTE  - 

Thlo hydro-puop oan bo roplaeod by any othar typo of 
lorly,  for larga inotollotlono, conwontional vortlo«! 
oro indiopanooblo. 

*•/ • A puapod watar atorogo rooarvolr. 

, portion« 
anion 

MTMTI - 

Tho low taaparaturo onglno hot boon th« aubjoot of vorlowo potonto 
In fronoo ond abroad. 

Chonnolod typo oolloetoro ort UM potontod. 

• •/•• 
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•"/ • IS£t!3!£h.?S!!I!h!IÍ£! 

At the moment, *e «r« Halted to fairly 1M power, eoetly beeeuoe 
African Mil« in deeert imi generally wort* et ih« rat« of • ta 10 «3/ 
hour, but thla technique la not Halted in power,  and ana eon envloeoe 
vary larga aeeeebliee. | 

To find appllcatiena ether than deep pueplnt in which Miar feetu- 
raa would ba joapotitive,  a cooperative eeonoaiee calculation auat be 
performed.  We ara thinking particularly of low riaa irrigation projeote, 
which prabably constitute »no of the «oat profitable application*. And 
altneugh raaaareh,  up to tha praaant tiae,  haa for financial roaaona been 
Halted ta puaping, it la eartaln that tha aaaa ataehlnee, «ill, in tha 
near futura, produca rafrigaratlen and electricity. 

• for rafrigaratlen,  it la auffloiant to expend a part of tha lo« praaeur*    i 
llovido and ta eauplo o coapreoeer ta tha angln«. 

• for eleotrlolty, one eeuld eaelly daaign larger eeaeabllee,  ualng air 
eendeneero cooled by running water, whloh ellalneteo neeeaoity af «otar 
pwaping,  end allowa the aotor to driva a generator, which together with 
the aotor feroa a aoolod aeeeably. 

It la eleo peaalble, when elooe to a largo aaaa of water (river, 
awlaalng pool, reservoir) te uoe thla water with nereol eondeoeero. 
•wt ot preeent, theoe techniouee ore aeeting eleotrloal eterea* probieoa. 

••/ • S9£!Í!ri.¿SeíkiSSI15Sf.£SS.fS.aS.£5SHIISSiy9S 

Me heve ahown alneo the introduction in whioh di ree tien MO aro 
oerrying eur develeaaeM and rooeereh, an« the target to whlon they at« 
dlreeted. 

While develaping theaa principle«, wo eon arbitrarily Hot tha 
following ueee i 

••1/ . V.lelflt nrollMUll - 

The aain need of lealated village« and eeeae lo wetar. 

Theoo villagoa often have wolle, but «anual puaplng eoewplee a 
larga proportion of the tiaa of the population to the detrleant of 
other work.  In addition, it lo hard work, often performed by oMldren 
to the datrlaant of their adueatlen. 

• •/»• 
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i* 4. [0r îhli r0'!?n MsU •""•"*«•"•« it vary i.porUnt, providing 
íí«Í0^:ínLP*"U81 ylth *»**•"•" twgtmialSn .nd production9 
dav.iopa.nt program. 

ou.iitî«ir.SH",S* ÎÏV^Î •(Uot»d t0 tHi* P*obl.*, by tholr working 
Au:;; ;:; bü.ih:jr

r.:s:"nc"of oo#MUn9 oo,t* th- *«•'•"•"•« 
^„K ffî1,oto" •h8w Particular b.n.fitê In this kind of proora«, roof«        1 
«Men iUo« a r.al ....ably,  intogr.t.d with th. „ui.g.,  to b. mobilili. 

.**. Jn !!ín°lpX° °í thl* ,0l'r «ohi*«cturo diff.r. fro« »oat of th« 
Suîtïîu Ï °iW; ;**mPì0': WhlCh '" 9°"«my luxury r..idarveaa ln rich 
ss:s!M«u;;-:iif«;:tMiiÄ'and -^ ,oi*r •"•••' °ni> ^ • 

intanili«! Ì.      *?• íí"\MM,pl° bui" i" *f»io«> «. -inly  .oci.l 
«îî îi ÍÍ    •        •9ri0ultu"l building., th. .1. of which 1. to partici- 
pât, in th. noce.a.ry will.g. »odarnliatlon providing th. «or. aaa.nti.l 
..r,io..f cohort .nd ..curity of .ol.r roofi,  «nd tilt .t .^Za^bla 

.»«i .«!P!rí/r0? •ducatlon Gilding.,  th... aro diap.n..riaa, »ark.U, 
•nd .gricultur.l ooop.r.tiv.. .nd .h.d. which con.titut. th. intagr.Ud 
•a.oably priority progr.».. Rural r..ld.nc. ara .1.. v.ry auitabl.7 and 

¡«im: íí'í
18
 

for.:u"1 »•**«»• «•• i* u. t. omy muM tnM m 
Eh«? .»Iti?? "    S   0Uti,t eon«ld»•"•« •»• conc.rn.d, particularly 
m*",° PMUMS!' ""^ 0Onêtltut* dlff«""*. *»» •«tra«*ly int.1 

«-2/ - Pa.toral  hvH>1MUfi . 

»^ *    Thí§ Í" • bMle •PPlio«tio«. baoauaa no** dio tribaa laaa »art of > 
thair Might through l.ck of uatar in th. dry —-*' M I 

.t INSISTS; srís'^/sí^ss:^^^^- -^ r-th*fiMi «- 
•«id »•ÎSS2^1SSiîy',în* O0?1Í.**y thÄt *"*"••»  '•* "otmlly •!»»» «atar 
^;"«0%%:°o^Jí^rh.9:d.At 'uuBhu''•* so fMw cr*(i*,,ro> 

1.000 haîdT 0f th* °"MI01* tyo# C0uld ,*t,r •i*ultanaoualy am than 

link.dT!l}Íh*!PÍÍ0ÍÍl0\ii th? •*•* lm»««*V prafitabla, .Ad ««mi b. linhtd with a vlllag« hydraulio probi M . 

• •/•• 
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?•/ -  PftCSCNT ACHICVCnCNTS 

Reaeaber that the group of echieveaente preeenteel here »to the 
rooult of unlvereity-induetry collaboration. 

Tho varioue projeete undertaken together have resulted in th« 
following aohleve»ente t 

(wo oro not referring to ttriotly experimental protetypee withOHit 
application peaelbllltlot, euoh oo  t  SCCM i 6 »2 ana) ITTCC i  »00 «a). 

o) - MA03C auaa - 

TteHnlflil ahiriittiaiUii * 
• collector ara«  ..•••••••••••••••< 

- rata .•..........•••«..•...•, 

- preeeure height ., 

• «arkine, tla»a .....•....•.., 

• alata operational ••••••••••••••••••••, 

• laeetien ••••, 

If at 

1.100 l/h. 

II •• 

• to • hewt 

1 

Sfiati tut de *%yaia>*a 
AitJereleeitue éa OMM 

(téw4aal). 

.< 3r$ t 

j&¿sü$¡ 



#r 

te 

»> • Tfii flrttíWL et 

• 0«ll»€t«r tr«a        §0 «t 

- v««        é to 7 »3/h 

• pvsMur« haicht ........... ••••••        11 •• 

- werfcáne UM         lue hour» 

- laattla*        Offioa *a l'Cnatftla 
tolalra I «UneY (Niaar) 
VUlaoa o« MUCV-MUCOU 

TtUa &jmp M% with • «attain m»Mr «f aparatla*al ëlfflaultla«, 
II  MN **•   fita*  BMUIyM M*t  «t IH«  a»«?at¿a*al  lMttltfl »ltlWW% 
fifi«!  Ufíl»4  MtfMti«4l. 

TUie U «•* tf«MUMMli 

• •'•• 
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O)   .  th>  »GAL   OU« - 

Tiohnle.1 ah«»««*«»l«tia« , 

• colltotor irn •••••• ••••••••••#•••..     M «& 

• »•*•      • •*/* 

- nniMN htithft •• ,,     fi M. 

• "•»**'»« "••       | to • hour« 

• éttt tattttltntl ,,,      ioti 

- Ittttltn ,,ttt      Institut d« Phy- 
tiout fttftioroloQlqu« 
et OAKM (I«A4M1). 

.'?"'" 

Thi« puMp i« th« rtftrtnot prototyp«. It Nit bttn working uninter- 
rupted, for tltttt on« y««r. 

It it «tin« tt bt ttktn tut Into tht bo«n tttwtt* nt* tf« tht M* 
•t tht y Mr. 

• •/•• 
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«) . Tm PUrtfift il 

TiafintaH tfniittwUUai « 

• aallaetat araa ••••••••••• ••   30 at 

• rata ••••   2 «S/h. 

• ptaaauta haiont ••••••••••••••.••••#       20 a« 

- working UM .............        IUI havra 

• data aaatatlanal •••••••••••#«•        1t7i 

• laaatlan •••• *. ••••        Cool» Intar-Ctat 
tf'Ingénlaura M 
l'Eaulpaawnt Rutti 
OUAGADOUGOU 
(Upaar Volta). 

fc- 

* -'S 

Thla la an lnatruetlanal puap whleh ia uaa* ta taa« aaulpaant, 

4« la an thla that m ara aKftarlawfttlrta, fat «ha fita« tlaa with 

••—•tola! butana thamie oyolaa. 

••/•• 
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•) • Tfti CHlHfitfTTI ByiB - 

Toohnl«! ch.ract.rl.tla« , 

• eolloetor oroo ,.,,,     M »2 

- *•*• •     • to 10 »3/h 

• prooour« holght •••••    20 «• 

- working tino     8 to 6 tour» 

• dot« eporotlenol     beginning of 1173 

- loeotlon     CHINSUCTTI (noutitonio). 

Thio ptMp win Bring wotor to about 2.000 poopl«. 

Zt Mill offot o oloeo whloh con bo woo«* oo o oonool. 

It io tho firot lntogrotod oooonbly ond io tho rooult of oooporotlon 
botwoon hoUetoehnloinno ond «rehltooto. 

It lo oloo tho firot oppllootlon of ••olor onoratolo*« ooilootor 
ponollod roofo. 

Tho ehonnollng oonprlooo oontinuouo, ohoood roof ponolo oo ohown 
in tho dlogroo on pogo 8. 

Tho various sonalo oro oonnootod to oooh othor, ond oto oolf- 
oupportlng. 

Thoy hovo boon uood for o nuofeor of yooro in ooonoolo eonotrwotlon, 
ond hovo no« boon prootoood in Afrloo. 

Thoir odoptotion to tho funotion of «olor ooUootoro oonoltto 
ooroly of ehonging tho booo, thio givo« fairly ooonoolool oollootoroi 

• •/•• 
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fhm— proj«ota w »»in« ttuiâMl Mìih ih« S*««tl mpyfcUjy, 

The pu«p« «in MtM «Mil 
MO I« tM »nlMli. 

•MMUAIUM «f  «fettti MO #Mpl« MÍ 

• •/•• 
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b) - ft MftffiiY HiMltH • 

Tiifintm BhinelMitU« • 

- active   MM  fO at 

- tata  s «S/h. 

• preeeure haicht .....................,,,,, 40 a. 

• Harking UM  S heure 

- looetion  Leieret Haapltal. 

Thia ia an exiatlng lMlatlen Miliar, wttieh Hill n«w M próvido* 
nith ouffleiont Mtar. 

Tho prejaot eonalata af lnetalling a ehannalad oollector M  tha 
roof, union at firot, will bring Mtar not only ta tha hoapital but 
alaa ta tha aurrounding araa. Tha project will than ba (dopending an 
•ufflalant funda) te continua tha eurvey to próvida eloctrioity far 
tha hoapital and aadioal oupply réfrigération. 

Thia will ba a hoapital group prototype, unie* eeuld bo repredueed 
anywhere in trapleal AfrlM* 

••/•• 
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o) • m immun flyiH - 

TiBhnan efttitelwtiUflt * 

• ootlvo oroo ,  380 «t 

• *•*  21,8 »3/H (ft i/m) 

- prooouro hoight  30 M, 

• working UM   8 to e hour». 

Who« th0 holQhta to bo rtlood oro not vory groot, lor gor 
•ooMblioa oould bo pltnnod for tho irrigo***" of iooiotod orooo. 

At prooont, o projoot of thlo kind io »sing «tudlid ot tho ro^uoot i 
of tho fliniotèro M 1'MydroüUquo do lo Wiloyo doo Oooio, in tho Algorior 
RopubUc. 

Wo novo doolonod a Mlor BUM to rooolvo probloo« poood by 
Mtor oupply to oMll oporotlono ond oooporotlvoo oround Ooolo. 

A flnonoo *o>ouoot fot thio projoot hoo MIMI Mdo. 

Thlo Moooibly would irrlgoto oovorol h*oto*oo tf dooort 

••/•• 
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*) - IttÉEiilJttaliti    (CWU¥A»M«*IL) 

Acro«« tn« S«h«r«, th« BKOIM »f • jMttiwy in ««««M le « 
ilffMt afi*U««M«* «f thi» pr«««*ur«, wftl«* UM a«*«!«* U iMl«t«4 
WwrUt e«nt«v«. 

Mtliftf  t*tf  tft«  •••••bly  MUlé M»lly »f«4ue«   %*• «iMltlMl 
rw«««Mry tot th« fu#>«ti*AlA« »f %*« o«*t*r. 

Cê*iiê»w»Uy, tr»r« «r« A« «batMlM f tui« Mftf «f 
U it—U •AlâMiy mtinmui Uwrl«t twttm. 

»•/•• 
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tn adhéra de eall, aorte la* preaièraa ritlltatlene, at MUS réaarve 
a'wo cartair» neafcrt da caaeandaa, lae pria devraient beleeer de face« trèe 
aenelbla. 

•) • anaamblaa non lntiarda - 

kfM eutrat i 

0,11      i 

1 «3/h.    ¡ 
20            i 

11            ' 

1.000      i 

1.100      | 

3.000      i 

3.000 

1.000      i 

13.100 

4.100 

4.000 

310 

2.000 

!  1i000 

i  14.210 

¡Otó 

»pplleatleni 

1            i 

• »3/h.    | 

20            i 

M             ' 

21.000      i 

1.000      | 

1.000      i 

4.000 

3.000      i 

42.000 

11.000 

1.000 

100 

i    1.000 

! .iitss 

> 30.000 

¿aUSSS 

! O>M 

1.1         « 

10 U/h.  | 

20            i 

10           | 

31.000      i 

1.000 

1.000      i 

4.000 

3.000      i 

•T.OOO 

17.000 

i 11.000 

|        100 

i    f.OOO 

!    2.100 

l  41.000 

!M,QQ0 

!    0»M 

|     .Wl. 

(pompe peur alla-elee, ai 

• puiaaaneaa da                  i 10 

Il «3/h. 

- Hat  (rdfarancaa)  ..      i 

- aurfaca da «alla««        ' 

20 

•M 

Fait  iurj¡]ico  i                  ' 

200.000 

10.000 

• peinture • eelerl-        i 

12.000 

10.000 

1.000 

TOTAL  TAIT  iUfl  PLACE         ' 237.000 

1      41.000 

l      30.000 
1        1.000 

• poapa da pulte ••••      i i      20.000 

'        1.000 

i    102.000 

331.000 

! °»*° ¡ató 

TOTAL   1HMMTC.  h**e           i 
dreita de detiene .... 

• ptlH par »3 d'eeu 
peapd tur 10 an« 
d'eœrtiaaeeent, 
•«fi« tanlr eeepte 
eu tau* d'intdrft 

• •/•• 
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Cat prix tant donné* peur un« hauteur eenoeétriquo a*« référence 
égal« ft 20 «. 

Peur l'irrigation, e«tt« hauteur a«t eeuvent inférieure), par exemple 
dona l« projet (irrigation 1.700 »3/h). 

On arriva au niveau prototype, à un prix de revient per «3 de t 
0,07 ft,  (aane Unir oompte du taux d'intérlt de l'argent) et dene un evanir 
proche, ee prix pourrait Itre ebalaeé dèe lee S ou tèe* réalieationt de ee 
genre ft i Q.0S fr/gS. 

b) . dene lea *n**ebl*o intére« 

Cea prix aont eneore plu« 
en tent qua toiture, et de plue, 
d'outrée ttchee que le poatpege. 

Cea prix aont eneore plue fovereóle«, oar 1« colleotaur e'aeortit 
en tant qua toiture, et d« plue, l'énergie du eoteur peut tire utilieé* ft 

Il eet tra* difficile de oonparar aveo dee etetlone oleeelquee, 
ear il y en e trèa peu dene lea regione ieoléee, «yole on peut dire d'eprèa lee 
reneelgneeente da l'O.r.C.O.t.S. du NICER d'una part, et du ninletere de 
l'Hydraulique du Sénégal d'outre pert, qu'une etetlen de 10 « 3/h. per exem- 
ple revient ft 2 million* CFA par an d'e»ertleee«ent, y compri* lee frale d'en- 
tr«ti«n «t de gardiannego. 

•i l'on eoepte une durée d'eeortleoement d'une dliaine d'ennéee, en 
arrive dona lee prix d'lnveetlee«*)«nt de« po*p** aolairee, aele «urtaut il 
y a dea regione ou lee moteur* Oleeol eont pratiquement inutili**bl**, o o a« a 
dene 1« lud-Algérien par oxeeple (rapport oi-Joint). 

Cette étude éeonoeilque ait tre* eueelnete. Cile ne eert ft «poortar 
0)4«« dee ordree de grondeur qui prouvent que elee dene lee prealoree appllaa« 
tien*, l'énargl* aolelre eet utilleeble. 

C'**t surtout «prfte un eertein noebre de réelleetlene que l'«n p«urr« 
Juger de l'éeonoaie réelle de oe genre de etetlen. 

nal« en peut dire d'eroe et déjft màm  eette t«ehnlque «#é»rt« 1« 
ddvelappaatnt den« dee région* eu 1** «»y«*« eleeelquee ««M incoerente. 
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W -   Iñltltüt   do   Phvtinu«,   MtanrolBfilOLifl  da  DAKAR   . 

fer i • SCCAA prototype and the ovaluation end iaprovaaente 
on tho protetypee oxletlng in Sénégal. 

W - JLfiJLLkl* - 
for  i        - tht ITTCC pratotypo and develep*ent «f tharaio 

aitehan gar* 

W -  fonda  d'Alda  .t  da  CaaB«,«tlaw   (FAX) 

for i   - tht SEGAL and OMCfiSOL pretotypee, aa wall aa tna 
production of tho ongino itaelf, and buta«« taata. 

«•/ • Wlnlatara d« l'Indu.trl« . (fOCI contribution to Cta HCN6IN} 

far t   • davalepaant and flnenelng ef all «Misting appi 1 eat i ana. 

••/ - AMVA» - 

far i   • angina eeehenleal develepeent. 

••/ - HirCWHA - (Win«« da f.r  da Haurltanlal . 

far i   • tn« erd«r fer the firat «Hp«riaantal lnte«ret«d oeoeobly. 

(CHIWUCTTI). 

?•/ •  ttalilla»—i»M. Pl.r*.  HlUCt*  . 

far i        • «twdy, reeaere* ana! éevcleeaent ef variavo pratatye««. 

far any lnf«re«tl«n «anaarnin« thla «vrvey, «vita I« I 

• AaAelewr 3een«J»lerre CI MAO I CA 

••0.6. dee CtabllsaMMAte fierre «Caci» 

ttO. ru« Callo nengin - latta »eetele M 113 

«ttOO - A0NTAA6II (Lelrat) •    fAAACC   • 

Téi i t*.2t*«a 
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SOLAR WATER-RAISING INSTALLATION INCORPORATING PHOTOrOîîïERTERS Al THE OVEZSH1KH 
WATFRING POINT IN THE TURKMEN SSR 

N. S. Lldorenko, B. V. Tirnlzhevskll, B. Ya. Mlchev, G. B. Levltskll and 
S. Khandovletov 

Gellotekhn1ka, Vol. 6, No. Z, pp. 52-55, 1970 

UOC 662.997:663.634 

in agriculture. „„ntialJv  similar to  that  described   in   {1]   (as   far  as  concen- , 
This solar power  installation  (SPT)   is essentia^    '  m,'i" ,     lho  ae<iiyn 0f  the  photo- Í 

««tor.,  .teoring equipment, etc      is  concerned   •   ¿J» • "  M£•Tn       ions    ere   introduced  in  the j 
electric battery which is  the „an part  o f    he    na la    a  I     •      h < ^ lmporta;U   t0 not. that  prolonged ! 

ÎÏÏ.tïnPrti:2 iSrSSr^^inUi;«.SL^-Íi  « essential  -ge in the devest or practical , 

installations because no ^^^^^¡^^^ '¿"isoelectric batteries were  not   adecúate-       ¡ 
The  initial experience with  the  first  SPI  ..  snowed       at p Moreover, the water  cooling 

factory to use  air  cooling of  the batteries  if  they  are  rr   ' ,¡ator wi th  t.ic battery mounted on  the 
,„ the  new designs  the battery  is  in    he  for. o    a  f i an ad    ad  .to: wi th  t J^ ^  ^^ 

irradiated  surface.     Tha battery  is  P•"^*'^  * ^. ^^ nCoe,sary  to modi fv   the desiai  of  the 
aurface.     In view of  the  increased weight  o    the battr.r,   it  «» n»^   a V

ronslrllctcd  ln  1967  and was  used 

'-"s^trch-irrceTtiKT. p- r ---;--r^rfr!:nï,n-e-;:r:f
bfien 

found  to be very  effective:    ^"^-^ -^"¡'^ ^     r "      ^°^t   thVro.aine.  constant 
•Deration.     Repeated measurmicnts  of  the     U: < tr.r..    r .1   »•     r ,       t    thc.   oveeshifch  cattle 

The  Ashkhabad  installation was  transferred  afte,   two years  of   ^/J   °       colla»,oration with  the 
watering point.     In   accordance vlth  the  dozens  proved    y  "^^      "   \     a °       r   ^„te, wa,   «,s*r.blrd 
Physlcotechnical  Institute,  acadcr.v  of  Sciences  ^.r,n    SR    and   -     H     a  so|J *       -^   ^ be_ 
for the  raising and  distillation  of water   [4].     rhe  p,rou.,d '.atei  ha, 

cause of  its  high ,niñera!   enntont   (up  to  •*[;\- eauhv-ont,  the  svsten, of  pipes,  reservoirs 
The   fi£ure shovs  the  arran-, ;,,nt   of  t.,r v^  . r  T,     ,.., ^^  ^  hpJ..,lts# 

and so  on   (in  vertical  projet ion)   lo.eth. r vi   h   an   Ir    • > -of     '"   ^^ jc wat„   u,vcl.     ,1U s 
r.lectric  purp  3   is nountod  inside well   1   ,1   » hei-.ht  of  a.,ou    0.8  .w   eve   th^ ^   ^^   , ^ 

(    jpp raises  the  saline water  thrnu«* pipe       into  ro.crv.,  r  - ;      -    h   •       <., .      y^ . ^  ^   ^   ^^ 
-under eravity  through  pipe  ,   ir.  o solar st   IL 6       1.,    A.       1 tr^ d¡stU)f,d tfatfr   Is   fc,rCed  bv 

«,[s-'í:,.r;í=:,«mr :i -äS := ! ä~ .-> .-«•» » <• >— » 

the fixture   fio--,   freely  Into their   final vattr  troupi.  15. collecting distill- 
All   the  reservoirs  are  rade  of   reinferred  concrete.     The  larE*   .olu .<-  or 

•4 water   is  dictated by the  annual   v.iri.v.ic:,  in   tr.i   output   3.   .>e  ^; ;       -     ^.„j,.,.    <*„  o(   ltS   function. 
The  solar  Pr/..-er  installa:icn  is  rented  on   ~~   of  t „dut   1I, o  .. -l"   r« tr,,isfir  t;,,  distilled 

,.  to .«pply  the   two electric pur*,  which  "'-^^^-/^   -te "iòn  of   the   two punp,. 
..ter  fron the  di.tlll.t*  .anK.    Provision  is .ade    or  t ,   alU   na ^ 

The  .vsten operates as  follows      Vh,n the  insolat  on  i,      »«»;/.. th. _ rr«d an      ^^    ^ ^ ^ 

SKI ^ r.'í;:^^li;te;c;^swu:7:^s:^%¿"fc
t^^;--,ro.u-e,. ,^ ^ -»., 
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Ma-ram illustrativ tho arrangent of  the OvewMkh «y«t«.    Tnc not.tlon 
Is explained  in   text. 

an th« «»tori. u a   . .  h  tr-n-for8 water fro,:, collector 8 whenever the water 
The  fir.t  to be «witched on 1. the pur* 9 which  l"ns;«rJ    'J^,,^ lrvel probe ls not  cloned then 

level in  thi. collector is hifher than that  of proh«  17.    Tf  *££* P^ c J? ^ 2  „ 
p^p i  1.  «witched on.     If   the water leve      nA« "ate   co ^ ^^ ^ lndJcnt0    l8 

Hitched  off  and punp 9  comes  Into  opera..io> .«d c nu » P    P sultclic,d on  a*ain.    The Mxiwim 
produces   it. eip.n.1.    At   this point pump        s  s^1^ f «££,.. a

P,Cvel of  100 nm below the  end of  pipe   i. 
level  indicator  19 show» when the saline wa teri    tank ^ 0VPrfiow. 
Thi» probe witch« off pu«,p 2 a, soon as  thcr    i-  «£ dJ^*„ ation and thc „nter-raisin« equipment  from 

Three truck» were necessary to tymisport the .ol-r in. t^ al      wMle the  „te€rlnB frame« 
Ashkhabad and Ovcshikh.    The supporting meta    J•"^1••,, wlth , manuaily operated winch. 
vhlch carry the errors  and PhotOp;pc"\^"^"0

e
d

T
c    motors  W V,  il.J A. shaft power  150 V» were 

•Kama«  pump» operating in conjunct on with VW  150 i.e.  moto      K        . ^  tlta„lu» whereas the 
„•a ..  the water-raisine, equipnent.    The pur* useo ^/^"n      The pumps  are  connected  into the  .y.te« 

rerrr 1"  ^h ^A"^« l£*«¿ IAA  thoUor. «re .»-ni, -itched off for 
i pe'rioS of «, duration  (for exa.ple    «,  . '«^¿ÍJ^r/oLiput  1s «0 H for an inflation of  800 

* Teat, have yielded thc following data,    the      "^    > ^ ^ ^u        ,„ „ v, lh. 

W.  -ir temperature of  17«C. «d wind »peed   n the ^f;5 ¿^'„/suppliée, by the entire  installa- 
.£rt-circuit  current i.  21.6 A    and   he e,f is J¡^    ^^JeUl^cr pump is  * 3-2.* f ^J^ 
Hon the  con.uned power    »  found  to be  360 V.    The  ou P ^ of  ^  ln||talUtlon  ls described 
the output of the distilled water pump 1» 2.* ' « I•. P 
In treater detail in  15]. ....   „„„ »«,   r„r the well.    Tour to five hours of continuous 

"Experience ha* «hovn that  the pun*    » In    ac    too    a t   fo    the we 11. ^  ^^ mtyi      « 
»«ration of the pump is  found to enpty the well  co-^l«t^y;     "    *      thp pump from 2/3 of the output  of 
X veil and dry operation of the pun,p. attenp s vere jade  ^ ^^/J ««ch.d off).    However, 
the aolar battery  (the battery runted on one of  the thr.e  steering 

w. in thi»  case the ^output «« f^^^.^^^^f^pleti,,. «d when it  1. ready the entire 

.y.ter:iíÍrbec:rep:í.^lï/wîïï i. -nsferred to the  agricultural —itie». 
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^mfätäw**®^^^*^-** -*?s**y* •-. pííB; ,*«fp.- íWfft W«ar trawls, 
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e 

Over the ¡i..st I-'W y.-ars il».' l'iiivrrMly oí I>ak..r 
in West Afrii-i. IL. s d.-.elu,,,-,! a »ul...-«i:-iv.:n pump 
l'or imo in rrnu>te <>riti ur. ..:,. 

Th.- »tin. ini.' of om '•„lion (.in hi- see» from ili.' 
digram. V.tr , l.-aun, a -,.! , r heal-r f I ) al abmil 
-iV'Cn'O'T N »M'-'ì t° v.ipnvizp n '••.•i-oim-i-v I.UKI 

in ahrat os.-hanu.-r CI- Th.- v„p..ur. „I .. pr.-K.irr 
&-ur r.-sp..iir!:r.4 U. Ü * l.-trt!».- r..turi-, IH .-S|)...MI.-.1 n. ,11 
,.n-in.- . vliwl.-r ('•/ ;.n.l tini. .-d.aii.- t.-d to ;. v.-al.-r- 
eooled .o.Hl.ns-r (I). The ..indentale is - lurnrf 
tothoh«-.-.t-.-x«-li..i-.-.'..Tby;. !.miii:.l:ri-lt-...ii!.!.-, ;e«f. 
pi.mpiS), ihnxomplelinulh.- . lus.-! «W^'é < yi !<•• 

Th-waterpump (Ó)is al su dr.wn by Ihr rn.;.n,:. 
Its eli schar,.- ...s,rs first throiiuli the <oncl.-rm.-r 
tubes and ilion to an «U-vi.t.-tl Murai;.: tan*. 1 rom 
xvhichitis rotuulaled lo Ihr points of tonsump-.iun. 

yt? s^>|Y>\® 1 S«4/» Ató«« J 

" "7nK"==~= = == =;P 1—*"-" r>y\ \\.\Jtrrr 

(After   P J. Sehern») 

A SOLAR-POWERED PUMPING PLANT' 'ÇT-: ' ff Pf f lf^ *3 
<"V'«V     \«-' *   «... !       . V     V;l   V'J    J 

.    . *... .     . L   ,    -.i 

-:  .•*   a  /•.-/ 

^J   • _•   C   t. 

.-."it. 
-.M'^. 

Further information on the- .solar pump can be 
obtained from Prui.H.Ma.ssoi,, Univo rsi te .;•• Braz- 
zaville,   Brazzaville,   ll.'publio...- flu Con.o. 

TÎÎCïA 

I SxT5       fsl«wvuv"»"f*i<. 
No 3 

The «ystom uses.i flat-plate type of solnr "1'i,or- 
bcr, ope ratina un natural, i reflation. No extern,.! 
power »ourro is required, and one- Ihr system IH 

UP to pressure in the morning the enc-.i.e can be 
«larice! xx-itha miar lcr-U»ri» oí its flywheel. It will 

• continue to rim'.-« lonp as adequate solar energy \u 
being received. In Dakar, for example, the dally 

operatine I**"«*' is ft1*0111 livo h°urs- 

r      J   +t »i •».. 
Hw- 1. 

il':^4v —. / i /•' 
K '-    ''• 
'iY""/i' 

Pumps of «hit type are in »ervice in S.n.-Ral. 
Hautc-Volla.\ndNiBcr. while a 1-irne installation .* 
bcinf! built in Mauritius. Output is a tmu tiun o: th.- 
»Uorber.-ir-'-i. vshiehin pr.-s.-nt installât;'- •-- .-•.in.'.'* 

from *. m- V * *<i ÍI ) 1° '•<"' '»-, ' «- '" M! :l !' "' •'*';' " 
»Hy. a *y-t...n with an HH m-JW s«, it. • -"","'"' 
can.lcliv.r water at Iho rat. o! 3 m l.r <J.! I S vpnU 
iroin a tourco a I a d.pth of îî m 111 •» M ». 

*_ 
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?$?JZft*^. TECHNOLOGICAL DEVELOPMENTS SECTION 

i lincia [i :"/Aft 'M^íi^'^^; <tsrir>'.V-iv"îr 

CONCEPT OF MAGNETIC MOTOR PUMP DIRECTLY 
POWERED BY SOLAR HEAT 

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

D. Landel 
«Ï7 * 

£&&   Ai 
sJt.'T!\/i'\\    , 

tlfciyk>>i^ifíEf,itiii?iV.--'Al-.lí' i"/; ; 

MU «imple magnetic device, developed 
fey Moicou' engineer Alexander 
Pretnyakov, converti solar heut directly 
Info mechanical power. The rim of the 
wheel is made from an alloy with a 
Curl« temperature of 65° lo JOO°C. 
This it the temperature at which the 
material becomes nonmagnetic. When 
the temperatiti c of the ring reaches this 
point, the larce permanent magnet near 
the inside v( the rim will attract the 
next section which is still cool enough 
\o remain mopjiptie. The rim continues 
to revolve in tliis way as long as the 
part over the magnet ix heated. 
Prcmyahov hopes his invention will be 
of use as a pv.mp for raising well water 
emong other applications 
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ITUMES ON HCT-AW ENGINS RUN WITH SOUR ENERGY CONDUCTED AT THE NATION«. 
WÏ8ICU L«*ORATORY, NET? DEUil, AIO) A CRITICAL REVIEW OF XTS PRESENT STATUS 

MOHAN LAI HUNNA* 

SUMMARY 

String the fifties seme work on the use of a hot-air ermine for lift irrigation 
*M conducted at this laboratory, the detfdls of which have RO far reisoined unpublished. 
Sut several subsequent workers have referred to this work while describing hot-air 
engines developed by them. 

A atttRll hot-aix engine, coupled to a «nail reciprocating water punp, was mounted 
At the focus of a parabolic reflector and trials were made for punpin¡; water from 
different âepths.    Mention nry be made of two concentrators! one with an effective 
aperture of 11.6 sq ft and depth of 2.25 ft and the other of 28.3 sq ft effective 
aperture and depth of k.5 ft.   Main difficulties encountered with big sise metal 
reflectors were in the construction of large reflectors with the desired focus-spread, 
heavy supporto, turning mechanism, counter-b¿lancing with heavy weights, etc. 

Later, another larger capacity hot-eir engine was used with plane-glass-airror 
concentrators, which were u&ed to concentrate solar energy. 

A hot-air engine, developed by Messrs Philips, Eindhoven, was obtained for oper- 
ation with solar energy.    Tho heating systeir., designed for burning kerosine oil, wa» 
removed and concentrated solar energy tics made to fall on the setal alloy plate, which 
formed part of the engine.    The engine could be malo to run at its rated r.p.n. when 
coupled to the generator. 

A heat exchanger or regenerator is the heart of a hot-air engine.   Its performance 
»elow tho expected theoretical level and tho sources of the efficiency or losses of a 
hot-air engine are critically reviewed keeping in view the work done so far by different 
groups on hot-air engines operated with »lor energy. 

1.    INTRODUCTION 

In 1860, Robert Stirling had hir. invention of a hot-air engine patented.    The 
engine is a simple but elegant machine with advantages of being quiet in operation, 
requiring little effort in maintenance ar.d beinf, of uso over wide rangea of tenperature. 
However, the hot-air engine remained in the background, because tho steam engine and 
the internal combustion engine were developed almost  simultaneously.   After a century, 
interest in the hot-air creine Í3 being revived.    The  potentialities of the Stirling 
cycle have prompted severa]  investigators [1-13)** i« recent /¿ars to re-examine this 
Cycle.    During the fifties soire work on the possibility of using a hot-air engine as a 
prime mover run with solar energy for lift irrigation was conducted in this laboratory; 
the detoils of this work have co far rra-.ained unpublished.    However, many  subsequent 
workers [U--18] have referred to this work while describid hot-air engines developed 
Vy them.   In the present rap^r, studies or. a hot-air engine run with solar energy 
conducted in this laboratory have been described in detail.   The present status of the 
hot-air engine has also been critically reviewed. 

