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/STATUS REPORT O SCOLAR ENERGY/

Introduction

Solar Encrgy has attracted worldwide attention-
both for traditional use in hoxne and industry, and
sclentific research on its annlications in modern uses
such as refrigeration, photovoltaic cells, and power
generation, According to an Adl.oc Advisory Panel of
the Board of Science and Technology for International
Development, Natioral Acaleny of Sciences, solar energy
offers significant possibilities to a developing country
for many reasons: it is widely available in adequate
intensity in these regions, useful applications of
solar energy are nov being made, energy is a critical
requirement to meet the growing nceds of these countries
vis-a-vis the fast depleting agro-mineral resources
and lastly because conventio»al sources of energy are
not widely aveilable, tost oif the developing countries,
including India, are characterised by arid climates, !
dispersed and inaccecsible populatio:, abundant labour ‘
and limitations on cepital, faced vith high investments
on conventlonal power ostabli menic and transmission
probvlems, The panel concludes ithat solar energy is a
resource that has the capability to meet cnergy require-
ments substantially beyond the applications now being
R-do, and this potential can be realised only with further

&,

A significant aspect of the subject is that most
of the problems in utidisaticn of solar energy are
"Energy problans", not solar and solutions to the energy
problems requirc consideration of alternative sourcos of
energy and the'r exploitatign. The whole approach
recoended by the Punct is thet of tackling the energy
prodblom as u whole tircaurh speciulised and a cohesive
ptudy. This voull epstle ~iece aont of the tota) nature
and cextent of onergy neeos anel Coveloprent of suitable
meant ant devices to exploll appropriate sources of
onergy.

Gharactoristies of Soler ;wergy
Bolar energ, 18 electro-uagnotic rediation from
Y e (the sun) at nr effoet {ve temgorature of about

000" . Outsidc the carth' s almosphet . the average
imMensity of solar ridlatio. 1+ 1, kilovatils per square
eter or & plane pertcirtic 1. o s A rection of Whe
Podiation, The mavisus 11t v ity Is sbout 1,P Ni)owatts
mv SQUAre mter: POT. Internity aciurs on the average
oheut one hal @ of the tine, Integratod dailly
m on & horidonta: surffce on good days in lov
1 8 40 6 tc B Bl wett hawrs per square meter,

Centd,, .. 8/
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" Phe result is a radiation intermittent and
variable in its availability, +ith tygieal clear-sky
intensity of a 1ittle over 1 killovatt 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 boum radiation which
reaches the recciver in a direct Tine from the sun, and
diffuse radiation which reaches the receiver after

eing scattered by clouds, dust, and moleciles of the
atmosphere, On very clear days solar radiation might
be 90 per cent beamj on cloudy &ays it is 100 per cent
diffuse.
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8olar processes snd Devices

Solar processes are based on either of two basic
concepts 1,e. of f1at-plate collectors or focussing
collectors., at-nlate collectors, as the name implies,
consist of flat, blackercd surfeces to absorb (beam and
diffuse) solar radiation, Transporent covers and back~-

, insulation may be provided to reiucc or control losses
i from the plate, On the plate, absorbed solar energy Ls i
18 converted to a desired form of energy, usually heat, ;
- and means are provided to remove that energy, usually as
‘ ‘ heated water on air., Flat-plate collectors are generally
operat-d in fixed position. Ponds or basins of water
used in evaporation or distillation are in effect
horisontal flat collectors, The presene upper linlt of
the temperature of operation of these collectors is
about 100°C.

The second concept is thot of the ww}}gc-

. The basic clcment is an optical device, @.g. &
parabolic reficetor, to focus tﬁc beam component of solar
; radintion on a rnccfmr ama'ler than the reflector,
The result is high r energy flux vhich allows ccllection
of encrpy At Liphov iempursturcs, Nnergy flux ratior
(1.¢. ratios of intensity of radiation on the receiver
to intensity of the bzam solAar (norg incident on the
optical sysgtom) my range from ? or at the low e,
to 10,000-20 060 at the high vange, At any but the )
lmnﬁ’. of these ratios, somc Ceprco of "sun tracking” -
‘ §s rogquir ¢ tn oriint o svetor to allow for the
ehanging dirsction of the iu-coming beam rediation,

R
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Al) practical solar onergy iystoms nov iu use are
based on MNat- late collecters, ' ¢ oily exceptions
are salar furnereces, which are in reality laborat
fmetrument, Materials, corts spd opsrat ional 331...
heve Wooun majur tifﬂeufna- ith focussing -ygton.
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i
1
i

R ot

S o R

[

e e A TR R s o

A R N I TR e s

3w

The intermittent nature of the energy supply
dictates that storage of collected energy, or of other
products of the solar process(such as pro&uct water
from a solar still), must be srovided if output from
the process 1s to be available during period of no
radiation.

A review of the present stotus of solar energy
application indicates that those recently put into most
widespread usc have been based on carefully eng ineered
equipment, usually factory produced, and in some casSes
for comrunity scale use. Small cscele application of
"homemade" devices has not been videly made,

lications

The applications(other then on spacc-crafts)
cngoying most success btolay are (1) sclar evaporations
(2) solar water-heating with factory manufactured
heators; (3) solar distillation on a small-community
scale, vhich is now in an advanced "Pilot-Plant" state
of development; and (4) solar drying, particularly of
crops, Bayond this there have bcen many ex eriments,
some enjoying a high degree of technologica success,
but their economic and soclal feasibility is doubtful
or has never been established, These experiments have
concerned spacc (comforl) heating and cooling, refrige-
ration and ice makingt desalting of water, cooking,
pumping of water, procuction of salt, drying, hot -air
engines, lighting, solar furnaces, horticultural systens,
growth of bacteria to produce methane, and photochemical
convorsion,

Salar Rvaporation

This has bsen a historical, traditional method of
obtaining selt from sca vator of brines, The basic
eoncept 1c siwple:  In aroas where evaporztion excoeds
ratnfall a shallow vond of briw 15 exposed, resultin
in evaporation of vater ami ul tinctely in crystaﬂisaﬂoﬂ
of salt. Solar evaporation ir uso? in nany developing
gountries- Indin, Pakistan, Mo 170, Colombia, Chlfe etc,
t i alno an i*asortam in‘ustricl process in the United

tates. Modorn Acveloprents heve been concorned with
fmproved pond consiruction and harvesting tochniques,

There appenvs to be 1ittle further rescarch on
Sreditions]l solrnr <vapor tion procosses that cannot as
well de done by the industiries uuuﬁ.th. process, The

estion has boon mede hovdver, that further studies
of "Sdar o night Yead to,improve selt produetion
ond W wets of power or 41etilled water,

mOQ.le
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Laboratory had carried out work in this area.
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Mater Hoating

This applic2tion has long bean used in southern
Florida, and has more recently bucn developed and
applicd in Isracl, Javan and Austiralla, There is novw
en established solar wvater-ncat r industry in Australia
with a preduction of about $ 1 million per annum. In
Niger production of solar wator-hcaters is being under-
taken, and small scalc manu’acture may be undertakzn in
several other countries, In In"in, the Naticnal Physical

The main elements of a solar water-heater arc a
flat-plate collector and an insulated storage tank,
Water circulates through the collcctor, is heated, and
is held in the tank for use vhen needed. 1In Australian
practice the absorbers (csllceters) for house~hold
scale use are tyvically 0.8 to 1.6 squarc meters with
a 300-1liter water-storag2 tanlk, optionally fittea with
a thermostatically ccntrollcd 1-kilowatt electric booster,
producing about 180 liters of hot water on a good day.
Domestic installations cmploy therrosiphon circulation,
which aloows ths water to recyele through the absorber
wichout pumps, but large comuacreial and industrial plan
delivering some thou=anis of litsrs of hot water per
day use forcecd circulation with thermostatic contol.

Woter-heater tcchnology ic vell established, and ;
the needed dcvelopment is lergely to adapt the technology |
to use materinls and munufacturing capabilities of the :
country in cuestion. ¥ot water for hospitals, schools
and other inctutitons, ard for faailities, could become
wuch morc widely available will these developments, The
naturc of eguipment is such .het it cen be manufacturad
in develcping countrics, and adrnting it to their
econditions scoems to ho streighi-Torward,

gplar Distilletion

This 45 a process nov in the "Pilot-Prant" stage
of devolopment, the basic acthoc being to sdmit solar
padiation througt ¢ transpatcnt .over to a ~hallow,
govered brinc hesin; water ~veoorcias from the bring, :)
and the vapcoiur condenscs on ‘he covers vhich are so
arranged that the eondunsatc flouws thercfrom into collee-
tion groughs wnd thonco intc a profuct-vu-ler storage
tank, Tho 1deu was first aspli ¢ at Las B8alinas, Chile,
tn 1872 in & plant surplylng coinking water for animals
weod 15 nitrote rining -ni transport, Tne Las Balinas
plant report-ily op ratod for 30 years, Wodern develor-
sents in solar distillation hove baun direetly at using
aov edtsrials an’d dotigns for conomical amd Zurnhla
senstruction, to reducs product vater cost,

G“Q....U
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"8olar distillation is us:d on a small comnercial
scale to sunply small towns and uectels in isolated areecs
in Australiz and small comwnitics in the liecditerranean
basin and the caribbezn, The nrocess must still be °
regerdzd as experimentzal, but small coivnanity-sceale
stills are nesr to extensive corrercisl application.
Durable designs have bezn develered in the Units States,
France, Spain, and Australia ~‘hich require little day-to-
day attention and operate witi ninimel maintenence.

I T T

PP,

In aldition some experinents have becn done on
small family-scalc distillotic units, for pessible use
on Pacific islancis and for emergincy use.

Designs are now nvellable for sclar stills that are
serviceablc =nd that can be uzed with a reasonable degres
of confidencs, Furthsr rescarch in this apolication
would in‘glve further adaptction of existing technology
to the specific needs of devcloping countrics, through
design modifications to allow use of locally available
materials and locally manaf~ctured components. Studics
of this typs could iuprove the cceromics of solar disti-
1lation, widen the sress in which it night be usaful, and :
thus contribute tn the solutlon of wetur-supply problems,
: : articvlerly for smoll communities in good climates. §

he Central Salt ¢ Marine Cheniczl Rescarch Institute has ;
carried out extensive work on *there.

i

Bolar Drving

A traditionsl and widesproe” use of solar energy
is for drving, particularly ol agricultural nroducts,
This is 2 proccss of substzntis? ccovomic significance in
many areas., Trhe customary teernnigue is to spread the
materiale to ke dried in o Liin laysr on the ground to
ecpose it to sod or retlaticn an? sind,  In rccent years
innovetions Leve becn adopteny | crticuleriy for frult
drying, in uhich fruit ig plec.’ in carcfully dezigned
racks %o vrovide controlled exptsure to sclar radiation
’ and win, ari Lo improve materiil handling., TImproved

process control end product ¢urelity have resulted,

other cxperimonts havs centered on crop drying,
ueing sither soY ar-hcet.? cir in worc or less conventional
adr drycrs, or a combinatica o dircet and air drying by
Yecing the mer -ri-1s to b “rie’ in flst.plate ecllactor-
ryers, Devalovpment of soler ¢ryine can corccivakly
bencfit frow further Cevoloumei t of colloctor-iryor corbi-
nations, and flat-nlete air hoetors and cnergy-storage
!;ltom te sunrly hot air to ‘ryxre, Design wnd control
oF thets yrocoases, for the -~artieular crops or othor
sptorials to %3 dr{sd, erc arces of resaarch Lthet could
Jead tc wore rrtattcu' apnl’2°tim in dovcloping ccuntries
' which emld rarult in improv:? tiliertion of faood sujplica

CwM....U
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Solar_process anplicstions in Bxoerimental

. 7 A1l othor solar processas et in experimental
.steges of devilopment and nevz not bger.used in
~ . @developing countrizs (ow lsevhore) of any basis other
© e 4han a< experiments, The presunt status of several
- processes and the obscryitions of some of the major
. problems ascociatod with thow arc noted,
.. e N er e . . . PPy L. - B LI e ¥ Oy T .