Studies conducted in this laboratory or. a solar operated hot-air engine may be 
divided into two parts, vir., the equipcent used to concentrate solar heat onto the 
engine and the hot-air ermine itself.   These will be considered, separately. 

•   The author is a Senior Scientific Offioer, National Physical Laboratory, New Delhi, 

•• Numbers in »rackets refer to references listed at the end of the paper. 
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2.    COHCENTRATCRS 

txperlenco »!»* in the «-elornent of dirferent ae.ien. ¡^^•.t1.»*] 
«. of ercat help i»J* ¡^h- ^-5     a^&m rÄ with a wide aperture 
in eoncontrotir.6 solar heat,    ine i ixov    j.     F      tin,rlatcd m.s. sheet» was sißilar 
and 1<« depth constructed with m.s. ~^» ^¿^î" ^tod on i tu?ninff mechanis». 
to the reflector  uwd   y ^"^"^Ît^/^lîXi^^nt; «Ule the doily adjust- 
It. gearin, devxee^t tte  «no Í*    1.taU- ---^ J »krough tr, f This 
«œnt was nade by turning tr... r_wicoi   <u 4„,i,irP*  on tie tin sheet to he focussed 

puop through B leather belt. 

After ccnauctins son« trials, another refteotor was designed.    This consisted of 

reflector forced Cave a »harp un ifoi«ly "l"»^*    ?      THcoT^r surface was brieht 

of 2.25 ft. 
»,   »«.* of the reflector «as so cut as to facilitate proper mountine of the 

«Jf^Tîtf eÎÎLA ih ^falonS the reflector axis     The engine . „ coaled 
to a water punp thrown a leather belt as sh»    in Fig.  2.   The «*« "^ 

tottom temperature and minimized side hcatire considerar.y.   This was '«F»» ' 

»HÄn?ä£ 5^,ssrrs: ÄtiS'ÄS.'S. 
pasease of clouds and shift in the focus-spread. 

Ver collecting solar ererey fro* a larger area and for obtaining still h^ber 
»»tur» at S 5cuS-aprcad  another concentrator »ao prepared amounted on the 
ÏÏK Parian.   It had an effective aperture of 28.3 sq ft and depth ofW «¿ith 
,i  i„•+h nf Q In     Thr   eotDcr surface was brifiht chronic-plated.    The  not air 

SrÎcatior!   ¿"or difficulties encored were in the construction of reflector. 
ÎSrrSS emotive alture and the -»^/^^.¿^ ^^V^SSr 
:ÄaÄ^^^ Sn^r^cs capable of concentratine solar enere at a distance dopamine on the 
SSuot^r'of  Le fr«.c    These concentrators were deSiSr.ed and constructed in thl» 
KatoíJ, and root of the  difficulties mentioned above «ere overcc-r.e. 

The desier. construction and use of J ft by 3 ft and C ft by 3 f*«ïa"^1"î' 

i 
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Ilieae refi« o tor § «er« uMd in experiments on the hot-air encina. 

3.   HOT-ADt EKSINE 

A wall open-cycle hot-air cibine was d ism ari tied fron an old kerosene oil- 
Operated fan and was overhaulel,    lis worrout parts were replaced ani  suitable modif- 
ications were carried out before Its use.    It operated at an average  speed of 2&0 
r.p.B.    Heat at the cold end .was dinr.ipated through  large thick fins cast along with 
the body of the engine.    To give  smooth ar.l continuous rvnnins, a I5 in thick hollow 
disc, which forced the  'false totter1, was sliced over the lotto';; of the expander 
cylinder.    The disc was made of copper sheet and the ecpty space was filled with dry 
•and.    It formed a perfect fit and ensured cocrleto  contact between the rxetal surfaces. 
The entire cylinder length of 6¿ in includine the   'false Vottora' vas enclosed in a 
pyrex glass tube cloted at one end and of slightly  larger diameter.    Both these 
arrangements helped to raire  the  température of the  hot end and tc realiic uninterrupt- 
ed and steady running of the engine. 

Coupled to a small reciprocating water puap, this engine was suitably mounted with 
the three netal reflectors described above and used  for experimento on pumping water 
fro« different dcptlis.    The coupled unit developed about I/I6 h.p., and not 1/8 h.p. 
ft« stated by Jordan [16], 

Utter, another hot-air engine of nearly double the capacity of the ore used earl- 
ier was procured, modified and mounted in the vertical position en an iror. tripod 
»tand (Fig.  3),    It was used with plane-glass-ninor concentrators.    Coupled to the 
water pvrap, the engl no developed about I/8 h.p.      A small cylindrical parabolic metal 
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] bo- 
tane 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 
Bachine and consists of a neatly wound mass of copper wire 0.008 in in diameter.    The 
heater nysteE of the engine is  designed for burning kerosene oil and is in the form 
•f a cylindrical head of 8 cm.  diameter with an cxpoted surface area of 50 sq cm.    Two 
wilts of this hot-air engine developed by Messrs. Philips [3,22] were obtained directly 
from the manufacturers for operation with solar energy. 

The kerosene oil burner of ore of these engines was removed and the metal alloy 
plate of the engine was expoced to the concentrated  solar energy.    The engine operating 
trith solar energy is shown in Fig. 4.    The arrangement of the plane-glass-mirror 
reflectors in a soci-circle and the solar energy concentration on metal alloy plate 
Capable of withstanding extremes of temperatures are  seen clearly in Fig. 4,    Using an 
adequate number of tirror reflectors with an effective concentrating  surface area of 8 
Sq n., which area could not be obtained with a single cetal concentrator described 
above, the engine unit, coupled to a 200 watt gerurbtcr, covld be made to run at its 
rated r.p.rn. and generated the rated capacity of 200 watts.    But the high efficiency 
inherent in the Stir ling cycle could not be realized in prtctice duo to sooe of the 
reasons discussed belo«. 

4.   KBVEW OF DEVtliOPKECTS IN THE K1EID 

The Stirling cycle has been studied and thoroughly investigated by several workers 
|1-11J.    Itohler (23] has recently critictlly exor.incd the hot-air engine cycle by 
establishing its .lor. se s or sources of inefficiency, vihich fall into four categories, 
Ti», mechanical iocs duo to friction, insulation losses, non-ideal heat transport, etc, 
Japrovetûents have been effected in the new designs of the engine so as to further 
reduce the losses encountered i:> ths first two categories, whereas non-ideal heat 
transport losses need further thorough study. 

X» the regenerator or heat exchanger, heat must be absorbed and an equal quantity 
•f heat rejected dvring each cycle.   Heat transfer being non-ideal, part of the heat 
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noi abtorted by the regenerator in carried »long with the gas into the cold »Paca.   »• 
«Seroo'e thiB difficulty, it is suited that the hot-air engine  should •*«*••*• 
fSÌSTta» operating »¿ed (200 - 300 r.p.c)   instead of the nominal speed of 1500 W.f 
Ifiwcifica by the «¡amifacturcr. [»].    John Ericsson   25   built » ^go •*"* hot^r 

îns Sop ratio, at 12 r.p.D., ahich U pro;.! a narir« ship.    Farter and PreaootV. 
recent work [11] on pressurised sr.d nor.-pressurised hot-air engines has ahown that hifih 
efficiency can be  achieved when operating at 200 r.p.m. or less. 

Complications  inherent in the analysis of the operation of the hot-air «'«ine 
cycle IL it difficult to correct^ evaluate it» pcrforcance.    »**«»« e0BP«*"?"f,,a 

high efficiency of the machine (to be realized through careful control in manufacture 
•nd assecbly) are  two major considerations that cerne into play. 

By reversing the cycle to produce a refrigerating machine, the ^UPJ «««*"?"*• 
M a refrigerator to  prod.ee liquid air and liquid nitronon and also liquefies ^»{en 
«uoMMfully.    Phi lipa  f 1 ,233 '^ teen aMc!  *° «»"»ufaeturo  M«^ •»• °r «" "J^1?"* 
in the no -air engin?, the cxp^ion phase occurs at a temperature above the anient 
Sperature, ».hile in the refricerntin« machine the expansion phase occurs belo«  the 
«virolntal temperature.    Secondly the efficiency of the Philips ««i~^•""?I*

lth 

fall in teaporatii«  (Fig. 5 [23]).   It is evident from Fig. 5 that the Philip, engine 
based or. the Stirling cycle has high efficiency at extremely  low temperatures.    The 
lower rurve represents the performance of a amali machine built for laboratory uae ana 
the upper one that of a large industrial marnine.    At high temperatures the engine 
efficiency, as depicted in the curves, falls ronsideratly. 

Difficulty is encountered in the efficient transfer of heat two» the Ventor 
head.   An orsine of unproved de sign, nade at the Battello Memorial Institute, is  prov- 
ided with a transparent „indo* of quart* in the cylinder head  to focus solar radiation 
«irectly inside the hot-air engine.    Such an engine    operating «ith ^«V^rÏÏ«. 
tr* m electric luip, «as demonstrated uy »inkelatein and Eibling at the U.N. Conference 
held in Rone in 1961   I5,9,1lf]. 

The conclusions arrived at independently by Färber [11 ], Eibling [5,8,9] and Philip, 
workers fl0.23Ì are vital to further proGrecs in the field.    The lack of succès» with a 
»olar-operated ermine is due to such factors as intermittence and  lew intensity of  solar 
energy itself, inadequate erC.int development, prohibitive collector cost, compétition 
trw I.C. engines, etc.    But there is evidently an urgent need for a «nail engine for 
the less-developed but  sun-rich countries for  such applications as water pimping, light- 
ing, grinding of cereals and other purposes, but  not characterized by auch exacting 
«eaands as continuity of operation and energy  storage.   As stated earlier I26J, effic- 
iencies of the order of 15 to 20# might make hot-air engines practioal in tneae 
countries. 

The experimental studies described in this paper are the result» of team work, to 
«Men Dr. V..I. Chai and Kr. S.S. Par-drer hnve contributed.    Dr. K.N. Mathur obtained 
the Philips engine  for trials with solar <n*.T& and guided the experimental »»»* 
«escribed above.    The author acknowledge a his grateful thanks to all of them.    Thanlci 
are also due to the Director, National Physical Laboratory, He* Delhi, for psn:i»siOR 
to publish this paper. 
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fïg.  I • Hot-air engine, coupled to * water pump 
mounted iniide the metal «otar energy concentrator, 

••en pumping water from a depth of 16 ft. 
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Fig. I • A clo»e up view of the hot-«lr engine, as coupled 

to • reciprocating water pump and ihown in Fig. I. 
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Fig.  S - Pl*nc-gla**-mirror reflector* concentrate colar energy 
on the bottom oí the hot-air engine mounted vertically. 
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Fig.  4 • Philip» hot-air engine, after luitable modification« is 
•hewn operating with »olar energy concentrated by meant oí 
plane-glatt-mirror reflector* arranged in a «emi-circl*. 
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Tig. S • Refrigeration efficienciea of various processes in ths 
temperature range of 50° and 300° Kelvin,  reproduced 

reproduced after Köhler (23). 
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WPEKCHAR6ED AND WATER INJECTED SOLAR HOT AIR EN61NC 

E. A. FÄRBER* 

SUHKARY 

This paper, one 1n the series en the development of fractional horse- 
power SoUr Hot A1r Engines, describes further changes and Improvements of 
• previously discussed engine. 

The addition of a simple adjustable chcckvalve allows the engine to 
»upercharge Itself by drawing 1n air during the below atmospheric pressure 
part of the cycle. The same device can be used to draw 1n water Instead 
•f air. 

The performance of the engine is thereby Improved giving higher power 
output, increasing it for air Injection up to about 8 percent and for 
water injection up to as much as 19 percent. 

1. INTRODUCTION 

The hot air engine développent at the Solar Energy Laboratory of the University 
•f Florida was started over a decade ago. The main emphasis In this development has 
keen on fractional horsepower engines of simple design and low cost instruction. 
Portions of this development have been described 1n previous papers W,  10, n, i«j . 
tome of the work Is as yet unpublished. 

Different Investigators have made Improvements 1n the original Stirling Engine, 
from simple designs to very complex ones, resulting 1n highly efficient engines such 
•s the General Motors Stirling Engines (1). These engines have conversion effielen- 
eie« even higher than today's best conventional heat engines. 

The present paper follows two earlier papers, the first (9) of which described a 
simple hot air engine made from a lawn mower and presented Its performance. The 
second (10) presented a somewhat Improved design for solar energy application and 
éiscusied the performance due to pressur1zat1on of the engine. The use of pressur- 
illtion required tighter seals which increased the friction losses and necessary 
•wintenance. 

The present paper discusses self-supercharging of the engine by allowing 1t to 
¿raw in air or water during the balow atmospheric pressure part of the cycle. 

'•»ÌL-».. 

•The author is Professor and Research Professor of Mechanical Engineering and Director 
•f the Solar Energy and Energy Conversion Laboratory at the University of Florida, 
tainesvllle, Florida. U.S A. 

*Nu*ers in brackets refer to references lifted at the end of the paper. 
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The following pages cover engine design, engine performance and results of 
theoretical Investigations.   They are necessarily approximate since thest engines 
have complex cycles with the amount of working fluid and Its composition varying 
throughout the cycle. 

I 
f 
? 

2.    DESIGN AND OPERATING PRINCIPLE OF THE ENGINE 

The operation of the engine can be understood by referring to F<gure 1 which 
presents * schematic diagram of the important parts of the engine.   Figure 2 shows the 
hot air engine. 

A displacer cylinder 1s mounted on top, having an Inside diameter of 2 3/4 inches 
•nd an internal length of 10 1/8 inches.    A displacer moves with an outside diameter 
of 2 11/16 Inches and a length of 8 inches Inside this displacer cylinder.    This 
diameter and a 2 Inch stroke leave enough clearance, both radially and at the ends, 
to allow it to move freely in the displacer cylinder. 

One end of the displacer cylinder 1s designed to be heated by gas, oil, solar 
energy, etc., the other to be cooled by air or a water jacket (circulating or non- 
circulating).    The displacer motion is 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 nipple to the power 
cylinder with 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 normal operation the displacer leads the power piston by about 100 degrees. 

The operation of the engine depends upon the alternate heating and cooling of 
the working fluid.   When the fluid 1s heated the pressure increases pushing the power 
piston down.   When the working fluid is cooled, the pressure 1n the engine decrease», 
•llowlng the power piston to be returned by the energy stored In the flywheel. 

The alternate heating and cooling of the working fluid Is accomplished by moving 
the working fluid back and forth between the hot cylinder. 

The performance of the engine 1s furthermore Improved by regeneration along the 
displacer and the displacer cylinder walls.    In these walls heat is stored during 
pert of the cycle to be released and used during another. 

3.    OPERATION, NORMAL AND WITH 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 engine this dipping below 
•taospherlc pressure, during part of the cycle, is enhanced by leakage of the working 
fluid (»1r^ through the displacer roti bushing, out - during the high pressure part 
of the cycle nnd in - during the below atmospheric pressure part of the cycle. 

Efforts have been made to prevent or minimize this leakage but It was found 
quice difficult to do this without increasing the friction losses considerably.    For 
thil reason two alternative methods were developed and they are described below. 

b. A1r Injection:   A smill adjusttble bal. check valve was Installed as shown 
1B Figure 1 which made it posiïb'e for fresh air to enter the system quickly durino 
the below atmospheric pressure part of the cycle.   This simple addUlon allowed the 
•nglne to operate with a larger average amount of working fluid resulting In higher 
power output. 

< I 
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c.   Utter Injection:   When the Inlet to the small adjustable ball check valve 
«•s dipped Into water, water was Injected Into the system rather than air.   This 
allowed larger amounts of fluid to be added to the system, since 1t was added in 
the liquid phase, resulting 1n even greater Increases In power output.    Another 
advantage of water Injection (or other liquids) Is that 1t enhances the heat transfer 
it the hot end greatly. 

I 

4.    PERFORMANCE OF THE ENGINE 

Normally this engine Is operated with a 5 foot diameter surplus search light 
•rlrror which gives solar energy concentration better than actually needed.    For the 
purpose of this Investigation, a comparison of performance due to different modes of 
Operation, the engine received its heat from a natural gas-corcpressed air torch, 
adjusted for constant output.    The engine was operated normally and the speed (rpm) 
and 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 much water was Injected, lowering the engine 
performance.   Again the best combination of settings was determined for the sane 
speed. 

The above procedures were repeated for a nmiber of different speeds including 
that for maximum power output. 

Figure 3 shows superlroosed the indicator diagrams for normal operation, air 
Injection and 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/m1n.    In all 
casts, it was made certain that, before data was recorded, steady state conditions had 
been reached and could be   maintained. 

Figure 4 presents the power output, normalized with respect to the maximum valut 
'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 tht 
Mxinun value at normal operation. 

S.    DISCUSSION OF RESULTS 

The check valve seems to be a simple solution 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 was 
used to Introduce additional working fluid to make up for the leakage losses of tht 
high pressure part of the cycle. 

When air was used as the "injected" medium, increase in power output became as 
Mich as 8 percent.   The even greater increase (up to 19 percent) with water Injection 
H principly due to two factors: 

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

b.   Tht heat transfer to tht working fluid was Increased due to the liquid to 
vapor phase change. 

The heat input to the engine was kept constant at ill times during these 
txptriaents and tht power output was determined for different speeds and optimum 
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Theoretical calculations Indicate that the average »mount of working fluid In ti» 
engine during nomai operation 1s about 0.0024 lb.   The working fluid temperatures 
vary from about 900 R to 1800 R.    Measurements of the displacer wall temperatures 
Indicata that the hot end of the engine reached 2200 R and the cold end (water 
jacketed) about 600 R. but satisfactory operation Is obtained at nor« moderate 
températures. 

In these experiments the amount of fluid drawn Into the system, during the below 
atmospheric pressure part of the cycle, depends upon the conditions 1n the engine ana 
1s thus self acting and controlling.    There exists a definite maximum of fresh fluid 
which can be drawn in for a certain assign and operating condition.    This amount can, 
however, be Increased by using a positive pressure or absolute displacement type of 
Injector, allowing above atmospheric pressure operation throughout the cycle. 

»ressuMzatlon as described In an earlier paper (10) can Increase the output of 
the engine by considerable amounts and the most efficient engines which have been built 
to date are pressurized. 

A further Improvement of the performance of an engine with liquid Injection could 
be brought about by valving which would allow, first, a certain amount of liquid to 
bt Injected and at the end of the power stroke the discharge of some of the wo•,n9 
fluid.   This procedure could Increase the heat transfer at tnt hot end, utilliing the) 
»Nie change phenomena, and could, for otherwise similar conditions, increase the 
enfine speed and thus the power output. 

Inglnes of the above type could be classified as "Hybrid" since they combine Mw 
basic Stirling with other cycles. 

6. CONCLUSIONS 

bated upon the foregoing work described In this paper the followine. conclusi«*» 
CM be drawn: 

1.   Se1f-ict1na »1r or water injection can considerably Improve the perfomenct 
Of the simple hot air engines of the type used here. 

».   Water Injection is more effective because 1t allows larger quantities of 
fluid to be Injected and it increases the heat transfer at the hot end of the enfin« 
through phase change. 

].   Inglnes of the type described here can be classified as "Hybrid" since thoy 
'cc*b1ne the advantages of the Stirling cycle with those of others. 
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TECHNICAL NOTE 

Experiences wlih Solar Stub for Water Supply in Australia* 

5' I I 

». N. MORSE, W. R. W. READ and R. S. TRAYFORDt 

{Rrcttvrtl 30 Augni 1969) 

INTRODUCTION 
SOLAR stilts are now- producing water for motels and a small township on a commercial basil. 
IR addition, full-si/c prototypes have been operating on nn experiment«! basis at field stations 
since 1963. These are widely scpurutcd on the Australian continent and have produced more than 
a million gallons of fresh water. 

Details of the various installations are given in Table I. 

Table I 

Site     Dale 
iff) Water supply rmmion 

4ft annas east of 
4J00 Dec. Salt river, varying in        Experimental instawatMM 

salinity from 1700 pnm    at «incultura! coftege 
in winter to 14000 ppm     supplying water for 
hs Mimmer. sheep 

Ateto: Original Mark I slid replaced by Mark 11 design in November 1966 

rwMMI OMf Of 
(WA 

PPFtw WA 

Ceobtr Hey 
vOvMUcs nocid of 

ISA 

C e. 
I9M 

«7»     DK. 
rN6 

Underground bore, Commercial instaNation 
saKnÜy appro*. 10000     supplying water lo a 

Underground bore. Commercial inslanalton 
•altnily appro*. 10000      supplying water to a 

Ornat* 
480 nines south- west 
Sydney NSW 

300» 

Nov. 
I9M 

Aug. 
19*7 

Underground bore, 
salinity appro*. 24000 

Underground bore, 
salinity appro* .1000 

Commercial inslanation 
supplying water lo a 
»mill mining township 

Espcrimental-water 
beine used by research 
bbontory and a 
residence 

More reaching the stage of commercial application, these stills have undergone an extensive 
•eriod of engineering development and testing and have been described in the literature (1-3). 
Experience with the Mark I still at Muresk. from December 1963 until April 1966. led to the 
Mark II design which uses sheet metal troughs to support the glass and provide access, black 
polythene 10 ml sheet laid directly on the ground, and a silicone seal to join the glass along the 

* 1961 Solar Energy Society Conference paper. 
tOivWM of Mechanic«! EngMeering, CSI KO, Hignstt. Victoria. Australia, 

M 



^^mmii^efm^mrmfi^ii^ ̂ %«mm^*w*-«mmMm*i 

Àio 

MO R. N. MORSE. W. R. W. READ aad R. S. TRAYFORO 

I 

lop ridi«. The installations at Muresk, Cooper Pedy, Caiguna and Hamelin Pool arc of iMt typ«, 
and k h these that provide (he bulk of the operating experience to date. 

WATER PRODUCTION 
From Fig. I it may be seen that production varies from 83 Imp. gal (100 U.S. gal)/1000 ft*, 

day for the best summer month, down to 10 Imp. gal/1000 ft1, day for the worst winter month. 
This low figure, however, increased to 20 Imp. gal/1000 ft-, day for the improved Mark 11 design 
operating at the same time and on the same site. The improvement was attributed to the more 
vapor-tight construction and led to the predictions that the Mark II still would produce 30 per 
cent more than the Mark I over a whole year. This turned out to be incorrect, there being no sig- 
nificant difference in the summer production for the two designs. 

An effect which has not been fully explained is a gradual reduction in output over a period of 
years for all stills. At first, it was thought to be due to white salt and clay deposits reducing the 
solar absorption when compared with the original black polythene sheet base. This apparently is 
not the reason, since after cleaning out the still there is no significant change in output, as may be 
seen from Fig. 2 which shows the relative performances before and after cleaning (when compar- 
ed with other stills of the same design which were not touched). 

This steady drop in production is not easy to measure because of changes which have taken 
place in the various stills, but it seems to be about 10 per cent per annum. 

It is probably due to an accumulation of a number of small faults: 
(a) A pinhole leak in the polythene base is hard to detect, but it increases the thermal tosses 

from the base and reduces output for the particular area affected. 
(b> Slight changes in grade can cause a distillate channel to overflow into the saline trough. 

At CootH-r Pcdy, it had been found that 40 out of 152 were not producing any water for 
lilis reason. 

(c) Gross leakage due to storm damage, if not quickly repaired, can have lasting effects. It 
takes a long time to dry out the ground under a still after it has become wet. The increased 
moisture content, as well as increasing the thermal losses, can cause soil movement which 
interferes with the flow in the channels, threatens the stability of the stilt and corrodes the 
access channels. 

(d) Individual stills lend to develop vapor leaks. 

OPERATION AND MAINTENANCE 
This type of still was designed to run for long periods without attention, although none has yet 

operated this way. It is. nevertheless, considered possible to operate an unattended installation 
and the following procedure is suggested: 

(a) A continuous supply of saline water must be available at the rate of 0-1 tb/hr. ft1 of still. 
f» Most faults develop soon after completion and continuous attention is required for at least 

Use first 2 weeks, after this there should be an inspection once a week for 3 months, reduc- 
ing to once a month thereafter. 

(c) Cleaning of the still depends very much on the properties of the raw water source. Even 
with a continuous feed, a thin film of calcium carbonate will build up on the surface of the 
water when an underground supply is used and. after several months' operation in some 
areas, the water becomes quite milky in appearance. In view of this, it seems prudent to 
alow for an annual flushing out. It does not appear to be necessary to clean the glass, except 
possibly after an exceptionally severe dust storm. 

(d) Since no still has yet given completely trouble-free service and improvements arc constantly 
being made to their design, some provision should be made to incorporate new devetop- 

i into existing stills to correct unsatisfactory features. An example of this is the replace- 
I of the polythene lined distillate troughs in the Mark II still with aluminium or stainless 

declinine Mark III. 
<e) Algal growths have only occurred at Muresk. where the saline water was drawn from a 

river whose salt content at times dropped to 1400 pprn. This can be controlled by the treat- 
ment described in Ref. ( 11. 

Now that solar distillation is entering the commercial application stage, it is becoming clear 
snore work must be done on methods of fault detection. At present, the time spent on 

»." 

*¡      '   I 



,««^J?W<»««SW^»HfcW,'Wl«jfftoK*»-Bí»r;.^."., 

'"  í 

i', 

m 
NI 

tí 

i 

r 
i 
y 

it M 
jy 

-jjí*^ 1 

-fc"V ,« 

**=—. 
• 
• 
M 
« 

Il m 

MM 1 
m ^ 

II 1 
1 

1 

•       •       t       I 

! 
i 

I 
1 

'^LtaWW. 

r 

14 M MM /wfl/«Nerw» 
NM19M0M 

j - i 



• (**tt»KWIgMW2ineMMMI»^^ 

AIX 

m H N. MOUSE, W. ». W. READ M* «. S. TftAYFOftD 

5   ' 

r 
s i 

* 

.£ f 



m 

tes» idMi fer *tm H*ppty m 

•afataMmcc h considered lo be excessive, ranging from IO lo «0 »M M1000ft«, year. Tab 
«wen both norm damage and cleaning, much of which is now thought lo be »"^«»»*£A 
wZkïgelforei^Ualm.mten.nce» IOm»nhr/IO<X)f«',year. Urf rAustrahanco^ttam. 
¡Thorite expensive «nee for » production of IS gal/ft .year and labour at SUMpeHOOO 
«7lo the costai the water. Moreover, since this is the lowest figure yet rcachedjn service, 
fc do«» highlight the importiincc of the problem. Operating experience in other parts of the worm 

* Wi°cÄíoA io report «ha. solar stills are being found >***»*£*• * 
uKmtlon of underground saline water in isolated areas for human consumption. wn«e tney oo 
Ml need skilled attention in their day-to-day operation, they do require skilled maintenance irò« 
time to time. 
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A Method of Solar Air Conditioning 
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Introduction. 
Tfeit ptper discusses • method of solar air conditioning applic- 

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

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

which ia distributed fairly uniformly throughout the year (Ref. 1). 
Furthermore, conventional fuels arc often in short supply, electricity 
rates ate high, and operating costs of conventional heat pump 
systems are excessive ; hence the interest in solar powered systems 
which may And 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 low power consumption. 

The working fluid in the cycle is actually the air-water mixture 
which it circulated through the dwelling. Consequently, small 
leaks 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 keeping pressure drops low, 
electric power requirements are minimized to that full advantage 
can be taken of the air conditioning potential without incurring 
excessive costs. The air conditioning cycle is designed so that 
relatively huge 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- 
tures. The use of a 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-toxk, 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 visualised as consisting of three 

uajor tub-systems each composed of a number of components. 
The three sub-systems are :— 

1. The rtttntrativ« evaporative cooUng tytttw. 
J. The dcttunkUftcttioo systtm. 
X The thermal enerar source. 
To Illustrate the method more clearly, its operation will be 

kscribed fer specific conditions typical of a severe day in Darwin 
»hen outside conditions are 95'F. dry bulb and 82'F. wet bulb, 
tfhile inside conditions arc maintained at 77'F. and 45 per cent 
xlativc humidity (68.5* wet bulb temperature).   A continuous 

'* DwyKyjWt, «retain? l» fü iMdMite'i TMSMUMI cSwriiiit M A»gli—: 
frjwhiliitajw tiiMift Sto««»«»ttitmÜM.Ci—mramW»fckmHk—4 ta- 

luiuUI KmatMb OitmtMittm, OMMMI m M«aM«M Eacteaifi^ Hiitmn, VteaaM. 

supply of 200 c.f.m. of outside air for ventilation is assumed, corre- 
sponding to a heat load of 12,000 B.Th.U. hr. on the system. 
The peak building load, other than fresh air, is taken to be 18,000 
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. 

t.—R*gtn*ratiw Eompormtiw Cooling Sy$Um (Ref. 2): 
A schematic diagram of the system is given in Fig. 1 and the 

corresponding processes and state 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 which is 
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 c.f.m., is diverted to point 9 via a 
by-pass duct controlled by a damper. This by-pass air stream 
then mixes with the cool air at state 8 returning from the dehumidiu- 
catioa loop. The resultant mixture at 68.3'F., 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 at 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 
meant 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 ait circulated through the 
dehumidincation loop. Consequently, the size and power con- 
sumption of the equipment is reduced. Tlte 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 
dehumidincation 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, if the two evaporative 
coolen are reduced from 80 to 60 per cent humidifying effective- 
ness, an increase in the by-pass air rate from 1,000 to 1,800 c.f.m. 
will maintain the building at the original condition. To go a step 
further, the evaporative cooler in the return air from the dehumi- 
dincation system could be eliminated completely by further in- 
creating the by-pass ratio ; however, this results in undesirably 
high air circulation rates. 

The remainder of the air leaving the evaporative cooler passes 
through the spray eliminator and enters the first regenerative heat 
exchanger at sute 2. This air stream, 800 c.f.m., flows through 
this heat exchanger counter to the air stream returning from the 
humidifier and is heated to roughly ambient temperature, 9"CF. 
The effectiveness of each of the rotary heat rencrators in this cycle 
is attuned to be 80 pet cent with equal air rates through both sides, 
a conservative figure on the basis of experimental units tested in 
this laboratory. The exchanger is assumed to have leakage and 
cany over equal to S per cent of the air flow per side, so that at a 
result the water content of the air decreases slightly between 
points 2 and 3. Fresh outside air amounting to 200 c.f.m. is drawn 
tato the system at the suction of fan B, mixed with the air at state 3, 
and delivered by tan B to the deskxant bed at state 4. 
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The air pass« through the desiccant bed and in the process is 
lehumidificd and heated, leaving at state 5 at 130° to 135CF. This 
tot 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 carry over of outside air. This cooling process 
ictuilly constitutes the heat rejection stage of the reversed thermo- 
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 
masses through the second evaporative cooler, also of 80 per cent 
lurnidifying effectiveness, and is cooled to state 8, about 653F. 
This cool air is mixed with the by-pass air at state 9 to form the 
nixrurc 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 
;ratc 6 would actually be the ambient air drawn into the system, 
tvhile the hot moist air at state 3 would be discharged to waste, 
in this case there is no need for dchumidification, and the rest of 
.he equipment can be dispensed with. 

I.—Dthumidificalion Sytttm : 
Solid adsorbents have been proposed for the dchumidification 

tystcm, although some work has been done on solar concentration 
nf 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 
readily regenerated with hot air. The regeneration temperature 
for this system will probably fall in the range between 180° and 
230*F. This is below normal regeneration temperatures for silica 
gel and, due to a paucity of information on performance under 
these conditions, it has been necessary to conduct a study of silica 
gel beds under simulated operating conditions. This work is 
rurrcntly being carried out by R. C. Johnston of the Division of 
Mechanical Engineering, and will be reported in due course. 
Preliminary results indicate that satisfactory regeneration can be 
icbkvcd at these temperature levels. 

€ 
Pif. i.—Sêhr Ait Ctttàtmant Syutm. 

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

J.—Thermal Energy Source ; 
The primary thermal energy source consists of a veocorrugated 

selective surface solar air heater (Refs. 4 and 5). The air heater 
will deliver air, state 14, at 210 F. with a thermal efficiency of 
•bout 40 per cent. The area of air heater required is roughly the 
'—* as the roof area of the building and, in the author's opinion 
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for economical construction, it will be necessary to integrate the 
solar air heater into the roof structure. However, in the case of 
existing structures, it may be necessary to superimpose the air 
heater on the conventional roof at some increase in cost. Since 
most tropical homes arc very poorly designed and built from the 
viewpoint of air conditioning, it is doubtful if a solar system would 
find wide acceptance in the usual type of building. 

The air supply at 13 to the air heater can be drawn from within 
the 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 (heat rejection) exchanger at state 12 can be used as a 
supply 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 dchumidifkr. 
A third alternative is to discharge the air at 12 into the roof space 
and also draw the air supply to the air heater from this space, thus 

; recovering both the rejected heat from the cycle and conduction 
' tosses from the air heater. 

Due to the intermittent and variable nature of sunshine, it is 
i necessary to have a temperature control element at the air heater 
j outlet which varies a control valve to keep the hot air temperature 
I at the proper level.   The hot air from the air heater is delivered 

by fan D to the top of the rock pile thermal storage and/or the 
tilica gel bed via fan C (state 16). 

When the solar air heater is inoperative, or is supplying in- 
sufficient 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 
pile. A more comprehensive discussion of rock pile thermal storage 
» found in the paper by Close (Ref. 6). Suffice it to say that the 
rock pile acts as its own heat exchanger and that more than 90 per 
cent of the stored heat can be extracted from a well designed rock 
pile before the outlet temperature drops significantly. The size 
of the heat storage required depends upon the climatic pattern of 
the region, the size of the system, the storage temperature, and 
whether any form of supplementary heating is supplied for extreme 
conditions. A reasonably sized storage unit would appear to be 
one containing about 3 days' normal heat requirements. For the 
size of system described herein, this would be in the order of 1,500 
cu. ft. of rock screenings. 

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

One further point applies to areas where heating is requited 
in winter. This can readily be obtained by connecting a duct 
from the discharge of fan C at point 16 to the duct retunung con- 
ditioned air to the room at point 10. In this manner, the air heater 
ind rock pile can also be used for heating in cold weather. 

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

»wer requirements. The power necessary to rotate the heat ex- 
¿angers, operate the controls, and circulate water is small relative 
o fan power. Although the estimates are tentative at the present 
ime, approximate pressure rises, air Sow rates, aud power consump- 
ions for the various fans in the system at full load are given in 
Table I. Efficiency of each fan-motor combination it arbitrarily 
aken at 50 per cent. 

TABUS L 

Fan 
Pittati» Risc 

(lache« of water) 

Air Flow 

(C.f.B.) 

Fewer Consumption 

k.W.      | B.Th.U./hr. 