Space Heating oo et

POl e e UV S A
e i = -This is not a rrimery sreblen in most developing
.5 countries, but vroviding comfort-heating in some arceas
, wovld improve living conditions. Much traditional
i - grehitecture has evolved, in nart, to control or minimize
s ctemperature fluctuntions in the s%ruqturc. This has
e’ rheen. done by 2esigning opanings to control admission of
. .-i..solar radiztion and desipning th: heat capacity of the
ey o siructures of ‘mininize undasisable, low (or 1ight)
Y aetotemperature, - However “traditional. builcing methods
+":. ~heve not always boeun: olloves i fimes.af growing popula-
yimtdong, and there ere modorn scicntific developments thet
-¢av-be applicd to bLuilding desien to'control temperatursy
ifi-gomevhat under cextromes-of boil: high.and low temperatuy o
-: .- fhus space-heaving in developin~ countries represents
¢, alimited protlems, but onc which may be -improved the
application of well-established principles,
= Rescarch and dsvelopment efforts in solar heating
have been aimed almost entirely at applications in the
.7 temperaturc climates of jndustirislized countrics. About
o 15 experimental solar houses heve beon built and opera-
‘¥ed with the heating systom comprisced cf the collector,
& heat storage unit, and appropr ate heat aistributlon
“ and control systom. Bxtonsive economic studies have aiso
been madc, but are apnliceble to f.eveloped ccononies,

 8ola~ heating in doveloping arcas presenis a set
~of problems which have reccived relatively 1ittle attom-
. tion. Of several possi’la: epprooches, the first involves
. - design of the structure to utilize fenestration, shading,
{nsul stion, sclcctive paints ctc,, to minimlze heat

" needs, A sccon® approach is Uo icvisc heating systous 4

- that can operate with no uechanical cnergy for.fluid
tiréulntion, "~8ystens have b.en proposcd and studicd
. (e.gs the Altorkirch solar housy) uzing cnly natural
~eirculetion; therc uay he otrir vossibilitics worth
.« oconsidering fer anpliceifon *o sm2l) residences, A
"+ third spproach is tc adapt solar heating systems (with
. mechanical cireculation) thot hove taen developed for
. “-applicetions in developed oconowmies, perhaps for usce in
“lapge duildings, perticulerly L. urban ercas, vhere
thore are signi}icant anrual heoting loeds to be met,

Contd ....7/
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Alr-conditioning or Comfott Cooling.

. This process has received some attention
for anplication in temperature climates by operating
absorption coclers with solar heat; and other methods
may be possible. Those studies, almed primarily at
United States and ustrelian Application, are still
in early stages. Technclogical feasibnity apvears to
be assured; economic Ieasibility is now urder study.
As with space heating, there are opportunities to use
building design to increese comfort,

designine air conditioning systems for use in

developing nations again presents a different set of
problems, of both potential utility end design. It
hes been sucgested tha air-conditioning of factories
and of fices would significantly improve the productivity
of people working in them; and there is alco the
grOSpect of arplications To residences, There are also
echnological problems of system design for operation
without mechanical power, ani for solar operation of
other types of cooling processes. Building designs

to minimize needs for cooling may be productive. The
best methods of obtaining cooling with solar ensrgy

in developing countrins are far from cloar at this time,
“apd the imnediacy and extent of needs for ailr-condition-~
ing are not known.

The Central Builiing Research Institute hes
carried out extensive work in these fields.,

Splor Refrigeration.

Closely related to air-conditioning, solar
refrigeration is intended generally for }‘ood preserva-
tion (or storage of bislozical and medical materials).
Thore have been expariments in the United States, Ceylon,
France, the Soviet Union, and elsewhere on solar-
operated coolers, using absorpbidnncooling cycles,
most of which are aimed at house-hold scale food coolers,
or small-scale ice manufacture, A singlsa experiment
in Mexico with a solar-operated, house-hold-scale
cooler was unsuccessfil: the machine was cimple in
fts design but overly complicated in its operation, and
was not usable by the people for whom 1t was intended.

Thare are many possilh.e refrigeration cycles and
systems that car be consicered for solar refrigeration.
It has yet tn te estelizhed vhat may be the best scale
on whizh to operate solar refrigeration for developing
countriss; commnity-scale systems may offer advantages
of large scals, reduced sducational requi ements for
users, and (if approprinie) the possinility of distri-
puting ice to smallar wsers(i.e, house-hold). Thus

Contd....8/
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there are substantial number of open questions
regarding solar refrizeration, and the application

has the attractive nossibility of better utilization

of available food-stu’fs if refrigeration could be &

successfilly proviled.

‘Conversioa to Mechinital or .
flectri .al snerev,

Thisconversion remains an elusive, yet :
intriguing prodblem, “horm:l conversion systems using
heat engines and focuusing collcctors are one
approach; verhap$ the iost difficult problems are the
substantial diftiemltias of cost and long-term
oget«éatj.on of focuss ng collectors which hare received
attention but are far from solved. Another avproach :
is to use flat-plate collcectors with heal engines §
operating at lower te=nerature (and this lower
ef iciencies). Thire are experiments on solar power i
now under-way which are based on flat-riate collactoB. .

A tremendous invest:ient has been made in photo-
voltaic conversion process for use in space. The '
costs of th: convertors which convert solar to electr.u= |
cal energy, s nov very high by ordinary terrestrial i
standa.rds(}‘rom 100 to 500 %imes the cost of electrical ‘
energy from conventional sources)., In developing

countries thsre may,however, be apnlications in

commmications, which recuire power in very small
quantities.

The possible anplications of suecessful develop-
ment of econcmic solar-energy conversion to needs for
mechanical or electricsl energy are wide; for example,
pumping of irrigation or stock water and cooling by
mechani~al refrigeratfon. Therefore, several lines
of study, of a more lons-ranje nature, apoear to be
;}ustifiec,\, although the difficulties {nherent in the
problem must be recognized, First, more development
work on focussing collizctor systems and their materials
of construction migit be productive and should dbe
undertak:a. Second, studies designed to raise the Ty

ractical overatin? temperaturves of flat-plate collec- i

ors would, if success™l, help to solve solar powver
problems, Prove may be energy-storage and engine
rescarch vhich shoul¢ be coupled to thae collecter
stuciss. ‘hird, furt-or research and develonment in
solar cells might, in the Lon run, reduce their cost
and vwiden thzir arcas of a:plication, although the
prosvects of generating szlectrical energy at the same
costs as energy from cconventional processes is an
activity best carriad out hy very well equipped labora-
tories of industirialized country. Identification of

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

Solar j?éokir;,a

Tho apnlication appears to be simple in its
technology and signifi-ant in its advantages if it
can be successfully a-olizd, Bfforts to design and
introduce successful scl-r cookers have been carried
on for many years, wit' cookcrs of two types. One
is bascd on concentrating tho solar energy by a
reflector into a cooking vessel, and is the analog
of a surface heating unit. The other is a solar oven
which devends on some concentration of radietion, '
combined with the green-house e¢ffect, for trapping
heat within a sma’l snace in which the food is placed,
Bot): approaches have becen developed to a dngree of
satisfactory technicel performarce 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 accentance
of these devices. After en initial period in which
somec degree of utility has been shown, the users
- revert to thelr traditional methods of cooking.

. Bolar cookers denend on focussing collectors, and
their successful long~term utility willddpend on
solving thc materials and operational problems of
focussing collectors- as vell as the social and econo-
mic problems that have deterred acceptance in experi-
ments to date, It is possible that energy-storage
or heat-transfer techni-mnes to permit indoor or evening
cooking might help solve Some problems of soclal
- acceptance,

Biological Processes,.

Conversion of soler cenergy to useful materials,
foods, or fuels in a Senss represents an extension e
of agricultural practice., Study of algae growth has
been doing on for some yecars with limited proiuction
in Japan, Vater hyacincth has been proposed as another
plant having relatively good abilitv to use solar
radiation in photo-synthesis to produce plant materials
and sca-weeds may represent other possibilities, The
resuliing plants could provide fuel( directly or
throuth eruentation to produce methane), useful

protelin, or plant fibre, :

Cmtd.....lo/
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York in Indis . g
Considerablc reseerci: and d'evelopment has been
carried out in Indie in the following institutions,

- Some feasibility studlcs have also been reported
from Central Mechanical 3Bngineering Research Institute
and Tata Rcsearch laboratories, Jamshcdpur besides
National Physical Laborzcory where work on solar

/Laboratory vhere heaters was carried out and the Solid State Phys 1054

“solar cells have , .
been doveloped. 1) central Buildin
Roorkee.

The main activities on solar energy at
the Central bBuilding Research Institute, Roorkee
centred round :

1) Analysis of solar radiation for
Indian cities, .

j1) Design of flat-plate collector.
1141) Domestic solar water heater,
iv) Large size solar water heater,
v) Low cost solar water heater,
ﬁi) Solar air heaters,
vii) Solar space heating.

Analysis of Solar Rodiation .

For a correct assessment of the feasibility
of using the sun's energy, it is necessary to know
the total radiation on the earth's surface at
thot place, Data for dirvect solar radiation for
all Indian latituces for assumed standerd atmos-
pheric conditions of 2300 dust particles per C.C.,
15 mm of precinitabie water, 2.5 mm of ozone and
at a atmospheric pressure of‘ 760 mm of mercury,
have been computcd and are given in a special
(priced) publiczation of Central Building Research
Institute, .) :

The Institute has a meteorological observa- -~ &
tory where they record hourly values of total and :
diffused solar radilation on horizontal surface
the average hourly rainfall, hourly values of &ry
and wet bulb tewperetures, maximun and minimun
temperatures of the day, ground temperature at
a depth of 40 cms and 86 cms, averags hourly wind
speed and dircction and atmospheric pressure.

cmtdu-.lll
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Bolar raciation on verious plancs for
all tho oricntai!ons are measured under various
sky conditions (ovorcast and clcar) end are
‘. oomputcd with .hc computed values, It is
observod that even undor overcast sky conditionsa
the usual assu-ntion of isotrophy of sky radia-
tion is not valid,

' A metho! hes bean doveloped for the
computation of average hourly tctal and diffused
solar radiction on horizontal surface from the
actual measurcd sun-shinc hours data which is
availaila for aboui 10C stations,

Resigicef Mlat-plate Codlaclal

A flat-nlate solsr encrgy collector was developed
and is optimized tc 1ive maximum efficiency per uni
of cost. Expresciorn feor various paramoters such
as plate cfficiency factor, hoat romoval ot‘r{ciemy
factor, cffective transmissivity absor tivity product,
overall heat loss co-efficient from coflcctor plate
to outside air, ctc, vhich effects tho performance of
the flat-plate collector, are derived,

General ized verformence curves for various
configurations and operating temperatures of fNlot-
ate collcctors for a number of Indjan citites are
obtained, Expressions wre also dorived for arriving
at optimum absorbcr sime for various phaces.

. A formula for thc optimum tilt of flat-plate
¢ollector which tak:s into account, the diroct ad
diffused solar radic~tion and also ehc variation of
transmittance of gless cover with anglo of incldence,
is derivcd,

Romestic solcy water ncater(l40 litres capacity).

A thoorctical wo. el for predicting the thermal
n;rformnca of natural cireuwlation type sol ar vater
ater is developed and validated for clear as well
as cloudy weather, Wit thz holp of this model, a
prototype solur water heator(140 litres enpmi‘ )
capable to mect the rcquiremssmts of an average {ndum
fami'y of five persons is duvoloped and its performan-
c¢e has bacn studicd for a numowr of years r sctual
conditions wit:: differont drav-offs during the day

time. The heator is licanced to the follovwing two firms:

w. 1111“,
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8. Oolar s¥ills for distillation of sea Or saline
Sater to ~rod ice ~ure vater, thelir spesial
apolications and ocost entinate.

ST S AP

In neture, o'in. te the heating i th the incident solar
energy, ater L ogea -, laker and rivers is eva omated ad
the varoure are carcied oy ftad Lo the regions sufficlertly
.a‘ v cre ﬁ;@*":g’ﬁtﬂ ~pa 11 « In ra nfall, This pheno~
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o avel 18 collseted In the chawmels provided at the lowver
olges of the suver,
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mmerous experiments in di”‘ercnt countyies and during the
study in this Institute.

Pidet. FPlant. stydles

In India, parts of fujarat cnd Rojasthan stotes have very
dry and hot ciima‘ma axd thev heve cbun’ent saline water
resources. With thin ponuietion there the rcquirements are

lov and teciniauo o~ solur stills 1s suitable Zor meeting

water ncods in such isclzted aroas. This Insi” tnte started

work on doselinatfon in 1964 ond priority was rnfven to tho

work on solar stills. Laboratory nxperinents werg done uvsing
smaller unite »f surfee areas of 0,36 1.2 (3.4 £te). A solar
sti11 witl a surface ares of 3.21 n2 (34,5 £t2) vith a: angle of
10° was gnbric:tul and vitn this s1111 productivity of 4.9
Jitres/m”/day (0.1 gallons/ft2/day) ‘ras obta'ned. After tiese
experimonts, need vas felt for coastiueting pillct lant to
study ef!‘nc!: of a4 °ferent desi;n veriables as denth and cover
mtles and also to study the possibility of use of indigenous
nateriales.,

The pilot plant set up by the Institue has 10 stills ¢
oovering an arec of about 350 me (3760 ft2). The stills with
longths of 16.75 m (55 £t) and widths of 2,36 m (7'=9") and
1. :mgﬁ'-ﬁ") have boon conctructed having denths of 1& ons
(6») 30 oms (1 ft). Two smaller units with lengths of
4.9 m (15 £t) and widty of 2,36 m (7'=C") with a surface
. of 10,1 n2 (100 ft“;) and depth of 5 oms (2") arc set up.

vs used arg 109, 15°, 20° for syretrical stills and

=90° nd A°=40° for wnsymnetrical stills. Conddering the
lé:\liuhﬂity of these units on large scale the operation has

7
Lo

ven a gocd ex erience and it is observed that lengths of

78 m (6 1t) are quite swtable and glass cover anjle of
800 §8 hotter fro: yleld as vell as naintainanee point of view,
fo bring dovm hic. - ges of glasses, 1t is seen that widths less
than 2,3 n (7-0") are convenient. The plant is now dlsmantled.

Plastics can alsc be used in nlace of glass. But the
presently availalle nleast!ce in India namely (1'VC) nolyvinyl
chloride and po) thene are not suitable for the purpose because
of their very short life and thorefore ;lass is the choilco.

In order to rind out relationship detween production and
ineidont molar radiution, Piinciral Radlation #tetion has been
set up vite the hein of Indian lleteoorologioal Observetory and
the dcrta oollcoted at the station has lolped in ecorrectly
arriving at ther.al officioncies of solar stills. Data
so0llected for cic year ut itne rilot vlant siaoved that tihe
amnual avernge efficicnoy of energy utilisgtion is about 304
vhich means trat at places with cal/on day as annual
average productivity will be about 3 litrea/i¥/day. The
metmsy vill e idgher {in sumor and lower in vinter ..
| ]




. 'fhe quality of the vroduct water 18 as good as distilled
water and the cost of (distilled) water from solar stills is
negligible when compared to the market »rice of distilled
water. Thus there is a nood scone for these stills to funct=~
4on as distilled vater units for laboratories and experimental
.stations. Also petrol pumps on highways can install these
uanits and can supnly tnls water even free of charge to thelr
custoners as the cost of this distilled water in no case will
exceed a few peise/litre. Institute nosscsses designs for
poth permanent and nortable type of units for this purposes.
A solar still vith a cepacity of 80 1itres/day of dlstilled
water was constructed on the terrace of Baroda Engineering
Rescarch Institute fcr routine use in 1968 and it is perfor-
ming satisfactorily.:

Looking into the groving popularity of solar stills for
supplying distilled vater in cuentities of 5 to 10 1itres/
dﬁ a unit was fabricated and tested, In construction of
ghls unit matericls 1like wood, asvestos cement sheets, alu-
minium tee, aluminium channel wvere used as shom in FigA.
_Por bottom a thick black polythere film soread on insulating
layer vas used as liner and veter denth of about 2 Lo 3 cms
was maintained. The unit nas outer dimensions of about
(8 £t x 4 ft) 2,45 m x 1.22 m having an average cspacity of
apout 7 litres/dcy and glass sheets are fitted ai n angle
of 20°, In the unit operated in the laboratory the plastic
f11m lasted for more thean one year. Teble 1 1ists some of
of the units supplied by this Institute for obtaining
distilled water and all of them are renorted to be glving
satisfactory service., In this unit it is necessary to chenge
the plastic film once in a year ( if reguired)and to see that
all the joints are properly saaled,
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A survey vas undertaken to find out the water reguirements
and the cost of water supply in salt woris in the arid regions
of Saurashtra and Kutch which indicated apnlicability of solar
stills for salt works vhere they have to spend as high as
Rs.11/m3 (Rs.50/1000 gallons) yhereas the cost of water by -

~ golar stills is about Re.4.4/n3 (Rs.20/1C00 gallons), moreover

the discharged concentrated brine fron solar stills can be
rocessed in the salt works for salt production. This Instl-~
ute has preparcd sulteble designs of solar stills for the salt

works .

The applicabillity of this tecimique is best sulted for
arid regions wherz the stills will produce water throughout
the year without much interruption. On cloudy days the
productivity is lov. But clean glass covers offer a good
gurface for ralnuater collection., Thus 1f prorer provision 1s
mede for meking this water {lov through suitable channels and

. "4f sufficlent storage 1s provided, this collccted rainwater
~ will not only give additional vater for usc but also improve

the cconomy of the tochnigue. 1In the normal design, a
provision 1s mace for such rainwvater collection with a 1limited
additional canacity to store water. Such combination of ralin-
fall collection and solar distillation has advantages oOver
elther onlﬁ rainfall collection or only solar distillation.
Places with rainfall distributed throughout the year arc better
glaced for the combincd unit than those with heavy rainfall

n a few months ever{ year. Such combination has a possible
aprlication for lighthouses.

Department of Lignthouses and Lightshins, Ministry of

Trnasport, Government of India, spends Rs.77/m3 (Rs«350/100
allons) for supnly of water to small growp of workers in some
jghthousess Normally on all tne 11 #zhthouses, rainwvater 1s
collected on the flat roofs of the staff quar%ers snd 1s
stored for use. But due to insufficient storage capacities
water shortago is folt. Construction of sclar stills direc%ly
on the roofs (using roof slab as the bottom of solar stills)
glightly affects the rain wator collection, but gives a
continuous a source of vater vith solar stills. The solar
stills according to Institute's design have been constructed
and put into operation since August 1968 at Navinar Lighthouse
near Jamnagur. These stills have & surfacc arca of 57.2 ne
(615 sg. ft) with production of 130 litres/day. But these
gtills vere not constructed on the roof to avoid risk of.

affecting the slab due to corrosive sea vater and somewhat
heavy structures.

gtarf at the lighthouse maintains a record of the outovut

and their department has been kind enough to supnly dats to
us. Comnlete data from the begining upte December, 1970 was
sent by them and is plotted in Fig.5. In 1965 the daily water
oousumztion values vere also givon for a few months and from
that it seems that their daiiy water reguirement is met
;E?gugh golar stills. Departnent has also expressoed satis~
hu: jon about the performance of tlie stills., The lover outnuts

e beon attributed to the leakagus in glass Jjoints. i
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Normally estimates will vary vith types of stills cons=
tructed. Generally for all estimates, efficiency of solar
energy utilisation is assumed as 30% and with the value of
average annual radiation intensit'{! 4h. caleulated nroductivity
4s taken as the tasis for calculat.on of surface area required
for solar stills., On the basis ol the cost of construction
(per unit surfece area) of still having facilities of raln=-
wvater collectlon and adequate facilities to collect rainvater
and having a vater supnly tenk, total investment is calculated,
fwenty years' 1lifc end 49 rate of intercst are assumed to
amortisc thc plant. 1% of the investment is taker. as
operation and naintelnance charges and operating labour 1s
taken ns one unskilled labour permanently nloyed and an
edditioncl 100 nan-days per vear per 920 m (10,000 £t2) areas
It is also assumed that BOZ of 30 cms (12") rainfall 1is
::lhcted end this quantity is added up in the total produc-

on, . :

As mentioned above, the solar stills are suitable to
meet the needs of isolated smell comrmnities not having any
source of notable water and pover. In order to assess the
advantagos of solar stills over the conventlonal piping system
specially laid to sugplg very small quantities, certain
ealoulations vere made by us vhich are shown in Flg.2. It is
evident from the data that even though the cost of water by
polar stills is very high, it has advantage over conventional
wh\g systam provided the fresh water source is more than

kme. (15 miles) avay fronm the point of actual use and the
Mlg recuirement is less then 22.25 n3/day (5000 gallcns/da,g)‘.
The data is plotted on the basis of costs existing in 1966-6
end since then the prices have gonc upe The ostimatczad cons=
)mtion cost of solar stills in 1966-67 uas Rs.55/m2, (Rs.6.06

) wnich 18 nov about Rs.20/n2.
Daaim, sonsideratlons

fwo types of constructions havo been adopted in desi=

gning the basins of large solar still plants. One type .
rrwides for a single large vater basin covering the whole
still aroe (i.e. pond tyne construction as adop%od in pilot
gmt of Officc of Salinc Water (0SW), U.S.A., at Daytona

ach and at Las Marinas in 8nain). !:n the o’cher type, the
distillation plent is divided in nany units with varying
}mxthl but having restricted width (bay type construction as
n Australia, Groece, etc). In the pilot plant constructed

this Imtitute, sacond tyve of construction was used as

s plant vas neant for exverimental studles. Pond tyve
oonstruction works out cheaper then vay tyve construction.
#t111s at ilavinar Lighthouso are having pond time construction.

.3 shovs ti.c ~onstruction details of the pilot plant at

s Institute.




Tn the initial construction, glass to glass joints were

sealed by cotton adhesive tepe \-rfmich worked satisfactorily
or about an year. Thesc werc replaced by Tarplastic
 manufactured by li/s. Shalimar Tar Products Ltd. This material

18 cuite sultable. L

Other problems faced in the operation of solar stills
were regarding devosition of si1t on the bottom (but this
can bo considered as local problem at Bhavnager) end growth
of algee. But they are ninor in nature.

Basadon the expericnce zained on the nilot plant}of solar
stills (now dismantled) following conclusions are arrived at
for permanent installation. g

In the absence of aveilabllity or butyl rubber shects

at reasonable price in the country and short lives of Qute
impregnated esphalt mat liners and Plack plastic film (thicker
ones) it is nccessary to adopt complete concrete or trick
.masonary flooring sultably plastered and coated with black
asphalt coatings (these are nov introduced by M/s. Wassix
Ehgincers in market) for bottom of solar stills in permanent
installationse. 1In the pilot plent width of individual still >
vas taken as 5 ft end B ft. “This was found to be larger

for 3 mm. thick plasses perticularly with lower cover angles.,
Hence this is now reduced to 120 ems (say 4 feet). 1In the

pilot plant pre-cast itcms vere used for top ridge, botiom ’7
suﬁorts combined with rainvater gutter and ridge supvporting :
gi ars. It appeers trat their long life can only be assurcd !

y better workmanshin and proper precautions taken during

casting. At times these items coused difficulty in glass

fixing as was expericnced in stallation at Baroda. In the

pilot plant the boticr supperts combined with rainwater

gutter were made out of brici: nasonary for two solaxr stills

and they vroved to be equally.-good. Due to availability of
suitable aluminium 'tec' scctions end angles, in the new

designs they will be adopted as centrel suprort and glass
supports et the end walls, Concrete plllars vill be renlaced

by wooden pillars on Vhich Ceatral 'Tee' support will be

fixed. A1l these modificatlions are incorporated in the nev
design and complete details are srepared for a unit of 26 :
1itres/day capaciiye (;),.

. on examining the revorts on verformance of varlous large
scale installations we find thot vapour leakage 1s one of
.the major and most importent problen afiecting the perforna-=
nco of soler stills during:ts ojeration. Use of silicone

. . sealant in Ausiralian solar stills proves to be a solution
to this nroblem. But its alostion in Indla is difficult due
to high cost. One has tc continue using asphaltic sealing
materials and inspecting and maintaining the scaled joints

at regular intcrvals.

The product vater 1s very pure ;md the productivity of
this techmique is nearly indeyendent of saltpcontent oryraw
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‘feed vater. To drink tasteless uater 1s dirficvlt snd it 1s
necessery to edd sone salts to nive taste. prinking water
*gnecifications limit sall content or 7-8 (totsl dissoly
solids) to pe 500 prwu and accentable maxiium 1s 1000 nune
Thus if this technigue 1s used 1o treat saline water vith
salinity very mueh less trhan thot of sea water addition of
raw vaier to product water 111 glve additional smount of water
quite sultable for drinliing ~urnose.

with all the exnerience gaines, this Institute is now in
a position to give su’table desijnus for combined systom of
rainfall collection with sclar distillet.on or alone for solar
distillation for production o” (rinking vaver Or ¢istilled
waster for verious capacities, In future designs, nov ideas
will be incorporated.