A 
B 
C 
D 
B 

•J 
M 
•J 
0.5 
•J 

13M 
1,000 

«00 
1300 
1300 

0.01» 
0.IM 
0.030 
0.141 
0.005 

390 
•40 
100 
4M 
3*0 

TOTAL: 0.Ï» 1300 

Thus it is seen that to handle a total heat load of 30,000 
B.Th.U./hr. only about half a kilowatt electric input is required. 
This compares favourably with 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 arrive 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 
at 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 
dehumidificr 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 fans, 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 at the major sources of sound 
delivery to the building. As the pressure rise through fan A it 
small, by proper fan selection and duct design it slwuld 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 be 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 hat 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 bcJow the 
set point. When the control valve is completely doted, fan D alto 
stops.  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 act via a modula- 
ting motor drive on the by-pass damper thus controlling the air 
flow at 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 temperature controller is suggested to operate 
a« follows.— 

Sup 1 : The top level would b« set to produce mtxbnum cooling 
when the temperature reached or exceeded 77 *F. F*ns A, II, C «ad E 
would be running tt full speed aud all sprays in the evaporative coolen 
would be on. The humidity control, assumed to be let ior 65 per cent 
relative humidity, would lend to open the by-pass damper if the telature 
humidity in the town dropped below 65 pet cent. In the unlihelr 
evtat that the relative humidity fell below 65 per cent with the by-pats 

à 
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reive wide open, humidity control would be lost, but the condition» 
in tbe build»* would itili remain well within the comfort rente. The 
opposite situation it perhaps more likely to occur : under conditions 
of nigh humidity the relative humidity in the building might rise above 
65 per cent with the by-pass sir Sow reduced to its mii"mwm rate. 

Sup 2 : If tlie building temperature drops slightly so that lets 
cooling is called for, fans A, B, C and E are twitched to part speed 
operation. At mentioned earlier this reduced the power input per 
unit of beat removed.   The humidity control funct ions as in step 1. 

Sup 3 : A further drop in temperature will result in shutting off 
all the water sprays in the evaporative cooler and the stopping of 
fast C and E at well as the reversal mechanism of the dehumidiäer. 
Fans A and B »,¡11 ccntiaue 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, fana C and D and the 
dehumidifier will be called into action for dehumidificitior.. 

Sit» 4 : At an appropriate temperature level heating will be 
called for. Under these conditions humidity control will become 
inoperative as not essential to comfort. When heat it called for, 
fas C at reduced speed will deliver hot air from the air heater or 
thermal storage via a duct to point 10 in the circulation system. Fans 
B and E will be stopped and the hot sir supply to the dehumidifier 
dosed off. When the temperature rises to the desitcd point the 
system resets to step 3 operation. 

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

) be designed and built, a great deal of research and develop- 
ìent work has already been completed on the individual com- 
onenti. For example, numerous types of packing for both heat 
ud mass transfer have been studied in an experimental rotary 
ichanger. Based on early results of these experiments a prote- 
rve fixed bed regenerative evaporative cooler, without the by-pass 
»ture, has been built and is currently undergoing performance 
¡sts. 

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 

rstem incorporates a rock pile thermal storage and should answer 
sany of the practical problems of design and operation of such 
rsteras. 

At mentioned earlier, the work on dehumidification is progress- 
if 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 

:gion» 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 
J be answered before the true utility of this development can be 
sccrumed. 
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Discussion 
Mr. N. J?. Sheridan (AsiociaU Mtmbtr, Brisbane 

DM$ion).—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 

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 pirn 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 nay 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 
ch$ap 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, .îoisc is treated rather lightly as this is surely 
one of the problems of evaporative air conditioning where the air 
rates are 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 
are subjected to humid air and possibly water, stand up to the high 
Irumidity conditions. It would seem that the matrix with its flow 
passages of small cross sectional area would be particularly suscep- 
tible to dogging by these growths or deposits and that the sealing 
may be affected. 

The normal experience with silica gel as a desiccant would 
indicate that the temperatures proposed for regeneration, 180-220% 
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e somewhat low. Also, the tendency of silica gel to powder with 
lovement of the bed may make it undesirable for the rotary de- 
cant bed. However, if the principle proves sound, other desic- 
ints could be investigated. 

One particular attraction of the proposed system is that it 
übles a solar air heater to be used. The solar tir heater as 
eveloped by C.S.I.R.O. would seem to be a most economical 
ad practical way of collecting solar energy. The heater is efficient, 
jnple 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 
lored 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 
emperaturc drop. 

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

Reference. 
>l. W»TI, J. R.— Evaporativi Air ConJirienini.   New York, The Indus- 

trial Press, 19C3. 

Mr. E. G. A. Weite (Ammociate Member, Melbourne 
Oivition).—hAi. Dunkle mentioned that an experimental unit 
irith a capacity of 30,000 B.Th.U./hr. and an air handling capacity 
>f 2000 cu. ft. per min. is under construction. 

(1) Because of space limitations, the dimensions of the indi- 
vidual units »uch as solar air heater, regenerator! and rock pile 
uoragc 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 (Associât* Member, Melbourne DM- 
lion).—Exploitation of solar energy is receiving increasing 
mention and C.S.I.R.O. is to be commended for undertaking 
development of a simple system in which solar energy is employed 
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 ire 
larce and therefore «ir noise is pronounced in evaporative cooling 
units commercially available. 

(ii) Local water supplies arc often charted with mineral salts (and 
sometime! other matter.) so that the wet pad quickly becomes 
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 as to whether these points have been considered would 
be appreciated. 

Mr. K.  Gorman (Member, Mtlbourne  Division).— 
It is disturbing to learn of the considerable elTort 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 ex- 
C:ctcd economy in operating cost which is expected to be achieved 

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

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

In Australia the majority of residences are 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 tropical areas the main problem is dehumidification 
and this is a 2-1-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 effect at a 
temperature level effective for dehumidification. 

The present position in residential air conditioning is that 
satisfactory performance can be obtained from well developed 
scmi-niass 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 Cairo 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 t 

I would like to thank Mr. 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 the silica gel are 
low by comparison with conventional systems. Mr. Johnston of 
our Division is investigating this problem in some detail p.nd 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 storage, the recovery from long term storage 
depends upon the insulation of die storage system, the temperature 
levels, and the effect of longitudinal conduction. 

To Mr. VPtitt : It is difficult at this siage to be precise with 
regard to the dimensions of the proposed system. However, it 
appears that the air heater area should roughly 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 
supplementary 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 are about 3 ft. in diameter and 
S in. deep. 
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With itpid » the cost of the system, this is impossible » 
estimate with any degree of precision at present, and depends to 
« targe extent in the success in integrating the solar air heater and 
jock pile storage into the structure. 

T# Mr. Hall: The problem of noise is common to all types 
«f air conditioning systems and we believe that with adequate 
care in design that this problem can be overcome. 

The problem of deposits and fouling due to use of low grade 
water supplies is serious and can only be completely answered by 
actual experience. We are considering spray type coolers as well 
•s the wened pad type in the hope that maintenance can be reduced 
with the former. 

T» Mr. Gorman : The author is sorry to hear that Mr. Gorman 
is disturbed by the " considerable effort in skilled manpower and 
money being devoted to the application of solar energy to various 
methods of cooling ". As yet, these efforts and sums of money 
•re quite infinitesimal compared to those devoted to conventional 
air conditioning systems, and it must be pointed out that engineer- 
ing research and development would come to a dead end if we only 
concerned ourselves with the study of conventional and established 
systems and techniques. Admittedly, the proposed system it 
complex and cosily, but the goal is to develop a cooling system 
competitive with existing vapour compression systems as stated 
by Mr. Gorman. It should be mentioned that the lithium bromide- 
water absorption system in the United States is highly competitive 
with vapour-compression systems, and while the author has 
suggested an alternative scheme, Mr. Sheridan and Dr. Duffle 
•re reporting on the use of a LiBr-H.O system in connection with 
• solar heat source. 

With regard to Mr. Gorman's next point that, " In Australia 
tl»tinaiofkyofresJderKesareinhotdrycunwu^...H,itispointed 

out in the paper : " The heat exchanger and evaporative coolen, 
with the addition of another fan at 6, form a very effective roohng 
system by themselves in hot dry climates ". This point was not 
strongly emphasized in the paper, but it is believed that the cooling 
system in these areas where dehumidification is not required would 
be less in capital cost than the vapour compression system and have 
perhaps one-quarter of the operating cost. 

On the next point of Mr. Gorman's, concerning humid tropical 
areas, I agree that performance at night is critical. However, it 
is not necessary to hold a cool storage for dehumidification. Dehu- 
midification is accomplished by solid desiccant, e.g., silica gel. 
The desiccant bed is regenerated by hot air from the thermal 
storage (or other heat source), and no cold storage is accessary. 
It is in the humid tropics or sub-tropics where this complete system 
may find wide scale utilization if successful. 

The next point concerning the solar steam engine is completely 
irrelevant. 

With regard to the final comment, 1 would like to thank Mr. 
Gorman for the compliment. However, I do believe that worthwhile 
results can emerge from this project. Looking ahead fifteen years 
the population of Australia will be about 16,000,000, say 3,000,000 
homes. Now, I like to assume that the standard of living will 
continue to rise even more rapidly than in the past 15 years and that 
a sizeable proportion of these homes will have some form of cooling. 
Taking the figure of 2,000 kWh as a typical annual power consump- 
tion for a vapour compression cooling system and assuming that 
half the homes are cooled by this date, the annual power consump- 
tion for cooling would be 2,000 x 1,500,000 or 3,000 million kWh. 
The saving of a sizeable fraction of this load, corresponding to 
about 1,500,000 tons of coal per year, would appear to be of prac- 
tical value. 
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fiC.l Availability of sunshine In th« United States 
(Courtesy Dr. John I. Ytllott, ASMS Faper No. 56-P-15.) 

A^ Nli 
Solar /Wafer Heaîing •      ^ 

Present Practices and Installations 
py SHSPJ A. raiw#f 

It la alaoat iapoaalbl« to pick up a technl- 
eal Magasine without being reminded of tba ter- 
rlfie rat« at which our foaall fuels ara being 
uaed up.   For thla roaaon aelentlats all ovar tha 
world ara desperately looking for now fuol aouroaa 
which our civilization depends upon.    Nucloar 
energy haa come Just in tine to give ua hope and 
promise.   Solar energy, our moat abundant source 
of energy haa not yet reeelved the attention it 
should have.   Ita uao la, however, reaaonably 
widespread, e spool ally for water heating, even 
in the United States where fossil fuels are 
relatively Inexpensive. 

This paper deals, not with solar-energy 
utilisation of the future, but with tha actual 
»nd every day us« of it for heating water in 
hoses, apartment houses, hotels, restaurants*and 
factories. 

AYAXLABXUTY OF tOHSKIMl 

Sunshine or solar energy la reaching ua day 
In and day out, whether we stake use of it or not. 
Thus compared to other energy souroea It is free 
Ma' decs net n«ed further preparation.   It la 
only necessary to mak« sur« that there is «nough 

This paper discusses the us« of solar energy for 
water heating. It describes present-day practices, 
designs, and considerations in installing a lolar 
hot-water system. It discusses the availability 
of sunshine, the features of solar hot-water sys- 
tems, types of absorbers, storage requirements, 
absorber size, location and position of absorber 
and storage tank, materials and their properties, 
design and economic considerations, and pre- 
sents pictures of installations which have per* 
formed satisfactorily for some time. 

of thla energy available for a particular purpoae 
and that the équipaient to absorb it and convert 
it la Inexpensive.   Otherwise the initial oost 
•f the installation discourages tha use of it. 

It is alao fortunato that the inhabited 
parta of this planet which are lacking fossil 
fuels usually aro tha ones most blessed vlth 
sunshine).    Therefore it is no coincidence that 
•any of theae parta, poor In foaall fuels, are 
leading m the field of aolar-energy utilisation. 
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linee probably the eaaleat oonveralon «f 
Miar energy 1« into heat, for Instane« for mur 
teatini, where neither high teaperaturea nor 
expensive equipment la needed, this «a« ls »ost 
widespread. 

This papar deala primarily with the United 
•tatas, which la relatively rieh In rosali fuele, 
•nd especially with tho states and aroas where 
solar energy for watar hsatlng la at thla tlaa 
•enpetltlve with other Methods. 

Flg. 1 Indicata a the availability of solar 
energy In tha United States, both In the summer 
•nd winter.    When the areas are taken where solar 
»fatar heating la uaed In quantity, thoy are seen 
to overlap with the areas that have the largest 
•»aunt of sunshine In tho winter.    Almost all 
parta have enough aunahlne In the summer but »any 
•f then would have to have an auxiliary water 
heater during the winter when the sun doea not 
supply enough energy through an econome Instai, 
letton. 

SOLA*. HOT-VATS» 1YSTWB 

Itneral Features 
lolar water-heating système eonalat of a 

»nit, expoaed to the aun, which la able to abaorb 
• eenalderable portion of the Incoming direct 
•N «Iffuse energy (many of us have been sun- 
•W»d on cloudy days, Indicating that wich 
•ntrgy eoawa to ua oven In bad weather), and 
•fter converting it into heat, transfers It to 
*• »•*•».   The water being heated In this aanner 
*• y** atored, sometlsms right In the absorber, 
""' often in a separate tank,   fait latter 

dealgn la most common In the United States, Fl«. 
2.    The tank, placed higher than the abaorber, 
eavaea the water, heated In the absorber, to 
flow into the top of the tank and being repine«« 
by «old water fron the bottoa of the tank by free 
convection and no pumpa are necessary. 

Variations m the aolar hot-water aratene 
•re usually in tha dealgn of the abaorber, 
several of which are shown In rig. J. 

Absorber Types 

The doslgns of the abaorber unit which are 
being uaed at thla tine In different parts and 
different countries can be put Into five elasaeai 

l£2.1X£2.-   This type Fig. 3(e), consists of 
a pan filled with water.    The pan la painted with 
a highly absorbing paint and after converting the 
absorbed energy Into heat delivers It to the 
water.   The water la often atored right In thla 
pan until It la needed, or SOM tints flows slowly 
through this pan and to a atorage tank.   Zn the 
latter eaae divider atrlpa are often placed Into 
the pan to give the flow of water a definite path 
between Inlet and outlet.    The pan In either eaae 
la covered by a horlaontal or Inclined glass 
sheet.    Many of these unita are found In the rural 
areas of Japan. 

In Ruaala a flat pan la found which has 
parallel glaas platea Inclined so that they are 
eaaentlally perpendicular to the sun.   The water 
flowa behind the glase platea which alae eet M 

ruidos for the flow and give in effect a doubl« 
glase eover.   Thla unit la aero effective but 

expensive. 
»inusoldal-Tubi fttt-   this type, Fig. 3(b), 

-i*. A-   •- 
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In iti simplest forai contista of a Ion« tub« 
(bent only to conservo space), which absorbs 
solnr energy falline upon It and heata the water 
Inside.    A garden hoa« full of water,  exposed to 
the aun la an example.   Only with nuoti aunahlne 
Is such n crude system satisfactory.    In moat 
arena It la neeessar/ to put this tube on a metal 
sheet and In a "hot box," a box Insulated agalnat 
tteat losses and covered with glass, or soswtlmes 
It Is sstlsfsctory to Imbed the tube In a alab 
of concrete which la expoaed to the aun.   Tubas 
placed on roofa in a on» caaea have performed 
aatlsfsetorlly In South America and Spain. 

Most of the installations in the United 

Ststes are of the sinusoidal type with the tube 
made of copper soldered to a thin copper sheet. 
This combination, painted with a good absorbing 
paint la put Into a "hot box."   Usually only one 
«over of glaaa is used.   The copper sheet absorbs 
solor energy falling upon'it and then after 
•«Averting    It into heat conducts it readily to 
the tube and into the water.    A much larger 
SMBount of energy la thus Intercepted than by a 
tube alone. 

Straight Tubos and Ducts With Hoadors. 
Round or oval tubes,  closely spaced, are connect- 
ed by two headers, Pig. J(c).    The tubes can be 
nor1sontal or Inclined.    Oval tubea have the 
advantage of containing less water for a fixed 
area of solar energy intercepted and will there- 
fore deliver hot water soon after the aun shines 
upon It.    This time lag and water oapaclty can 
be reduced further by making the pipes or ducts 
rectangular with only a thin water layer flowing 
within.    This arrangement can be found In Russia 
and Israel. 

Sometimes simple ladder arrangements of pipe 
or tube are put on the roofs of housea in Japan, 
performing satisfactorily there.   In Russia a 
•imllar system is put on top of a corrugated metal 
sheet, which inereases the effeotlveneaa of the 
system.   Performance la further Improved when 
«his arrangement la placed into a "hot box." 

The rather new development of making tube» 
•lrectly in the sheet (Rovere•a "tubo-ln-strlp"), 
•y hydraulloally expanding the sheet belongs into 
this same eatsgory.    It is less expensive than 
hsving a tub« fastened to • sheet end gives 
|>«tttr contact and thua better heat transfer 
"•toten the sheet and the tub«. 

vn   *lB0** •*«ry »«Hector, which is inclined 

v» %k** "•*•* «•« •* the top.   Sine« the water 
«'<«,,'**• t««perstur« difforme« is 
•u„Uf>'* th* *»!•*, the bottom part «f the 

1 •**• effective than the upper part. 

Pii{.3(a) Pan-type aolar absorbers 

ft«.3(b)   Sinuaoldal-tube-type solar absortara 

i»mii • «L 
Jirv • ••-,/ 

•LV»»..i«.fW 
>ru-a a • • • u «J 
làzasasar 

t 
Fis.5(c)    Straight-tubes and ducts with header- 

type solar absorbers 

The division of a large abaorber Into essentially 
• number of small ones (all in the same "hot box") 
and feeding all the «mall abaorbers from a tub« 
at the bottom and extracting the hot water 
through tubes at the top gives a more uniform 
efficiency.   Up to 8l per eent has been reported. 

Fist-Plate Typ«. The flat-plate absorber 
•«Mists, in its simplest fera, of two flat plates 
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Fig.3(d)    Fliit-plute-typ«? r.olar absorbers 
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Flß.3(e)    Kawai solar absorbtr 

or thin natal sheets fastened together at tha 
edges, Fig. 3(d).    A thin layer of water flowa 
between tha platos and gives all tho  advantages 
of the straight-tube closely spaead unit but la 
leas expensive.    If the absorber Is to operata 
under pressure, apaeers of^rlvots or atrlpa oan 
be used but they will Increase the cost of tha 
unit.   In Japan, for strength and to Increase 
tho convection hoat-transfer surface, the upper 
plate haa been ribbed, again making tha unit 
•ore expensive. 

Tha simple flat-plate collector la Ideal 
for use with a low-pressure system or as part of 
tho primary circuit of a dual circulation system. 
The hest energy from the primary or collecting 
circuit la given to the secondary circuit or 
storage unit through a heat exchanger, a ooll In, 
or a Jacket part way or all way around the hot- 
watar storage tank.    In auch a system the primary 
elrcult can be filled with an antifreeze solution 
and damage by free ring la eliminated. 

The Kawal Solar Water Heater. This Japaneae 
absorber heats, PIß. 3(e) the water while It 
slowly flowa from top to bottom through a fabric 
between two metal plates which are placed In a 
"hot box."    Frost will not damage this unit. 

The various heater designs shown and 
deserlbed briefly here are used In different 
parts of tha world with satisfactory resulta. 
In the united Statea the sinusoidal tube 
fastened to a copper sheet and placed in a "hot 
box" la the moat common one and performs 
satisfactorily In the Southern States.    To protect 
these units from freezing weather and from ice 
•putting the tubes they have to be drained on 
•old night*. 

EOT-WATER-gTORAOE REQUIREMENTS 

The storage of the heated water la expensive. 
Enough capacity has to be provided with a large 
tank, so that hot water can be stored during 
the sunshine hours for use when the sun does not 

., ss «wring the night and on rainy days. 

Many times unsatisfactory performance oan 
be traood to Inadequate storage oapaclty.   Once 
someone living In a trailer came to the writer 
oomplalnlng that hla solar hot-water system did 
not work right.    He had changed from a bottled 
gas heater to a kerosene heater and finally to 
a aolar system with a 3 by ¿-ft abaorber.   He 
atated that neither of the systems worked well, 
but the colar system was pooreat.    It can out 
that he had only a 3-gal storage tank.    After 
the discussion he replaced the tank with a 
larger one and from last reporta this system 
performs satisfactorily. 

How much storage capacity haa to be provided 
depends naturally upon the particular household 
the amount of water used by the members, how 
often they wash olothea, at what particular 
geographic location this system la to be oper- 
ating and ao on.    If In a solar hot-water system 
all the water which la stored during the day la 
used up, no more can be obtained until the sun 
shines again.    With Inadequate  storage  capacity 
or inadequate absorber surface.  It la necessary 
to provide an electric or fuel booster to avoid 
inconvenience. 

For an average family, in moat parts of 
Florida, a solar hot-water system having s 
storage capacity of 20 gal of hot water per 
peraon per day proves satisfactory.    If in a 
certain locality several days of bad weather oan 
be expected, thia capacity haa to be inorcased 
or a booster added. 

ABSORBER SIZE 

From Fig. 1 It la seen how much solar energy 
can be expected per square foot of horizontal 
surface per day, both during the best sunaer and 
the worst winter months.    With these data and tho 
amount of hot water dealred the absorber sice can 
be determined. 

For an average December day. In t.ost of 
Florida, a standard absorbor will heat a Minimum 
of 1} gal of water per sq ft per day from the air 
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temperature to Ito V.    Using thai« data,  a solar 
hot-water system for a family of four should havs 
a* leaet an ÔO-gal atoraba tank and a 53 -aq ft 
absorber unit.   The standard sis«   of abaorber 
unit for this oaaa la 56 aq ft. 

LOCATION AND POSITION OF ABSORBER AND TANK 

For free circulation, as Is usually the ossa, 
it la important that the water-storage tank Is 
higher than the absorber.   Slnoe the absorber Is 
often located on the roof, and not to have an 
unsightly tank on the roof, It Is frequently 
concealed In the atti o,  in a corner of the house 
of a amiti roof-level house, or In a false 
ehlaney. 

In Israel a solar circulating pump is used 
to some extent so that it Is not necessary to 
have the tank higher than the absorber.    Naturally 
the sane oan be done by Installing a small 
electrically driven circulating pump. 

The absorber ia usually stationary and facing 
aouth to absorb the maximum amount of aolar energy 
during the day.    It la best Inclined with the 
horizontal about 10 deg more than the latitude of 
the particular location so that It ia more 
efficient In the winter when the days are  shorter 
and the losses higher because of lower air temper- 
atures.    With this arrangement the conversion 
efficiency can be made to be about uniform for 
the whole year. 

An additional advantage of having the absorber 
Inclined at the greater angle Is that dust and 
dirt are less apt to colleot on the glass cover. 

MATERIALS USED AND THEIR PROPERTIES 

In general it can be said that the better the 
materials the higher the conversion effioiency of 
the unit, but also the higher the cost.    In the 
United States usually a galvanized box la used 
with felt or glass-wool insulation under a copper 
sheet to which a sinusoidal copper tube la 
soldered.   The whole arrangement is painted with 
a highly absorbing paint and then covered with 
usually one layor of glass. 

The better the glass characteristics (good 
tranamlaslon for the aolor energy but poor 
transmission for the long wave lengths which are 
reradlated from the hot absorber) the better will 
»e the performance. 

Olasi with high iron oontent (greenish tint 
•n the breaking edge) should be avoided.    Experi- 
menta carried on with better painta and coatings 
»nd with plastics instead of glass promise both 
te lncresse performance and make the unit less 

expensive.    The construction materials will 
determine the amount of malntenanoe required 
which should, howover, In all cases be low. The 
author has seen units which have been in oper- 
ation for over 25 years without getting much 
attention.    A number of standard units around 
the Miami area, damaged in some of the hurricanes 
• number of years ago are still without glass 
cover, but seemingly perform to the satisfaction 
of the owners. 

DESION AND ECONOMIC CONSIDERATIONS 

From the foregoing It seems desirable to 
make the absorber and storage system highly 
effective from an economic point of view to make 
it as Inexpensive as possible.    Thus one should 
strive to design a system at minimum cost which 
will deliver the required amount of hot water. 
Therefore the design of an actual system will 
depend upon the geographic location, the cost 
and availability of materials and the re- 
quirements of the user,   In areas where sunshine 
ia not so plentiful the design will have t» be 
more effective and thus more expenalve. 

In areas where solar-water heating is 
practical its economic advantage also will 
depend upon the length or the period it will be 
used.   If a heater Is Installed in a house which 
is to be sold, it usually can be done more 
cheaply if a fossil-fuel heater is selected. The 
buyer Is going to supply the fuel needed In the 
futuro.    If one intends to use the heater for a 
number of years,  however, it is usually found 
financially advantageous to Install a solar 
heater. 

For Instance In the Miami area where a great 
number of these installations are found, the cost 
of several standard hot-water systems is as 
follows: 

82-gal tank with t-ft x lU-ft absorber - - 4280 
100-gal tank with two l-ftxia-ft absorbers -)t0 
120-gal tank with two H-ftxl2-ft abaorbers -38U 

Comparing these prices, which will further 
be reduced as cheaper materials are developed 
(plastics instead of glass, better paints and 
coatings, etc.), with s kerosene hot-water system 
of $130 and kcroaene at about 17c/gal in Florida, 
an average family of four using about 30 gal of 
kerosene per month would break even in about two 
years and a half. 

A number of actual Installations are shown 
In Figs. M a)-(h), all of which have been per- 
forming satisfactorily for a number of years. 
They show different methods of mounting the 
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ns.4(a)    Solar hot-water installation 
(Oourtesy telar Katar Haator Company.) 
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Flg.H(b)    Solar hot-wator Installation 
(Courtesy Solar Water Meater Company.) 

ofteoreer «té petitioning and eonoaallng «ha 
•tara«« tank, 

tWtJUAY 

*h» uta of solar energy for water hooting, 
f**n* all ovar tho vori«, io oven usad ex- 
«•nslvaiy in tho United Stataa whoro foosil fue*« 
£* p,l*«veiy plentiful ot tho »rotant tiaw. 

»•••a «a to surprising to many that this 

application la not only competitive tout ovon 
advantageous in many areas. Xt haa toen pointed 
out that »any of these areas aro very well 
Nlth aunahine. 

Solar water-heating ayates» aro quito 
similar in design since they all must have an 
absorber and provisions for storing tho hot 
water once it has boon obtained. In »any »yateas 
this storage eapaolty is not largo enough thus 
resulting in poor performance. 

rrr—r/- 



FlC%(«)   Solar hat-vatar instillation 
(OwrUiy - 0 * L Hoofing Oonpany.) 

r 

n 

Fig.M«)   Solar hot-wator installation 
(Courtosy • 0 * t Roofing Company.) 

Many dsalgns tula* far akaorbars an« tha 
»miawlar am saloata« la uaually a aoneroiaiaa 
•r tha aanvaralan affiatano/ and tha nataria&a 
"»Urti»,   BOM daaigna ara ahawi in VI«. 3. 

*aat absarbars ara atatlonary ana faoa 
**i,tt».   Thty ara inclina« about 10 dag aer« «nan 
-* .v*1**4* #f **• P********* gaographia 

*••». ta gw« fetter parfamane« In «tea 
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9ig.*(a)   Solar hat-vatar Installation 
(Oowrtasy • 0 à L Hoofing Company.) 
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Pig.Mf)    Solar hot-vator installation 
(Courtesy •Ski* Roo fine Company.) 

vintar vhan tha dsys ara ahartar and tha air 
tamparaturas lotrar. 

Tha practlaal daalgn vili always ka a 
aoaproala« »atwaan parfonaanoo and ooat, a« that 
all tha hot watar naaded la obtained at tha 
lovaat posslbla prlea.   *a a rough figura a 
fearooona hat-«atar haatar far a« avaraga fanlly 
of fatar m tha ¡liani araa t*U nata aaat aa m««» 
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Mg.*(g)    Solar hot-wstor inatalletlon 
(Courtesy «SAL Roof In« Company.) 

et the end of It years •• a Mlw hot-water 
•Iturn,   «tor that porlo* MM ••lar systea will 

furnish the hot water free whllo Uta fuel for 
tho kerosene ayatea will have to bo furnished 
and paid for regularly, 

Finally, actual Installation« are shown 
whloh have seen used fer a number of years and 
satisfactorily supplied all the hot water needed. 
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Pig.H(h)   Solar hot-water installation 
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WHY SOLAR ONE? 
SOLAR ONE h the first house to direcìly convert 
sunlight into both heat and electricity for domestic 
UM. Built at the University of Delaware with sup- 
port from the Delmarva Power and Light Co.. 
SOLAR ONE has been designed a« an experi- 
mental structure to accumulate data from its solar 
harvesting system. These data will provide the basis 
for further development and optimization of the 
system and its components. This will lead to the 
design of certain other prototype buildings th.'t will 
implement these optimized systems. 

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

r* 
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The bouse hat a living room/dining room, two 
bedrooms 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 the experimental 
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period. Below the skylight the solar celt panels and 
heat collectors are located. The front of the house 
abo contains six solar heat collectors for additional 
heating during cold winter days. All collectors have 
plexiglass front coverings. 

HOW DOES IT WORKT 
SOLAR ONE is a systrmized house which converts 
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 ¡«.'at 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 med 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 freeze another eutectic salt. Dur- 
ing day hours house air is circulated through these 
eutectic salt containers, extracting ' coolness" from 
the salt and cooling the rooms. Night hours are used 
to freeze the salt since it is easier to cool during 
night time and more electricity is also available 
from power utilities. 

Ductwork conducts the hot air through a storage 
system containing eutectic salt». As the air passes 
over the eutectic salt, heat is transferred to the salt 
and causes it to melt at 120°F. absorbing a large 
amount of heat known as "Heat of Fusion." In this 
way heat can be stored in a much smaller volume 
(6 It x 6 ft x 6 ft) than in heated rocks or water. 
During the evening and night hours when the house 
cook down, its air is circulated through the eutectic 

The use of Cadmium Sulfide Solar Cells and the 
generation of electricity as well as heat is what 
distinguishes SOLAR ONE from other solar struc- 
ture» that have been built in the past. The Cad- 
mium Sulfide (CdS) cell is relatively siriple 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 clec- 
trodr upon which (B) cadmium sulfide is vacuum 
evaporated as a thin film. Then a layer of copper 
sulfide (CujS) (C) is electroplated onto the CdS 
(both films together are thinner than a huwan 
hair). A metal grid electrode (D) is then pi; ccd 
on top of the first three. Light passes through the 
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••tâl grid ând activates a current flow in the 
Urn sandwich, which can be picked up through the 
two electrode». Piatite material i* laminated on the 
entire cell to encapsulate it for protection. 

Wiring conduct» the electricity (e) from the CdS 
celt to household units such as an electric range, 
heaters, lights, etc. Any excess electricity that can- 
not be immediately used it stored in a series of 
batteries. The stored energy will be used especially 
during the hours when electricity is high in de- 
mand (afternoon hours) and will help t alleviate 
power shortages for power utilities. 

WHY IS IT IMPORTANT? 

•CHAR ONE is an experimental house that wiB 
provide information for residential dwellings in the 
future; h will define how solar energy can supple- 
ment conventional energy sources and thereby help 
•Deviate energy shortages. 

KNAR ONE is designed to obtain up to 80% ui* 
its lient and electricity from sunlight and die rest 
from tac power utility predominantly at a tna* 
when power is available (night hours). 

tOLAR ONE is designed to operate in conjunction 
with the power utility to prove how solar energy 
can contribute to "Peak Shaving" and can supply 
"Power on Demand'' to eliminate "brownouts" and 
"Macken tT 

SOLAR ONE has been built with contributions 
from the University of Delaware and the Delmarva 
Power and Light Company. It was designed by 
Marry Wecte Associates with assistance by Cosentini 
Associates and the Institute of Energy Conversion. 
Farther contributions from Frederick C. Krapf and 
Ion Inc., York Air Conditioning Division of Borg- 
Warner, Rohm and Haas Corporation, ESB, and 
Alcoa Aluminum are gratefully acknowledged. 

FuMuA««* By Tke 
Institute of Energy Conversion 

University of Delaware 
Newark, Delaware 19711 

^L 
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Traditionally, fuale available locally and nationally*  such as 
wood and ooal, have bean ueed for dome at io heating. But short- 
sighted polio lee - supported by advertising - have led to the 
general use of liquid fuels and gas, even in country districts 
where wood is aheap and readily available. The sun offers 
another alternative as will be seen in the following article. 

HEATING HOMES BY SUNLIfflT 

by Fâlix Trombe 

A glanos at power estimates shows that in many so-called temperate and 
cold ardas of tuie world tlio aun, sky and clouds can provide a considerable amount 
of calories for heating purposes.   A medium-sized house in these regions literally 
receives hundreds of kilowatt hours of heat each day on its façades and roof.   This 
heat is completely lost through infra-red radiation and the nomai heat exchange 
with the surrounding air. 

Work loas been going on for many years to find ways of using tili« wasted 
energy.   Sophisticated prototypes of dwellings have been designee but, unfortunately, 
they are highly expansive, making heat derived from sunlight far dearer than that 
produced by conventional methods. 

Using a somewhat different approach, the CNRS - French National Centre for 
Scientific Research - has cane up with several designs that have been patented by 

ANVAR - the National Association for the Advancement of Research.   Sines 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 psriods, an 
auxiliary power supply - such as electricity or some conventional fuel - must be 
provided. 

A systematic study of the most economic ways of capturing solar 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 sane 
principle as a greenhouse, over half or two-thirds of the south wall.   Ulis 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. 

QB$ has bean conducting research in this field for the last 15 years, and 
has built a number of experimental houses at Odeillo, at the Mediterranean end of 

Prof. Trombe is director of the solar energy laboratory of the French national Contre 
for Soimtifio Rossaroh (CNRS). 

-jk. 
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Heating mechanism with 
lateral cùr inlet duota. 

1 - Accumulator wall 

2 - Ciane panelling 

Ì - Sunlight absorbing 
surfaces 

4 - Path of circulating 
air 

5 - Lower aperture 

6a- Inlet for air 

Qb- Intake of air into 
room 
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7 - Glauing 

Bar Ventilator (closed) 

Bb" 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 

13 - Partition 

l4er Closed inlet for 
conditioned air 

14b- Inlet for conditioned 
air 

15 - Air conditioner 

These two diagrams from a patent recently taken out by Cims-AIWAR   (Trombe i Miohai) 
show how sun-derived calories entering through the glass panels of the "greenhouse», 
can be used either to heat a Ivouse in cold weather or to cool it in warm. Hg.I, 
showing tte 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 suction mechanism, 
after which the air is expelled tlvrough an aperture at the top of the greenhouse. 
The depression created inside the house enables cold air from tJ¡e north wall or from 
a>% air conditioner to be admitted. 

It should be noted that the accumulator area of the greenhouse is topped by lateral 
chimneys surrounding the apertures admitting daylight. The ohimneyc make it possible 
to increase the pressure controlling the propulsive circulation of air; their role 
te analogous in the greenhouse accumulator to that of the flue of a conventional 
fireplace. The chimney exhausts all smoke upward. 
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the Pyrénées, where familias llave now bean living for about four years.   Hie resulta 
are quite conclusive! in countries where there are clear skies and the sun shines 
frequently, it can provide 75 per cent of the calories required for domestic 
heating, the remaining 25 per cent being supplied by auxiliary sources.    In less 
sunny climas, the economy achieved is less spectacular but still important: a 
prototype house was recently built at Guoivency-le-Chateau in the cloudy east of 
France by architect Jacques Michel. 

In each case, the cost of collecting solar calories is the yardstick for 
œciding whether or not to build a solar house.   But in good climatic conditions 
the cost of a kilowatt-hour of solar heat - calculated on the initial investment 
involved - is two or three tines cheaper than a kilowatt-hour of electricity. 
Sunlight, after all, is free. (UNESCO FEATURES) 

Note to Editor*: Photogrcpto ara availàbU upon request. 
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U.S.A.  FIUTO .TO RftTIFY CONVENTION ON CULTURAL 

The United 
Organization's Conven 
Natural Heritage/ William 

conflict, or other 

KiyruRAL HEKEEME 

is the first Unesco Monter Stafes to ratify the 
seeming the Protection of the wbrld Cultural and7 

Jones, Permanent U.S. Delegate toctaesco, presented 
a ceromony held at Unesco Iteadquarfesf» on 
v / 

2 Unesco General Concerenae, setsNw a 
Heritage List/Of cultural and natural 

» be of outstanding 

placed on a List of World 
rations because of decay, 

or tourist development, armed 
(UNESCO FEMVBiS) 

UNITED STASIS WILL COttTRIBUIt:      $1,000,000 TO SAVE PHILftE 

A United States coni 

total 
cost of 

US $13,700, 

contributions o; 

to more 
to data, now amount 
(UNESCO FEATURE8) 
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How To Make 

A SOLAR STEAM COOKER 

This leaflet describes a relatively simple, yet 
• effective, device for »team cooking oí food 
using solar encrßy. The cooker has been de- 
signed for village use in areas where sunshine 
U abundant, and where most food is cooked 
by boiling. Frying, and baking, cannot be 
done in this stove. 

The cooker consists v* two parts that are 
rigidly and permanently joined to each other. 
The first is the solar collector, which bolls 
water to produce steam, and the second is Ihe 
Insulated steam bath or steam cooker, in 
which the food-containing saucepan (pot) is 
placed. The solar collector is a4 a fixed lilt 
angle of 45 degrees, and is supported on a sin- 
gle pivot pipe that is fixed into the ground. 
The entire cooker is pointed towards the point 
Of sunrise nil morning, and the point of sunset 
•11 afternoon. More frequent adjustment of 
the collector position can be done, but is not 
essential, except in poor weather. 

The solar collector always contains water, 
about one cup of water being added each 
evening to replace the water that has boiled 
iway. Steam is produced within an hour of 
sunrise and will continue to bo produced for 
the rest of the day as long as the sun shines 
on the collector, i.e. almost until sunset. 
Thus it is possible to cooR both the mid-day 
meal and the evening meal. Food left in the 
cooker will remain hot for several hours 
after sunset. 

The solar cooker is a slow-cooking device, 
•nd is best suited for foods that require long 
slow boiling, such as stews, cereals and 
vegetables. 

FABRICATION   INSTRUCTIONS 
Gather the material as listed in the materi- 

als list, and paint all wood framework pieces 
(not the hardboard panels) with a good white 
undercoat paint. 

The Collector Box Framework 
Assemble the rectangular collector box, and 

Install the support cross brace (Part No. All), 
and the two long support strips (A4) down 
the sides. (There is no support for the cop- 
per plate along the ends). Fix the upper end 
brace (AIO) inside the box. 

After keeping it thoroughly wet for several 
hours, nail the rear panel of tempered hard- 
board (A3) in place. 

Drill the clearance hole for the support pip« 
at 45 degrees into the 2 in. x 4 in. x 7 in. block 
(Al 2), then fix in place by screwing from 
inside. 

Drill holes, one in each end board of the 
rectangular box, to clear the % in. water tube 
(Bl). They should be central and 11 in. from 
the bottom of the end boards. 

Paint the outside of the box, sides and ends, 
any dark colour such as green, grey, Mack, 
etc. 

The Copper Plate ond Pip« 
Firmly attach the pipe (Bl) along the cen- 

treline of the copper plate (B8), by partially 
wrapping the tube three-quarters of the way 
round the pipo, then drawing the two tightly 
together with galvanized steel wire spaced at 
3 inch intervale along the length of the pipe. 
The joint may subsequently be soldered to en- 
sure a good bond, but although desirable, this 
Is not essential if the copper plate has been 
very carefully imd tightly drawn up around 
the pipe.   At the lower end the pipe should 
end 2 in. beyond the copper plate, leaving 4 
in. of pipe clear at the upper end. 

Place the insulation material (B7) in the 
2 In. deep spnre in the bottom of the box, and 
cover with a layer of aluminium foil (B8) 
(Any loose fibrous material such as coconut 
fibre or even straw may be used for insula- 
tion. Sawdust is not recommended. The 
material should be packed reasonably tightly. 

il 
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Aluminium foil is sold in shops for household 
use or wrapping purposes.) Insert the pipe- 
plate assembly, and nail the copper plate to 
the side mounting strips (A4). Screw the 
bottom end cap (132) in place; this is removed 
only for uescaling the pipe. Give the copper 
plate a very light coat of flat-black paint, be- 
ing sure first to clean the plate. A second 
coat of flat-black paint may be added when 
the first has been thoroughly dried in the sun 

Transporent Covers 
"Tediar" is a thin polyvinylfluoride film 

marketed by the DuPont Company, Wilming- 
ton, Delaware, U.S.A. It has both a high 
transparency to solar radiation and a long life. 
The film recommended for this cooker is 0.004 
Inch thick "Tediar" PVF clear film which lb- 
supplied in bulk in 6 feet wide rolls for a cost 
of about U.S. $190.00 One roll has enough 
material for just over 900 cookers. If Tediar 
is not available, owing to local foreign ex- 
change restrictions, glass may be used instead 
for the three transparent covers. Suitable 
changes in constructional details should then 
be made. 

Inner Tediar 
Assemble the rectargular framework (A7, 

A8) for the two inner Tediar layers, being 
sure that it fits loosely into the collector box. 
Wrap the Tediar (BIO) around the frame (top 
and bottom), fixing in place with an office 
type ttfipler or any other suitable method. 

Insert the 3/4 in. x 3/4 in. spacers (A5, A6), 
nailing in place, then install the inner frame 
with its two layers of Tediar. 

Outer Tediar 
Fix the centre spacer (A9) in place. (This 

ridged centre spacer is to provide tent-like 
support for the outer Tediar cover). 

Place the outer Tediar layer (1311) in place, 
carefully folding the corners, and fixing 
around the under edge of the box. In this 
way the Tediar forms a completely rain-proof 
cover. 

Fix the 30 in. wide skid (Al3) to the bottom 
of the box. 

Support frame For Steam Doth 
Assemble the support frame, (AH, A15, 

A16) for the steam bath, paint gloss white, 
then firmly screw to the underside of the col 

lector box. 
Cut hardboard underpiece (A17) to fit, and 

drill hole in centre to clear the pipe. 
Fabricate the steam bath, (B12) and solder 

the bottom pipe backnut (B4) in place. 
Be sure that the various horizontal areas of 

the steam bath and lid are slightly sloped so 
that all the water and condensate will drain 
back into the pipe. 

Rivet the hinge (B14) of the lid (B13) to 
the outer casing. Fill the 1 in. annular space 
around the steam bath with insulation. 

Screw the 135 degree pipe spring (D3) into 
the backnut under the steam bath. It must 
not protrude up into the bath. Place insula- 
tion into the space under the steam bath and 
place the steam bath in position. Join the 
two pipes with a short length of radiator hose 
(B5). Wrap the entire exposed pipe with 
insulation. 

Paint the outer surfaces of the steam bath 
And lid any convenient dark colour, such as 
green or grey. 

The bottom of the cooking pot (saucepan) 
should stand about half an inch above the 
bottom of the inside lining of the bath to 
•How the boiling water to pass freely into the 
bath from the pipe. Normally the side 
handles of the pot will rest on the top of the 
outer casing, holding the pot in the correct 
position If this cannot be arranged, a light 
wooden or metal pot-slrnd, J in. high, must 
btt placed in the bottom of the steam bath. 
The cooking pot (B15) should be of alumi- 
nium if possible. 

PlVOr Pipe 
The cooker should be set up on ground that 

is reasonably flat. The top of the J in.- dia- 
meter pivot pipe (B9) should be about 36 
inches above ground level. 

A built-up platform behind the unit will be 
needed to stand on while cooking, becauss the 
top of the saucepan will be 5 feet above the 
ground. 

Cooking With Two Saucepans 
The same collector would supply enough 

steam to permit cooking with two saucepans 
instead of one. The steam bath would have 
to be enlarged so as to provide two holes for 
the two saucepans. 
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Mote;  THE USE OF TEDLAB 

Knee writing this report we have been 
Informed that Tediar, earlier highly re- 
commended as a transparent cover for solar 
Collectors, is no longer considered suitable 
lor use in these dry application» (that is, 
where no moisture condensation takes 
place). 

Consequently, we would advise people 
Interested in this type of unit to adapt 1/8" 
or 3 mm. thick window glass (18 oz), sup- 
ported by a suitable frame, for their in- 
stallations. It is recommended that a 
silicone type sealant be used when install- 
ing the glass. 

OPERATING INSTRUCTIONS 

1) Never leave the unit in the sun without 
water In the pipe. 

I) Each evening sufficient water should be 
added to bring the water level up to the 
top of the pipe. 

9) In the mornings the cooker should be 
pointed towards the position where the 
sun first rises over the horizon. From 
noontime onwards the unit should be 
pointed towards the setting sun 

4) It is not necessary to keep moving the 
collector during the day so as always 
to face the sun. However, in very 
Windy or cold weather, or on day» 
when sunshine is poor, this would be 
beneficial. 
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\V\ 
Materials List for Cooker 

Part No Name and Sit« 
Ho. Off 

Wood 

A 1 2 Box sides tt" x V x 62" 
A 2 2 Box ende    )*" x M' x 20» 
»3 1 )4" tempered hardboard rear panel 62" x 21M 

A <t 2 Mounting strips for copper plate 1" x 2" x 61H 

A5 2 Spacers H" x K" x 61» 
A 6 2 Spacers £" x K" x 18)C" 

il 2 Frane for inner Tediar,   aidée H" x ft" x 60 7/8« 
3 Frpne for  inner Tediar,   cross pieces ft" x K" x l8jiw 

A 9 1 Tediar eupport  strip,  see  drawing ft" x 20" x 1J4" 
A10 1 End brace  (for attaching support aras for steam bath) 

1» x 2" x 16» 
A11 1 Support cross brace 1" x 3" x 20" 
A12 1 Pivot block 2" x '•" x 7"  (with k$° hole for pivot pipe) 
A13 1 Bottom ekid 1» x 2" x >0" 
A1<t 2 Support arms for steaw bath  1" x 2" x Zkn 

A15 2 *»5° wedges to support steam bath 1" x 10" on long face 
A16 2 Steam-bath platform crose-menbers 1" x 2" x 9" 
A17 1 H" hardboard 9" x 10" 

Miscellaneous 

B 1 K" pipe 65" long, threaded both endo 
B 2 ft" cap,  screwed ft" BSP (British Standard Pipa thread) 
»3 H" 135° pipo spring 
1^ ft" pipe backnut 
*5 1" i.d. x V long rubber tuba 
B6 0.025" copper cheet 20" x 59" 

M Inculution 20" x 61" x 22" 
Aluminium foil  18» x 61" 

B9 Pivot pipe Jé" x 12" 
B10 Tediar 42" x 72" 
B11 Tediar 30» x 72" 
1 12 Steam bath fabricated from 26 gauge« 22" x 60" 

galvanized sheet, see drawing 
B1J Lid,  fabricated with B12 
BU» Hinge, 9" lo»gi galvanized                                            i     , 
B15 Saucepan with lid, 6" dia. 5" deep 

White undercoat paint 
White gloss paint 
flat black paint 
Any other dark paint 

I 1/16" galv. wire, 10 ft. lone* 

i    'i 
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Portable tank captures solar energy 

A new concept In solar heating provides free hot water for 
»mall-scale needs of picnickers and campers. The water is 
contained in a foarned-polystyrene lank lh.it has an alumi- 
num-sheet, hcat-exchanse surface covering molded-in chan- 
nels through which the water circuíales by convection cur- 
rents. The product is the result of moie than 19 years of 
experimental work by inventor Frank I.. Suhay, Glcndalc, 
Calif. Production and marketing commenced late last year 
•fter the framing of a U.S. patent on the principles involved. 
The present model has a suggested retail price of S3.98. 

With a total weicht of approximately I lb, the unit can 
absorb sufficient solar heat to raise 4 Ral of water as much 
ai 30F in from 3 to 6 hours. This amounts to approximately 
1000 Dtu of heat absorbed by the I sq ft of aluminum. The 
Inventor claims that it would require 2>t ft of 1/2-inch copper 
tubing to absorb the same amount of solar energy. Like- 

wise, he points out lhat 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 bend tank, a sheet of "Mylar" film covers the heat- 
exchange area to 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 fires that otherwise would be required to heat the 
water supplied by hi- solar unit. And plans are in the work» 
to build larp.ti units employim; the same principles that could 
be used to heat swimming pools or provide hot water for 
commerciai and industrial needs. 

Moler wcter nearer consists of three potyr.tyrrno loam moldings, 
• O.COS-inch-thick aluminum »heel «nel a OOOS-irch-thick 
"Mylar" »tied. Aü components are banded with "Leckbond" 
t23 adhesivo. 

âhtmlnum iheef absorbs solar energy and transiera heat to 
water In channel!. Convection currents circulate water tnrougn 
Channel» in polystyrene pa-.el (riflhi). 
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SUN-COOKED LUNCHES IN GEEVA 

Cooking lunch on the roof of a Geneva block of fiata is no problem for 

Dr. Adnan Tarcici, Anbessador to the U.N. in Geneva of the Arab Republic of the 

Yemen. 

lie does it on a portable solar oooker designed and patentad by himself, 

report* Development Forum, the monthly published by the U.M. Centra for Eoonomio 

and Social Information (CESI). 

Dr. l'areici, 56, was bom in Akkar, north of Tripoli, in Lebanon, and as 

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

coaat and the mountains. 

The area is hot and sunny, with few trees.   Canp fires were kept going with 

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

But after learning how Archimedes set fire to the invading fleet in front 

of Syracuse - legend has it that lie trained nan with mirrors to focus tha sun's 

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

Forty years later, the result is a fully portable, inexpensive solar 
cooker - the Solnar - which opens out in tha shape of a parabolic mirror, ita 
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 minute«. 

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

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

looking further ahead, Dr. Tarcici, who is in touch with otilar solar 
enthusiasts in many parts of tha world, as well as with several potential 

manufacturers of his oooker, can visualisa sona of tha wider possible applications 
of sun power. 

In many countries - India, Cyprus and Israel among them - tha usa of tha 
sun's rays is already comonplace for heating domestic water supplias, usually by 
means of a rooftop installation.   In mora sophisticated applications, particularly 
if constant sunshine is not assured, this functions in conjunction with a thermo- 
stat-controlled electric inaarsion heater.   India has also developed solar cookers. 

-/- (iiöoo reroute?) 
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TOE SPIAR REVOLUTION 

by Donisi Bêhman 

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

energy. 
Tina and again, this forecast was heard at the international congress on 

"The Sun in the Service of Mankind" that filled Unesco'* Paris headquarter» last 

sumar with 800 scientists from 60 countries. 
If the omens are right, our world may be turned topsy-turvy.   Homes that 

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

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

an oasis in the desert of Mauritania a good 500 miles (800 km.) from the sea.   There, 
a solar punp built by a young French engineer, Jean-Pierre Girardier, supplies 

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

national service as a teacher in Africa, he mat his mentor, the late Prof, henri 

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

saidt 'Look at the sun, it's hot.   Look at the water, it's cold.   You should be 
able to run an engine on that difference in temperature'M

N 

Back in his small factory at Nontargis, southeast of Paris, Girardier 
studied the problem until he finally came up with a simple rugged engine that uses 
butane as its working fluid.   Heat from a solar collector evaporates the butane 
which expands, driving a piston that works a punp.   The cold water pumped to the 
surface is first used to condense the butane back into liquid form so that the 
cycle can start all over again. 

At Dakar, one of these engines has run tor three years without a breakdown. 
In June 1972, Girardier started to install another at Chinguttti, one of the most 
isolated places in the world. 

A small-scale emrlal revolution took nlaoe.   <*<»•>«» the solar DUBD would 

the children who hid always hauled water, Qirenlier and his architect, 
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Georges flexandroff, reasoned that « school had to be built for tha kids who now had 
nothing to do.   Alaxandroff designed the school in classic Mauritanian styls and 
usad its roof as a collector for tha heat naadod to driva Girardiar's pump. 

Breaking the laws of economics 

They ara now working on two new ideas - one a tourist hotel in tha »id- 
Sahara, the other a big pumping station that would supply irrigation water.   They 
seen to be breaking all the laws of economics because the solar engine is such 
more expensive than a diesel of equivalent power. 

Girardier has a ready answer to that objection.   His installation runs 
to about $40,000, but the Mauritanian government estimates that it costs from 
$5,000 to $20,000 a year to maintain and fuel a diesel installation in a rasóte 
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 seals than Girardier.   Twenty-five of 
tha 500 leading firms in tha 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 D. Little, declared in Paris that tha market for equipment could run to 
$1,000 million over the next tan years.   Glaser has also advanced a much mora 
ambitious plan to put a solar power station 12,000 miles (about 20,000 km.) out in 
spaca where the sun always shines.   Power generated by solar calla would be beamed 
by microwave transmitters to a receiving station on earth. 

Averting the energy crisis 

Optimism was expressed at the conference in a massage fron Or. Hernher von 
Braun, father of spaca flight, now working with an industrial fix» in the united 
States.   Ha said: 

"I am confidant that solar energy can be developed to meet significant 
portions of our futura energy needs and thereby help to avert tha coming energy 
crisis.   The solar industry is in its infancy today, such as the epace industry 
was so many years ago whan I first started dreaming of rockets to the »con. 

"I believe we are at tha dawn of a new aga, one which night be callad tha 
'Solar Age'." 

That age is already at hand for researchers like Harold R. Hay of Los 
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Angelas who has built a 'solarchiteoture' houM in Phoenix, Ariiona.   Ha haa 
succeeded in heating ana cooling tha houaa with a xœf pond eight inohaa (20 am.) 
deep.   Moveable panela allow the pond to warn up by day during the winter, and 
shield it at night to keep the heat in.   In suonar, 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 huge high-rise buildings standing 
in lonely grandeur amidst a desert of parking lota.   Hay lias statedi "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 cooling." 

Prof. J.K. Page of the University of Sheffield in the United Kingdom 
reminded the congress of vhat he celled the tragedy of architecture in Latin 

America which, he said, has borrowed the worst features of European designs.   GLass- 
walled buildings in hot climates demand air-conditioning that takes electric power 
away from industry. 

Page sees the distinctions being wiped out between town and country.   Already 
factory farming has created 'animal cities' and even 'animal slum' in the 
countryside. 

The next step is to bring the country into the e*y.   Paga wants to use 
sunshine falling on buildings to grow plants on their roofs.   The carbon dioxide 

and moisture generated by the inhabitants of these buildings would then feed the 
wardens to speed plant growth, since plants thrive on the carbon dioxide produced 
by the human metabolism and humans breathe the oxygen larafaotuzed by plants. 

Sou to Editora: Photographe o* available upon fqmêt.**®*0 *»«••>• 
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PERPIGNAN UMVERSm CBCTRE CFHSRS COURSES IN SOLAR WES& 

Parpignan University Centre is offering diploma courses in solar energy with 
both theoretical instruction and practical experience at the solar furnace installa- 
tion at OdeiUo - Font Roneu in the Pyrenees.   Organised with financial assistance 
fron Unesco, the Perpignan course is intended for professors, researchers' and other 
post-graduate students from third world countries who an interested in solar energy. 

(IHBCC FSATURBS) 
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vüage water supply 
An integrated modal of Sofreíase solar pump« i« Installed 
at Chinguslll, Mauritania ; this modal has been partlcularty 
designad to supply a whole* village with water. 
The pump is inside a building — a school building In this 
case. The root collects the heat ol the sun which provides 
the energy thai is necessary to operate the pump. In a desert 
area, this type of puma ©an supply about 2,000 people wMh 

N") 

country-side water 
supply 
Sofreía* siso makes solar pumps for usage m the country aida. 
This model can be Installed anywhere, it pumpa water from 
wells no mora than SO matera deep, and it can próvida lor a 
cattle herd of several hundred heads daily. The prasenoe of a 
specialized mechanic is not necessary : a herdsman can eaeHy 
operate the pump. 

community and tourist 
facilities 

Sofreías i solar pumps allow Ina construction of public build- 
ings in desert areas : too oflen, m fact, such buildings eannoi 
be planned because the oeet of water nsoeeeary to their 
operation is too high. 
Chinguettl provides an encollent example to the aokitlon of 
this problem : a solar pump connected with a development 
structure — a school. 
However, other combinations are possible, such aa medical 
dispensaries or administrative buildings in the country-side. 
This type of solution ten «leo lead to the oonetructton of 
autonomous touristic unit«, for a simple water reserve — 
e.g.. a swimming pool — aupplles a sufficient quantity of 
energy. Moreover, it will aoon be posslbls te produce eteo- 
tricity and operate cooling systems. 
Thus, it has become poaeibla lo consider the development of 
important projects, such «a «He Southern Sahara Agricultural 

• 
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when water means life 
Water is essential to lita on earth and it a fundamental factor 
in determining human living conditions. It lavora aH kind* 
of davalopmant processes in thoaa araaa where It la abundant 
and readily available. However, whan It la acarea and difficult 
lo obtain, it exert» a powerful negative influence on man and 
nature: lack of water can determine the creation or the 
extension of deaeri araaa and ita scarcity hangt like a eurta 
ovar peoples' heads Wherever rain does not fall In sufficient 
quantity — or it does not rain at all — and water la avallatola 
m underground pockets, It la imperativa to drHI walla. TMo 
undertaking can bring about the compiate trenaformetion of 
an entire region or stop ita dramatic declina. The lañara la a 
perfect cate m point. Soma 2.000 years ago. there war« etUt 
tahae in that area, and an impraeervo tat «í dala indicata that 
thpra were agricultural settlement along Ita southern border 
Than, tba Sahara bacamo dry. Tha drought waa perttaularty 
tut* during the last eiaty yeare, with a short - 

IMO and 1900. Vat, there it no tack of water m tha Sattel 
region. Onty, H muet be looked for without waiting for it to 
tall from the sky. But here lays the "»•* problem : what 
sources of energy can be used and whara can they be found. 
In moti instance«, when operating in arid ragiona, there are 
only two simple alternatives : either there is no water, or this 
can be reached by employing human energy. Aa a matter of 
tactthe population of soma Isolated villages in the Sähet 
devotes moat of its time to manual pumping, with highly 
negative eonaaquenees on Its productive activities and school 
attendance, for this undertaking Involves children as wall. 
However, in ail thoaa areas in which tha problem of water it 
coupled with tha problem of energy, there hat always bean 
•vaMaole a source of energy that can now bo exploited, that it, 
tha raya of sunlight. In fact, solar energy moves Sofretass 
pumps that ware developed m Africa and that are now in use 
beeauee of thoir aatietactory operational coats. 

the functioning of sofretes's solar pump 
Tha functtanmf of eotar (. 
dynamic nyala. Tha heat i •un ta captured by a liât. 

'pumpa 
it efsha 

**«*Thtt»theiwteewv*a4iiwèyeta.Tha 
from tha wait ISM the ttw tettsMfMam at i 
watt Mee* and tata « tha «eta eeuroe ef fw 

upan a type of thermo-       «yeto, 
PtfwW Mal MOI ÉA6 WMP* OOW SOWMM fHS3ndS)IMÉ 

IM Ma 



?        • 

KL 
.»^èj.tirt*»» 
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n'est pas dû à un écart dé!¡. 
ïr rapport aux objectifs com- 
Dcours à moyen terme (cinq 
; de tirages spéciaux accordes 
ional. 
a peu, traiter avec quelque 
à ses dires, portait sur dei 
soit efficace. Il faut répondre 
le concours mutuel entre les 
ililés dont disposent les pays 
par le moyen du recau de 

mondiale. La seconde réponse, 
qui precede : invoquer l'am- 
pllaux en I96S et 1969 pour 

, vient d'être mise au point, 
[n'a rleu compris à la coordi- 
nile l'on se refuse a y croire. 
I mépris affiche* par le journal 

1 décisions du 26 janvier « rap 
i européenne. Certes, tout ce 
; uté nous fait avancer sur la 
lue, a l'unification monétaire. 
dination des politiques, pour 

, i monnaie européenne, chacun 
e que le < couronnement » de 

; ici Ion vient de faire un grand 
; nais sans pour autant oublier 
ont l'Europe a le plus besoin 

B nion, elle n'en a pas manque 
"i 

Paul COUI-EOIS, 

,    hvfriUHr à  h  Fêculli <fc Ptfii 
\ a ut ttùmti Etmtomiqua ie tuu 

mmmtw' *!** 

ï 

êJU-SI'flit- *"•'Í?,T-rrir/*»-rri * "-^7.«*^,*.— 

scmxxsET nxnNiguss 

LES FOURS SOLAIRES 

ftarJ. BOSCA 

IL«L,,dr1S',*nJTd,hUl' qi,e '* V,C Wr ,CTrC "*«« P°»«We que 
race au soleil. Cette omnipotence du soleil fi. que, tris tôt  les 

«t kir" "'        * T DiCU: JUphCr' Al>0,1°"' PMbu- «» W. Icare «la triste expenence de sa puissance. Bien des. siècles après, la NASA 
*n méfie encore lorsqu'clJc choisit avec soin la nature des coLi 
Mm, des en*«» O.S.O. et Pioneers qu'elle envoie dans son voiTa£ 

par les Egypt.cns qui découvrirent l'effet de serre si utile cn anricul. 
^ P us tard, Archimede balisa h prière concentrai duTayon 
¡ement solane au moyen de ses miroirs ardents avec lesquels  dît• 
* Incendia la flotte romaine assiégeant Syracuse. 
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i..ir irf civilized mankind. 
, Vmsclvc»; a massive 

' „ vtimmanding duty to 
'',,, ,rfi«ricte*. and thai, if 
tl.ttllKs io promote clisar- 

,„ „mly to undertake the 
• ,«4ti «I»: 'dogmatic sleep 
'  , iiwgnizc the rcvolu- 
M IIK" most eminent of 

.„llsH, w»d not long ago: 
atitMl lowers; the mora 
.,.,u-il io was* murder oi 
»iwoinpntibility of tcchno- 

¿M* h»,f »,ncsc •"ca1izations 

,S »notable, »"d becomes, 
.,\ dw by day. The failure 
0,H, ù a leader, «he idco- 
4\ *«>• moment lead lo a 

oocuwhmems; against the 
«CJfOM through shelters 
n, A »hose who enlighten 

i. *•*«. 'gloire', passion for 
1>t its»« ideologies which 

'.',! :\a »epátate the world 

c i. %•< Hake everything on 

«U we Make evcrythingr 
yjjvct we haw enough lime.' 

Felix Trombe 

. «i J '.«M. 'Mt* tcf« h ww 
, Ov >.Jí te HM% «he a«'/«*" 
,«.-.17 4utiA« Uw Fu« ««14 

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

Energy requirement» 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 iron» scientific, industrial, economic and social development 
and «o on. 

In countries with a high industrial and economic potential, the energy 
factor is the essential basis of a continuously e.xpanc".:ig nnd even more 
multifarious material civilization. Hncrgy consumption per inhabitant is 
growing apace nnd »he majority of human activities depend on il. 

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

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

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

There remain perhaps a few hundred years' supply of oil and a thousand 
years' supply of coni, bul that is sufficient to give an optimistic touch to 
energy prospects, especially as nuclear energy with its enormous possibilities 
h 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 
»how all too clearly, cannot be replaced al 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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S. Other applications of solar energy will have this importance in the future 
but cannot as yet be considered as paying propositions, These include the 
Çreduction of motive power for pumping* water and generating electricity. 

he small individual plant is as yet much too expensive, while power pro- 
duction in large solar generating stations still works out at too high a cost 
fier kilowatt. But these disadvantages should only be considered spurs to 
urlher research in this field of importance. 

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

The first step is to install publicly-operated plants with the help of 
governments and possibly international organizations. Little by little, thanks 
to such 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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SOLAR ENERGY UTILIZATION 

Solar and Thermal Radiation Propertlei of Material» 

In response to the demand for radiation coefficients for 
materials used by the Australian building industry, the 
spectral characteristics of a range of materials have been 
measured using a Gier-Dunkle spectroradiomcter. Co- 
efficients of reflectance, transmittance and absorptance for 
aolar radiation, transmittance and reflectance for visible 
radiation and thermal emittance 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 procedures 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 zenith. 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, 

I    .   j    j  || m  ii      ; L   -. 'i    i   • .".-—t"  "        1'-      | '""   H'~ "    '   "*    -***' .——- 
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to complete jointing with silicone rubber sealant, have re- 
sulted in a higher distillate yield than from early Mark 
number », at graphed in Fig. 18. 

AtCoober Pcdy, the composition of the bore water supply 
is such as to give fairly rapid Bait 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 Coobor Pedy a number of level checke at marked 
points on the concrete edges of stills has been made period- 
ically, using a small dumpy level and a graduated staff, to 
•ee ii 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 due 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. 

Pat. 275,448) 

Solar Air Heaters 
The 300 ca ft (2? m2) bank of unit heaters with its 340 

cu ft (9. 63 m2) 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 system 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.f.m.at 120° 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%, for 
•olar heater outlet temperature settings of 150andl30 F 
(66 and 54° C) respectively, when average insolations for 
the test periods were 1,170and 960 Btu/ft2/day (13.3   and 
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io. 9 MJm-Vday) and average ambient temperature, were 
64. 5 and 61. 5° F (18.1 and 16.4° C). 

Tfc. .vstem has also been under test with a differential 

Ä^Uf^ncePA«.^/.^ F lUC     A"inl«Ul 

*^J!Ä. ¿ ». i» F (». 5° C). 
Th. te.tins 01 the .y.tem and evaluation oí re.ult. have 

•ct^.t been concluded! but the performance ha. been .ul- 
M, b•f m? .o ----«ä :ä" 
«# »radical applications,  mainly in orymg u* »K« . 

with the existing solar heater. 
(W. R. W. Read, A. Choda) X (P. 147) 

yfllUatio" of Waste Heat in Solar Still» 
At most of the remote motels and |»»toral ]»*£"*•« to 

AuítraUa electric power is normally obtained from a diesel Australia eiecir»    y of ^ encrgy ln the 

Gilí converted^îo^îectricity, the rest being lost to the 
Í£o.|¿T•ainly as heat frcL the cooling jacket and ex- 
haust gases. 

The current research is aimed at utilization of th«»heat 
from the engine jacket to supplement that "«^V^iSe 
VuTin solar stills. Studier were made o eigh^possible 
systems, comprising two separate groups, a) whereine 
.ïîinTwater is heated before entering the still, by using 
some form of heat exchanger, and (b) where the heat ex- 
înTn« is made within the%till itself by passing hot water 
#i8V; diesel throuch pipes inside the still basin. The 
formerCategory would be «VÍd for still, already in existence. 
bTSimalS loncerning cost and ea.e of operation favour 
the latter type for new installations. 

Consideration of likely .!«•• of diesel plant ir> the situa- 
*<«*! mentioned suaeests that suitable areas and possible 
'.»TpuU îor r.«.!nea« boo.ted ..ill. might be in the range. 

ui 
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oí 400 - 800 sq ft (37 - 74 m*) giving 200 - 400 gal/day 900 - 
1,800 1/day) of distillate. 

Aseries of tests is being made on a small Mk. VI still at 
Highett 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- 
mcters are connected to integrating electronic recorders 
giving printed outputs of the energy received. 

These measurements are used mainly to determine the 
efficiencies of experimental solar 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. Norria) 

(b) Calibration of Pyranomctcrs. A method of calibrating 
pyranomcters in situ has been developed. A pyranomcter 
tobe calibrated is mounted near to and in the same plane as 
• 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 thecomputer 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 variations with the sun's 
position may be studied. 



>. «I.P.ii 
. r m  i> HIT -"•-'•w — "uri*--   ^---"--!-*a-" -Ifc* 

y900- 

still at 
low oí 
es for 

octor) 
P. 150) 

energy 
(SA), 

:r»no- 
>rdert 

ne the 
hed ut 
assist 
loads 

those 
\ sent 
to the 
R. 

•rris) 

rating 
meter 
me as 
of the 
i sting 
puter. 
imatc 

ration 
min« 

• time 
iter is 
•ssion 
d be- 
time, 
sun's 

«MU*«MiM*HM ¿mu^i    UM "•• 

K 

Calibration, have been carried out of pyranometer^x 
American, European and local manufacture on clear, cloa. 
ÍSoveícástdayí.   Variation, in sensitivity have been fount 
¡ob?"" than 3% over all types of day. except when r^r. 
occurs. 

(D.J.Norri£ 

#c\ Solar Cells for Power Generation, Thin-film ^y7 
crv.talline cadmium sulphide solar cells produced by t 
Sted States firmhave been tested For those ^apsul,-- 
inMvlar the output degrade, up to 40% in six months, th-i« 
Í„clpsuria?ed in" Kapton (polyamide) degrade much le... 
However, since these cells have been designed mainly ... 
«ace vehicles some consideration ha. been given to a rev 
Sïsign for terrestrial applications, where the main P«***_-« 
are resistance to atmospheric condition, and cost per i  
of power. 

A recently developed .ilicon solar battery has been test*! 
rand,   since the cadmium  sulphide cells degrade so rap-.c. ; 
SS battery is the mo.t economic so far produced.      *-* 
io.t of installing a .olar battery ^\^¡¡B^^ 
i$50.per watt based on an available input of 100mW/cm  . 

(K. G. T. Hollands, R. V. Dunkle,  D. J. *£***? 

(d) n«slsn of Instruments. Thepyranometer developed •=. 
•co-operation with the Division of Irrigation Research - 
undergone small modifications in design to facilitate m«-. 
•facture and to overcome minor faults that developed a-, 
several years' operation. Approximately fifty pyranomeTf 
have been built and they are in use in Africa, India, Fakif. 
New Zealand and widely in Australia. 

By combining two pyranomcters back-to-back an albed 
meter has been built. This instrument is used to meat; 
the proportion of incoming solar radiation that is reilec. 
by the ground or any other surface. 

The design of a new integrating digital recorder has \t 
completed and tested. This recorder will enable mill: v 
signal. from a pyranometer to be integrated and encoder 

:BCD for direct input to a computer. 
(D.J.Norri 

(Aust.Pat.402. :: 
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The waste hut, radioactive emissions and dispose) of radioactive wastes 

from light Matar nuclear reactor are vexing questions beoatíse of the potential 

environmental hasards from these three factors.   JFhey also contribute appre- 

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

activa amissions are usually arrivedrai through the construction of barriers 

whirh depend on the specific geifgn of the reactor.    On the other hand, the 

geographic and geologlcaj/conditions at the power station sita strongly 

influence the sotu&tân of the cooling schema needed to take care of the waste 

heat.    TheaejeondJtlons also dictate the procedure of disposal and storage 

of the >*o I ©act I ve wastes. 