1imited to about 22.5 m°/day (5000 gellons/dey) to mee
quality drinking yater needs in many villages. The villages

" lack in skilled labour but the technicue 1s very simple and
solar stills are easy to naintcine Although dve to high
gnitial investments tids tecmlcue does not offer inmediate
attraction yet on the vhole it mav be economical in many areas
where concarned cuthoritles have 1o shend huge sums for
roviding the vaters. One alvays considers the cost of nroduce
zion of the water by the tecimlque but forgets nany a times,
travity of problem of water supply and what is actually spent

- In case of bed nceds. It is pertinent to mention here that
this technioue is widely vsed for supplﬁi.ng voter in Australia,
in Greek islands, Spain aud Tunisie. 7his 1s because in
Australia in many regions they 1ove no other method suitable
for those regions o supnly vater end 1f they will not do it
those very hot and arid regions (Western and Southern Austra=-
13a) will not develop cven theugh they ere rish in nincrals
(for exesrle thore cro gold “qinos in Westera Australia). In
desertic regions of Sahara in ™irisia vhere vater is so
scarce thet sucll dools, after telas, on {l1e rodds are sources
of veter for daily use vho will rule out solar distillation
as & soluticn with ell its simplicity witain the reach of

_unskilled persons. Under such g tuations naturally cost of
water 1s a minor consideration. In areel: islands and in 8pain
(at Las larinas) Govermaent was sheniding quite u lot for

The meximun canacity of individual vlant 1s 11k91{ tzogc
z

supvlying water threugh shipc, ow althoush the cost of water
gorstgﬁ nstallstion at Les Murinas werks out to abtout
8,0,0/M

(*F£.60/1), this is nuch below the cost incurred by
government vreviously for sumnlying weler. Creek and 8panish
Goverients heve declded that the communities using vater

from such insteliations will only benr the cperation

and hence hebitants at Las lerinas nay only Rs.l,
(r.0.75/1:3) . _ R Y Rl 1:3/m31

el1f = Rs.1.5

of
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(d) A protot:me machine to produce ice in blocks will be
suitable for commercial sale to fisheman, butchors, dairy-
men otc., Buch ¢ naciine vould raise incone presorve food in
tho unelectrified rc;ions of a countr . The nover source is
evidently sunshire. Por ice produetion, the best syste: scems
to be solutions of sodiwm thlocrcnate in 1iouid ammonia.
he physico-cl.enical characterisi’c and enj;ineering data
heve been develonec, For a machine of 75 kg/dax of ice, one
skillod nersoa is enougn, end the cap!tal e:men iture is
about Rs.4000/=, locally svailabie naetericzls can b2 usecd.
Sterile vator “o. drinkinr comes cut us by-nroduct. The
coefficlen. of performance of such a nochine is about 0.3
wnder conditions ol AGOC ambiont.

(e¢) DNevelo~nent of sclar eir engine 18 of considerable
interest cnd imnortance for irrigetion providing energy to
small scalc idustries vital to tho regeneration of rural

0 INOmY .

Bxploratorv studiocs indicate thct e good arnroach is

nany focussing collectors of sav 6 feet in diametoer
and small stirling hol air engines of 0.2 XW power. A 6~foot
‘mbolﬁc mirror ca: intercent 2% XW of solar radiation and
eliver ' KW of heat to a small target. It ma crate a
stirling ongine at 15 n.c. efficioncy, giving abou 0.2 KW
of mechanical pover. Tive such smell engines, and focussing
eollectors costing :bout Rs.2000/- could produce one KW of
mechanical nower.

(4) Adr-inflated, controlled environment "Green Houses"
vherein dcsalinised water is used to provide arid zones with
fresh vegot-hlcs, At the Bvironnental Resecrci Lavoratory
of the Universi*y of Arizona in Tueson, crops are growm in
eontrolled onviroment air-inflateC plastic Green House in an
area of 4 x 4600 ft. Such crops ~re tonato, cucumber, redish,
spinach, oarrots, squash, esg ?h:xts, nenpors, lettuce
cabba e, dbcot cl!vill, wrptor rrelon ete. Contro{ of hurri&ity
to almost 100,% 1L it 18 by the use of deselinised wetlexr for
the Humidirication~Cohumidification plant indiceting indigen-
ous develonment of this technicue of deselination ond control
of eerbon dioxide 1t 1is frow tile exhaust gas of generator.
The orops arc socoded dircetly into sand. The basie approach
has been to vaide vater and green vegeitsbles end scme
fruits for the arid regions. %he larger scile Puerto-Pencsco
(Nexieo) Oreon House, dosisgned on the basis of Arizona
experiments is in oi)orti;ion since quite a fov years producing
verious vogetanles In tie arid region. The nicely pgalt.‘.o

ecoverinzs of the Greon Houses, apart from maintaining eonirol
of mumi ty! carhon dioxido etec. also shields the plgnt: from
and light, sandstonis and insects, Rocently,

extrene her
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the resulis of tho cy:gerimmfs and experience ha:vo been

extended to the Shaikhdom of Abu Dhabl, a highly arid
region of the Arabien Poninsula south cast of Kuwalt and
the stete hes started producing much exnected green
vegetables and vater required toore. The ratec of

* production there is soon ~oing to be enhanced.

Buch tyme of "Green Houge" has %ot immense possibi-
1ities in some of the arid rogions of India. More basic
data are roquired for Indian condtions. .
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Roger N. Schmidt, manager of Honey-
well's solar cnergy programs, describes
progress to date. A trough concentrator
focuscs the sun's energy onto a coated heat
pipe, which transfers the therinal energy to
one end with a thousand times the effective-
ness of a copper bar. The heat is used to
generate steam for electrlc power produc-
tion or is storcd for later generatlon of
electricity. Each 40-foot long, 10-foot wide
collector is a slnglc module which lends
itself to volume production und can be
caslly placed and maintalned In the solar
fleld. Computer slmulations have verifled
technlcal feasibllity of these collectors—
the key element In the solar power system.

“Therefore, englncering efforts have been
directed toward questions of economic
feasibility,” Schmldt continues. “For ex-
ample, there were serious concerns on the
avallability of suitable surface coatings for
the concentrator and receiver. Under the
current program, concentrator surface
materlals arve being tested In Florida,
Arizona and Minnesota. Preliminary re-
sults have been favorable.

“Honeywell has made Independent cost
estimates for a solar steam generating plant
to be bullt and opcrated late In the 1680's.
Our estimate of initial cost in 1973 doilars
is approximately $1000 per KW Installed
basced on present materials and on volume
production technlques. 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 foresce that the
corresponding costs of alternate systems
with their environmental controls will in-
creass significantly by the late 1890's. It
is also possible that the $1000 per KW
estimate may be lowered through addi-
tional engineering development and new
volume production techniques.”"

Photlovoltaic process

Photovoltaic conversion is based on use
of the photovoltaic effect on a semi-conduc-
tor such as sillcon in devices which are
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TOMORROW—This experimental solar heating system is being installed in a mburtgcn ;
Minneapolis jumior high school by Honeywell under a National Science Foundation
contract. When operational, it is expected to save 12,500 gollons of fuel oil annually.

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

Harnessing the wind

Solar energy sustalus tle winds. On an
annual basis, the wind, are remarkably
repeatable and predictable. It is calculated
that the power-generating potential in the
winds over the coutinental US. 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 aystem for largescale
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 10¢0s a 1300-kilowatt wind energy con-
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Between the Troplcs of Cancer and |
Capricorn, where the intemsity of incoming
solar energy reaches its peak, 90 percent
of the earth's surface is water.

The Gulf Stream carries 1000 to 1500
million cublc feet per second of near tropi-
cal sea water through the Gulf of Florida,
in a stream shout 20 milea 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—around 2 percent—
and the cost of such a facility is expected
to be about double that of large conven-
tional power plants. A collection syrtem
of units moored on one mile spacings along
the length and across the breadth of the
Gulf Stream 1s thought capable of an an-
nual energy production about ten times
the present eleciricity generation in the
United States.

Feasibility shown in 1920
The proof-inprinciple of the generation |
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Solar Energy: Conversion and Utilization

by DR. ERICH A. FARBER

Professor & Research Professor of Mechanicai Engineering
Director, Solar Energy & Encrgy Conversion Laboialory

Universily of Florida

W|desprcnd concern wlth our
energy situation and crisis, and
what mecting the ever increasing
demand of this encrgy docs to the
envitonment  through polution,
prompted the writing of this paper.
1t presents the over: alt activilies of
the Solar Lucergy & Encrpy Con-
version Laboratory of the Univer-
sity of Forida rather than the
technical details of one particular
fnvestignition.

The laboratory has looked nto
old methods of converting sclar
encigy into the forms of encrgy
needed, has used the present state
of the art, and has pionecered in
many aroas of solar encrgy utiliza-
tion.

It 1s obvious fromn all surveys
and repoits tha) we are using our
fossi) fucls at a tremendous and
ever Incrcasing rate so that in the
not too dislant future these sup-
plles of cnergy, so vital to our
present growth of civilization, wilt
be depleted. For this reason it is of
utmost importance that we ook for
other more permanent sources of
energy and Jearn 1o use them
Lefore he dire need arises. Solar
energy s 1cadity available, well
distiibuted, incxhaustible for all
practical purposes, and has no
pollution effects upon the environ-
ment when converted and utilized.

Our picsent usapge of cnergy can
be conparcd to u faniily or group
Iving off their si.vings, stored in a
bank, ind being steadily depleted.
This process cannet fo on very
long unless ome  “income” s
added to the savings

In the ficld of energy the most
sbundant “incoine” is solar enerpy.
This Inconming energy was, usually
In very In-efficient processes and
over millions of ycars, converled
Into our fassil fucls Vith these
savings rapidly dissppearing we
will havic to lcarn to use this in-
come, I the form of radiant
encrgy, directly by converting i)
Into the forms of encrgy needed.

This convession from sclar en-
ergy Into the desired forms should
be done In the fewest possible steps
snd along the most ditect soute.
This procedure will insire  the
most elficicnt way of doug this
and will keep the equipiment’ nie-
essary simploat '

Solar encrpy hus tertain charac-
teristics. It s stitermuttent, only
qvallable dusing tice day on a par-
ticular lucation on the surface of
the carth In speotral -character it
approximates » black body source
of  abouy 14,0008,
gascous layera of buth the sun and
the carth atmu:phicre

W arriver‘on the surlice of the

Lacth both os direct_ radiation and,
- diffuse radition The furnuer pors

tien can be cymwuuled of dosive
shle. :

.JU“(]’).J .

tmahfivd by .

A knowledge of the specific
propertics of materials under solar
irradiation will then allew the
collection and, or concentration
ard absorption of this encrgy.

If night time operation or opera-
tion during bad weather conditions
IS noecessary  or  desirable  the
storage has to be provided. For
many applications this is not nee-
cssary. The encrgy could Le stored
In conventional manner as poten-
tial energy (pumped water, etr.)
as heat in hot water storage tanks
or rock bins, as chemica! ¢neigy
utilizing chemical precesses, the
tatent hcat or heat of fusion, etc.

In other . ords the technology
has been developed to convert and
utilize solar energy, the economics
and sociolegical acceptznee  has
still 1o be worked out in many
cases. These problems vary from
region to region and thercfore take
on a local character lo be worked
out by the potential users.

To be most ¢ffective, iocal mate-
rals should Le used in fabricating
by local mcthods and labov fitting
the economici and habits of the
local civilization.

With this introduction of & gen-
eral nature the paper will now go
into somc of the work done by one
group and the best way to do thisis
to take you on i tour through the
Solur Eunergy Usbwratory of the
University 21 orida in (he United
States of America:

Ur Solar Encrgy Lavoratory

The University of Florida Solag
Enerpy Laboratory ' Is one of the
largest laboratorices of this kind
and a tour thigugh it will give an
ideae what such laborntories look
like and the kind of work which is
carricd out in them. The work
carried out at this horatory is
supparied by work and prrsors all
over the world aud pripey eredn
shoubd ne ‘given to them  Fig )
presents the entrance, within the
fate to the laboratory and two of
the four. buitdings.