J.3   Solar Energy 

lacause of the larga amount of the solar energy reaching the earth's 

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

sotar 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 Is,a non-polluting 

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

serious d I »advantages, however, to the exploitation of this method for the 

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

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

tage is the high cost of the capital  invested ptr kilowatt of electricity 

that would be produced when direct photoelectric conversion is contemplated. 

To fU the ideas a few comparisons êrt given.    A 1000 KW coal burring powe- 

!l 
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plant  It projected to cost In 1J7Í «bout $360 mil Hon,  I.e. 360 $/W, a light 

••tor nuclear reactor of the same rating  Is expect to cost 380 $/hW, while on 

oil fired plant would cost tnt least with «corresponding flgurt of 330 $/W. 

On tho basis of improved (cadmium sulfide) call production techniques It  Is 

conceivable to construct pianti costing about 52500/kW. 

Two promising but radically different approaches have bsen suggested 

recently.    In one of then the energy from the sun Is collected In a "solar 

farm".    Assuming on energy conversion efficiency of about 30* (which is very 

optimistic), a 1000 m can be collected over an area equivalent to a square 

I Mi on a side.    Since the collectors do not completely cover this area,  the 

area under the collectors Is In partial shade and Is hence cooler, and more 

apt to retain moisture.   The idea of the solar farm Is to util lie 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.   Tho true effective cost of a solar farm In Egypt Will have to 

be determined.   Mainel"' the originator of the concept of the solar farm 

daims that the cost of such a solar plant could be made to operate at a cost 

compatitlve with that of a gas fired plant. 

TN second alternative method proposed by lw*r*** mettes use of the solar 

energy absorbed In tropical regions of tho seas.    Zener's proposal would apply 

to tho waters of tho Red tea.    In this scheme a heat engine using a ftanfclne 

cycle operating on the temperature differential between upper end lower levels 

In tho 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 competitiva to a nuclear power plant. 
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Ite affidane? of large «olar water teatini installata**« It tedattd If 
flaw it sot tnlformly distributed among the individual aha attor «mita.   A 
theoretical analyals of the flow distribution li preeemte« ft» this paper aad 
itMMwMatlcxva prepoeed for larga installations.   Soma taanpmtmtwra aoaawra- 
mU M an experimental tyateai ara ala« preeented. 

i.   nmosvcTioii 

Mat water toatera ara usually maam In atandard sises, e.g.  t fact to * faat, ani 
«•tar teatini installations art usually composed of a nouter of atandard imita cumiact- 
ad t«fatter.    For email ayatema It la customary to connect tte unita la parallel.    Cold 
«attar Ntara «la th« lower header of the flrat absorber, flow« through tte rlaera I» 
•araHal, and la discharged fro» tte top header. 

appar 
that flow vili te "short circuited" through the flrat few rlaera with lata flow toward 
tte far end of tte hank.    It la not ao obvious that t aiallar "altert circuiting effect 
•«cars if the flow discharges at the opposite end of the ateortor with the dead ione of 
taw flew near tte centra of the absorber bank. 

la tte region of lew flew rates high absorber tcapareturaa arine result log in high 
teat loaaas and low thermal efficiency.    Fortunately, free convection forcea tend to 
•aunterbalance thie "short circuit" effect to eette «xtent when th« absorbera are 
inclined.    However, in the tropics where the absorben are »early horltontal, a aeriamo 
tfrap in performance can result fron this "short circuit" effect.    An analysis of this 
"abort circuit" effect and eos* experimental measurements of temperatures en absorber 
platea in a baak of 12 abaorbers are given in the paper.    It should be rero|nlaed that 
this prob lea of poor flow distribution arises whenever a larga number of parallel pipe* 
are connected between two common headers, and la not confined to aolar vatar heating 
•patema. 

' S 

r*' 

t. nUUgVKE AND rtOW DISTRIBUTION ID A SYSTEM WITH 
NULTIPU FAMLLEL TUBES WITH COMMON HEADERS 

Thia problem can be aolved by conventional pipe line network analyste technique«, 
tot is tediava and tte inclusion of buoyancy forces it difficult.    As the problem ia 
Mat iaportast in large banka with many risarà, an alternative approximate analytical 
approach cenalats in the replacement of the Individual rlaera by a distributed flow 
resistance between the headers, thus permitting a tenersi analytical solution of tte 
pressure and flow distributions which will correspond closely to the actual distribu- 
tions ia large ins teilst ions.    This could, alternatively, be viauallzed as replacement 
af the eeparata riser« by an infinite number of risers offering the same total 
*tte authors are, reapectively, Chief tesearch Scientist and Senior Technical Officer 
at tte Division of Mechanical Engineering, Comonveslth Scientific and Industrial 
tassare* Organisation, Crahaa Road, Nlghett, Victoria, Australi*. 
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-,„„„, t0 fi«, b.tv.« th. haaaar., but having *»• •""* •* *,rTl"M* "!"„„ 
•aaUauoully along tta haadar. rather than 1« . wri« of .tep. ""••^•«"1|?" 
fWtTe.cn rl..r.   Th«.. H» gr..t.r the «.urtar of ri..« in a« iMUlUll« tta 
batter ita Mttaaatieal approalaation to the teal ayataa. 

«v« ...«.it«. >rc aade that flov ia turbulent in tha header, aaa laainat In tta 
.iaara^ Thîrî¡'p^a^.Ä. .ÍLptian aven at f.irl, lo- Reynold. ««tar. in tta 
££„ dû to foia drag'introducad by tha and. of tha r.i..r. proJ.c«int into the 
taafer. .««> tha fio« di.turb.nc«. at tha conn.ction. between Ajoftan.    £ • i«i« 
«.t..   fio» in th. and ri.ar. aey ba turbulent, but aa th. bulk of tha ri.er. operate 
S E'l Snaí fío» r.Bion. th. ¿,.U pittura will b. littl. a[«"«*•*   ^u ^ 
"    T th, «ff.« of density variation, «ith temperatura on the flow di.tribution 1. not 
EHta«     Th. Mtr Probi., ha. been atudi.d and i. i-oortant in «all .»•£* 
lacUned abaorbar bank, but ia of laaa iaportanee in lari, banka.    Thi. will be r.pott- 
•• la i later paper. 

J.    MM10NTAL 0« MOTHERHM. «TSTW 

Ike rntn of int.reat la a ..ri., of uniforaly .paced p.r.11.1 tube, or '*••'• 
CFi«.« 1) "o"in, two head.« -ith flow into the botto, header on th. toft a«d eutof 
2a•£ header on the right.    Th. .b.orber b.nk i. ...uMd to Mill (« • 0) a di.taaca 
a-LHo haW tta rl.er .pacing befor« th. fir.t rla.r and to extend at « - t half a 
3£Í tayoní tn. l«t ri.Sr.    Du. to lack of .p.e.. th. dariv.tioa. -ill not b. ,i*... 
ealy tta laportant reaulta being deecribed. 

Ita int.re.tlng re.ult i. found that wo ei.pl. páremete« are .uftielent to 
éMerita STtatavieur of th. .y.t...   Th. fir.t 1. a diMMionlM. prea.-r. rati. • 
«kick ha. tha following forai 

• • /S. A,' f*ht*h        . *» * ib/i»1 

1. thi. «cation ap„ repreaeat. tta preaeare ite» la tta ta .der. if tta Wt.l fl«. 
Mlferaly divided between tha two taaeera. 

<*) 

all tta 

<« 

if«!«.' 

èff teameante tta preeaer« .rep If tha flaw *•«• Mifet*ly eivMeeJ 
ffiMta. 

•«ATS -r STJ5SÄ Vp=S.1AS!¿^tíSÜt •* 
af tta.« paraaatara. 

nvmwnm w TOT WADWU 

Î-H 
aiah g <I * - 1) 

alah » 
<*> 

lauatloa <*> indicate, that the flow L »•« at antraue, of top header, i. »•« 
*. ,5" fUw a   the aldpoint (half of total fio- i« .ach taad.r), an. i. a,ual to tta 
Cal flow .t dl.ch.rge.    'or a large valu« of I, that ia, pr...ur. drop of «"J«« 
K£   Sauve to ri.Sr.. tta «o- rl... wry ,«lckly near tta «»•««•v«"1"« •"£» 
CTtant through th. aajor part of header and tta« ri... »"»"»y "" «** f° *•* tM 

Ctr. part of .y.t.a ha. v.ry low flow la rl.er..    For «all value. •'•*$•"" 
Cta^U.».»' la tta top taader, in äff« du. to tta relatively high fUw r.aiet- 
•••a af tta riaara. 
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1. i) 
ÎÎ3TT (») 

It U earn frea <J) that «km I It tamil the flew li dUtrlhwted «ntferalr 
MM rieera, end the larger the valut af I tlM awre tit« flew teatfe ta «««centrate la- 
varé« tM end« of th« ayate«.    Th« tatio «f flow 1» MM tentr« rlaar t« thai 1» MM • 
rlaar ist 

<•) 

niTMMmoMi 

UM fraseare é>o» i» tlM rleert la giva« ta tan» af Mataaca ft 

Iti 

eatraaee toi 

JLi.^'f •» 
aat alai» I 

UM ataaeare ara» atoa« MM taf hoadar la «Iva« toi 

in 

ÜLL Xlíl (1 JL 
> ala»' • ?t-fc ala* I 

caa» I (ft - 1), 

• ail* 0 

ala* I £ 1) ceeh • (f 1) 

a. • ala**» 
<•> 

Hila «eaetlen ladlcatee that far vary lari« ve UM af I that MM grattar« «taf* 
lia*arly vita il«tanca, that la, (lew la «alfar«** diatritata* totwMai MM taf heaaara 
«ft» araaa flaw eenceatreted la th« ead rtaara, aa that 

*iJ " 'Ut I 
•ft MM athar hand, far vary anali vat« 
•I MM datane« tlwi MM header, at 

af • MM 

^lit'^OI . i (1)' 

UM fatal «reatara «taf ta tha taf htttat tai 

ÏAlllA. J. 
I alah* I MkLi 

m 
«tth MM 

CM} 

(11) 

Ta tllwetratc thaaa equation«, eontlder a hank af * typical aelar atMttore ea«a 
t faat to 4 f«tt and connect««- In parallel. Header« ara 1 Inch (0.0755 ft 1.0.) aa* 
rtaara ara <i inch (0.0)33 ft 1.0.). Th« vtaeoalty af water la taha« aa 1.» l»/hr ft, 
to*gth af header IS faat, length af rlaar a feat, friction fa«ter la «tattr 0.1O, tmà 
flaw rate 1 tallen per ft1 or OJT • 7.70S ft'/hr. In Filare 2 the calculate«" »reeewr« 
distribution 1* plotted, dcBonitratlng the large prcttur« difference« at the end« af 
MM aaaorter h«ak relative to the centre «action. 

MEMITT IrTtCTft 

If th« flow vera waif only die tributad aaeag tha rltera, tha effect af «entity 
variation« could M neglected.    If flaw la net uni fora, fluid temperature« «re higher 
111 the rlaar« with low flow, and th« lower denelty of the hot water Increati» tha flaw 
te MMM rlt«ri that offsetting t« eeae «xteat tha "«hart circuit" affect prtrloaaly 
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éfeamoeed.    l)MM big» i.c«l Menimi CM algalfleaatly n**m tím overall 

ÜIÜÜ72     .,    .  •,1'î """* fc"U"-     '" ""»  •«*• »"" »•" WlMttlM.   tft«   fTM 
aüÜÜ îiî!".       ! ï,U*d '• •*»*•**• tl* •"•« •' »»>• forced flow pattern,    r.r Uri. 
J* "• ,orMd "•" »»'«" »wtaiMti and control th« flow distribution to • 
*?*••-*****' '    **• •"*!«• 1« «eneiderebly »or« CHylm th« th« Isothermal «y.to. ««4 
«11 M treated la a •«••rot« paper. 

• .    UmiMMTAI. INVESTIGATIONS 

Ik* flrat au» vai th« eonatruetlon of a amali attuiate«! abaortwr bank la clear 
£î"î .    .?      !*Ür "° *liani t0 "•" thlou«h th* •*"«• •»• Fwl.ion vi. M4. (or 
tfce- Uj.ctlon of dy« into th« lower on« of th« rla«ra.    Th. obaerved movement of th« 
•>••'"•' «ualitatlvely with th. iaothermal theory. In that th« ».leciti., v.r. weh 
hta>«r la th. end rlacra than in tho c.ntr. enoa. 

The aocond itcp In the cxp.rlo.ntal lnv«atlgatlon Involved Instrumentation of a 
forced convection solsr hot water system.    The teta described were carried out on 
two 1 ve 4ft x 2ft «elective aurfaced absorbera at flow rates of 1,  Ha and 2 gal/ala 
corresponding to approximately 60, »0 and 120 ft2 of absorber..    The pump used waa a 
centrifugal hot water accelerator.    Thermocouple, were attached to 4 Inch rlaera on tho 
aeeorbera in the position shown In figure 3 and inlet and outlet toaparaturea wore 
recordad.    Th« pump was operated aanually and ran continuously during the period of too 
reeding«.    Coopérative reaulta aad eoamente are given for each of the four aethoda uaad. 

tm tao testa were carried out en an operating system, it waa not possible to 
reproduce tost condition, with different arrangements.    The criteria of perforatene« 
fcoro are the teapcraturea measured on the abaorber platea.    If flow were uniforoly 
distributed in the rlaera,  it is expected that the »easured temperature dlatrlbutloa 
««•Id be aaooth and roughly parallel to but aoaewhat higher than the water teaperatur«. 
«ay »oak« and dipa in the temperature dlatrlbutlon will be due to low or hlth flow 
ratea through the respectiva element. 

^      Freest)ly the Boat common way of connecting abaorbora la to out thea la parallel. 
Tala arrangeaient la shown in Figure 4.    The high imperiture, eeaaured In the centre 
!!?!    , *i «b»orb«r Indicate that little water Is flowing up the centre rlaera, th« 
balk of the water passing through runs either up the flrat few rlaers and along th« top 
»«adera, or along the lower header and up the end risers.    This method la therefore not 
recnmaindid for large banks.    It will be noted that the teaperatur« dlatrlbutlon la 
»orot at tac hlgheat flow rate.    Thla la beeaua« th« preasurt drop« are larger relative 
te donalty effecta at higher velocltlca. 

An Improved dlatrlbutlon waa obtained from a eerlea-parallel arrangement.    Tfte 
absorb«ra vere connected In 3 lots of 4 and interconnected by 1 inch pipe aa shown la 
Figaro 3.    In the case of the test set up clear plastic hose waa uaed aa It waa thought 
»      i j     **' h*V" k**n tr,Pp*a lB the "FP" •>«•«•" particularly at the low flow of 
1 gal/aln.    However thla waa not so, it waa carried through in large «uantltlee 
Initially and after settling down the small aaount of air released from the water 
wring the heating cycle was very readily discharged. 

*"•**" »«i»«»!* method of connection is a multiple parsllel arrangement aa shown 
I« Figaro ».    The absorbers are broken into groupa containing up to 24 risers in 
parallel, which are then connected In a larger bank to a header ayatca.    If the tteedcre 
•t« large enough to have a relatively lew presaure drop compared to the pressure drope 
acroee the groupa, then fairly even flow is aaaured.    The analysis la this papar can be 
•*•« a« a guide treating each group aa an individual rlaer as a flrat approximation. 

S.    RECOWfEKMTIOHS 

H* rocoamendatlons «a larga banks of aolar absorbera am 

l#     ??**.**.** *• ** **••*• *• M•"«1 »r« aat la factory for «1 titer natural or forced 
*4 camlet lea. 

L- 
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I.     Pa* fatta« circulation keaka wttfc ever 14 rlaare, It la m«aaamiil that a« 
tJkM M tlaara he connecte« 1« parallel,    rot largar ka»ka oovncoaara can k« «M4, 
atthar a teserete 1 lach ala«, or en* of th« ahaorkera caa eerv« aa a aowiKoaar. 
Alternatively, the »v It laic parallel ayate* CM aa aaed. 

9.     Flaw rataa •(   /* to 1 gallon aar heur far each ttuira foot of akeerker araa ia 
Mtiefectory and »ill giva a raaeonakla teaaaaratura rlaa through tha abeorhere. 

4.     Aa tha preeeura irosa In headere dependa to a larga axtaat on tha nethod af 
MMtrwctlon (e.g. projection of rlicra Into headers), It la rato—undid that 
•aaaf acturart thou Id chack their own dealgna. 
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CORRELATION OF SOLAR RADIATION WITH CLOUDS» 

D. J. NOMKISf 

(fittihté 13 Fetrmry IMS) 

ilJ1iir
M!bi,!,y * im'a,'in, *?" "*'" *vicM tvek m •»«• «* eoi*M<mint «fa*, toter 

Nfe» .nllv «c. in „««, pMt of Australia ha, led to il* nece.sity of predicting .StoTh 
i »here no measurement, have been mndc. |„ ,h« pa« good correla.ion, of ¿olar HHÄ* ^^Mn« 

* 2012^1?.. «f0?»'"**' «« ** «teciiled. il*,«fore. to investigate the possibility of correlation« 
í ¡ALÍtír rî T • c,oudiovw- S«*«•1 '"«"«'«1» of clot* creation have bcenci^SS 
*£ÏÏl£ ,Ü'Í corr'll"'on c«fflc*"t '<*"* " i» comidered thai if cloud «port, are used *m£l 
«rim of *>W radiation, only monthly or longtr average» may be obtained with reasonable accuracy 

    -l-«P0Hibilited-mMaHcr de, dispositif, à énergie «oMre tel, que de, mMaHation, nouvelle, d, 

mSSTSTSiZ'SrJS^"* ??" **"*"•«• «,c- *•» «w *«« isolée, d'Au,trali«.. 
STfc!V ST -.1 îîv?r ^ radM,,wm ***« «M endroit, où Ton n'avait ¡amai, Tait de cafcujt 
JSJL^M ít^í^^ d 0b,CnÍr t ïrr •'"«•* *» "*-¡«i» »ol.ir«?p J kXres d'S 
SffffriSr ,l*Vnfc"Mr«m"'» * IMHographe enregistreur de C.n.pbell Stoke,. Toutefote. « 
2!rï2f•i Pwpweti pour I application de dispositif, d'énergie solaire, on a trouvé qu'il y avait tre« 
%iS¿7y2Z*ULki ,nrT-nmT% *? heilr" ^-"»"Mement. M a do,« été décidé de r crlïcher h 

•*•*>*» * ^«.Ikaiion de, nuage, ont été examinée, et l'on n'a p«, trouvé de coefficient* correi»*» 

^...lT-7 '***.h. f°^^à de instalar aparato, de energia »otar tek, como nueva, plantas de aire MM. 

•^H2^^ÄJa„riLd,i,eKi*, """f ín ,u,arcJ «"• híwU •»»" •» to« »**> objeto de medición. En el pa»Se! 

•^«IWenrfo de C-mpbeM Stokes. Sin emba.,o. «I investigar k, regiones donde M propone emplear kx 
g«to. de energía »olar. resultaron ser muy escasos los dato, de registro disponibk. enmalcm de hora, * 

f ÄcJr^reCr•'I** "F^'0"«»*»,a P«*«^ * correlacionar !» radiación *¿¿?££Z 

MTIJLTL    .T.     i * wnctacK«. S« opina, pu*,, que. », se emplean k>, pane* de nublado« im 

lïJÎ!f,IÎ^L,A lnterCSl ls rapidly incrc*siniin th« possible utilization of sotar cnert y for 
!!Í-ÍJÍme*,,C P*"^56*' Thc ««« of «olar water heaters is already well established in 
m northern states and is spreading to the south. Desalination of salt or brackish water 
21,•. fl,ll$Js ,oda>; en,«ri."8 a <*» Ph»s« following the successful testing of pilot 
IWtoJations. Research is being undertaken to apply solar heated air or water to air 
condiUoiiing. Smce 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 «risen to predici 
Ule intensity of solar radiation outside the existing network of recording stations. TW« 
network is at present associated with the centres of population and does not give a 
representative picture of radiation distribution over the continent. 

!!?? ***£'"'** S«««* Conference paper. 
TUM*** of Mechanical Engineering. CSI RO. Highett. Victoria, Atwtralia. 
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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* 
lion and clouds classified by type and amount. Firstly, the method proposed by Lumb 
|l) 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 

st 

Q-AS + BS*. (I) 
by substituting a factor f defined by 

Q « 135/5 where OS * solar constant in mW/cm« 

h« derived a linear relationship 
/-«+•* 

where '«' and '»' are constants determined by least squares analysis of reported 
Tie dassmcalion of cloud data used by him is shown in Table I. His results 

to iadkate an accuracy of prediction of better than 10 per cent. 

Tit* I 

Criteria wed for claniricatk» 

I Total «mow* of cloud« « 2 oktas 
I Ì-S oktas C (excluding cases where showers wen 

nportsd). Total «mount of cloud 3-5 okiat 
) O-l oktas C* «excluding C«7) with 0-4 oktas C,. 
4 i-l oktas f, ) of 4. Ai category I AC/Ai7 with 

•use * 12.000 ft, with 0-4 oktas Ct 
5 C»7 with 0-4 oktas d 
f 7-1 oktas C, 5 ott without precipitation ether than 

ww - M. No rain reported at preceding or succeeding 
synoptic hour (Also checked by reference to synoptic 
cawis) 

9 f~f oktas C« 2, C'„ 7 (either with rain or with C- 4) 
with 0-4 oktas CL: also 7 or I oktas Ct if rain reportée 
M nest synoptic hour 

I •oktasCM2orC1>6.7withHw-50-S* 
• loklaiC1(2©rCl-6.7wiih»w-»0-*f 

Loudon[2] proposed the assignment of transmission factors to each of Lumb's 
doud 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 
It defined 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. Tor computing direct and diffuse solar radiation on horizontal 
surfaces from measured values of total radiation. 

Iven Bennett [4] in his paper on preparing maps of daily total radiation quotes the 
régression equations 

QIQe - 751 + 0-845 Cd- 3-56 Cd* 

0/0<"= 775- 28-97 Cd (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 /?' = 0-646 and 
0-708 respectively. Standard error of estimation in both cases is approximately 10 per 
cent. 

Budyko el a/.(5], have proposed a formula relating total radiation on a cloudy day to 
that on a clear day by a linear expression. 

iG+g)n~(G + gU\-(i-K)n) (3) 

where the coefficient (1 — (Ì-K)n] is made to depend on K. a transmittance of cloud 
fai 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 values of both (C + g), for cloudy days and 
(G + g)t for clear days, they found that monthly means indicated an error of about 
10 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 

far Melbourne were tested for linear regression. Correlation coefficient of R* - 0-2 
í 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. 

Tables 

CtMsory A         Ê « N 

t -2+4 0-SI *n 174 
2 -IT2 0-34) 0-59 M 
1 -1-2» t-ll 0-6) 3S 
4 -Ml  0-4Î e-N 3 
S t      t) 0 1 
• -III  «HI 0-10 M 
» •        • • • 
• -l-tl  •>« Oil 21 
t »is a-it »34 M 

•*ln l        ' 

¿T 
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Only in categories 2 and 3 were reasonable correlations found. The small number of 
•ampies 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 
•mount 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 over that shown by 
the method of Lumb. 

Shame and Pal's concept of clearness number 
This concept has been used to classify 3 hourly means of solar radiation into 

classes of 01 in this ratio. The cloud reports were then sorted, placing the clouds for 

!  .» 

TsMeS 

Category A       « H N 

1 -215 »34 0-39 77 
2 -114 023 0-20 3» 
$ -1-06 006 0« II» 
4 ~M7 0-40 0-37 33 
i 0        0 0 0 
» -0-13 012 »12 » 
1 -l-SS 0-23 0-23 47 
• -212 O« 0-14 23 
ff -2-0» 0-01 001 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 cxtraterrestinl radiation, 
(c) Ratio of direct to extraterrestial radiation. 

In all cases the same low correlations were found as was the poor classification of 
some lypes of clouds. 

linear regression applied to means of several days 

Since «II these above approaches failed to give the desired accuracy of prediction of 
tote radiation and since it has been found that on a basis of monthly mean values a 
good correlation exists between total cloud amount* and solar radiation, an analysis of 
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daily cloud amounts was made. From the 9 a.m., 12 noon and 3 p.m. total cloud obser- 
vations, a mean was taken and a number assigned to each day. This was compared with 
daily total radiation. 

A least squares analysis based on a linear regression line was carried out for these 
daily values. The daily values were taken successively on two, three or more at a time 
and mean values obtained. A computer programme was devised to determine the 
number of days that must enter the mean to obtain a correlation coefficient greater than 
0-85. A summary of results for a mean of ten days is shown in Table 4. No number of 
days less than thirty gave the required degree of correlation. 

T »ble 4 

#.-. Ot-, A 0 N 

»2M Î-25 7Î70 -IM 10 

Where y - Ax + B; *- cloud number; 
y — »otar radiation. 

DISCUSSION 

In the observation and reporting of cloud, subjective assessments are relied upon. 
In Australia only three hourly synoptic observations are made and the reliability of the 
reports depends upon the skill and experience of the observer. Apart from this factor, 
no assessment is made of the luminance of clouds or of their transmissivity. Similarly. 
no report is made of which part of the sky is covered by the clouds. For example, the 
sky may be half covered with cloud and the sun never obscured during that period. In 
fact, in the extreme cases, one small cloud could obscure the sun by slowly traversing 
the iky and similarly a small hole in the clouds could include the sun for long periods. 

Ar mentioned above, in the classification of clouds according to transmission factor, 
no matter how this is assessed, certain types of clouds fall into nearly all classes. For 
example, the most widespread report of cloud, stratocumulus, appears in amounts of 
•even eights of the sky covered with transmission factors of 0-2 to 10. 

An analysis of frequency of occurrence of clouds over five cities in Australia has 
been made. Stralocumulus is the predominant cloud type reported at Adelaide, Mel- 
bourne, Sydney, Brisbane and Townsville and in most cases comprises more than 
twentyfive percent of all reports. 

There is a rational explanation of this behaviour and this is due to clouds being 
observed in the past only from beneath. If seven eighths of »he sky is coverei1 with 
stratocumulus clouds, it is extremely difficult if not impossible to describe the middle 
«nd high clouds which are above. Stratocumulus may be accompanied by cumulonim- 
bus clouds giving very low transmissivities or they may be accompanied by no other 
clouds and be themselves in a thin layer. Transmissivities may then be high. In fact it 
can be considered that a nearly overcast sky may have a wide range of transmissivities. 

• Another factor that may invalidate the classification of clouds by transmissivity is 
the reflection of solar radiation from the edges and sides of cloud masses. This is tradi- 
tionally referred to as the 'silver lining'. Evidence has been obtained that with broken 
cumu'"' clouds reflections fiom them may increase the amount of radiation reaching 
the Earth's surface to more than that which would be received on a clear day. Occasions 
hive been noted when in tropical regions this reinforcement has led to the intensity 
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reaching the surface to exc -ed the solar constant for appreciable periods, in one case 
from Gladstone on the east coast of Queensland, an intensity exceeding the solar con» 
•tant 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 
hi intensity of transmitted radiation and the possible increase by reflection of the total 
•mount 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. 

REFERENCES 
|l) F. E. Lumb. The influence of cloud on hourly amounti of tout toter radiation M ine m Mirtee. Hoy. 

»rVf. Joe. <?../. H. Î8J< 1964). 
8) A. O. Louden. D.S.I.R. Building Research Station. Note No. EN2I ( 1964). 

J M. R. Sharma and R. S Pal. Solar radiation in the tropici. Solar Energy 9,113 ( 1965). 
Ml Ivan Bennett, A method for preparing mups of mean, daily global radiation, ¿rcn. /fir Mtt. Gtopkyi. 

Uok«m.,Ser.B.,i3.2lH.j. 
m M. I. Budyko. T. C. Beryland and L. I. Zubern* The heal balance of the Earth'» turbe«. Zpeti. Aimé. 

Nt*i,SSSHSer.Ceot.y 17(1954). 

I 

i 

'\tin   . 

-f 

i 
r 



Rf]»intrvl frinii flam fJ.viKur 
Val X, Numi*« }, .V|>riljuni>, luw 

frinire i* V.S.A. 

Hi 
C«»OX.MtTli «   At.TK.VUA, Cu«»«*«,«,« Ut,,,,,,« *„0 lx.r.T»Ut IIUUIC OHOA.NHATÍOX Ç-Mfy 

Solar Radiation on Inclined Surfaces 
D.J. 

Division of Mechanical Engineering, Commonwealth Scientific 

To predict tlir amount of ¡«olar energy falling on 
inclined ahsorhiug surfaces, such as absorber» for 
solar  hot-water service»,  several  formulas have 
been published .»y authors in this field. These are 
based on measurement» of sunshine hours, rloud 
cover, total solar energy falling on a horizontal 
surface or hot h total and diffuse solar energy on a 
horizontal surface. A study of these formulas has 
been made und the two most likely to 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  agreement  is  found   for  some conditions 
though   for short  period  values,  such us daily 
totals,   gross  errors   arc   indicated.   Since   the 
•mount of solar energy available varies greatly 
with climatic conditions it i» suggested thnt more 
widespread measurements of solar energy falling 
on   inclined   surfaces  should   lie   made.  These 
measure incili s arc essential  for the design  of 
absorber» and heal storages for the increasing 
application of solar energy to useful puijioscs. 

Norris 
md Industrial Research Organization, lliglictt, Victoria, Australia 

docs not shine every day storage of energy must be 
provided for any system »hat relies mnitily on solar 
energy. The size of the storage is related to the .size of 
the absorbing surface, the energy demand, and on the 
variations in solar energy. 

A knowledge is therefore necessary of the way in 
which the intensity of solar energy varies with time as 
well as the amount that will bo 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 latter only at n small 
number of locations. These instruments arc, in nearly 
every case, mounted horizontally. 

For places whore no measurements are being or have 
been made methods have been proposed for calculating 
the solar energy available from other climatic data. 
Tho most direct approach has bee» to use sunshine 

Sown energy, the heat energy from the sun that 
reaches the earth's surface, is used at present for 

tho heating of water, distillation of salt or brackish 
water, direct conversion to electrical energy, and for 
cooking. Other uses such as air heating have bee» 
used on n limited sealc. In most cases where the maxi- 
mum energy collection is required the collectors are 
l»inted towards the sun. In some applications, such as 
water heating, the collector usually consists of a flat- 
plate absorbing surface. Since automatic tracking 
devices to follow the passage of the sun across the sky 
arc expensive 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 dejiends ujion the latitude of the 
place of installation. This inclination can be selected 
to give equal energy absorption during winter and 
summer, to give maximum year round absorption, or 
to give a maximum at any desired season of the year. 

To design an ah-orlxr, a knowledge of the amount 
of energy it will receive is necessary and since the sun 

Manuscript received August Î0,1905. 
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NOMENCLATURE 

t - Constants. 
- Diffuse radiation incident on s horizontal 

surface. 
» Diffuse radiation incident on a surface in- 

sulted CO degrees to the horizontal facing 
the equator. 

- Solar energy falling on a surfaco inclined at 
s fixed angle to the horizontal. 

•- Solar energy falling on a horizontal surface 
at the top of the atrno«phcre. 

» Polar energy falling on a horizontal surface 
at the earth's surface. 

- Total solar energy falling on a horizontal 
surface. 

- Solar energy falling on a surface inclined to 
the horizontal. 

- Possible hours of sunshine. 
• Measured hours of sunshine. 

Liu and Jordan ratio for inclined to horizontal 
values of direct beam, dilTuse and ground 
reflected radiation. 

- Horizontal compilent of »olar energy in the 
vertical plane normal to the inclined surface. 

• Vertical component of solar energy. 
- The angle of inclination of the »arfare to the 

horizontal. 
•• Albedo of the surface reflecting onto an in- 

clined surface. 
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hour* as measured at many places by a Campbell 
Btokcs «insiline recorder. The formula relating solar 
energy to sunshine hours is due to Angstrom' and is 
given in the form: 

Several authors have measured both solar radiation 
mid sunshine hours to determine a and b. Page' gives 
a summary of values shown in Table 2 of his paper. It 
is shown that o varies from 0.10 to 0.33 and b vanes 
from 0.35 to 0.70. Claimed regresión coefficients for 
these correlations vary from 0.45 to 099. 

These results would appear to east considerable 
doubt on the validity of this equation. 

Another climatic measurement proposed for calcu- 
lating solar radiation is cloud cover as estimated syn- 
optically at weather stations'. Formulas based on 
this have not received much recognition due to the way 
in which cloud cover is usually reported. No reference 
¡t made to the location of cloud bodies in the sky for 
partly overcast skies. Where cloud cover is recorded 
pliotographically, as in a few places, some assessment 
of solar radiation may be iwssiblc. 

To obviate the necessity for relying on other climatic 
data the World Meteorological Office has proposed 
publishing world maps of insolation with contours of 
equal radiation based on monthly means of solar 
radiation measured by the various networks. As the 
number of networks of measuring stations increases 
the value of these maps for interpolating to regions 
where no measurements arc made will increase. Even 
at present the interpolations may be made with nearly 
the same accuracy as is probable from using corre- 
lations with other climatic data. 

These interpolations and calculations from climatic 
data with their inherent errors arc unsound bases on 
which to commence the calculation of insolation on 
lurfaccs equatoriali)' inclined. 

Proposals have been made of methods for calculat- 
ing, Í om published or measured values of solar radia- 
tion on horizontal surfaces, the value to be exacted on 
iurfoces equatoriali)' inclined to the horizontal4' »• •• 
».».». Before proceeding to a detailed discussion of 
these methods, the assumptions used need to be 
mentioned. 

The total solar energy reaching the earth s surface 
consists of a direct beam and scattered or diffuse sky 
radiation. As the solar radiation reaches the top of the 
earth's atmosphere a part of it is scattered by the 
molecules of the atmosphere, part is absorbed or scat- 
tered by dust partici«, ice particles or water droplets, 
B part is absorbed bv water vapor and in the ozono- 
iphere, and a part transmitted. The scattered solar 
radiation arriving at the earth's surface is usually 
referred to as "diffuse" radiation. One assumption that 

V«i. 10. .V«. ». f* 

u frequently used is thai this diffuse radiation largely 
emanates from the area of the sky close to the sun's 
position anil that this circumsolar lotion can therefore 
be treated as a direct beam. Another opposing assump- 
tion is that the diffuse radiation is isotropically dis- 
tributed». This latter assumption is used when meas- 
uring the diffuse or >ky radiation. When this is done by 
means of shading the measuring device by an equa- 
toriali)' mounted ring, a correction must be applied 
for that part of the sky occluded by the ring. Two 
formulas are in use due to Hlackwell» and Drummoncl» 
and both use the latter assumption that the sky radia- 
tion is isotropic. llruminond,  however, regards the 
computation   of  this  correction   from  astronomical 
considerations only as the starting point. He has com- 
pared, on n verv extensivo basis, such theoretically 
derived shadow-band corrections with corresponding 
values established experimentally (for real non-isotropic 
conditions, and has advocated this procedure generally.» 

A search of the literature for reported measurements 
of insolation on inclined surfaces reveals that in only a 
few places  are measurements  made on other than 
horizontal surfaces and then only on vertical surfaces 
facing various nùmuthul directions. These measure- 
ments have been used mainly for assessing solar heat- 
ing loads on buildings for air-conditioning calculations. 

Since March 1904 a solarimeter has been mounted, 
at Highctt, at an angle of 60 degrees to the horizontal 
facing north and recordings of hourly aud daily inte- 
grated values of insolation obtained. This has per-  • 
mittcd a cheek to bo made of formulas based on citlier 
of the two assumptions discussed earlier. 

The formula proposed by Morse and Czarnecki- uses 
the assumption that "the diffuse radiation is not uni- 
formly distributed over the whole sky but is largely 
concentrated around the sun and may therefore be 
approximately treated as directional radiation. This » 
true both for clear and bright overcast sky. For dull 
overcast sky conditions the maximum intensity is at 
the zenith but the radiation is then very k>w." 

The formula proposed is 

E » X sin ß + Y cos ß (2) 

Tito ratio of X for north facing surface to Y, X/Y, is 
a function of solar altitude and the authors hnve given 
a scries of curves for its easy determination. 

This formula has been applied to measurements of 
total insolation on a horizontal surface to predict 
values on a surface inclined at (»0 degrees to tlie hori- 
zontal facing north. The results obtained for monthly 
means of daily total insolation has been compared 
with measured values obtain«I month by month. These 
results are shown in Table 1. Krrors up to 42 percent 
are found and the mean error i« 22 percent^ 

When comparison is made on a daily basis Table 2, 
individual errors up to 30 percent are found and a 

7» 



TP» 

m 
TABLE J-COMrARISOX OF DAILY TOTALS CALCI LATI:t) ANO MEASURED OF RADIATION RECEIYED 

OX A SURFACE INCLINED 00' TO TUE HORIZONTAL 

Mtuwtmcals CakuUted Valu« 

V*r T.ul 
Hnriiontal, 

BTU It', day 

Dilute 
Horizontal, 

»TV. tV day 

Total 
ln< lined 60*. 
BTU h-, day 

Equation 2, 
BTU, ll>. day 

Error Percent 
ol Meuurtd 

Valut 

Equation S, 
BTU.h> day 

Error, Ftrctfit 
of Measured 

Value 

Equation 4, 
BTU, h', day 

1208 
820 
000 

Error, Percent 
of Mctiurcd 

Valut 

1313 
000 

1C40 

725 
«M 
760 

1315 
002 
880 

1395 
1053 
1087 

+6 
+0 

-»-24 

1302 
9G8 
905 

-1 
-2 

+10 

-4 
-17 
-24 

1602 
2067 

004 

820 
476 
730 

15S2 
2140 
824 

1061 
2115 
1013 

+4 
-2 

+23 

1678 
2166 

911 

0 
+1 

+11 

1470 
20Q0 
662 

-7 
-4 
+6 

1352 
1223 
1336 

776 
008 
706 

1220 
1179 
1228 

1367 
1226 
1327 

+12 
+4 
+8 

1288 
1150 
1253 

+4 
-2 
+2 

1268 
1100 
1214 

+3 
-6 
-1 

10 
11 
19 

1283 
1S&5 
»22 

806 
732 
870 

1185 
1719 
087 

1203 
1811 
803 

+6 
+6 

+30 

1180 
1705 
702 

0 
+4 

+16 

1146 
1737 
613 

-3 
+1 
-6 

14 
1» 

1302 
1412 
20M 

823 
020 
663 

1000 
1385 
2007 

1240 
1437 
1036 

+16 
+4 
-4 

1190 
1382 
1970 

+10 
0 

-2 

1148 
1283 
1989 

+5 
-7 
-I 

M 
17 
M 

702 
1632 
1140 

003 
OU 
920 

600 
1628 
880 

711 
1004 
1062 

+25 
+4 

+18 

070 
1677 
1008 

+18 
+3 

+13 • 

646 
1662 
880 

+14 
-6 
-1 

19 
to 
SI 

tos 
1708 
783 

986 
912 
090 

717 
1602 
674 

870 
1616 
007 

+22 
+8 

+21 

838 
1616 
073 

+16 
+Í 

+17 

863 
1610 
608 

-9 
-3 
+4 

ft n 
M 

604 
0028 
1806 

660 
082 
on 

393 
1780 
1600 

un 
1700 
1668 

+96 
-a 
+4 

m 
1616 
1183 

+22 
+1 
+» 

411 
18S7 
1408 

+» 
+3 
-9 

M 
» 

1880 
2140 
2216 

ois 
74S 
068 

1614 
1805 
1741 

1606 
1811 
1860 

+8 
-4 
+7 

1636 
1873 
1990 

+8 
-1 

+11 

1669 
1837 
1993 

+3 
-3 

+11 

» 
M 
ao 

1056 
MO 

2280 

1017 
S71 
060 

1416 
986 

9001 

1S73 
S13 

1866 

-1 
+9 

-11 

1490 
S3S 

1963 

0 
+13 
-7 

1317 
984 

1946 

-7 
0 

-7 

SI 2271 |       733 1871 1834 -3 1917      1        +2 1806 +1 

t i 

TABLK 1-COMPARISOX OF MONTHLY MEANS OF 
CALCULATED AND MEASURED RADIATION RE- 
CEIVED ON A SURFACE INCLINED «0° TO THE 
HORIZONTAL 

i: an 

»far 

ft? 
J«* 
Itti 

ts 
Ott 

MM 

Wtaturemcnti Calculated Valu« 

Î'otal     niffuM     Total I  Error,  !«.„„..,_    Error, 
lori-      »lori-   i Inclined Equation   Percent ,Muation   «.,„.,„, 

•ulti, I rental. '    W,      I. KTU,       of .Jit/    '      t)f 
•TV'/   »U-.itV BTV/i<V¡  *t»,'day  Mta.ured; JJAV.     Mcaturtd 

AVtUy       day day Valva     " /,Ulf      Val». 

2123 61» 
1932 ' Î20 
1600   !   671 I 

1100 
664 
600 

616 
743 

1105 

14fJ 
1872 
1677 

6?7 
350 
268 

303 
47ii 
66» 

764 
812 
9?5 

I 
I5TI0      1337 
IW3      1535   !   -7 
1008   i 1AM       -I 

14   ' 1505   i    +2 
1CTS 
1688 

+3 
-8 

146.1 IMS +13 1408 -4 
1038 ,12*i 4 24 i   996 -4 
967 ! 1343 +30 ! 1042 .    +6 

933 ' 1319 +41 ' 1022 ' +10 
884 

1178 
I 

1254 
1384 

1286 ISM 
1440 1203 
I2S8       K0 

+42 
+ 17 

44 
-10 
-31 

806 j    +2 
1209 |    +3 

1282 !       9 
1Ö28 +13 
I4»i , +11 

mean error of 8 jierccnt is indicated. The high errors 
occur on days of high cloud cover, which are not neces- 
sarily days of low total insolation. 

Liu and Jordan' havo adopted the second alternative 
•«sumption 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 formula« to determine the angle of inci- 
dence of the solar beam to the inclined surface and use 
this to integrate the direct insolation on an inclined 
surface at the top of the atmosphere between the liours 
of sunrise and «inset. 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 tlie diffuse component they assume this 
to be isotropic as a fair approximation and propose 
that the rut io of that incident on inclined to that inci- 
dent on horizontal surface is given by the expression 

M BtUrKurn 

É 



Ki 

*,-|(l+cos0) 
They Biso include a tomi R, to account for the diffuse 

component reflected from the surfnee beneath the 
inclined surface such that 

— COS0^ 

«M      AM   hi 

*. 
(1  — COS fi\ 

The complete formula then becomes 

//, - (// - D)RD + DRd + HR, (3) 

Using this formula and Liu and Jordan's method of 
calculating these ratios, measured values of total and 
diffuse radiation incident on n horizontal surface have 
been applied to predicting total radiation incident on a 
surface inclined at CO degrees to the horizontal facing 
north. The values obtained have been compared with 
mcasunJ 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 aro compared, errors 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. 

Tho tables show that for the formula based on the 
direct beam assumption the errors in n.onthly mean 
values are higher than those for daily values. A reason- 
able explanation of this feature is that when averaged 
over ft month the distribution of sky radiation is iso- 
tropic. This is borne out by the low errors for monthly 
value« calculated by the formula based on the isotropic 
assumption. The errors for daily values are 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 clays of high cloud cover, 
for example the 22nd and 29th October, both assump- 
tion« give high errors. There are, however, few days 
«hen either assumption apjwars to be valid. 

To arrive at a more exact formula for calculating the 
diffuse component incident on ¡in 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 ¡* far easier to measure the 
insolation at any desired inclination and locution, the 
development of a method of calculation including a 
more exact treatment of diffuse radiation appears 
undesirable. 

Measurements have been made at Highctt of total 
and diffuse radiation on a horiiontal surface and on a 
surface inclined at GO degrees to the horiiontal. Corre- 
lation* have been «ought and these, for total radia- 

TM. I«, AV I. tm 

mftucoww.      mv/irT'/MV. 

Fio. 1—Least squirm correlation of insolation on surface In- 
clined GO degrees with insolation on horiiontal surf nee. 

tion, are shown in Fig. 1 for twelve months from March 
1904 to February 1965. These are mostly as expected, 
showing a fairly uniform variation with solar declina- 
tion. During October 1904 when diffuse radiation was 
measured on a GO-degreo surface a correlation between 
horiiontal total and inclined diffuse radiations was 
obtained when each was cxpresicd 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 

•[!-•»£-"«(£)] 
(4) 

When this empirical formula is applied to measured 
values of G» and Liu and Jordan's method of calcula- 
tion of R0 is used, a prediction of the total radiation 
on an inclined surface can be made. The results of such 
a calculation are shown in Table 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 boll» total and diffuse radiation on inclined 
surfaces 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 ha* placed much emphasis 
on diffuse or sky radiation, as argued first by Drum- 
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moud." Since this rom|K)iicnt may be up to 100 |KT- 

cciit of Ihn total radiation received on any day its 
importance in the design of solar-energy nbsorbcr* and 
storages is more than lias sometimes been assumed. 
Tlie most im|x>rtant regions of Australia for the 
Application of some solar energy devices arc those 
subject to either or both northwest and south-east 
monsoons. They therefore cxtwrience considerable 
eloud cover for parts of each year. It has been noticed 
at latitude 28 degrees south on the east coast of Aus- 
tralia that maximum total radintion tends to occur 
on da;s 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. Funk" has 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 
•ky radiation. The manner in which this Is distributed 
appears to be determined by the microclimate of the 
region in which measurements are made. 

It ir, 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 
d radiation incident on non-horisontal surfaces is 
similarly restricted. 

Therefore in regions where solar devices are being 
used or are proimscd to be used there is a need to study 
experimentally the radiation incident on the absorbers. 
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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wiser or ADDITO VASTE HIAT TO A SOU» STIU. 

»y 

D.    PROCTOR* 

!    1 

T 

8UMURT 
At ION of the solar «till Bite» in Auotralla there 

i. an iU5t Supply of useful heat which is at present 
Wn« ¿elected to tha atmosphere.      It would,  therefore, 
ÜÜffStSiou» to utilize thin waste hoat to improve the 
performance of solar stilli. 

Outputs fro» the Highott «P^Bt£. HÎ^^ÏÎÎe1 

«Howl tharaddin« waste heat to a solar still io a feasible 
proposition. 

1. UBRODUCTION 

fMre are several advantage to be gained fro» .Min« «*. heat 
to a solar still vist 

(a)  a reduction in the sise of the solar still to produce a 
given output 

(*)  a reduction in the storage capacity require« to tide the 
still user over the winter Months 

(o)  Isas still area to maintain, and 
(d)  a possible improvenent in the performance of the unit fro« 
1   which the waste heat la being abstracted. 
»«»Mem« .riae as to what io the beat way to add the waste heat 

* *v *%il**! "i8e lithcr the heat is added a* unifoncally as prao- to the solar still.  Bither tne neaj x % f#t4 

'££§£*&&&&&& 
to lower the outlet pipe). 

•L_ 

n 

2.    BnHUMEOTAL STI1L USED 
The still used waa 46 ft long with an »rea^of^M^t«. The 

Uneboing underneath the still and hence insulated.  The flow in xne 
reoyole line was 8 g.p.io.  

irehan Road, Highett, Victoria, Australia. 
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Fmlfn mé Cemmonmêlth Offìe» ¿F~\*L~ 
OVERSEAS DEVELOPMENT ADMINISTRATION 
Tropica! Producto ïnr.ls-tute 
Industrial Development Department 
Culhrm Abingdon Berkshire 
Telephon« 086-730-551 

Olricter r C Spensley MA BSe DPhil FWC 

Mr S Grigore 
Industrial Inquiry Service 
Industrial Inf or~ation Section 
UNIDO 
Felâerhaus, Ratbaueplatz 2 

„A, 1010 Yiflnna, Austria  

Your reference        (•*  655't Chad 

Our reference 

Dau      28 February 197^ 

Dear Mr Grigore 

Thank you for your letter of 13 November together with the 
enquiry fror, I'r Toreen, Fort Lainy, Chad on celar coo'-.ero. 

I regret that I have no knowledge of any TJ!< ranufr.cturers 
of Solar cookers.    Most of the information available on 
these appliar.c«.-"> is in the fora of do-it-yourself annuals 
and instructions and a selection of theoe was rent to 
Mr Tor.con. 

I am sending you a list of references which include the 
names and addresses of possible manufacturers of solar 
cae.rpy oguip-entT   I would surest that Mr Terson writes to 
the Solar ~r.er,ry Society Headquarters,  Campus, Arizona State 
University. ?~~-pe. /.rir.oro C5P.0&, USA, who would I an sure 
knav of recent  developments in the field.    Alternatively, 
the National Physical Laboratory of India, Kill si do ^oad, 
Nev Delhi 12 li-ve done so:::e development work in this field 
and they ray b? able to help. 

I enclose a duplicate copy of this letter in care you wish 
to paca it to "r "esson a-.d if you think we can be of further 
heln, pler.ee do ret hesitate   to write. 

Toura sincerely 

A P. Paddon 
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Economic: Soiar Heater» 
^3©" Anderton Street, 

J chaire; sbur¿. 

I..:.;.i» "astear. Countries 

tirerait - Olyrrjia Sun lieatero Ltd., 
235 iiajarkor.street, 

Tel Aviv. 

Solnar Tarcici, 
Amar 3sn ¡Chat tab Street, 

P.C.Box 3061, 
Beirut.  (Solar Cookers) 

American 

C.T.C. ranufacturing Corporation, 
11936 Valerio Street, (Solaire* heat exchaneers) 

North Hollywood, 
California. 

Solar Powered Applicances Company, 
39 St. George Street, (Solar hot-water space heaunj., 

St. Augustine, 
Florida. 

Sunrtaeter Solar Systems, 
666 West Central Avenue, 

Orlando, 
Florida. 

Uaibroiler Company, s. 
510 Fariaere Union Building,    (8©lar Cooker») 

Denver 3, 
Colorado. 

Jet-Heet Inc., 
152 Van Brunt Street, 

Bnslevood, New Jersey. 
(Solar Oven;, stills and water heaters) 

Clevlab, . 
}k Harwood Hoad, 

Nation, Massachusetts, U.S.A. 
(Solar cooker) 

The Eppley Pyrhelioraeter, , 
The Eppley Laboratory, Ino., 

Scientific Instruments, 
Newport, Rhode Island, 

U.S.A. 



#0P~ 

viMV'i^mmw'vm'x!?!?!',-' 

V ,   •->•' 
tmm^^mmw0mm»mmmmm 

IMV 
;',ov¿i¿:\\ .•'ilvtr.-.ir.iur.ì Co.  Z/»¿ .,   ¡jan'JUiW,  Cxfcroihire. 

Alv.r-.inìur:. ?latûi fer Sol;:!1 t'a ter ¡-¡eater3. 

C. .i.   .ir. i ley   () alta) Lta. >   ..UIOú, 
7L. t Plato Colar ...tor ¡¡caters. 

Solar Heat Ltd.,   '.."est ¡;ror.:v;ìoh,   Staffordshire. 
'Suntrap'   solar water heaters, 

ïho  'Kipps'  Solarir.eter.    British Amenta,  Shandon Scientific 
Conpany Licite«, 

6 Cronwoll Place, London,  S.'.V.?. 

Australian 

í i 

Braenar engineering Co. Pty. Ltd., 
Princes Highway, 

¡,'oble Pax*, Victoria. 

Braoaar Snainecring Co.  (N.S.'.V.) Pty. Ltd., 
Bonds Road, 

Punchbowl, N.S.VV. 

K. G. Coles,  Pty. Ltd., 
IU-16 Hercules Street, 

Dulwich Hill, 
N.3.W. 

John Lysaght  (Australia) Pty.  Ltd., 
Newcastle Works, 

N.S.W. 

Braemar Eng., Coy.  (Qld.) Pty. Ltd., 
tainington Street, 

New Farm, 
Queenslr.ad. 

Braemar läng. Coy.  (S.A.) Pty.  Ltd., 
65 Flinders Street, 

Adelaide, 
South Australia. 

Braeonr Bng. Coy. (V/.A.) Pty. Ltd., 
76 Xing atreet, *    - 

Perth, W.Á. 

F. C. Xorwill, 
68 Hobbe Avenue, 

Hedlanda, W.A. 

Arthur Neve,  'Sun S Can' Solar Bot Water By at ens, 
26 First Avenue, 

Loftua, H.S.W. 

South Afrloan 

Bll»on Equipment (Pty) Ltd., 
P.O. Box 0100, 

Johannesburg. 

Switchoraft (Pty) Ltd., (Manufacturing •Mlrealt* unit under 
lioence.) 

P.O. Box bkkk, 
Johannesburc. 
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¿olar Mooting Tor Swimming ?ools. 
¡s.R.  Roosan.    New Zealand Engineering T356  II (9)  298-9. 
Solar-Heat i ng Swimming Pools  in U.K. 

.'.Iv.iral Sir R.P.S.S.  Draoc,   Charborough Park,   Y/areharn.     Dorset. 
The Hon.  Mrs.   K.  Carter.  Rotate, Petersfield,  Hampshire. 
Mr. K.i-'.   V.tv/ood.  Ye Olde  Felbrilge Hotel,   East Grinstead,   Sussex. 

_So?.ar; ?yrra.çcs. 
¿•isí£Kíñ¿ Solar Furnaces  for Specific Performance.    Raymond ?:i.-.c. 
Imprint from Journal of Solar Energy, Science and Enpi^oer-'* - 
Vol.1,  Kos.2,3.    April-July  1957. ° "*'~* 
Chemical Conversion of Solar Energy. 

Rudolph J.  Marcus. Reprint from Science liar. 9.  1956.   Vo"   *'•••'• 
No.31 S3 p?-ge 399-405. *    '"" 

Photochenistry in the Solar Furnace. 
Rudolph J.  Marcus and Henry C. v/ohlers. 
Chem.  Dept.  Stanford Research Instituto,   Kenlo Park,   Cal. 
Repnng from Industrial and Engineering Ches. Vol.51.  pa¿e '^5 

L'Holiodyne  de L'Observatoire D'Alger.     Anon. 
Extrait de la Revue De L'aluminiun Ko.240. 

fif^ ar Hel 1 s 

Progress in Developing Solar Batteries. 
Dr. Cyril Hilsum. Services Electronics Research Laboratori- 
The Mew Scientist 14 Jan.   1930. • 

Solar 3atteries for Use as  the Power Source of Unattended IV 
Repeaters. 
M.  Kobayashi,  Y.   Ishikawa,   X.  Kayashi. 
Institution of Electrical Er:-i:.eers.   Kay  1959. 

Silvan Photovoltaic Cells  and the Utilization of Solar Ene- 
CA.  Escoffery and Y/erner Luft. 
lit ernational Rectifier Com. June I960. 

International Rectifier Corporation Bulletins, 
i-erranti Silicon Photocells.    ;-;^-hlets. 
Photocell - Powered .Receiver. 
R.C.T.  Stead.  Wireless World Sept. 1958. 
Direct Convex-sion of Heat to Electricity.' 

Joseph Xaye and John   A.   Welch (Editors.) .' 
__5 el ept ive^Su rf a fi e s. 

""ëî.^S!" SÄ??£ ÏÏSS&SSr *»«*• Re^Bt a-««3 
Soligau» Ltd., Dagsnham Dock Essex.   ' 
The Parboil Coy., Key Highway and Montgomery Street, Baltimore 30, 

dryland, U.S.A. 

British 

""w^S?*** 5*°8v «?*•<>* Works, Junction Road, ^ordsley Nr. Stourbridge, 
Voteor'   Plat Plate ïïa-er Heaters. 
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Stvdv of U^rella - Type Sreetaole ParaDoloidal Solar Concentra-: 
for Generation of sjace erf.it Auxiliary Power.     .Villxaa D.   *<A 
rnd Harold E.  Benson. 
Tach.  note D-136S Langley Research Center,  Kangley S.a.ion, 
Kcrrvoton Va. 

^IntTr9;ilTt^t^ÀVsò^tion Cooling Systems with Solar Ref rige ratio: 
35.À.   Williams,   R.   Chung, G.O.G.  Kof, 3).A.   Pester, J.A.  Duffie. 
Am.   Soc.   of Kech.  3ns- Dec.   1957 
Ratiorrial  Resorption Refrigeration. 

Dannies Journal  of Refrigeration JulyAug.  1959. o . n. 

- o "* r-T D -i p.+.jl .Hat"' o'\, 
bV-r.  ZF/'léi: Conversion. . 
Solar Research Station Lay tona 3eaoh Florida U.S. Dept.  or 
Interior 1959. 
Berkeley Progress Reports,   1959,   1961.  «**•       . -.,-       ,0 
Sea '.Vater Conversion    Progranne,  University of California. 
Institute oí 3ns. Res. Bark el ey,  California. 

Saline Water Conversion Report for 1958,  U.S. Dept.  of Interior 
Jan.  1959 
?resh '..'ater for Arid Landr . . 
David S.  Jenkins, Directo-,   Office of Saline Water, U.S.  Depi,. 
Int.    Smithsonian Institution,  'Washington,   1959« 

Solar Distillation,  Everett  D.  Kov/e.    University of Californie. 
paper for Conference on Solar Z-'norsy,   Tuscon, Arizona 19 ?5. 

New ISaterials for the Utilizatici, of Solar Energy. 
Prank E. Edlin. Eng. Dept.  S.Z.   Lu pont de honours and ^oy., 
Wilmington,  Dslwar", U.S.A. 

Du Pont Sgasine April, Kay 1959.    P.E.  Edlin 'Pocus on the Svr.' 
"^uel Keat, and Ene^TV Aspects c:'.' Sea Water Distillation 

Dr. R.S. Silver, the Hon.- W.X.J. Weirs J.  Inst. Puel'Vol.34 r- 
Dec.  1961' 

Multiple Effect  Solar Still. 
Defoe C.  Ginnings U.S. Patent No.2,445,350. 

Solar Water Distillation :   The Roof Type Still and Multiple 3 
Diffusion Still. 

R.V. Dunkle.   C.S.I.R.O. Victoria, Australia. 

Inflatable Plastic Still. Eastwood Plastics Ltd., 
Jet-Heet Distiller. ^    „ 

Jet-Keet Inc.   152,  South Van Braut Street, Englewood,  New «c-sey. 
Mew and Improved methods for lower cost solar distillation. 
M.  Telkes. Office of Saline Water Research and Dev. Progress R-por 
I.To.3l Aug. 195S Research Div. College of Eng. K.Y. University. 

_S m p,r_r>^jid_Swij^ffj.n/;_Pp ois.. 
A Simplified Engineering Approach to Swimming Pool Heating. 

D.E.  Root Jr.  Sol. Energy Vol.3 Ho.1  Jan.  1959 p.60. 
Practical Aspects of Solar Swimming Pool Keating. 

D.E.   Root Jr.   Solar   Enc.'gy,  Vol.4,   No.1,   Jan.  1960 p23. 

'•^r-r--- 
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•• •".fJ.C.C.   General Symposium  on AVid Zone Problems Paris Î 

"àeetion X Local Sources  of  Energy.    Solar Energy. 
H.   T; bor (:;.?.L.   Israel). 

•-'.y 'S": 

Power from the Sun.    D.S.  Halacy 1962-published by John Murray 
50,   Albemarle  Street, Lo.idon. 

liolar Energy Technology 1Ç34-59 
T.   Brinalow.     The Library Ass. Special Subject jjist ^0.34. 

Amplication, of Solar Energy to Snail .Scale Industries. 
*ÍC.N.   :»lathur and M.I.  ÏChanna N.P.L.   India,   New Delhi. 

University of Algiers.    Institute of Solar Energy Bulletins for 
April, May,  June, Dec.  1960;     Dec.  1951;     March 1952. 

Solar Water Heaters, Library Bibliography Ko. 179, Building Roce 
Station, D.S.I.S. by CG.  Y.'ebb. 

Distribution of Solar Radiation over the Earth's Surface. 
J.N.  Black, University of Adelaide, V/aite Agrie. Res.   Lsistitu- 
1956. • 

Hot Water from the Sun. 
A.   Whillier and S.J. Richards,    reprint from Farmers Weekly 
Bloenfonóein Nov.  l'9. 1958. 

Solar Drying. 

Drying of Pish.    Dr. Keens Blac'.: Roof Method 
(Paper s?nt by R.  Kr-u-er, Pish Processing Section 
P.A.O. -Rome). 

Suns'   Rays Harnessed to Dry Lur,b?r. 
U.S. Sept.  of Agriculture,  Forest Service,    Forest Products !>."->, 
Malison, 5f  Wisconsin. 

Drving of Vine Emit.' 
3.v-'. v/ilson C.S.I.R.O. Division of Ind.  Chem. Juno 1957 

The Role of Solar Energy in drying peanuts.   • 
B.v/.  v/ilson (T.P.I. Library Ko. p62l„47) 

Jlo^r^ojoV^rj^, 
Manufacture of Reflector - type Divert Solar Cooker. 
K.L.  Ghai,  3.S.  Paadhor r.nd Kariklshandass. N.P.L.   India. 

Refleotive Solar Cooker Designs (preprint) 
J.A. Duffie.    Paper presented at Tusoon. Solar Energy Conf. "95! 

.Solai» "Power, 
Solar Energy Package from Jerusalem (Dr. M. Tabor) 
New Soientist No.248 Aug.   17 1961 

High Efficiency Modified Fresnel Reflectors for Solar Energy 
Concentration.    Atwood R.   Keath. Jr. 
Tech. ny;c D-1353 lar.glcy Research Center, Langley Station, 
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rol-. Solar Energy Itec&arch.     2dl ted by Earringdon  Daniela an¡ 
A.  Duffle.    University oí' Wisconsin Press Madison 1S55- 

power f-%o;;. tlic Sun.     D.  S.  Kul&cy.     John Llunray 1962; ¡„scoili..- 
Coy.   1957. 

Proceedings  of the  Symposium on Applied Solar  Energy hold  at 
Phoenix Arizona 1953. 

Solax- Energy.    The  Journal of the  Association  for« Applied  Col-: 
Energy.     Complete Set  of  iiaues   to date' 

The Sun  at Work.    Newsletter of  same Association. 

Special Supplement to Solai- Energy, the Jourr.al of Solar Unc;.w< 
Science and Engineering. Applied Solar Energy Research.. .."' 
Directory of World Activities and Bibliography of Signifie,... 
Literature: Published and distributed by the Association :c: 
Applied Solar Energy. 342I+ North Central Avenue, Phoenix, 
Arisona, in co-operation with Standord Pescaren Institute, !.. 
Par!',   California. 

3race Experimental  Station Reports.     St. James Barbados V/-1. 

The Performance of Flat - Plate   Solar-Heat Collectors. 
H.C.   Kottel and B.3. Y.'oer-ts. 
The Solar Enorgy-Convcrsion Se se arch Project,  publication 
the Liassachusetts  Institute of  ~ 

The Performance of a Flat-Plate 
G.T.   V/ard.     The institution of 

Possibilities for the Utilizati:: 
Countries. -G.T. Ward F.A.O. •:, 
3ulletin No.16 P.A.C. 

¿olar Energy Applications in th 
K. Haywood.    World Power Coni'. 

:.chnology,   Cambridge Mass.  1. 

.::ir-Heat Collector. 
.. chanical Sngincerc, Oct.  >_, 

of Solar Energy in Undo :-dev-\ 
.^ultant, Informal-Y/orhing- 

ai ted Kingdom and Conttnonweal- 
..ce 5-9 June 'I960. 

Nov/ r>*relop:flent ir. Use of Solar  Energyi       '        • 
::. Ueyvocd.    Paper   to soyal Society of Art3  Kov,  9th,  1961, 

Papers  presented at   the Ro~c Conference-'-Aug,   21-31st 1961   on 
r.ew Sources  of Energy.     (2 cor.plets Sets) 

Solar v.atcr Heaters for Domestic Purposes 
A.A.  Blanco I.C.I.  lie taló Divisioni    • • 

Solar- Energy Utilisation (O'anan) 
T.P.I.   Library No.   F6.21. i.7 

Solar .\ncrgy Utilisation ir. North America. 
John I. Yellot 17orld Pov/.r Conference, Canada, 1958. 

Solar and Aeolian Energy Salted by Admiral A.G-.  Soanide? and ," 
j. Hataihaicidie Proc.   or 1st 1UÏÏ0 Int. Sesinar 1961. 

introduction to Utilisation of Solar Energy.     -dit. by A-' . 
ana Daai-.e D. Er.vay    Ur.iv.  of California ::n¡r.   end Science's  ' 
-Xwcniuv Ser-.oa/l.'cC-rav/ Kill Book Coy. I963.   • 

S »>«•      íl***i V^-v  ,      fî»tvw«   WCUU.     '?'**>**•* *"k¿  <~-¡   t* «Oul^ Ív*j¡J     frl^Ùr.'. %^*¿\>*¿tA -Im. ^.T*-^ •-• 
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Perspectives our l'utilisation dea rayonnements naturels en particulier dann I03 
Pays en voie de développenfcnt.- 
Impaot-   Sciences et StóHErSüCO.   Vol 15 ne 4 - 1965f   pp. 253-276 

la soleil, source chaude.- 
Chaud-Froid-Ploaborio octobre 1967, pp. 167-168 

Convertiesour basse tenoion pour       cellule EOlairo et autres applications.- 
I« Moniteur do l'Electricité et do l'üloctroniquo.    Juin 1966,- pp.    79-33 

les pilec solaires photopilcs et thermopiles.- 
La Moniteur de l'Electricité et de 1*électronique.    Juillet-août 1962.- pp. 30-31 

Les cellules solair^o alimentent leo entöl]ite«. 
Ileetronics - 11 mars I960,   pp. 167-172 

Une industrio australienne en plein dévclopponent t les chauffe-eaux solai reo.- 
Chaud-Froid- Ploaberie,   mai 1947)   p. 142 

is Jour solaire d'Odeillo.- 
fterue de la Fédération Internalo du Mtinont. 4ene trimostro 66.   pp. 57-50 

Lo plus grand four solaire du monde t 
Sciences et Vioj   novembre 1961 

IAS battories solaires.- 
I« Haut-Porleur.    15 Janvier 1966   pp. 101-105 

i, silicium     et la conversion do l'énergie solaire.- 
ïechnique moderne, octobre 1965, pp. 455-457 

les emplois de l'Alusiniua pour la captation de l'énergie oolairo.- 
Revuo do l'Ai, décembre I96I    pp. 1413-1422 

1« régulation   de l'énergie solaire par stockage thermique dans le ool.- 
Hcvue glo de theruique,   août I965   pp. 665-082 

Vn» écolo anglaise chauffée par le soleil.- 
ïAtir - septembre 68 .  p. 6-9 

la rechercho sur l'utilisation de l'énergie solaire au laboratoiro dUiÓliotochnique 
4e Mor soilie 
»•rue française de l'électricité, jero trinostre 65, pp. 53-ét 

. •/.. 
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Lo Boloil, source d'énergie gratuito pour los engins spacieux.- 
Aviation magazine, 15 août 1Ç-56 pp. 21-23 

L'énergie Bolsire et son avenir industriel.« 
Revue genérale de thermique, septembre 1964» pp. 1143-1162 

Etude BUT le chauffage des habitations par utilisation du rayonnement Bolaire.- 
Revue générale de theral'iuo, décembre 1965, pp. 1345-1366 

Chauffe-eaux solaires, conception, construction, installation.- 
Chaud-Froid-Plcaberio, février 1966, pp. 119-120 

Perfect!onneraent en conversion directe de la lumière en électricité.- 
Le Moniteur professionnel de l'électricité et de l'électronique,  15 janvier 19S5i 
pp. 64-65 ¡ s 

DRUOJÎB (lI.B.).- La conférence internationale sur les terres arides,-    ^ 
In > Hature et ressources, n° 3» vol.5» septembre 1969, pp. 7-14 

Collections IffSSCO 
Til. Vini.and solar Energy. Proceedings o** +he New-Dohli Symposium, Arid« landa. 
A geographical appraisol. Paris, UN3SC0, li#6 

A. MOUUOUNI, L'énergie solaire en Afrique 
Présence Africaine, 2cme trinostro 1964 

LOB moteuro solnires à c»llccteurs-plnns 
in Annales dot Minos, Septembre 1064 
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-tion.Los puroi. sena inertie ni vide d'air ventilé,«¿„hie,-s ri» eST-l.n'sn.rvt.ic»/ 

mRJ,J,îfJQUP  ^-C-.ï-WraAIUHES MAXIMALES atteintes ou ocleil par de, paro" 
de construetior.ile» parois inertes.Cahiers du CSTy M,iwio«i P P    °" 

5S;¡^!^6f
0I5ET *->-+*protecti- •*•*• - •- vitrée*.^. 

ÍSSiííu'lia" PrOteCti0n des b8iM vitrÔBO «»tre le soleil. 

mtL (J.-C.).-Protection des parois par dos pare-soleil .» Chlers du CSTr^^ic 
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OIRARDIER J.P. 
UASSON H. 
Le moteur solaire face au moteur diesel. 
In: Annales des mines, n*5f Kai 1967, pp.  7-16 

8. NEWELL John 

Applicaciones de la energia solar. 

Int Revista Mexicana de electricidad, n°356, Julio 

1970, P. 27 

Ut - EBNLE-ERLS-MAX (R.P.) 
Ahandbook of solar heating 
CHandbuoh des Sonnonenorgie-HeiBun«) 
J. Looker Ltd., 02 High Street, Poole, Donet, 1*1, 

1$.    - PEHUJRAUX (H) 
L'energie aolaire 
ffcria.   POP.    i960. 
(Coll. Que-Mig-J©í   »o. 129*). 
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Mentreal 2, Quebec, Canada 
Or. Gerald T. Vrerd, Dir«* bwMi  IMI 
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hfejrel vnir ef rocwlt* of engineering ef MeGill Unìveriity.    W 
•trted by Income from endowment.    Steif;   î ,„tefth profenlonot» 
) i-epertirr, prote»iionoli,  J l„«nttiem,  * erheri.   A«w«l volum, .f 
reteercl*.-  MS, COO. 