Stepping  around  these’ two

baildings ane can soc some of the.

cquipinent of the lubordlory which
will b discnssed in more detait in
the paper ond the foleviang illas-
tratluns, Fig. 2 shows: thix vquip-
ment with engines of v jous types
in tte furcground, behind them
cullectors  and ™ concentiators  of
various types. On thie left of the
pretuse are a snadl solar air-¢ondie
tioaing systenm and two solat watir
heiters, & solur atill.apd parabolc
concentystors. Further visible are &

“aldle power plint, a solar suld; the

solar furvaey il rolin ealetinetes
to isvestigate. the sebal propestics
of materiuls: In (e backpcound
partinlly vistble is o five ton salar
sir-conditioning equipinent. -

‘
.

Solar Propertics

The first step In utillzing sobar
encrgy is 1o find nuderials which
wil) withstand the ¢xposure neces-
sary In the cquipment to be built.
To do this we tuke some of these
materials und exposc thein under
rether acahistic operating condi-
tlons to the veeather and the sun,
Fig. 3 shows different phastics ex-
posced (o the cnvironment,
stretched over cans which  arc
filed with water or sand or wet
sot}, cte. I thiese matenials deterio-
rate after a shott time the inves-
tigation is terminated.

Those materints which, however,
withstood this exposure test satis-
factorily arce then anvestigated in
our Solar Culorimeter as to their
reflection. nbsorption and trans-
mission charactenistics under actu-
al sobor wradution,

The Sobar Calorimeter, Fig. 4,
can be oriented into any desired
position, it can be made to follow
the sun, it can simulate severe
winter  concditios or extreme
sumnier envircainents. iis further
instrumented  wvith many, many
thernmoconples to be able to obtain
complcte heat balances. This in-
strument, the only one of its King,
it constantly used to investigate
new  types of materials such as
glasscs with tinling or coatings,
laminated glasses and plustic ma-
lerials, wvenetian  blinds, ther-
mopanc windows, plastic bubbles
for aircraft, frbric used for cloth.
ing, curtains  and draperies,
water cooted venctian blinds, ete.

With the properties determined
a sclection can b nade to obtain
the best results in any desired
application.

Solar Water Heating

In Fig. §, five different Nlat plate
collectors uscd for \cater heating
are precented. They consist of a
box with glass or plastic covers
(one or more) with a melalic ab-
sorber clemneat inside, which con-
taing the water. This watec is
circulated to  the small wawer
storage tanks shown above, These
absorbers cin be compiared with
each .other when exposed to the
sun under identical condijions wnd
for the samnc tength of tie.

Seanie of the wbsarbers have
conper plates with copper tabes
soldcred into thain, other's are two
fiat plates riveted, crimped or
welded wogethor. The most efficient
unit found consisted of two thin
flat coppec plites fastened topether
on thie cdoes and providing a water
space of about 13 inch, with one
plass cover and onc inch of styra-

formy insulation behind the plates.

2o plastic materials were found 1o
be s goud ne ghass since nenc of
the ones we could find hod the
charactenstics of ghess, nuncly fet-

ting through the- short wave radia-

tinn but aet the long wate raiia-
tien. This claaracteristics of glass

ullows i to be vsed i Ihe design of

o solar Grip.

< Hg 0 preseniza ly;'»inl Florida,

Solar Water Heater, 1 conunsts of a
shtet metal e, 1 feet by 12 foot,
covered by 2 diyer of glasa. Ynside
the box ‘Is » cupper sheel with
copper inber solthived to M In

sinusolda) configuration and con-
nected ta an 80 gal. water storape
tank. This aysteny, rather conunon,
is faund satisfictory for a typical
American fumily of 4 with auto-
matic washing inachine, cte. Under
the copper sheet is one inch of
styrafarin insulation, For satisface
Jory operation the " ottom of the
hot waler sturage tank must be
above the top of the ubsorber te
provide clrculation withoul a
pump.

¥ig. 7 shows actual instalations
of this type in an apartment house
in Florida with ecach apittnient
having ls own unit to provide the
needed hot water.

These standard units may be
damaged if used in freezing tem-
peratures and for this reusnn we
developed a  dual  circulation
system  which  chiminates ahis
problem. It consicts of two tanks on
inside the other, the outer tank
being connccted to the collector
and this systemn 1x filked with un
antifreeze solution. The heat is
then transferred from this solution
through the walt of the inner tans
to the water to be used. Stnee in
this system the primary  circuit
operates ot atinosplieric conditioes
{the outer tiank can just have a bid
on 1t) the collector can be con:
structed such cheaper and highkter,
for example pattevned after the
most cificient design mentioned
carlier. Insulation coveys the out-
side tarks.

Swimnmiing Pool Heating

Another type of heater which
has ~interested  snany people in
Florida is 2 swimming pool heater
as showh I Fig 8. It'is onc of the
sirapjest ones and feast expensive,
It consists of a . galvanized sheet,
wrapped into plistic. The sheet is
palnted black (Nat) lice all the
other absorbwrs. Weter from the
pool can be fod 1o there absorbers
by the filter pump and taen sun
ning ‘dewn the front and back of
the tnetal plute drains beck anto
the pool. 11 »veually tekes a col
lecting surfree equal lo the poob
surface for yaising the water tem-
perature in Jhe poot 2 degrees V
These absorbiers can be construci: o
to form the fence around the pool
which is 1 many  Jeealiticos
required by lTave, and in wdditian
can provide privacy.

House Healing

‘If the objective is to heat a house
cather than water it can he done by
hot water ¢isculated thirauph bose-
bosed pipes in 8 conventivnal Lot
water heating sy stem. Froguently
It b5, however, inare convenient or
desirable 10 heat a8 buitding by het

Cwic, Fig. 9 shows such an o heateer,

made up of ovevlapping alnminuym
plates, painted blaeh on the portisn
expored 1o the sun About '3 of
cach plate Is showing the other 25
shaded by the phlite above. Tiey
are put into a glass covered box.
The air wil} enter this unit on the
bottem and then streennng be-
tween the hot plates will pick )
the licat and Jeave on top as bt
air. The circulation ¢an be pre-
daced cither Ly free o natual
circulation o by a fan.

All the above inentioned col-
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Fig. 7. Sotar Water Heaters in Apart.
ment House,

Fig. 8. Swimming Poot Sclar Heater,
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Jectors ace Mdeally facing South and
inchined with the horizuntal at an
anglc equal 1o the Ju at geographie
Jatitude plns 10 degiees, This pives
a little Migher colicetion cfhiciency
during the winter when the days
sre shorter.

The air heater could be designed
forming the wall of a bmtding, let
us say the Fast wall where at cruld
produce hyt air the fiist thing in
the morning to take the chill out of
the building the fust past of the
day.

Solar Baking

Arother application can be a
solar oven, Fig 10, cssenuially 2
plasg covered bex
sun. Cooking and baking tumpcera-
tures can casily le reached with
such a device. Deriodic  (abont
every 15 mnutes) reonertation,
due to the mnovement of the suh, 18
required. Flaps can he added as
shown in Fig 25 to provide some
degree of concentration and thus
bringing the things to be cookud up
to temperature quicker. Very hitle
heat is actually required foc the

wking process, only & certain
.cmperature  for the requuen
length of time. M onc of these
ovens is 10 be osed inthe late after-
noon or early evening, the walls
could be made thick, of elay ol
other matariatr «hich can store
appreciable amounts of heat and
thus remain waim long after the
sun has gone down.

Solar Distillation

One of the mujor problems Ir
many parts of the world is fresh
watec. Solar energy can with very
simple cquipment convert sall or
brackish wuter into fresh and pure
water. Fig. 11 shows a simplc solar
stlll. A metal box with slanting
glass facing South Inside tie box
is & pan on short legs painted
black and holding the tad water.
The sun shining iuto this pan heats
the water in the pan and vaporized
i, The vapor or stram then wll,
when coming in contact with the
cold surfaces of the box, both the

'ass and the melsl, condense

rming the fresh which runs dovn
the stdes in the form of droplets
This fresh water can then be
collccted for future nse. About
Ib. of water can be produced at an
average per squine foat per daw

Another larger still is shuwn ih
Fig. 12. The pan is covercd by glass
at about 45 degrees which foims
most of tke condenving surface.
Glass is much betier than plastie
since it forms Nilm condensation
letting the solar encrgy through
without much difficulty. Plustics in
general produce dropwise conden-
sation, cach druplet fonming a hntle
erystal which reflects much of the
incident sobur energy. Yhs larger
still is alse desagncd 1o Le able to
¢cotlect rain water and in sone
areas such a+ Flonda this can
daubte the output of the sull

The best ericntation of the sull
depends somewhat upon the angles
of the glass but s generally Fast-
West or somewhat NE-SW.

Solar Relrigeration and A/C

Another phase of our work is the
use of sutac enccgy fur solac refng.
eration and air-condihoning. At &

b

i

number of international mectings
i was pomnted ont that famne
cuuld be prevented m much of the
world 1if the food which s rinsed
durng certain parts of the svay
could be preseeved fiom sparlage,
and thus preseived for use dnning
the 1est of the year, This regunces
refhigeration and for remote arcas,
or arcas without cluctnienty, solar
refiigeration may well be the an-
swer.

Some of our caily work along
these htes was 1o heit ol to rather
high temperatures by concen-
trating solur enerpy and then
circolating the hot il around the
penerator of an ammoenia absolp-
tion refriperation system. P 14
Tihis pictuie is someschat out of
ordey sinte &1 1he wpphoations
thus far dealt with solar encrgy 1in
its natural state withoutl concen-
tration but it was puin here sinee
it was actually ooy first attempt
We believe, how ey er, thid solar re-
frigeratian without concentration
holds much mote promise since
ponconcentrating devices can alwo
utilize the diffuse partion of solar
rachation, thus functicn cven or
cloudy 1lays.

A number of small units have
been built #nd then 2 3 ton unit
shown n Fig 13, Flat plate
collcetors heat witer which is then
circulated to dr.ove out the ammo-
nia fromn the waivy an the gencrator
of the systemi. Tiis amrionia vapol
is condensed and 1hen cxpanded,
providing the cacing offect by
evaporation. After having donc its
work the ammoniu vapor is reab-
sorbed in the ammonia absorbev of
the systcin into the water to repeat
the cycle.

Fig. 15 and 15 show a smaller
version of such & system with some
improv: ments. ‘Tne main one, of
combining the solar collecior and
the anunonia genciator into one
unit, thus eliminating the primary
fluid end rcduciieg the heat losses
by providing a more dircet pith for
the solar heat to get into the
system und do its work. This small
§ x 4 foot unit can praduce 80 1b. of
ice on a good day.

It should be pointed out again
that all the apphcations mentioned
ro far did not require concentra-
tion of solir energy, ani therefore
could utitize the diftuse portion of
solar energy and even woeilk on
cloudy days.

The solur air-conditioning or 1e-
frigriation systems have an added
advantage, that the demand and
supply #re in phase. When the sun
shines hottest the need for refrig-
eration and air-conditioning is
greatest.

Solar Energy Concentration

For soine uscs, however, higher
temperatures than can be obtuined
with flut plate, acn concentrating
collectors, are needed. If this is the
rasc, then concenration 1s called
for. Many different incthods can be
used for concentrotion, the sin-
plest ones stationary in design but
not as good, aad the better ones
requirmg  mothods wtich alluw
them to follow the sun. Fig. 17
shows a sunple lugh temperatuse
absorber. 1t consimts of a number of
parabohie troughs nriented hori-
tontidly and with a pipe runivng
duwn the fucal ine of the parabol-

R — .

H2

as. The system of parabahic
troughs s inclined at abont the
local Tatitude Depemhog upon the
viameter of the pipr adjustment
inay or may not be necded during
the yrm. The solar encigy s
1eflected by the parabohe surfaces
wpon the focal prpe which pianted
with a good aborbing punt (fiat
black) absorbs this energy and
transmits it to the flusd mside the
pipe. This device can casily pro-
duce hot water, steain or hot wih.

Some energy 1s tost duning the
carly morning and the late after-
noon hioors with the wbove method
of converting solar chicrgy tu heat
beeause of shading, Lut the sna-
phiaty and staticuasy desipn have
considerable advantages, bath cco-
nonucally und do not snced much
attention.