Mr«ipol field ef rtteorch:   CVv.lopm.nf of metrodt fo, «(!)!»[„, „»». 
wel «Wir »wrcei for provitien of water ond power in erid creo», 
in.-lvdinj development of lun-gp»roted water pumj» of one- or two- 
lUIoc» power, ofene-MlStir pcwe7"~«iñd-¿,Tvtn' woior pump of tira- 
rte dViian, of tO-hsrwpower sirterew ».¡ndmillYmi IO' l.orwpower 
»1er powered .team turbin, tnä their epplieotion in ¡,risolion wet«, 

Tt"9. *"* 4t>°nna,ion'  ef ' 2.000-äollon per coy vopof comprciilon 
«itilleflon unit for u>e in arid lend development ond of oilier »lor 
•%t«í»men» for UM in »rid ere«, oppi ¡cot ioni of wind power in «rid 
•reel of Ih« world and previiion ef fresh writer from »line wot«. 
AW«!«.!«» • Raid experiment italien in lorbadai, West Indies,  where 
*m er-d wind are plentiful, provldei specialist advice on »lor end 
wlrW eneriy ma end train* engineer! in arid lend development. 

•eteerch rewffs pvUliKed In Klentlfic journals,  technical reparta and 
arotteH.   rSiMUoiloni ANNUAL KPOUT.   Mointelns a library an 
arid i*ne development, ialine water convenio«, toter energy wrillta- 
MM end wind energy vtllliellen. 
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Í   »»ATIOXAL TOYSICAL LABORATORY OF ISRAEL, JcrusHlcm   Univer.lty [ ampul, DanDttKicerBld«., Tel. J0211. ext. 475 »»»vertUy 

rOUNDED »30.   Carri« out research In applied physical sciences 
Mpeclally energy conversion - mainly solar oner?v utiliïl ,«„;,.. 

•Undards laboratory for precision measurement and calibration 
DIRECTOR:   H. 2. Tabor, Ph. D. 

LIBRARY:  100 book«, 17 current periodicals. J 

--T"     "*"^g ' >..• m, «.T.. IUII> »n» «»iw 
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Concerning solar pumpsj 

Informations sur les fabricant de pumpos solaires 
•t sur les sources d'information existant a ce sujet» 

Fsbricant: 

Rechercheurs¡ 

Etablissements Pierre Mengen 
B.P. 40 
45 Montargis, France 

Dr, A. Mcwnouni 
République de Niger 
Ministère des Travaux Publiques 
Des Transports et de l'Urbanisme 
Office de l'Energie Solaire, a.p. 621 
Niamey, Niger 

Professor H. Maeson 

Directeur du Contre d'Etudes Supérieure' 
8.P. 69, Brazzaville, République du Congo 

H. J.P. Girandie> 
45 Pancourt, France 

ïlwre is «lso « Solsr Energy Society whose address ist 

8olar Energy Society, 
Campus, 
Arizona State University, 
Tempe, Arizona   85281. 
U.S.A. 
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m united nations educational, scientific and cultural organization 
organisation des nations unies pour l'éducation, la science et la culture 

7, place de Fontenoy, 75700 Paris 

telephone : 366-37.57 
cables : Unesco 9*ri<* 
Id«, : J7ft©2 P«m 

»Hi«!»  STD/TH^fSR/?V»*9 

Jon**»* 
7 4 HAY 1W 

•aar Sir or IMu. 

Subjoot i International Congreee "The Sun in the Serrio« 
of Mankind* - Parle, 1-6 July 1973  

••• 

With roferenoe to your enquiry eonoorniag the »boro Congress 
plesso bo adrleed that tho documentation wae produood in Tory United 
muebers for distribution to tho participant a of thia Congrwes and wo aro 
now completely out of atoek. Howe/er, tho authors of all tho papara 
prasontod at tho Congroaa aro fraa to pub 11 ah tholr papara in any 
saiontlfio Journal of thoir ohoioe, 

Tharof oro, we aro happy to one lot« herewith a oopy of tha list 
of parsons who have preeented % paper to thia Congrees, Thla will anabla 
you to gat directly in touoh with tho author of tha papor tha subject of 
which way b« of lntaraat to you. 

Í 

Yours slMorely, 

B. folk« 
Diri ai cm of Teehaelogical Rosearon 
and Bichar Education 

-JL 
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OFWIKXND 

Pwli, 2-6 July 1973 

Organista by 

International Solar fears? iHltiy 
I 8 I S 

Coopération Maditarranaann« pour l'inarcia ••klrt 
COUPLES 

iMMintlon Franati«« p«ur 1 ••fetta at la lìtrTlirriit 
das Appli out ion* da l'Bnargia SoUlr« 

A Fl D I S 

t«M 1« baut patrwwg« Sponaarad by 

Uatftad Entions M«Mtiss*l, 
S«i«a*afit and Cultural OrtaaisatK 

9 1110 0 
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LISTI DM ktàWt FFJMaffl MS COSjnwICATIOEI 
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R. AIXARD 
9 rao« totearon latti tut« of 

tfeOill Onirertity 
MOMTR1AL - Canada 

DMCRIPTIOM OP A LARG2 SCALE SOUR 
STEAK OOMR IM HAITI  (I 46) 

Oo-authora i T.A. IAWAMD, P. HOPL1Y 

C. APPBUORfBR 
The Motional Ptayaioal Laboratory 

of Israel 
JOtUSAUPi . Israel 

STUDY OF 8P10TRAL COHRBIATIOMB AT 
JBSUSALW AMD WASHI1GTO-I (I 9) 

Oo-authora i 
B. OOLDBttO, Salthoonlan lad itti on 
Biology Laboratory, 11441 Partite* 
Drive, ItOCKVILLB, Md. 10868, 08A 

W.H. ILUM, Dirottar, ladlation 
liology Laboratory, SBfttheonian 
Inttitutlon, 12441 Park lata» Dr IT«, 
ROCKVILLE, Md ZOtSt, USA 

S. SUIAQUI, Motional Pnytlo*l 
Laboratory of Israel, labre* 
fol<rereity, JHOBAUM, Iaraol 

!••# A8HP01D 

•OOMflJt - Metaerlaata 

UTILLIT1 SYST« OOWXDnATXOM XM 
m MJBTIOM or »OUR AHAT 

410 ATOMO d'Oooltanlo 
»4000 HOiTPlLLI» - ProjMt 

PlOTOPniODIMI IT 
001TIOO« 

OHOADXn 

Laboratoire do Pbytlelogio 
Osi veralte dei Soianoea et 
S4000 MOtmiXin - Prenee 

i J. tOISlIM 

H. AIT» 
Laberateire de Phyaiologie 
Omlvtnlté dot Seiemeea et 
MOOO MOfTPllLI» - 

IIA 
POWTIOI TITIOID 

IA 
(iti) 
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C0H0RB3 ifrraRNATIOIIAL 
LE SOUIL AU SERVIO! 

DB L'HOUjffi 

Paris, 1-6 juillet 1973 

•wy 
IITWIATIOIAI COHOR133 
Ttt SOTf I* TU SERVICI 

or mwam 
Paris, I-« July 1973 

organile par Organised by 

International Solar Energy Intinta/ 
18 18 

Coopération Méditerranéenne pour 1•Inertie Solali* 
C O M P L I 8 

atsotietlon Pfaaealoo pour l'Ita«* ot lo DeVeloppnnent 
dai Appli oat iena do l'Bsorgie 8oladro 

A F I DI S 

Sou« lo haut pat rían go 

Unitod mtlon» •taettlenal, 
Stiantino and Cnitnrnl Organateti« 

9 • • S 0 0 

LIST Of nftfOW HATIB9 00IT1IBÜT» PaffJM 

USTI MS AtttT PMSSffTB DM COtJIWICATlO« 
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H.A. ABBAS 
Faculty or Soioaoo, MurUtttty* 
UnlTtnity of B*gM«4 
BA3HDAD - lr»q 

Co-outhor i M.K. ILSfflR 

TiTu or farm 
Tim Dl U OOMOTICATIO« 

CUXJDIIM3 A» MTIMATIOil OF 
HeoMinD SOLAR RADIATI« II ma 
(• 11«) 

A. ACHMOI 
school of Arotaitootur«, 
Fftoulty °f •afin«orini 
MoO i 11 UnlTonlty, 
MoRTRlAL - OOMUU 

Qo-outhors  t A. AWARD, T. lili» 

ni IinolATlOI UP »LAB ITIU* XVTO 
HXNIlfT« COST W*LLI*03 FOB ASID 
AMAS (II«) 

U AI ACHÍ 
Départarnt d'Holiophytiquo 
UniTtrrtté do ProvwM* 
St. Jorfeo 
15013 MA1SITLU - 

mmm TRAVAUX m MATIERI M 
ootmsiof iBuo-njOTRoGinx«ii 
<•») 

I.T. ALADIIV 
IniUteit Baorcttlqu« IrJi jMMVfky 
11*000 - U.R.S.S. 

Oo-wttoors i V.A« »A«, I. 0*V, 
I.N. BMIITSR 

STATION vMimm toumt • 
PBOBLBSBS R PRRSPtCTIVll (I U) 

0. ALKA 

ti Bottlorojri mu— rihiit 
Too« PARIS - 

TOITüHS SOUIRM (• Ut) 

Oo-oxtfeort  t J.M. AUXAMttOPP 
j.p. oxRAnm 

A.I.A. AL-HADITII 
Bul 141* Iooo»roh Cootr» 
14 IflMdM ttroot 
f^BRft^B?RI6V6MRf R    •PH^PWRR^WSBF • • ~T| 

Oo-outhor i A.B. AL-MIIl(f«r H It) 

00« ABS PBBFORRIARCI OP tOlAR «M« 
•ATS« Il IRAQ (M 66) 
•OUI AIR RSATSR POR ITACI BBAtlRO 
(•n) 
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M« ABDIBBRT 
CNBS 
18 Avenu« Edouard Baiin 
31065 TOULûUSB-LBDBY - frane« 

THE SOLAR ARRAY OP TRI SATELLITI 
"TOURHESOL» 

R. BADR1 
CBRT3M 
TOULON-SAVAL - frano« 

ETUDE BI0CLÍMAT0LOGIQUE MHS LES 
ESPACES CLOS 

R. BAIRAKOV 
Institut Physioo-faehaiqu« 
ACHEABAD - U.R.S.S. 

RESULTATS DE L'EXPLOITATION D'OR 
DISTILLATEUR SO LAU 1 El TTJRttBIIB 
(•40) 

R.R. BALLABTYHI 
SMier Prinoipal Raasaran Sditati, rt 
Diri al on of Bui Idia* Raaaarah, 
CSIRO 
P.O.Bouc 66 
HIOHETT, TlotorU,Australia SISO 

THE BPPBCÎS OP ORIETT TION ABO 
LATITUDE OR TRE SOLAR RADIATION 
RECEIVED BY T :ST PAOLE ARD PERCES 
DORI» IBATHBRIBG STUDIES (I 114) 

V. BAUABI 
Istituto Cftiaioo "Oiartalaa" 
TU Solai S 
B0LÛOBA . Italy 

Co-authors  i P. BOLLITA, H. OLERÍA, 
L. MOOOI 

PHOTOCHEMICAL OOVfBMIOE OP SDMI 
BBBROY i CRITERIA POR TB DEHOR OP 
EVITASI« SYST8BB (B 117) 

R.K. BARABOVA 
Iaatitut Enorfstiqu« Krjjjaaorrty 
B0S0OÜ - O.R.S.8. 

Co-authors  t I.I. EOE3I0TA, I.E. 
A.I. TSYRTIOV 

TtJJaWSLBOTROGSBljUTBUBS SO Li IKES 
(TfOI) A SEMI-COEWJCTBURi MATS1IAOX 
BT fRAJUPOBBMSUM (I 19) 

0. BARIATS 
Aareapatiala 
D   »       M 

OSStt 0AEBB8 U BXOA 

IÄPLOTABLE SOLAI AERAT 

ï. 
1 ru« du Marésjkal Harías« 
TSOOT PAR» • 

CIROADXB1S SONAMI 
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i. BARTOLI 
Division du froid ot I.A. 
CTOR1F 
ANTONY - Prtnoo 

Coauthor  i A. OAC 

INTBRVIBTIOll DO SOLSIL SWR II BILAB 
THBRMMPS DB ABUS (V 20) 

7. BAUM 
Xnitltuto of Phyaioa 
Ao*dony  >f Soioaoot of tho U.S.S.R« 
dOfoU» 16 
ASHKHABAD - U.R.3.1. 

Coauthors  i A.P. LANDSMAN, H.A. BAZAROV. 
A.S. STRSBIOT. 

(B 41) B. OARP. M. KUDRIAaHOVA, 
T. MALIYSKY 

(3B 96) A. KAKABAS?, A. IHABDÜBDIBV» 
0. ILYCHIASVA, A. RAKfMAN V 

STUDY or JOUR SBBRGY PACILITISS 
BquXFBD WITH A PHOTQBLBCTRIC OOBVSRTBR 
•pHOTOVOLT" OF HICH TOLTACI!. 

BFFBT DB LA 3BUGTÏTITI DANS US 
INSTALLATIONS BIBRQfTI4UBS SOUIRB 
(1*1) 

UTILISATION DI L'ITO!»» 30LAIRB DABS 
LBS COMDITIONS PARTICULItin DBS 
RB0I0M3 A CLIMAT TüRRIDB IT ARDI POUR 
LA CLIMATISATION BN BTB (K W) 

P. BMBR 
ObMmtorltiB DMM 
TITO DAVOS PUTZ - SwitMTlaad 

Gebuttert i C. FBOHLICH, P. TA LIO 

MOB ILS STATION POR AUTOMATIC MBAftl- 
RSMBBTS OP SPBCTRAL SOLAR A» SIT 
RADIANCE A» TUB TUJ1A3 OF GLOBAL AMD 
SKY RADIATION OH DIFTBRENTLi OBIBBTH© 
PLAWSS   (1 31) 

0. B 
Uborttoir« dos Ultr»*ofr%oUiro« 

du QBBS 
66 00BILLO - 

DISPOSITIF D'AIALYSB PAR BPKTROMBTBIB 
SB MASBB ASSOCI« A UN POUR SOU I KB 

Co-tuttiors i J .P. 0O0TUUB« M. POS 

J. 9HO IT 
Oolllg» *• 
Uborfttoin d'Bi«*o ph/iloloçl« 
4 ATOMO Gordon 
TÖ01« PARIS 

Co-outhor i I« 

BOU D'UBI TOII RBTIîiO-HYFTHALAMO- 
HTPJnrrSAIRB DABI LA OUAADOBTIMUUTION 
untmsosi CBBZ LBS OISBAOX IT LIS 
MA1SIIPBXB3. ACTION DB U LUMIBRB 
BLANCHE ST DIB RADIATI OBS DB 0IPPB - 
RBirrSS LOROOBUBS D*0BDB (l 10) 
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J. 
orni 
41 ru« Montrd B«li» 
TOOLOOÜ SI 

MM RWULT8 01 THII fllM Oil *0IA1 
CIUJ (Go-tutbora i t. »Tir, J« 
MOTIV). 

DtSClIPTIOI MID IMTBtPWTATIOI Of TO 
R1SULT3 OBTAIHD ON TBI TICHSOL0GI0AL 
SAT1LLIT1 »SOLAI CIUJ*. (Co-Autfeora i 
S. MOTTIT, I. LI «TAY«). 

J. BlttOI 
• JUT. 
41 IM« CftAtofr»! 
T6M4 pâixs orni is 

ANALYSIS A» IMP10VBMVT Of IIUOOI 
SOLAR CILLS. (Ootutkara  i »UTW 
DVT, C. DOTTI, ». AMHWÜAL, I. MOTTIT. 
1. PAU) 

HI TBCWOLOOT POI Oil-Ci«! SOUK 
«LU Of >B» RlLIABILITY.(Co-tAitlM»ri , 
wmu m, o. FICHA», j. nn, t. 
PAU). 

*•!. MAJMM 
U.S.I. laciaaariag trmék 
ALLAIABAD 111004 - tail* 

IIVVTIOATIOI CU 
SOLAS WAT». 

Tran cLossB ousts 4 

M. IITTMIAI 
ArahiW«4 
RAJA « Caaaboalovakla. 

Coauthor i D. DTITJÜTA, Iaatltuta of 
letoqp, 0«pt. of lyd rebota«?, 
OlMlMClOTtk Aa*4aay of klMMi, 
Twfcoa, OiooJaMlovtkla) 

I.A. BUSS 
•outlatm Mothodiat ObIvor alto 
»ALUS, Toxaa - O.SU. 

i J.I. NTH, 1.1. on» 

••0. SOBIOIUA 
XMtltwk A'Aallioratloa« Agrtool« 

•i PoroatlJro« 4o liftATCPtlté 
•grloolo 

OSUOOfH . Pal« 

OPTIMAL SUFI OF 0USVHÜUS1 lOOPI 
MDMD Fl* TD MIAI SJMH OP Till 
C*0*M AJB OTÄ PLAIT fölPAC?^ (? Il) 

WIM AJB FUSIBILITY OP PUT WATS 
•OLAS OOLLSOTOM TO OPBttTl AT 
100-110 0 (I II) 

L*fTIUIATI(M M LUMII tOUSM 
to« u Ftowcnoi Adiicou. 

I 
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K. 
Dirottar, 
Instituto of Inorgy Coarorsio* 
Uhivorsity of Dolamro 

t, DoUworo 19711 . U.S.A. 

A ooiezm s »um THIRUAL UJBTKICAL 
»DUtl SYST*. (H 108) 

PUT PUT! COLLATORS WITH Odi SOUR 
GILLS AIO FIRST IIDICATIOI Of FIASI- 
BILITY OP HUIR UROI SCALI UM. 

n,% BOLL» 
AM*tolofi*ko» 
nmma « Podoni Rooubiis of 

Co-outaor i s. lunis 

SOLAR BATTWIS8 POR SPKIAL T»l 
TRIAL APPLICATIONS 

i* Borona 
Stati« 4« Bloollmtoloti«. 
Institut lotlooBl do la 

Afroaoalquo 
Domino Duelos 
PITIT-eoWO - Quodoloupo-PtoaM 

Co-author  t C. TARLtT-OURCiaR (Uf.6) 

•VAUJATIOI DI LlflMIl SOLAI RI • 
OOAOSLOOPI (1 Ufi) 

CAPTAT IO» DI L'BIMROII SOLAI RI PU 
OM CULTUll DI HUI (Oo-outfejoro i 
C VARUT-ORASCHIT, p. CUARTO» )(T t) 

R.J. S >UCOT 
Statt« Controlo do Blooliantolocio 

Afrioolo, 
Institut lotìonol do U Roohoroho 

Afrontad quo 
VWSAILLU - 

SIUSD 
A 

ti ir ivAfonunrxiAnoi 

Coauthor t A. PURIN 

4.J. BOVHIOL 
10 Avonuo Jooaao d'Aro 
33000 BOSMAOX - 

u umtw* m îM mmammn um 

J.P. 
I.I.I.A. 
Uborotolro Control do 1« 
Contro d'GsolUo 
66 ISO OMILLO/POfT-lOi 

Co-outoor i p. (WILLST 

IT KPLOITATIDW ft*f| IOVI 
SOLAIU OOMB BARC D'ISSAI AD PIOX 

mm 
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H. BOUTURE 
lag eoi tur do roohoroho 
Uborttoir« d« Boayuls 
66 BAHYUL8 - Prono« 

BCOPOLIS (Co-iathor»  i M. RAOOM, 
0. ROTTIIR, M. TOUCHAI9). 

IBCBIffTIS SOLAIRES POUR LA CULTORI BT 
L'AqUACULTURB COMBINES BN BC0BOMI1 
D»IAU (V 17) (Co-*uthorg   t P. COU- 
LOMBON). 

0. BRILLI 
Unit* d« Reohoroh«« do Phyiiopotho- 

logi« R««pirotoire 
5 ruo Catullo Mood*« 
75017 PARIS - Pruet 

MBTHODBS BPIDBMIOLOGIQUBS APPLIQUEES 
A L'BTUDI DBS BR 'NCOPKBUtfOPATlIXIB 
CHBONDUBS. 

Co-*uthor t P. ORIOL 

F. CANIA 
Ingénieur «u CMS 
20, ru« dt U Bibliothoqu» 
13001 MARSBILLR - Frano« 

BUI U CHOIX DM MATBRIAUK POUR LA 
COBDUOTIOÏ tT LB STOCKAOB DB LA 
CKALBUR EE HBLIOTBCHRTQUE (BH 76) 

O.T. CAMPBELL 
Deptrtnmt of Biolog le«. 1 Solarne««, 
Uorthoestorn Uniroroity of Brontton 
ËVAM3T0N, Illinoli, - U.S.A. 

Co-Author« i A.J. DO*t>, A. WJLPSOB 

HYPOTHALAMIC BORBFIHBPHRIBB, LUT1I- 
BXSI110 HORMOKB RELEASING FACTOR 
ACTIVITY AID TH3 PHuTQSBXOAL RBSP0R8B 
IB TAB JAPAHBSS QUA IL,  COTURBIX 
COTÖRMII JAP0NI3A. 

G. CASTKLLAHOS 
Départoiiont d« Mootniqu) 
Université du Chili 
SAHTIAGO . CHIÙ 

RBTH0IDI3SBWT D MIN CORPS BOXR IWA- 
DIABT B) DIRECTION DB L'ESPACE DAH8 
LB DESERT D'ATACAIM  (CI'ILI) (I tO) 

Co-*uthor i J. POURRIBR 

T.P.Í. CRADOA 
University of PenBtylveait 
PHIUDELPHIA. Po. - U.SJI. 

Co<-euthor t M. «OLP 

COBTARIS I OP VERTICAL ISILTI-JUBCTIUK 
ABO OOMVBBTIOBAL 30UR CELL PBRPOt- 

A. CKABDOU 
Doportmnt of Zoology 
BftDftrts Hindu Unireraity 
VA RAÍAS I 121005  - lau« 

Co-outhor i JJ-. THAPLITAL. 
O.S.R.C. 

PAOTOPERICMBW ABO 5BXUAL ACTIVITY » 
IB9IAN BIRDS (B 14) 
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D. OBABSOB 
2 ra« Pi*rr» d« Ra»§»ri-U-U« 
meo RBUDOR LA POBBT - PNOM 

eoHtuthor i P. CLAUX 

DITBRIIXEATION DI L*n80UXLUMIT D'I» 
8ITB. RECHERÒ* SDH UN HABITAT COUBC- 
TIF IT IV TERRASSES, CLIMATISE ORACI 
A L'UTILISATION RATI OHNE LL8 DI 
L'ENERGIE SOLAIRI. 

J. OIARPIE 
Oliniqu« PMUxxTfetriloloflqu«, 
••pitti 8*ist«-Mftr|Utrlt« 
MARSEILLE - PlftttM 

Coauthors   i C. BOUTIN, A. 

US MBTRODIS CLINIQUES EH BIOCLIMA« 
TO LOG II PATHOLOGIQjUI  t APPORT DI 
L'INFORMATIQUE. 

W.W.8. CHARTERS 
Senior Uoturar, 
HMhuioal In^iHTim DvpurtRMft 
OnlTtrilty ef «•lboum» 
MELBOURNE - Aultrmli* 

Oo-tuthor  t R.W.C. MACDOBA1* (B IT) 

HAT PUH MEASUREMENTS POR PUB 
COIfECTIÜl «TUN INCLINED CELLULAR 
STRUCTURES.(E 86) 

HAT TRANSFER EPPICTS II SOUR AIR 
HEATERS.(I 87) 

H. CHAUTIT 
Xagéniwur B.C.P 
BBXIOO-CITT - 

CHAUFFEUR PAR REFRACTION. (1 47) 

J. CEATAUDRA 
86 ATMtt« Pttt«* 
91600 SAVIONT l/OtQB - PnaN 

e*-MrU»r i R. LATAR6BT 

DBB VARIATIONS DB L'OIONE 
ATMOSPHERIQUE SUR CHTAIEBI ACTIVI- 
TES BIQLOQIQUKS DU RAYONNEMENT 
ULT1AVI0LIT S0LAX1B. (I 46) 

i. CREMAI 
Ukortteir« et Bl«-Xaf«nnti«M 

•/• Dr. BtrolUtt- 
Otti— PranftU «• IMI «•»!•-• lioflff 
Ti-TT RM «• BtWM 
•tlOO BOULOOBE - FffMM 

ORGANISATION ET INTERROGATION D'UBB 
BANQUE DB DONREBf B IOC LIMATOLO» »UM. 

RAEA-OoMftrt 
0«i« 760 

t P.H. 

PllffM 

BOBJB (ftr fcutit) 

COBCL0SIOBB AJB BBOC—NLITIONt OP 
IBI UNITED STATES SOLAR BVBROT 
PAESI (I it) 

OORCLUSIOB« A» IBCOIIDBBMTXCEI Of TEB 
VIP    SBJBBBBVVW •     EF^NHEmp» 
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J.C.V. CBIBBAPFA 
Prof« «or of Moohoaiool Bftglaooriof, 
Uniroriity of OU/OJM 
P. .Boot 841 
OBOROBTcmi - Quyoso 

CQBWTED TEAB-tOUMD PBt FORMARCI OP 
SOLAR-CfBRATBD MOLTI-STAGI VAPOOR 
1BSOSPTI0I AIB-COMHTIOBMUI AT 
OBOBGIÎOWI, QÜTAIA AID COLOMBO, 
CBYLOf. (RH 97) 

P. CHOVIM 
Loborotoira Control 
IS ruo do Duttile 
76016 PARIS - Prono« 

LA MISURI DB COBOTIWAITS MIBBOR3 DI 
L'ATMOSPRBRB 

J.R. CURKE 
Dopoi \muml of Airioultural Sol OMO 
UhlTorolty of Oxford. 
Ftrkirood 
OXFORD -   U.I. 

8IASOBAL BRBBBIK A» FHJTOrBMIODIS 
II MAMMALS  i OBMTRAL PHT1IOLÛOICAL 
FATHVAYI. (• fi) 

1 

Co-outhoro  i 0« PAMUR,  CA. OROCOBI 

i. ciac 
Ch«f du Uborotoir« do BiookUlo du 

Coltro Boanitolior UnlTonlUlro 
d'AbidJOB 

AB IDJAI - cSto d'iToiro 

ACTIO« Q0BADOBTIMULAIT1 DBS RADIATIOIS 
SOLAIRI3 IT LUMIWUS1S ARTIPICIILLM 
CUBI US MFTILM i CAS DB AOAMA 
AQAMAU.) MALB.  (B 11) 

I. COLIN 
tool« do Spoololiaoti on du Sorrioo 

do State pour l'Amo« do l'Air 
ot Contro do Roohoroho« do Médoolno 
AIronout lquo 

91220 . BRBTIOIT S/ORQB - Prono« 

MICROCLIMAT BT TBTBBBT. 

R. 00LLOBGUBS 
Uberotolro do Chini« Appliqué« 

do l'Itot Solido 
94400 TITRT/S/niMl . 

Co-outnoro J. HOTBRT, A. HfCOLlVSCHI 
(for I 184) 

A. HRrcOLBVSCBI, V. 3AUBAT, 
0. DRALBBBB ( for B 110) 

APPLICATIOI DO CBAOPPAOI PAR CORCSI- 
TBATIOf DI RATOBBBJBIT (POOR A IMAGK) 
A LA DIPPIACTIOB DBS RATOBB X A TRBS 
IABTB TBMFBRATtfttS (SP.00©C) (B IM) 

APPLICATION DO CHAUPFAGI PAR OORCB1- 
TBATIOI DU RATORNUBR (POUR A HA01) 
A L'ELABORATI OH DI MATEUAÜX 
TAIRB8 NOUVBAOX.d Uf ) 

: 
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P.I. COOP« 
cinto 
Division of Koote&ioal BBglaoorliic 
•tUOam - Auitrtli« 

Oo-»uthor t W.R. READ  (I 103) 

OAT AID MASS TBAMBPBR WITHII A SOLAR 
STILL BY SLOPS.  (1 4») 

DBSIGR FHIL0SOPHÏ AND OPERATIMI 
BSFERIEKCS POR AUSTRALIAN SOLAR 
STILLS.  (I 103) 

B. CRIVILLI 
DéportoBont Hélio-Bnoreétiquo do 1* 

Comioiion Vttioaolo d'Btudoo 
Oéo-Héliophyiiquoo 

SAI-KIOUIL - Argoatim 

Co^uthari i J. QUOUUUtÜ, J, à H. 
PEDRBOOL (1 14) 

SOUR RADIATION ASO SOUR 
ARGSNTIMA (1 *4). 

IM 

MESURE DBS PLUCTOATIOBB D'IMTBMITB 
DO MTORMBMBBT 30LAIRB A U SURFACE 
DC LA TBRRB.  (I 16) 

D.J. CURTIS 
COMBAT, P.OJwt 1» 
CLARISBURO, Md. - Ü.S.A. 

0«*«uta«r t W.J. SIUJRBtOl 

ADVAÍCBD IBTi*COBBBCT 8YSTBM8 POM 
LIOHTBBIOBT SOLAR ARRAT8. 

R. DASAT 
11 ru* Ou du Midi 
18008 MAASBILU - Prnw« 

SOUIL BT A1CHITBCTURB. (BR ST) 

Coauthor t R. PBRRIM 

J.II.R. DAD 
Tao OniYoroity of Z 
P.C.Box 1879 
LUSAKA - Zojfeit 

SOUR POMB • ASALYTICAl 
LABORATORY STUDIES (B.1T) 

J. DAMAGMBS 
IBSA - Contro do 

AtronoKlquo d'AvifMOi 
84140 MOMTPAVBT - Pr*MO 

MOLB DB L*SBtOLBILLBB*MT DABS LA 
BSromoB DO CLIMAT DBB 
(«Uh «o-«««*»») 

B. DATI8 
Suporrioor Civil Syotoao 
Jot Propulsion Laboratory, 
PASADBMA, Ctlifomln - Ü.S.A. 

Co-outhort i R. CAPOTO. 0. BPITAI 

TBCOUCAL ABD BOOBOBIC FACTORS IM THB 
OPLBBBBTAnOM Of SOUS WATER HBAT1RS. 

I 
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D. DAWIS 
tDTlroBwnttl Quality laboratory, 
California Institut« of Technology 
PASADERA, California,   - O.S.A. 

Co-Author  i J. WEIMGART 

UHBAt! SUN RI0HT3. 3OCI0-LBGAL IMPLI- 
CATIONS FOR LAMB 3CALS US! OF SOLAR 
BBBRGY FOR SPACR CO» ITI Ol IAO. 

P. DELAVIAU 
Omtre Médioo-Chirurgieel Poch 
»2150 SURISNBS - Frane« 

F. DIU3 
Laboratoire MMMR-CBMG 
S8000 ORKRUBLB • Frane« 

Co-euthori  i R. OUICHIRD,  J. DAMAGMEZ, 
M. MBRMIR, Station Am 

BiooliMtolOfia - IIRA,84140, MuWTFATBÎ 
Frane« 

TECHNIQUES D'ACQUISITION DBS PARAMETRES 
BICLOOUJUKS (CHOIX ET UTILISATION DBS 
VARIABLES, MBSURIS COHTIïUES OU DIS- 
OOMTIMOES). 

MB3URE DU RAYOKBBMBMT ÜBT  i MISE AU 
POIVT D'UN PYRRADIOMBTRE DIFFBRBKTIEL 
A CIRCULATICN D'BAU.  (t 119) 

G, DËKMKRBDITCHIAR 
Meteorologi« Bâti ose Io 
78-77 ru« d« SeVrea 
«100 BOULOORE - frai*« 

T1STS BOR FARAMBTRS2UMI. 

ARALIBB DI «RIMIRAI TB. 

J. DB8AUTBL 
Département d'Héliophyeique 
Université d« ProT«noe 
St. Jériae 
1S018 MARSBILLB - 

UTILISATION DB STRUCTURBS ABTI 
POOR LA 00RVER3I0R BJUO-TKMRMIQOB 
A MGYEMNE TBMFBRATUR1. 

Co-euthor*  i 0, PBRI 

P. DI8CL08 
Rmftre-Ai si étant 
Université % d« Bordeaux 
58 BüRDBAUX-TALWCB - Frene« 

IMTUBMCB DBS FACTBURS PHYSIQUM 
MAT0A1L8 BUR LB DSflLOffBMBT BT LA 
MDBFBOGBBMG DBS LARVES D'AMPHIBIE» 
AROORBS (Bll) 

T.C. DOGGBTT 
Depertaent of Cell Biology, 
Unirereity of Tene 
Southwestern Medical Softool, 
DALLAS, Texaa - U.S.A. 

LIOBT AMD THE PERIODICITY IH THB 
BOMBE* OF BJLCULATSD SFlRMATOXOA OF 
MIM AMD RABBITS 

Coauthors  t R.K. EBIUftS 



7fe^ 
- 12 - 

R. DOOIIAW 
Otef d« lection Indioaétrl« 
inrtitut Eoynl MtUorolofM«« 

do Bclglqu« 
Aran»« Clr«ul»ir« S 
B 1180 8RÜXILL3S • Bclgiqu« 

CIASSIKCATIO« DBS DIFFnWTS TYP« 
D2 CLIMATS RADIATIF8 IT LUMIHUX El 
FOBCTIOB Dia OOAITIOKS MOYINKW DU 
TROUBLE ATMúffRBliqUI. 

J. DORST 
Uborttoir« do Zoologi« Motfadfir«« ot 

Oioaaun, 
Muaéoua Htioml d'Hlrtoiro M*tur«U« 
65 ru« Buffon 
76006 PARIS - Fra»« 

L'ORiniTATIUN »LAIRS CH1Z LUS 
OISEAUX (B 41). 

A. D0BJIS-POUL8W 
aptteiwiogiit«. H8piui d«« 

Qulas«-Yiafta 
8 Avonuo Dani«! LMUOur 
76007 PARI! - Fr«*o« 

Co-outaort  i Ph. CHATILLTJR, 
UM    . PlirJtf (17) 

LIS LISI OH PAR RADUTICI* ULTRA- 
TIOUTrtS DU I101BMT AXTBRIIOR Of 
L'OEIL. COKS ID BRAT IOW PROPHYLACTIQUIS 
IT THBMPmJTI3UM.(B 7) 

PHOTOCOAQOi/TIOM RITI EU» «. TIETATITI3 
M MUORI Dir «OIL DI PHOTOCOAGULATION 
RETIMI»«. (I 8) 

L'IRYTHROPSIl.  (I 9) 

M. DUCAXEOII 
Uboratoir« d« l'Enorjl« toUlro 

du CBBS 
66 ODIILLO - Frano« 

DtPOTS CHIISqPBS IN PHAM 7APIÜR AU 
POURSOLAIBJ, (I 18) 

Co-author t 3. ARMAI 

M. DUCRIY 
Station d« Sylvieultur« «t Production 
Confer« Rational d« Ro«h«r*h«o Forottllros 

54570 lIîfTILLI • 

APPMCUTIOM DO RATOmBMirr 30UIR1 
DAM ff $001 II COOVMRT FORSSTHK. 

J. DURAIS 
UER Soionoos M«rii«al««, 

aux boas aoini d« I. J.O, Honrott« 
Hftpital Coohln 
17, Faubourg St. Jaequoa 
75014 PARIS - Frano« 

CONSI^UIICIS PHYSIOLOGIQUES D2 1A TII 
IM ALTIT0DI, FtOflLBÄS MffBODOLOQlQUBI. 

H..J. DURRI 
AK T«l«funkoa 
HAWORO - WïST-OllIiAIT 

TPJt H1U08 80LAR «MAT. 

Co-«uthori i B. SORQUI, J. RATI 
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F.F.. RCKARDT 
cips - cms 
BP. 5061 
34033 »MTPBLLISR CBD1X 
34 MONTPELLIER - FnoN 

IKTBR0EPTI0N IT UTILI3A.TI0I Dl 
L »EURO IE SOUIRE PAR DI?FB«TS TYPIS 
DI VEGITATION OAKS U REGION 
»ODITWRANlDiNB.  (V 8) 

Co-iuthori  i 11. MWHY, R. SALAZÓN 

U.A. 1FIMOVA 
U.R.S.8. 
(Addroso unknown) 

RADIATIVI FACTORS OF THE PLAIT 
uncxiacY« 

M.S. SRLIŒI 
Uniroroity of 
3ESR-SKEVA - Urmal 

DIIKT BRVIGY COIVeSSlON BY 
OP SOLAR OILLS. 

Co-authoro t I. PR USUAI, D. SCHIEB IR 
S. QAURIL 

V.Î/. IVDOKIMO? 
U.3.3.R. 
(Addrota unknown) 

OPTIMIIATIOI OP SILICOI PW1DCILL 
OPBUT9) II COIJJICTIQM WITH »Ml 
RADIA« 01. 

Co-author i Á.F. MIL0VAIOV 

L. FACT 
Mdtooralofi« IttloMU 
73*77 Ruó do Sorroo 
91100 BOOLOGÏI - 

«POSI IRTRODOCTIP SOR L'ACQUIIITIOI 
DMDORVBS BlOCLIKATOLOGIQUí. 

P.E. PARO 
Bovton Collago 
CHMTRUT RILL, «at«. tUUL, 

UM COST SILICOI SOUR CILLS POR 
TnmSTRIAL APPLICATI on. 

üaiwoitr of Flarlda 
aAMMviui, Florid* - u.u.iteoi 

t I.R.A. SCRIIPVJ (IB) 

•OUR PQIERSD V-l VAPOR IKin (I 7) 
(Co-author » F.L. PR13C0TT) 

SOUR SWHÜCSO POOL HIATIBÖ (n 09) 
(Co-author i J. TRIARDAPTLUI) 

TEI UIIVgRSITY OF FLORIDA SOUR BÄRGY 
LAB ORATORY  (IH 106) 

UM I TOS IT Y OF FLORIDA SOUR BO0S1 
(H! 107) (Co-«uthori C«A. MORRISOR, 
J. TRIARDAÍTLLI3) 

TBS SOUR ILtCTRIC CAR «BAI V UHI CLE 
FBfUMAICl 
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D.S. PARAR 
Prof•• ter of Zoophyaiolofy 
UniTorolty of lloihìngton 
SBA?TLE, Washington 98195 - U.S.A. 

Co-author •  t R.A. LBWIS, T.A. DARDS! 

PHOTOSTMUUTION OP GOHADS IN BIRDS i 
THE BUMIIIIO HYP0THISI3 A» RESP0R3B8 
TO VERY SHORT DAILT PHOTOF3RI0DS. 
(3 18) 

M. FATRAMSKA 
Inrtituto of Bxporiaoattl Hyglono 
Slovmk Ao»d«v of 3oioao«s, 
;WTISUVA - CBoohoilortkit 

COSTRIBUTIOI TU THE PROBL8M OF LIGHT 
3Y1CHRJKIZATI N OF HUMAN CIUCADUS 
RHYTHMS.   (B 54) 

P. PATIT 
CBBS 
B.P. 4 
91220 BRITIONY - Pria»« 

P038T IUHBS PR UTILIZATICI OP WW 
TRAMPA KUfT AMD PHOTOSTA8L«; PLASTIC 
FILMS A3 SOLAR GILL FILTIR3. 

H. FI3CHSR,  Hood 
Diioroto DovolopMBt Popart—t 
.0; Tolofunkon 
Th«rogion«.troooo 2 
HBILBRONI - Pod. Rop, of Qonaay 

(Co-author  t W. PSCIflJMDfR) 

TICHWOLQGY AID PSSFO8MÁM0I CHARACTSV 
RIST ICS OP OTWRAL DI3DS SOUR GILLS. 

J. FLSCHOM 
Profosoour, Uni aortite do toa«? 1 
Ou« o f ici. 11« 140 
»4000  IAICY - Pr«ao« 

Go-author t  I. TOURg(MH 99 è E128) 

M. POH 
Uborotolro doi Ultro-lofroötoiro« 
CMKS 
B.P. 5 
66120 ODBILLO  - 

MVHOBlATIOI 30LAIRS. COttttftAISOI 
•mn tm imouTstnt PUH IT UR 
COMCIHTRATIUR CYLINDROPARABOLIQUI. 
(m w) 

MIAI DI PRBOTTSRIIIIATIOH DB L'ITTI»- 
SITI DU RAYONRaHMT 3ULAIRI DIRKT A 
•AMARO  t CIBL CUIR, FAIBL'. TM» 
DI L'ATMOSPHIRl M AIRO»LS. (I US) 

COMPARAISON BKTRB LSS FOURS 30UIRB3 
IT POURS A 1*01 (I 152) 

Co-tuthori  t  J .P. Î1AVW3I, M.R. C0LLOM0UIS 

BJC. FÜLLST 
Soportaos t of Zoology 
Unlvoroity Col log« of lorth itolo« 
BAMOOR,  - Oromt Br it «in 

Coauthor i  i T.J. B1CH0LL5 

DAILf RHYTHMS OP OOMADOTtOWI» StCPJ- 
TIOl II QUAIL HJSJ OOIADAL MnLOMMfT 
II IIRIAND BT LOBO DAYLHÖTHI (143) 
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R.J. PLOBOV 
•«oit tupérl «tir« do SylTloulturo 
SOPIA - Bul|«ri« 

APPBOCBI THSMIOOYKÀiaQlJl PO« wtkum 
L«OTILI3ATIO* DI L'IBMHS SOLIXBI 
PAH LU PLAITW. (? 14). 

M. PIAI0OI8 
ALOBt - Bépubli«.uo Altèri 

I4TOMMR louin, CAIACTBIISTIQOIS. 
MBJURBS, TBABSIISSIOI A DISTAICI o »a» 
IIOIAL XILATIP A L'BBBBOIB SOUIBB 
D'Ul LI1U. 

o« nucí 
0»ÌTor$it4 Toohniquo Podorloo 

•tot» Mirla 
Ataros 464*1 
VISA ML BAR - Chili 

MYORBIBSft? SOLA IBI  i CAJUCTBB ISTI QUI», 
BBBUUU, BABALISATIOI DI LA BBfUtS 
DU tATomaaiT, 

DUSCT coarssiioR, ommmot TO 
Til BCOIOMIC K181A10H OF OOBCBBTBA- 
TXOI UH TBRR18TRIAL BARBUM OP 
•OUR OBLLB. 

BTUDIS BT oflfUBM D'llBAOIATIOi 
SOLA IM AO «ILI. 

M. PUCES 
Dirisi on of Agricultural Rotoorology, 
Voloaai Ooator, Afri ou It »rol looooroh 

OrgOÄiiotion, 
BIT 6A0AB • Iirool 

Coauthor t G. STABI ILL 

BOIL-POLIAOB IffTBRAOTXOR IB TIB SOLAR 
BADIATION BODOBT OP A CORDO* TI SHAW). 

P. OALLIT 
DéptrtOMat d«H41iop>yolquo 
Oaivorsité do Provonoo 
Coltro d« Soiat-Jorfe» 
1301S MABSBILLB • Provo 

Co-outhor i Q. pni 

ITU» DU 3TR0CT0BM ABTXBAYOBBABTtt 
ASSOCIAIS A UM BAH BBUCTIT1.(B 81) 

H.P. QARG 
Control Bid Mia* 
Bodtia - iati* 

loo—roh Inot ituto, 

Co-outhor« t B. OAIGULI,  J.3. PUMI 
(BR fl) 

A. niSHAI (B It) 

DISIO« A» POtFJWUICI STTDIJS 01 A 
SOLAR BOOM HBATBB. (IK 91) 

SOLAI EBBBOT UT I USATI OK POTBBTIAL XI 
IRMA (B II ) 
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C. GATOBAU 
0 «S •! «81 
10» nia 4e l»3niTewité 
7600T Mill - 

Ce^withart J.C. SAZIAU fer 1) 
J. DELABÜB for I) 

1) AMALTSB 01 VARIABLM ALIATO DUS i 
TBCH1IQUIS D'AHALYSKS HJLTIVAIIBBS 
LUIAIRIS IT ION LI MIA IRIS. 

2) AIALY3S DBS FOICTlOBB ALKA TU Dt SS 
3TATIOlMAIRtí3  IT lui STATIONNA IRB3 
SYSCHROWISBUR DIS RYTHMSS BIOLOGIQUES, 

P. OAUDMZI 
Centro Rieerehe Iaduetriall 
laduetria a Zanueai Spa 
33170 PORDBVOffli - Italy 

L'UTILISATION Dl L'tWROn SOLAIRB 
DANS LSS LOCALITBS SOUS ZSRO  (ALFEJ) 
VI' DAMS Lfi CÄHCU DQMBSTIQUE IT 
SmiAIRI. 

P. onTAis 
Cliniqua Toxi eo logique 
H3p it »1 fernaai -Vidal 
lOO rut du fb|. Salnt4>eaia 
78010 PARIS • 

Oo-author i A. Rill 

BTTÍII3 BIOLOOIQUI3 IT BldBUO- 
ROLûOIQUlS 

B.N. OHO« 
Haad, Afrtaultural laglaeeriai Dl vial on 
Cantre da Peaquiaaa «e Qeeau 
OalxA poatal 7 
ITABUIA-BA, Bratil 

A m ouss-aoor DRY» POI COCOA 
OTBB» OlOrl* (f to) 

M.I. GHOtt 
Tke Tata 1res aal steal Oe. IM. 

- Iadia 

TU OMNI OF A IDI OOOm.  (| m) 

I. OIBIAT 
•eeiétl pour l'Iaáaatrie At aal qua 
107 Brd. da la Ileal on Mareband 
9S4 X> COWBBTOIS  - 

AOQUIIITIOI DM D0BU3 
WaTRlQOM. 

OBAPMJUBBBT 

J.P.  GIRARDIKR 
Ita* Plärre Hameln 
220 ma Baila Mangia 
46100 MQBTAMU - prue* 

LIB MOTKJRS 30LAIH8 IT L'HABITAT PODI 
UM ZOm AID». RIAUSATIOm 
ACTWLLBB IT FtttSFBCTIVlI (• •) 

Oe-authori i 0. et J.l. AIOABBMfl* 
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B. 01TO»I 
Haad, O^tftMit of Rullala« Cliaatolofy 
Building iMMnh Stailo« 
Taohnion Israol Ilatitat« of Tathaoloçy 
IUI FA - Israal 

PR»I0TH»O TBI HTSIOLOQICAL 
Of SOLAR RADIATIOR (• SI). 

P.I. G IAS« 
Tin Pratidaat, 
Arthur 0. Util«, IM« 
to Aoora Park 
OAIBRIDQE, Mata. - U.S.A. 

MOI SOLAR (B 11), 

j.v. aowwim 
droap Suparvltor, Solar Raargy Oroup 
J«t Propulsion Laboratory 
4300 Oak Oro«* St, 
PASADRIA, California - U.S.A. 

T* PRRPOWARCt OP SOUR ARRAYS 
I« OOP IPACI. 

3.7). aOHRALt 
Contrai Salt i Maria« CtanUalt 

Rataarah I nati tat«, 
IHATRAOAR . la dit 

SO« ASPROTS OP IRYBtTIOATIOR OR 
SOLAR STILLS. (I 101). 

Co-author i R.L. DATTA 

J. QOÜDRIAA» 
Da Drayan 3» Lamlbouaajofaaahool 
WAG3RIWRR • Tha Ratharlaaat 

A CALCUIATDN MOML A» DRJCRIPTIYI 
PXMRJUS POR THE UTIRCTIOR AID 
RIPLRCTtOR OP RADIATI >H IR LRAP 
CA10PIRB. (V 6) 

8. ORAHDJUR 
lattitut d'HyglOM at é« pkyalolMi« 

du Travail, 
•«ola Polytaaaalqu« Péterait 
Olausiutstraaaa 16 
GH-8006-ZURICH • 

Coauthor«  i A. GI LOR», A, BARRIR* 

BTQM SOR L*SRSOU(ILLRHRfT D'IMI- 
TATI ORB (« 68) 

R. GRARDPHRRR 
Paault« Mattia« Ptarmaia, 
SS BORDRAOI - Praaa« 
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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 mimber of commercial firms 
manufacture solar water heaters in several 
countries, these are in the main sophisti- 
cated and cxpensiv" 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   13(T F to 140° F in   tropica] 
•reas,   depending    upon the   weather.   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 years 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,   art 
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   consent   the 
heat in the water, 

D — The Cold-   Water    Feed Tank,   made 
from half of an oil drum. 

The Absorber, which is constructed from a 
corrugated   galvanized   steel sheet of   stan- 
dard   roofing   material   and a   sheet of   22 
gauge    flat   galvanized steel   rivetted    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 20' 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 88¡¡in. with a pair of metal 
shears and place to one side. 

Step 2 — Part (2). Cut the sheet of 
"special" flat to 28iin. by 90¡¡in. 
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 oí the flat 
sheet, Part (2), in turn and mark 
the corrugations on Part (2) as 
shown in the sketch. With a 
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.   in 
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,   \ in.   long 
machine screw (Part No. 5) into 
the ¿ in.   galvanized pipe,   then 
solder the pipe to the corrugated 
sheet. 

Step   4 — Rend the ends of the sheet   of 
special flat  (2), at right angles, 
as   shown   in    sketch   No.   W. 

1      The bent    end  sections    should 
each bo one inch long, i.e. i 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 J 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   S — Bend the   edges of the   sheet of 
special flat (2) over the edge of 
the corrugated galvanized sheet 
(1), as shown in sketch No. V, 
»nd   solder (6) as   shown.   To 
bend the edges of tht flat   gal- 

vanized   sheet    1 in. from    the 
edge, clamp the sheet   between 
two pieces of    angle iron along 
the edge where it is to lie bent 

• and    use a    hammer to    obtain 
the  right-angled   bend. 

Step   6 — Drill J 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 
holes    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 prcs- 
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, leave 
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 — Thm 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   shown dotted in   the 
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sketch    Having  bent  the casing 
into shape as  shown in    sketch 
No   T,    rivet    the four    corners 
with 8-1 in   galvanized rivets 
(8).      Place    the   casing   aside 
after    drilling    2 — J 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 —Cui 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    I in.  (11) on   to the "L" 
clamps. 

Step 10 — Locate the 6 — i in. holes in the 
casing, one in each end and two 
along    each  side    as shown   in 
sketch No    T,    and drill.   Rivet 
the "U" 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 — è in. by } 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  Part   (15), consisting of a 
galvani-/ed 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 18 — 

natively a pie-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 k in Dor-Tite or alter- 
native sponge rubber stripping 
(17) onto the ¡ in. edging on 
the glass supporting rib (15), as 
shown in sketch No.  U. 

Step 16 — Stick \ in wide sponge rubber 
stripping (18) all around the i 
in. edge of the casing. 

Step 17 — Place the two sheets of glass 
(19) on the casing to cover the 
absorber, making sure that the 
glass rests evenly on the J in. 
stripping (18)  all round 

Apply 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 
tapo. 

Step It — Make Part   (22), 16 — f in. by i 
in.    by   1   in.   hold-down   "L" 
clamps, and drill an } in. diameter 
hole In each clamp to allow the 
self-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 f in. stripping and drill an i 
in.    hole in   the   casing to   cor- 
respond with the ¿ in. hole in the 
clamp.    Use the 16 — J in. self- 
threading galvanized screws (24) 
to screw the hold-down    clamps 
onto the casing.   The collector is 
now complete. Place to one side, 
then proceed to make the tanks. 

3c3. 



C — The Hot Water Storage Drum. 

Step 20 — Thoroughly rinse out the oil 
drum (25) with a half-pint of 
diesel oil (30), then rinse again 
with a half-pint of gasoline. The 
diesel oil dissolves any oil etc. 
that may be in the drum, and the 
gasoline dissolves the remaining 
diesel oil and leaves the inside 
of the oil drum dry and free 
from grease, 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 in Fig. 3, using the deal 
boards (28) to make the sup- 
porting ribs. Place the oil drum 
into the frame-work and cover 
over with the 24 gauge sheets of 
galvanized steel (26), making 
sure that the top is left open so 
that the coconut fibre insulation 
(27) can be tucked 'nto the 
spaces around the drum. Connect 
the necessary reducers to the 
two holes in the end of the oil 
drum and leave 6 in. of ± in. 
galvanized pipe protruding from 
each opening in the oil drum. 
Tu?k the coconut fibre insula- 

tion around the tank and place 
the cover on. The hot water 
tank is now complete. Place to 
one tide. 

D — The Cold Water Feed Tank. 

Step 23 — Cut an oil drum in half and 
utilize the best half (32). Install 
the i in. float valve (33) u 
shown in Fig 1. Paint with two 
coats of Rust-Oleum (35) paint 
of colour of your choice and ltt 
dry. 

Step 24 — Obtain   the necessary   piping so 

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 — A$$embly Of Equipment. 
Step 25 — Connect up the equipment as 

shown in Fiq 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 lay-out 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 be 
used in place of the 4 in. 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- 
vectional circulation of water 
between the absorber and tank 
may be severely restricted and 
the performance of the heater 
suffer accordingly. 

Before attempting to draw 
hot water from the unit it 
should be left for one complete 
day to allow the system to heat 
up. The installation should be 
kept permanently filled with 
water to prevent damage due 
to overheating. Should it be 
necessary to empty the sygiein 
at any time, either for repair 
or to avoid winter freeze-ups, 
a cover should be left over the 
absorber glass. 

NOTE« A simple vent pip« should be  installed at the high point of the hot 
water return lin« leading fron the absorber to the storage dru», 
(«s illustrated) 
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HOT   WATER   SUPPLIES   FOR 

LARGER   INSTALLATIONS 
In many cases such as hospitals,    institu- 

tions, hotels, public buildings, laundries and 
public    baths there    is a    demand for    hot 
water far in excess of the   30 to 40 gallons 
per day output obtainable from the domes- 
tic unit described above.    To provide large 
quantities of hot    water several    absorbers 
can be connected in parallel with each other 
and to a common    hot water storage   tank. 
Provided   that   provision   is   made   in   the 
in'tial design of the building a very inexpen- 
sive installation can be   achieved by placing 
the   absorbers immediately   under the   roof 
and   covering them with   corrugated   "per- 
ipex", "Incite" or other suitable transparent 
plastic sheets   which form part of the   roof, 
•s indicated in Fig. 2. It is then not essential 
to insulate the   absorbers, although   insula- 
tion will improve the performance. 
inquiries 

Enquiries and requests for addi- 
tional copies of this leaflet should be ad- 
dressed 

Brace Research  Institute, 
Macdonald College of 

McGill University, 
Ste.  Anne de Bellevue  800, 
Québec, Canada. 

Note for Prospective User$ of Solar Water 
Heaters in Barbados, W.I. 

January, 1065. 

Two solar water heaters, similar to the 
one described in "Do-It-Yourself* Leaflet 
No. 4 have already been installed on the 
Island and have been operating satisfac- 
torily without maintenance for the past one 
year; one is at the Cottage, Mallows, St. 
James, and the other is at Mrs. Stoute's 
Nursing Home, 5th Avenue, Belleville. 

In Barbados the solar heat absorber 
should be tilted 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 
being a slight fall off in performance. *'     ' 

Locally Available Materials 

1. Part No. 15, the support rib for the 
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 are 
DaCosta and Co., Ltd. 

2. Parts Nos. 17, 18 and 23, Dor-Tite 
rubber strip, are obtainable from 
Durkle-Atwood Co., Minneapolis 13, 
U.S.A., the local agents pre Chas 
McEnearney and Co. Ltd. 

3. Part No. 29, heat resistant paint, is 
obtained from Barbados Co-op. Cotton 
Factory Ltd. 

May   1972 
Since  issuing this report a  significant 
number of solar water heaters have 
been  installed in Barbados,    The four 
units at Mallows, St.  James, have been 
performing satisfactorily for over 
seven years.    The main problem is the 
occasional sticking of the ball float 
valve, 

ÌC: O'.'^-f 
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Materials List 

Purt 
No. 

No. 
Off 

Material Si i a 

The Absorber 

1 
2 
3 
k 

6 

1 
1 

28 

2 
2 

corrugated  pair,   stiel  «heet 
"special"  flat   go.lv.   steel   »heet 
galv.   steel rivets 
galv.   .-.teel   water  pipe 
ra.6.   iwchinc   screw 
sticks of  »older 

22 ¡jnuee,   8ft.x26in. 
22 gauge,   8ft.x36in. 
Sin.  dia.,   approx.  5/l6in.   long 
}4in.   I.D.,  9'i.  long 
3/l6ìn.   dia.,  tfin.   long 

B - The  Absorber Casing 

7 
8 
9 

10 

11 
12 
13 
1^ 

15 

16 
17 
18 
19 
20 
21 

22 
23 
2k 

k 
2 
1 
2 
1 
1 

16 
12 
16 

"special"  flat   galv.   steel   sheet 
galv.   rivets  for  ends of caning 
coec-nut   fibre  or  équivalant 
insulation 
22 gnuge  golv.   oteel  6heet 

felt  strips or   suitable  insulation 
galv.   rivets   fcr   paft   (10) 
22  gau'e« gal*«   ßteel  sheet 
galv.   eteel   «elf threading screws 
for  part  (13) 
22  gauge galv. steel sheet 

galv. rivets for part (15) 
sponge rubber strip,e.g. "Dor-Tite" 
sponge rubber strip,e.g. "Dor-Tite" 
window git»66 
silicone type  sealant(or equivalent) 
black plaotlc   electrical  insulating 
tape 
22 geugc cRlv> steel sheet 
sponge rubber strip,e.g. "Dor-Tite" 
gnlv. steel self-threading screws 

21»  gauge,   8ft.xjft. 
)4in.   dia.,   approx.  5/l6in.   long 

20  S be 
1in.x1in.x)tin,   supporting  "L" 
brackets 
1in.x1in.xl/8in.  thick 
yiin.  dia. 
1in.x*in.x)4in.,  hold-down "L" clapi 

l/8in.   dia.xjiin.   long 
27  l/8in.x2>5dn.,   t» make glass- 
support  rib M 
J4in.   dia.,   approx.  5/l6in.   long 
ylin.xl/Sinxiy^in.  long 
Uin.xl/8in.x22ft.  long 
¿7%in.xifWin.xl/8in.   thick 

12 oz.   cartridge 

one roll,   1in.   wide  (or  nearest) 
1in.xJtin.xKin.,  hold-dcwn "L" clamps 
riin.xl/8in.xXin.  long 
l/8in.  dia.  x )4in.  long 

C - Hot Water  Storage  Drur» 

25 
26 
27 

28 
29 
30 
31 

uced  f.tpel  oil  drum 
"special"  flat  galv.  steel  sheet 
coco-nut fibre or equivalent 
insulation 
deal  wood boards 
heat  resistant   paint 
diesel oil 
gasoline   (petrol) 

standard  size *»5 gallons 
2k gauge,   8ft.x<»ft. 

30 lbs 
1in.x12in.x9ft.  long 
1 pint  tin 
1 pint 
1  pint 

D - Cold  Noter Feed  Tank I  Piping 

32 
33 
3* 
35 

used  steel oil   ¿rum 
plumbing float  control valve 
Kin.  galv.   steel  pipe and  fittings 
Rust-Oleum or  similar paint 

standard size l»5 galeoni y required 
Yt in. 
to suit  particular installation 
1 pint  tin 



ALTERNATIVE COLLECTOR ABSORBER 

In many cases  it will be possible  to utilize flat  aluminum,  copper or 
galvanized steel sheet for the absorber collector,   as  illustrated below. 
In this case,  a matrix of galvanized, or aluminum or copper pipe or tubing 
can be set out on a  standard fiut  sheet collector,   normally 3  ft x  6 ft or 
4  ft x 8 ft etc.     In  this  case  the   tube spacing should be approximately 
G  inches,  the  diaueter of  tubing for  the vertical   risers  should be  S  inch 
to 3/4  inch,  and the   inlet and outlet header pipes   should be at  least 
1  inch ncrninal piping.     In  the case  of steel piping  the vertical  risers 
can be cut to size and holes  drilled  into the headers  to receive   them. 
The ends should be welded together   and the whole  assembly pressure  tested 
before attaching the matrix to the   sheet.    The same can be done with 
aluminum and copper.     Under  no circumstances should any dissimilar metals 
be used together as  this will cause   galvanic corrosion.     However  it is 
possible to use  aluminum sheet and  galvanized steel piping as  there  is no 
contact between the water and the  sheet.    In this   case reasonable  thermal 
contact between the  tubing and the  sheet can be obtained by tieing the 
piping to the sheet every few inches with galvanized wire.    Obviously the 
closer the contact between the pipe  and the sheet,  the better the heat 
transfer, and the better the performance of the collector 
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NOTE 

This  Institute distributes  these   leaflets with the  objective of dissemenating 
information on these  subjects.  There are many methods of building  a   solar water 
heater, a windmill  or agricultural  dryer. What   is described  in this   leaflet is on« 
Disunity    we suggest  that you use   this as a  technical  guide  in  applying this 

technology. 
Background   Information  on   the  Brace  Research   Institute 

Brace Research   Institute  of  McGill   University was   founded   in   1959  to 
develop équipent  and   techniques   for  making dry   lands  available  and 
economically  useful   for  agricultural   purposes.     The   Institute has 
concentrated  on  the   problems affecting   individuals   or   small  communities 
in  rural  areas and   is  one  of   the   few  organizations  with  this basic   objective. 

in  general,   equipment  developed  by   this   Institute  utilizes as many   local 
resources as  possible,  whether  human,  energy or  material,   so  that   the 
technology  can be  easily  adapted   to   the  local  environment.     As  a   result, 
the  institute has  concentrated on utilizing solar and wind energy  as 
well as simple desalination systems,   specifically concentrating on   the 
problems  that face   isolated rural  populations  in developing arid areas. 

instructional manuals are available describing the use of solar energy 
for the 

(1)   heating  of  water   for  domestic 
and commercial use 

\ (2)   cooking  of   food 
(3) drying   of   agricultural  produce 
(4) desalination of  water   for   human, n     f 

animal  and agricultural use. 

The adaptation of   simple  greenhouses  combined with  solar  desalination 
systems for  the production of  food and water  in arid areas  is also being 
developed.     The  Institute   is also adapting greenhouses to make better 
use of solar energy  to reduce heating costs  in colder regions, 

in addition,  simple windmills  for  the production of electricity and the 
pumping of water have been developed. 

Further inquiries  should be directed  to the 

Brace Research  Institute, 
Macdonald College of McGill  University, 
Ste.  Anne de  Bellevue» 
Québec,  H9X  3Ml, 
Canada. 

Other leaflets available: Price 

Ll  -  How to Make  a   Solar  Still   (plastic covered) $1.00 
L2  -  How  to Make  a   Solar   Ztcam Cooker $1.00 
L3  -  How to Heat  your  Swimming  Pool  using Solar Energy $0.50 
L4  -  How  to  Build   a   Solar  Water   Heater $1.00 
L5 - How to c-mstruct a Cheap Wind Machine for Pumping Water $1.00 
L6 - How to Make  a  Solar  Cabinet  Dryer  for Agi icultural  Produce     $1.00 
L7   - Arabic  Translation of  L-6 $1.00 
LH  - Spanish Translation  of  L-6 $1.00 
1,9 - French Translation of L-2 $1.00 
T17 - Simple Solar Still for the Production of Distilled Water* $1.00 
Please remit payment with money  order or add $.25  to your 
cheque for bank handling charges. _ 
*  Also available   in French, Arabic and Spanish. *, <"   -f 
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INTRODUCTION 

Under I lie spoMvoi mp of 1 lie '.' • fi. uni Suem-t I lali<>n-[b' • 

Sol;ir Healing .m.) Co.ihn- foi !.- admes Wmko:,y wa>he!d i•. '.. 
meeting was , ylcd m n',;o;'¡;ii    :; i,| ¡hi p:.:-.-  • need for ti>o    •• 

expanding, li lo    It was also i- ;' -J ;:., an exp;, ..am of the k \ 

researcher, u;i ili.' one hand ami ifpn sentatives ol juhitecim.'! 
and user sect'! .. UM (lie I'ther. 

': Appli.-i lo Na.mnal Needs (NSF-RANN) pio 
: ••ton. D.C , o- M.iiJi ?], 22. .oui 23, 1973.   h 

.s "í ìiìtm :-,. !;";• among ree mhns in tin--, t."- 
:; ,i.;ophy tm.t ;i i, i sscntial to pioniote dialugii 

'.if;iLlurii.£, mnineuug, professional-society, t'.ov 

At Üic li ly l.'lirli '[• mortm' p..' -1¡ .-.        •'    NS'-'N-\S \ S' ' .V i-n-r.M. w. | ¡,, j i--..-..: i, : -, 

under a frani tu Ik' I 'mvc rsi t\ til Maryland. 'I In: .volar hiorgy « . r. I. iharged with assessing the potential 01 solar . •..• 

held frequent and intensivi' meetings in 1972, and presented l'- in d.ng> in the December l')72 publication, "Solar I i: 

as a National Resource." Tliat icport has since been distribute ¡o 15Ü0 individuali; in the United States and abru.nl. 

Findings of the Solar I neiev Panel affirmed that the solar enei-v ¡i\cived in the Doited States is received in suf 

to make m.ijoi cmMl'iitum-, to the nation's future heat and pu   m retirements. Noting that tin ie are no tech' 

hairier., to wide, application ol s .-: u •ner¡.y to meet U.S. needs, ii..; p.nnl observed ihat the technnli :v oí terrees:' 

solar enetgy has b'.en bonnji' |.-. u- piceni limited state through \ery modest governmental sitppo". ,-.ml privaV '"• 

Looking ahead, the panel pointed ont that, whereas the cost of converting solar en erf y to useful lonns is now ;•• 

conventional souues, solar conversion will become competitive in the future due to incietsing poces of fuels an., i 
constraints on their use. 

liei .-ii' '¡ranni 

The Solar Fnergy 1'anel retomme.uli-d that the Federal government t il:c the lead in establishing ¡\ research and development 

program for the pi.n tical application of solai energy to the heat and power needs of the nation.  Among the foremost 

applications recommended tor accelerated study and development were the build'ng heating and cooling application,.   Hiev 

it was asserted, ".   . could reach public use within 5 years ,.nd 6 to 10 y CM is " respectively, given vigon.m ••. le-.e.o 

and development piograins h'steied by the Pedeial government. A main objective was seen as the development of eoTann: 

systems.  Later, those systems showing both good technical and economic promise should be continued into pilot plani -y.\] 

demonstration pV--> by V:.:. r<.:••..:! eo'.ernn^rii ami by inc'mtrs, ec.r-rdir g. to the Solar F.nerev Panel. 

By the time tlie $..¡.¡r Lneig;, Panel n.-purt was release! at the end of 1972, solar healing and cooling of building S-M';.. 

were already being undertaken at an accelerating rate, and the National Science Foundation recognized the urgent need foi 

the exchange of mfoiiiiation. This exchange was provided by the M neh 1973 workshop technical sessions and follow-up 

panel discussions of the broader aspects of solar heating and cooling. The technical sessions, which extended over the first 

two days of (he workshop, are covered by the present "Part I" o( the "Proceedings ol the Solar Heating and Cooling ior 

Buildings Woikshi p." Panel acs.mms on the thud day, which provided for programmed lnteiaction among researcher:, and 

architectural, immutai luring, marketing, professional-society, governmental, and user sectors, will be covered bv a future 

"Part II" ol the proceedings.   Hie agenda for the entire three-day woikshop can be found near the end of this document. 

Individuals who made presentai,ons in the technical sessions were invited to do so on the basis of their known a tivnv m 

the area ol vilai h ..ling .md cooling for buildings, or related :>,.tivine> dealing with:   Fnergy conservation in btiiklm 

insolation data, and l.n mm d.'\/ .pinents.  Considerable effort was d-o-tcd to obtaining a broad representation »t -,.!,; 

heating and , ... .hm- a-, tivm-,.  Otln-i particmants rrprcsentim;. t'u am ..-• cntioned arch'.tectuial, nianiifacturing, i ".i-  tisi:. 

professional vu,, i,, governmental and user interests were invited on a selective basis Willi the understanding that tinse 

individuals would also actively engage in the discussions. In all, about 100 participants attended the workshop.   A Ina <•' 
pailicipanis and then mailing, .-don -es is included at the end ot these proceedings. 

VII «T 



~ 

lin ...¡h shop wis mar lo. T t'y the ei.thusire. 'i o! ail paite'", 

arici !" tt> • c'operation o' pi ..-scliters in sub:,.:lung btict '.«. i 

sittii'i:,.11. s which dre contained n. this document coveruv; il 

,'.'-, tiy their w•.',!i.-;v;.\,s to adapt to impromptu pro/r ae.ming, 

i' •• i-ni¡i.ii i " hi; t.:i':lu.'atiuii.  It i. th- latter pre sei,: ,:ion 

.even technical se:, ions held OH March 21 and 22. 

Ih.- t • 11 •-• Loading:, of the 'Tic -ntation Summaries" appeaim   on the follov me p.^es contain ttir identification. "i,r,,nt," 

"l'i, ,o,i!," oi "Active." a.s an indication ol the status of t!,e wo.k at the tt'i,.' of the presentation   The term "A'..tr••.•" denotes 

in h.'iv suppoited work, work in a pre-proposal stage, or wmk being supported by an agency oilier tJian NSF. 

Aeconp mvmp each "Pic<eiit..tio:i Summary" appearing tin In Serons lA'H on me follow,! .• ;<\vs is a "l)i<v.u- OH" based 

on tlic t-ped transcript taken in the period lo'lowinp the pK'-ent ilion.  M iti ; ,at labelled "Paia; bra .cd Comineros n en the 

Ceneri! Discussion" appearini; at the end of the Sessions I, 111. and V, is h;.\,n on the taped ti.it. ciipt.  All slate": "¡its 

prc-ci,t,J as "Discussion" and "C.ieneral Discussion" are edited versions of t11 Verbatim transcript   Notations "{)," "A," 

mei "t " represent "Question," "Answer," and "Comment." respectively. Names of those individuals asking questions and 

making comments were omitted because extensive editing was employed. 
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