Solar Power Plant

If better cfficiency is desired,
then cylindrical parabelas can be
uscd which are allow ed to foltow
the sun. In the sunplest farm they
can be made as shown in Fig. 48 of
a ingle parabota with & upe at the
focul Jine. This patticular absorber
is used tc produce steam o operale
a sniol stearn cnuine, which in
turn deives & sl generator and
Hghts up a hight bulb, thns demon-
strating what a solar powvr plant
could look hke The 2 x & foct ab-
vorber 1% the cquivalent of 3500
watts of electrical heat.

A darge cylindrical parabolie ab-
sorber is shown m Fig. 18 having
dimensions of ¢ x & fect with a
glase covered foca! tube. The glass
cover 1educes the Josses from the
heated tube. Depending upon the
needs, different diameter tubes ean
be uscd. Coppet has been found
bust, again painted with a good ab-
sorhing high temperatuve paint
This ahsorber is mounted on a ro-
tating axis parallc) to the earth
axis. It is adjusted to face East in
the morning and then. by an elec-
trically driven worm gear ceduce
tion unit is made to follow the sun
all day. Where clectiicity is not
avaitable, a heavy weight with a
elock wor k timing unit can be used
as well. The construction of such a
large device must bie tather rigid
since wind Isads an windy arczs,
may make it difticeht to keep the
unit directly facing the sun znd to
keep it from oacihieting.

fhis unit has been used 1o
produce steam for the opetation of
a fractiunal horsepower steam en-
gine, to provide 800F 0il to opecate
a sular refrigerator, ete.

Other nethods of concentrating
solar energy arc lenses both of
glass and other inaterials  (in-
cluding liquid lenses), but they are
pot widely used bLecause of thewr
cost i lurge sizes and their weight.
However Fresnel lenses, speeially
made from plastie sheets, with
groves cut or embosced so as 1o
fucus the rays, can be produecd
cather inexpensively aie unbreak-
able and can be of laige s1ize and
light weight. The lense shown in
Fig. 20 is of this type and can
produce temperature of J000F.

A very effective way of corieen-
trating swar energy is to take flat
picces of reflecting inaterials (for
bettec results they can even be
shightly curved) such as mirrurs or
refecting metal saifaces, snd ori-

cnted In such a manner asto refleet
the sabier padhition on one spol.
Frant suiface refecting mmnors
we piving hetter perforntanee
than, for instance, back sitvered
i rore where seime of the cnergy
is ab .orbed i the glass, Very | FIIRe
concentirators of thas type tave
Leen Lutht with thousands of these
mirtors used in scine of the large
solar furnaces 1n the world.
Solar Cocking

A few concentraling pateis of
this type are shown i Fig 21,
where three of them concenti ated
upon a board will make this board
flash into fire. [uch mirrors ¢an
also Le set up in a different patiern
hke the one shawn in Fip 22 whe e
the murors airc sct up into &
circular pattern, heaung the fNnid
in the jar at the focal region of the
device.

If higher concentration, and thus
higher temperatures, and smaller
focal regions are desared then ti-
ther smatl mintors are needed or
continoously curved sutfuces can
he employed. In this manner ex-
celtent coneentrating murrors even
of optical quality can be made but
they are very «xpensve and there
15 a practical hint to the uze of
these confipurations.

Two soch mirrars of fair quahty
are shown in Vig. 23, theonc on the
left being strong encugh 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 forming pu-
rabolas. Then thin highly -
flecting mcta! sheets are held
loosely to these 1ibs to allow foir
expansion when thi metal sheets
are slightly heated thus avoiding
distortion. This typc of coustruc-
tion is cspecially inportart in
large sizes. This tpe of vonstrue-
tion was also ured in the Large par-
abolic cylindirical concentrator
mentioned earlier.

The two concentrators of Fig. 23
were used as solar cookers vhere
only a moderate amount of concen-
tration is needed and too good
concentrator may burn holes into
the containers used if great cae is
not txken. So, not too good a guali-
ty, is more dcsitable for this
application.

if such cunccntiators are vsed
for sclar caoking it may bLe desir-
ahle to design them for cury purta-
bility, thus cither in sections which
can be collapsed for moving, or of
coated cloths of «n umbiclla design
which can be folded when not 1n
use. This type is shown in Fig. 4.

An oven and a cooker of meder-
ate concentration are shown in Fig.
25. The fNlaps on the aven cn be
adjusted to tegntate the degree of
concentration necded. An oven ef
this design will shorten the
cooking and baking time by bring-
ing the fuad up 1o the desited tem-
perature faster thain the type inen-
noncd e lier.

Higher concentration, than the
surfacces previously discussed can
provicy, is nceded for high tem-
perature work snlar engines, ete
For the purpoae the geometiy has
10 be 1wore poerfect. Fig 26 shows
various muerors of rather high
quality givang Ligh degrees of con-
centratien  with the nltimate
reached in the solar furnace, Fig.
.
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Fig. 21. Soiar Concenrtrating Pansls,
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fig. 17, Stationary High Tempu.«ture
Absoiber.
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Fig. 23. Parabolic Soelar Concentrators,
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Fig. 30. Small Steam Kngine.
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The Generation of Poltution-Free
Electrical Povier From Solar Energy

W. R CHERRY

A Sodourd Tpoee Fght Conter
Gononlboh, Ié.

theemn! pollniren

Procctrens of the U 8 chrrwal power demond:s mos Ao wost W younr wbienty thel
e U S ouid be vm grare duuger from p=o hestagrs  wosde vsrublt eftwr et ond
4 pattnron broe methed of paurostomy cabar sueegy dirorilly 1ol

dortrsenl power nitng phator allaris on the grpuss Ahow ot cwmd gt fadtng on abowt
1 porcest of the lnud aren of 1e 45 riater canli provide the ol sheersecal pace oquine
owonds of the U 8 m the prs 1900 By wtshrong and foo1i0c drrelopiag von s AR AY
ehasiigy o vew sourcr of Critrredl peees wili berome 21 arizhde  Sweh a de viapeeal
0 altroctng from comcenntion. socsal reolmginl ponsme asd pohtweal vand pmni

While the cast of profnciig raiae asram by bnday ) sorthaets porhehare than use for barge

snle errestsial phants fhe paper svgpusts bow the ool meay beames accepiable vipecwlly
“mutcauul}nd« beeps v areer and mars p s Sonis of the dersable veaemy
h deoelaprng methody b (o sorl rolar tuergy bo rlecheal pruty are W ocpuseri Au
Joonil fuels o mort sophistwated wies thaa pusl poming to reduce atmorphes o palle
flom by 20 poroont 1o (on bl b productine land areas vwte bogh productine innd sreae,
® moke he U S st dependent upon Joroign wurses of antrgy. ond i losrn te wikwe
our mesl sbundani inevhunsioble nphwel resenrst

'l: narte sdvanesment in the Americnn stardard of
Bving b reliveted in the drastia increase in the nation’s oleetricul
power demands  In 1938 the U ¥ Nad an vlwetricnl power in-
ololied capacity of appruxinutely 26 million kw  Thinty vt
Iater (1965) there were 226 miblin kv ol eapaeity instabled (1!}
The sotusl instalied capacity and the projecied requirement- |2
for the mext twenty years are shannin Fig | Clearly, the ele
trlen!l power demand across the U B is doabling every 1 0
and in seme areas, sich an Washinglon, 1) C., the requirementa
e doubliug every 8 yr.

Pig. ) shuws that the princhpal method of power generation is the
Durndeg ol fusil fuels und rhall coutinae to be o for at lexst the
paxt 20 yr. Nuclear power geoncialion i prijected to tnctene
feom sonmcthing arousd 3 percent today o sbuut 10 pervent ol
our needs by 1990 While hydroclectric installutimns repie eut
shout 15 percent of the U K. eapacity in 1970, they will sciount

* for only shout 7 percvat of the U, K. dewand in 10, The Ul 8.

Bon un out of suitadde sites bor hydroelecteic inetutlations. Other
sonventiona! Rutthody of puwer geneeation, rich as nternnl cume

t Wusibers in braebets desiguate Referenecs ot end of pager.
Contsibutcd Iy the Bl oc Lergy Appdic i Gitong utal e wnted
the Winter Annunl Meeting, Waskington, 11 . Nuvembar o
5, ML ol Tie AnEmean Bty or Mecsamnae
weins, Manwsrsipt seveived st ARME Huakquariacs, July M,
1. Pujer Ko P1-WA/hd-2.

W /ann ron : L

Susthen sud gan turbine fecliitivn, =il prabebly pluy only oa
aunliary or smergracy pouer supph role

Facept fur Wy druchectrie in-tallations, the vthe: mesm of
Fenerating power produce undueirnile by -pruducts of (O, (O,
nittovw axides, P04, Ry wh, water vaper, and lige nineunts of
weate heat which mint be vented mte the atmophers ur dumped
inte fivers ur kakps  ince the bost of the Pl and nuc b2t fucied
imtsllations are hetween 30 and 40 pereent efhcweat, about 1 1
ol thermal eneigy mist be dissipated fur cach kimatt of electi.cal
pover peverated Abo, the di-pomition of vast amounts of pw
cloar waste muet e Lakien inte nevount se this methad of powee
poeration Becume: mote and nuwe prominent

Thete are reripns gue-tivns conretning the advicabitny of son-
tinving te produce elettiical power at vhe expente of out on-
virstument and the wholk-ale explot ition of it irreplacrable
satural ressurce=, such as natueal ga-, o, eval and nuclest de-
posite.  Perhuaps the time hax cane fur a teappraiaal of uther
methads of pener ting thoetrial pomer o mely Lo sepplenient owr
prevent miethudds su that the rase of tncieuse i o of out irraploce
shls natural rewurees will be sluned.

NoaConventis: al Methats of Producing Electiical Power
Enanclsing other methuda bot generatiog thetrhal puwer o
qires the seed b pestriet i Lo procecea w it b w il ot sermsiy
allect the ecvhaty. Tl wttoan woirht b hatiesed i sume
e of the U, K. nnd the werbl but wuukl e s restricied
ot 1o nebd Bt to the U B gueersting enpany. Workh-otds
potentinl geveiating copacity be etimated by $ MARW 4.

. Tesatactiens o the ASME
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Teble 3 30 yv qert of Insiulation, meintenence and fuel for power u

stotiens (1968).° | mitilen W Instelisiion

. Millions of dollare
Inatate-

Tyme o Nonfusl Fuel Total
Hydrueleetric 1040 “0-1N . 170-500
C(na fAred 10 n mi 40)

M Rred 178 8 ™ 516
wl fired 100 q7 Y oM
Nuecleir fucled 200 152 01 483

O Bared on }I'C “Hydrelectiic & Steam Paver Plant Coistrue
tion and Annunl roduction Lapenses’” Hepurt, Neov, 1069
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Oit and ol fired in taiintivns sre quite comparstle in cost,
ranging from rhout 116 to $531 perinstalied KW, and they will
probabily be the major fu~l Tuels used to pencrate clectrieal power
fot the rent of the century. Ne chaipe . for the deterioration to our
environment are aecounted for in the costs :hown in Table 3.

It otill eotte nlonut 11/, times ae much to generste electrical
power with nuclear energy thun with natural gas, bui as the fossil
fuele Lecame 1rax ahuadant and more expensive to retrieve, it is,
expecied that the foril and nuclest fueled plarts will cest rbout
the same 10 operate -

. . }\""

Solar Elactrical Power Cosls . T

Teday the direet conversion of solar energy into eluctricily is
wvery expentive and confined o those apphications 4 Lere conven-
Sonal procomes arc imprae ical. Bolar eclis bave found wide
application an Jong life unr.anned spacecraft. The solar colls
man.fectured for the space program are euljacted to stringent
speciheations and lugh quality control wcures, both of which
favolve expensive hand operations. Further, the dorond fa
solar celin is quite small, amnunting to some 2 million Jooees per
your with a total niarket value of hetween 6 and § milii. . Joll1s.
Abso, the demand is sporadic.

Thivinvolve: numcrous start-ups sud shutdowns of the pisdue
thou dine, sesulting ir considerable waste in inunpoy o and ma
terials.  Fiunlly, no stundard desipo has been agreed apon oy the
weers, forciug the manufacturers 1o rely he wily onroauy hand
operations simply because it is economicall; onfessible 2 invest
fa auitomation. .

Pecanse of all this, oriented rpace solar armays, like the darpe
Apolio Telescope Mount iftu:trated in Fig. 6, cost abo it £7,.000,000
pot KW, A rccent study [9] has thown that cells for w rrestrinl
applications can be inade now for about $15,000 per AV wing
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sxdating silicon solar cell mnuu!acturir'n'g methods, by relaxing

-the stringent space cosmetic and performance specifications,

ehanging the cclls’ shape for better utitization of the siople crystal

" silicon, sud automating mnsny of the processes for large seale

preduction. By using siinple concentintors, as illustrated in
Fig. 7, which would rcquire fev-er eells to gencrate the same elee-
trcal power, the cost would be nearer to $10,000 per XKWV,

The next Lig step in cost reduction would be the utilizatioun of
inherently inexpensive processes, euch as evaporation or deposi-
tion o long sheats of rubstrate. Thin film solar cells made of
cedmium sulphide in 3 X 3 in. sizes might be mass produced for
$2,500 KW, . e s '

Fig. 8 illustrates a process where many thoussnds of ‘sq [t
of eolar array might be produced st costs around $50 per KW
under space simulatod conditions or $.50 per sq ft. Thus o
square inile of array would co-t about $14 million. Tonstriiction
of the necessary ground support stiucture and conducicr might
amount to §1.00 por sq t or $28 inillion per sq mi.  Batieries
for & 1,000,000 KW} storage facility might cost $10 per KWUI
0810 nuiltion when J:urchaced in large quantities, and :he 1eces-
sary buildings and ewitching gear might add snother $20 miliion
over & 20 yr period, including two battery replacements.

Since the solar armay is a direet energy conversion system and
has no fuel costs associated with it, its operating costs should be
considerably Jess than way of the dynamic systems, perhape as
bow as £1.00/1* over 20 yr or §28 million per aq mi, which
would include 2 airay repilacements. Table 4 shows that a
185G i ralar airny power tlation, buiit after techniques are
developed to produce Jow cost rolar arrays and hatteries, would
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cont abont $10K) million to lihl, \-|wrnh: nnd umintain vvee 1 20
ye perivel. A solar army in the sinaey southwesting pant of the
U. 8., wing a 70 pereent amshitge faetor, wonhl generate ot
feast 2.1 X 108 KWIL/mit yr. I the power were subd for €¢/

CKWIL shout twire Lnlay's rates, the gy rehinn over A 20 yr

period wonhl he $1.26 X Wi, Subteating the installation,
maiutenance aud vpemting cnsts of $1L0 X 1 /mi? lenves
abont §26 million met invame et =4 mi oved 20 ve. This baad
fs then producing » “crop”’ whivle viells alwnit $2AHK) per nere

pec year. Pam Jamb yiclding suvhi a net return is eonsidervd
premium.

Tobls 4 Cotl of } 2q mi roler eriay power sotion

Bolar acray (0 $N.50/60 $14 X M¥
Bite construction 828 X 10*
Btorage and switching favility 810 X (¢
Maintensmne: of storage facility $20 X 10¢
(2 rejdacements in 20 5r)
Maintenance und operation wf station 825 X 10¢
(2 array 1eplaceients in 20 yr)
Total 20 yr constructivie mnintenance and
operaliog $100 X 10

Major Probiems to be Solved

Bofore the large scale terrestrial use of wilur energy to generate
alectrical power can take place, the cost of xolar arays must be
preduced i cost between 3 and 4 orders of nmgnitude. The un-
automated jowelly techniques presently used for making solar
oslls must be repluced by ninssive autoninted techuiques using
sbundant low cost inaterials. B .

Instead of the 7 percent efficient arrays considered in this
paper there is definite promise of doubling this performance
within the next 5 to ¢ yr by improving the solar cell material
and better contiolting the process. o

Mathods of coustructing large arca srrays on the ground from
materials that can withstand many years of sunlight and weather
must be developed. Large scale production of UV resistant
~plastic sheets, for cxample, would Le required.

Development of large scale batteries, capable of long life and
doep cycles, is needed to solve the 21 hr per day requirement.
While the batteries will be operated ut an ldeal environment con-

* dition, they mut have high storage deusity and be made of

abundant and inexpensive materisls. They shiould be constructed

oL

frow mterinls thnt, afler being furied, cun be repirarevaed tinim
and ngain sens W eliminate the perdd for enanplete ceplureneut of

materinla.
' 4

Reasons for Converting Solar Encrgy Into Elcctrical Power

Fullnwing are sunie rersons why develapiucit i) I startes]
hmncdifely on the conversion of wlar encrgy o cleetrical power.

1 Tuemecrve ont irreplavealde nntinrnl resonres svh as gas,

vil, cunl, and nuclear ore a they ean be used fur nnare valnahle ’

purpuses thuu joat hurning.

2 To mnke, consilesahle progiess towmid  redueing ating-
spheric and therrl pollstivn which are huving aerian< detrimen-
tal effects on vur environnient.

3 Tomnke many thonsands af neves ol ourr sun rich land wore
productive and vahuble in producing a marketable “ewip” of
clectrical energy.

4 To make the U. 8. less dependent upon foreign sources of

encrgy. .
5 'To learn to utltize our most abundant and inexhaustible
patural resource, solar energy.
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REPOAT ON THE USE OF SOLAR ENERGY
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FOR_WATER PUMPING !N ARID_AREAS

This report has been compiled following
werk by Professor MASSON of DAKAR Univereity.

. Werking group presenting the suzvey 3

« Monsisur and Madame ALEXANOROFF,
Arzochitecte at the Locle des Mx-uu do PARIS,

= Moneisur GUENNEC,
Cngineer et tho Inetitute de Physique Adséoralogique
of the Univereité de DAKAR, )

Meneieur GIRARDIER
: $.0.6. des Chadblicsenents PENGIN
220, sue (. Rengin & RONTARGIS,
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1¢/ - SOLAR ENERGY 3 PROBLENS OF ITS USE

The solar anergy rsceived at ground level ie considerable (up to 1 K vett/
a2 in cleer westher) and one wonders why ite dirsot conversion into conventiensl
anergy ie not more wvidespread, after deocades of resssroh end experiment.

The resscna can be summerized se follovws s

solar energy apart from ite 3 ms jor advantegas (frea, unlimited produotion,
dietribution indapendant of dietences and obetacles) pressnte charscterietice
whiaeh osn condemn it whan the techniquse end fielde of sppliocetion of ite vee
sere not thoroughly adepted to those charecterietios.

2 R B
- . . -

} The criteria whioh we think entirely condition the use of soler energy 1
’ sere the following :

18/ « knowing that ths suna's reye are very attenuated in cloudy weather,
wae must certainly (st lesst in the present state of cepture techniques) ,
edapt tashniguas to give pricrity to the needs and conditions of dry ‘
countries gensrally having cleer ekisa for s lergs propurtion of the '
year. Dssart ragions (for axampla the Sahars, the high Srazilien platesux,
Middle-East countries).

29/ . knowing that solar anargy ie periodic, it ehould be applied to nssds
which sre slso psriocdioe, not posing complex energy storing problems,
' for which water pumping end sefrigerstion ars the beet sxamples,
i - neting thet in both cases, the maxisum need cerrespends te maninum pre-~
dustion inteneity.
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Ares receiving move thin 2,300 kuh per yesr.

s Aves zeceiving botween 1,860 and 2,300 kuh per yesz.o
(45] Aves veceiving betwesn 1.400 and 1,060 kuh por yeom.
mmunmmmmhmmmym.
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3/ . knowing that sunlight is diepersed, osptura media muet bs rsalie-

tio, end not necaseerily bs eimply tha raault of laboretory logie
(esas peragraph 2 on differsnt eclar captura tschniques).

4/ - in ehert, knowing the prasant worldwida dietribution of weelth
and nead, it is the developing countriae whioh praesent the maxi-
mum uesful solar erae. Solar energy production end uea rasearoh,
40 on inetrumant of davalopmant, muat conaider tha ovarall limite~
tione, end tha aconomic resourcee and neade of thaae ocountriee.

Wa should edd that within thaee countriaa, we are mora oconoarnend
with thair rural sresa than with tha emall induatrial srese. Thie laeds us
tc briefly dafine the choaan erea of heliotechnical inetelletiona ee bsing
an area of sharp climetic limitatione, ganerally rioh in rapid erosion fao-
tore, bedly aupplied, inaccaesaibla, inhabited by nativee with en erohiec
way of 1ifa, and lecking modern tschnioal qualifioatione.

It'a in the 1ight of thaee limitations thet ve are going to sxamine
thas rengs of aoler matariel exieting today.

2%/ - CONVENTIONAL TECHNIQUES IN_SOLAR_ENERGY_CONVERSION

At praeent, the techniquess for converting eolar snergy to usebls
snergy ers tha following

o) - dizegt cooversien of solar snerqy into electrical anerqy -

z

S$iliocon aocler calls oan be uesd for thie,.

It can ba cunsidersd for an enargy raceived of 1 1 KW/m2, with e
36 x 48 panel compriaing 64 eilicon celle, it ie poeseibla to obtein

8 uott);o. i.,0. to obtain 175 hp would need 138 penels, (& surfece of
28 m2 .

At firest glence, thia solution appsere very sttreotive. However

for the moment, it ie muoh mors expansive then enginee, which are
ths subjact of this asurvey.

Oiract oconvereion of eolsr enaxgy into elaotricsl snergy is, in the
immediete future, limited to the epsoce induetry.
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Ueing theoee techniquees, parabolio mirrcrs ccnoentrete thair reye
on bleok bodiae poeiticnad at their fooel points, the calories
thue produced feed @ conventional thermcdynamic eyetem to aohieve
s high thermodynemic output. Soler ovene ara the moet widely
known applioation of thie prinoipls,

But theee eyatoms present problems whioh rendar them precticelly
useleee except in very apaoiel eituetione 13

- the concentration requiree parsllel raya, and thus a complete
sbesnce of oloud, whioh ie very rere.

- it eleo requires ocnstant end preciee mirror raoriantetion,
thue requiring very oomplicated festurea, which sra vary
difficult to meintain.

(the collector - adjustment unit, which is oftsn anormous,
ie particularly vulnerable to wind).

- the raflecting eurfeces must bs meintainad in gocd oondition,
end perfactly olesn, whioh naceseitatas greet cera.

39/ - A_DIFFERCNT RESEARCH DIRECTION : LOW_TEMPERATURE_ENGINES

AND PLANE COLLECTOR PUMPS

In ehort, conventionel cclleotore, even thosa which srs theoraticsl-
1y eatisfectory, do not lend themeelvea tc uee in uncivilized srass whare it
would be prafereble tc inatell theam. \

For this reaecn it sppeered necesesary to totelly changs heliotechni-
cel inetallation conception towerde etrength, eimplicity and reliability which
are the only chersoteristice ellowing auch en inetallation,

Thaee optione reeultin the ohoice of e low tampersture tharmic cycle
ainiler to rafrigerator cyoles.

Soler enginee uaing this prinoiple, work with tamparsturae no
grester than 70°, which simple colleotore or plene ocllectore, produce aseily,

Low temperature eclar enginea, ee they heva bean etudiad for the
lest tan yeare et 1'Inetitute de Physiqus Météorologique da DAKAR, under the
direction of Professor MASSON, end in olose reletiocnehip with Etabliasemente
Pisrrs MENGIN de MONTARGIS (Frenoa), heve been eepecielly dasignad for weter
pumping.

Thaee solar pumpas, elthough atill prototypes, are nct merely

lsborstory instrumente. They ere siready ussd for sgricultural, pastoral,
and oomaunal purposess, and ere scoaseibls to the population.

00/00
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Today, they totel (particulerly the SEGAL pump) ssversl thousande
of working houre and of oubic metere of weter pumpad. They ere indivie
duslly desoribed later., Let us juat say that at prasent, 4 prototypas
are working in Afriocs, a Sth is being built, end 7 others plenned.

4

4°/ - MAIN PRINCIPLES OF A PLANE COLLECTOR SOLAR

PUMPING STATION

Plane colleotor acler pumpa compries sesaantislly 3

A battary of ineuletore intended to heet the water cirouleting in
8 cloeed cirouit by thermo-eiphon, and which can sle0 bs used se
e roof (ees aoclar erohiteoture theory later).

A eolar engine converting the aun'e celorifio enargy into mecheni-
cal anergy, by meane of e low tempareture thermic oyole.

A hydropump intended for exhauet, compriaing @ hydraulic prees
aituated cloaee to the eolar engine, and a hydreulicslly controlled
piaton pump at the bottom of uwelle.

This hydro-pump oan be replecad by any othar typs of pump, partiou~
lerly, for largs instsllstions, convantionsl vertiocsl pumps whieh

sra indiepensebles. ‘

4%/ - A pumped weter storegs resarvoir.

ATENTS -

Thes low temperuturs engine hes baan ths subjeot of verious pﬂt.ﬂto
in France end sbroed.

Chennsled typs collsctors are aleo patented.
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SOLAR ENGINE WORKING MINCIPLE
( Patented cycle)
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8o/ - TEEWMIgAL POSSIRILITIES

At the mement, we are limited te fairly lovw power, moetily booseued
Africen welle in desert aress generslly werh at the rete of 8 te 10 a3/
hour, But this technique 10 net limited in pewer, ond one o8N AViNEge
very lerge assenbliaee.

Te find applicetieons ether then deep puapint in whieh seler featu-
res would be competitive, o comparative ecenemice sslsoulatien avet be
performed. We ere thinking perticulerly of lew rise irrigatien prejeets,
whish prebably censtitute ene of the meet prefiteble epplications. And
slthough resserch, up to the present time, hee for finenaial ressens been
limited te pumping, it Lo certein thet the seme machines, will, in the
nesar future, produce refrigeretion end elestricity.

« for refrigeration, it ie eufficient te expand s part of the lew prassure
liquide ond to couple a compresser to the engine.

o for electrioity, one could ceeily design larger eeseadlies, ueing eir
condansers cooled by running water, which esliminstes neceessity of water
pumping, end ellowe tha metor to drive e gensretor, whieh tegether with
the motor forme o sealed esesably.

It ie olso poseible, when closs to o large mase of water (siver,
swimning pool, reserveir) to use thie water with normel cendensers.
Sut at present, theee techniques ers meeting electricsl storege prebleme.

6o/ - pacs

[ Lol
(L 4
=4

We heve shouwn since the introduction in which direstion we ere
eerrying our development end resserch, and the target to whioh they are
diracted.

While developing thase principles, we ean srbitrovily list the
fellowing ueee !

$-1/ - Yillage hydraulice -

The main need of ieoleted villeges and cesss is water.,

Theee villegee often have welle, but manual pumping oocupies ¢
large propordion of the time of the population to the detriment of
ether work. In eddition, it {e hard work, often parformed by children
to the detriment of thair sducetien, .

QQ/.Q




pr

fer Shis recsen well mechenizstion ie very impertent, previding
it Lo running parellel with pepuletien reergenization and preductioen
dovelepaent pregrema.

'

Seler pumps ere well esdepted te this problem, by their working
qualisias, end Ly thair abeenss of eparating ocete, enas the installatien
investaent has been agreed.

Cellactars shaw pertisuler bensfite in shie kind ef pregrem, reefs
which allew ¢ real assembly, integreted with the village, ts be achieved.

The principle of thie scler erchitecture differs from most of the
aore well knocwn sexemploe, whioh ere gensrally luxury reeidencea in rioh
oountries t U.S.A, , Austrelia, end whore seler energy only bringe ed-
ditional luxury comfort.

The intogreted eesemhlies exemined by us (of which 1'Ecole de
CHINGUETTI will be the firet example built in Africe) ere meinly social
inetelletions or egriculturel buildinge, the eim of which is to partici-
pats in the nacessary village modernizetion providing ths more sesentisl
ssrvioase, comfort end security of eoler rcofe, end this et o raasonabls
price.

Apart from educetion buildinge, thoas ereo dispenseriss, markets,
end egrioculturel cocperetives end sheds which constitute the integrated
eseembly priority progrems. Rurel residences ere slsc very suitable, and
heve been the suhject of edvanced resserch, but the ebesnce or lak of
funde aveileble for rurel reeidences hes led ue to only mention them in
paseing. Ae fer ss the tourist consideratione ere concernsd, particulerly
Sahers expeditions, these would constituts differant, but extremely inte-
resting, progrems,

6-2/ - Pasteral hvdraulis -

Thie ie & besic eppliocaticn, bsoeuss nomadic tribse loess part of
their weight through lack of water in ths dry seseson.

It ie thersfore wiso to plen eutomatic wella on their routse, te
oupply the weter holea.

Soler pumps reasolve thie problem (this wes testad for the firet time
ot BOSSEY-BANGOU, with the ONERSOL pump).

Eoconomicelly, one could say thet bovinss, fed normelly with water
snd reaching 50 Kg liva waight at sleughter, et 50 france CFA (in 1970)
1.0, 2,500 frence CFA per hsad.

A pump of the ONERSOL type could wetsr simultensously mers than
1.000 heesd,

This applicetion is tha moet immsdietely prefiteble, and ceuld be
linked with s villege hydreulio preblem.

..,..
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70/ « PRESENT ACHIEVEMENTL

Remember that the group of echisvementa presented here ara the
result of university-induatry collabcration,

The various prejecta undertaken togather have resulted in the
following aohisvementa 1

(ve are not referring to etrioctly sxpariaentel pretatyp. o witheut
epplicetion poseibilities, euch as &t SECRA 3 6 a2 end . "EC 1 300 n),

o) - MAQJL ouma -
Isghoical shaxacksniatisa *

©01100CLOL QPO8 cocccr1vrcecrssrsccesnvee 12 a2

POBEB cscersccrsersscssessecctsesonssee 1.200 I/ho

presaurs hedght seevescenscessccccconee 16 m,

working tim®8 cecvcccccotvsessrecncee 5 to 6 houre

date a’.r.tionol ®00ssesess0tsee e 1966

L1O0QLLON csccvcencconrssssscossncsreee Inatitut de Phyoiqua
Météorologiqua de DAKAR
(Sénégel).




o i N P

) - Ina QMERRQL Rusa
Iaghnieal shazastazdatiss ¢

601100L0T KO8 ccecoccsscorsssscsesncee

'.‘. 8800060000000 000000000000 000000000

pressure NOLYht cevvveosccocrsesseccnses

) w Yorking time cceeccsccsnscrcscoccsssece

o JO0ARLON cvvsscnssnsvsscrsescesccesssone

© enempgn T it AT

B ' E

the finel deteilad perfection.

Thie pump 48 now operatiensl.

60 =2

¢ s 7 a3/n

12 m

§ to 8 houre

0ffice de 1l'Energie

Selaire & NIAMEY (Niger)
Villago de BOSSEY-BANGOU

‘ This pump met uith a certain number of opsrational difficulties,
a9 1t wes the firet prototyps sent to the operstional locatien withevt

oolos
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o) - M MEAALBURD -
Jashoisal shanssieninting ¢

..lm GPOB ciceescoscscctsitssscccccess 00 @B

.'“ 000000000080 0000000080000000000000000800 'M

o PPOOOUDE NOAPME ccvvtvssssnstisrecnesnssnes ” a.

WOKANG B4MO cvvvcvesnccnsscsisitscsnssscee § S0 6 howse

o Got0 OPORALAONA) cossvcvnositirssnssrnsess 1968

This pump 19 the refevense pretetype. It has besn verking unintes-

pupted, far almeat ons yeer.

IS 10 going to be taken aut inte the bush batueen now and the ond

of the year.

10008400 covcosicisnnocsosesesssssnssesessee Inetisut de W‘

iy

pra—
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o) - Ina Riid0A pums -

lashoisel sbassatasishiag ¢

001100808 P08 ccvssccvccssccreeneee 0 o8

*

PO8B o000 000000000000000000000000000¢ 2 Mo

= BEOBOURe ROLGNt oessvcscvenccescecee 20 a.

worling C4M0 ceecrsccncssrsrenccnces § o § houre
date m““m 2900000 0000000000000 1M

1008840NA scvv0vcsccccsssrsrccecscee Ceols Inter-Ltat
¢' Ingénioure do
1'Cquipoaent Rusel
SUASADOUROVY

(Upper Velta).

mumsmpmsmmmounuuumw.
muuumnmammmmm'muuuu
sonmeveiel butane thesmie esyelses.

.ll‘.
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001100L0F OF08 cocsciecoctsscscscssccccces 06 mE

PO coiriittsiniresessesssssssnsesescsces B S0 10 83/h

PROOOUES NBLPNE coccecscscrtsssccscsccccece 20 m, |

WOrkANg SiM8 cicrsvccescccccsscsssscsccecs § S0 6 houre

080 OPOTELIONEL scrcccsscrsrcnscsscsscces bOGLNNiNg of 1973
10088400 cirsireescasssrssarsscssescsssees CHINGUETTI (Roumitente).

Thie pump will bring water to sbeut 2,000 peeple.
It will offer & place whioh can be ueed as ¢ eehoesl.

It 40 the firet integreted assembly end is the result of seeperatien
botween heliotechniciane end architeocte.

It 40 eleo the firet application of "esoler channsled® cellester
panslled roofae,

The channeling comprises centinueue, ehaped roof pansle e shown
in the diegrea on page 6.

The verieus penele ara connected te mh\nhoc. snd are o@lf-
eupperting.

They have basn used fer s number of vears in scenomic cenetruetien,
and have now been preduced in Afrioce.

Their adeptation to the funstion of scler cellecters conaiete
mezaly of shenging the baee, this gives fairzly sconsniecsl sellevteres
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PUNP_PROJECTS

o) - AL puane proiect (equivelent to the SEGAL pump)

X .l W " ’

S0LiVe BLOR secscsiccnssstissccscssrsene 88 m2

| - rate nooooo;cocooooooooooccocooooc;ocooo 8 to 10 .3,"0;

pressurs height $10s0000tessesssssssss e 20 m,

working time ooncooooo-ooooocoooooooco-on § to § hours.

Theee projecte are being utudhd with ths Sénégel Républigque.

The pumpe will serve emell communities of about 250 people and
800 to 600 enimale.

3

oi,oo
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b) - ANIANCY hospitel -

JIachnical Gharacteriatin ¢

Q0tive BP8A cevvecsctnnsnrssessnveensrsane 60 m2

PO corcccesvstncsscrorocnntesennsescsone ] ls/ho

pressure height cscevcccvcccsccsscnsocsnne 40 »,

working tim® sececscscccvvecsscscstccsncne § houre

® 1008L10N ccccccsccccosscccscrsssessesesces LEZaATEL “.”“uo

Thie is an existing iscletion center, whioh will now be previded
with sufficient water.

The project coneiets of instslling a channeled collsctor on the
poof, which st Piret, will bring water not only to the hoepital but
eles to the surrounding ares. The project will then be (depending on
eufficient funds) to continus the survey to provido slectricity for
tho hospitel and medical supply refrigerstion.

\

Thie will be a hospital group prototype, uhuh oould be reproduced
enywhere in trepicel Africe. . -

OO/O.
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o) - an_izzioatieo cuss -

Jachnical gharactariatics ¢

QOtiVE BLEB sesersossvesoosonccncsssesensne 380 -2

rate o0000-ooooooooooooooooooooo;ooooooooo 31.5 .’/h (‘ 1/.)

prsassure ROLGNt sevenvesescessssscsrsncsee 30 m.

working tiﬂ‘ oooooo;oooooooooooooboooooooo 8 to 6 houre.

When the heighte to ba rediesd ere not very graat, larger
assembliss could be plennad for the irrigation of ieocletad eresa.

At present, @ project of thie kind ie baing atudied et the roquoot'
of the Miniatdre de 1l'Hydraulique de la Wileya des Oaeis, in tha Algortor
Republic. ;

We hava deeigned e solar pump to resolve problems posec by ;
water supply to small operations end coopsretives around Oasis. ‘

A finanoe request for thie project hee benn made.

This aseembly would irrigate saveral hectsree of dessrt ares,

P——
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d) - lounint _qantern (CARAVANSERAIL)

Aorocee the Sehers, the problem of s journey in estages ie a

direct spplicetion of this procedurs, whioh aleo epplies to ieoleted
tourist centere.

The water resscve (swimeing pool for sxemple) gives condenasr
cooling and the assembly cculd seeily produce the slectricsl energy
necessary for the funotioning of the centar,

Conssquently, thers ere no cbstscles to thies kind of speration,
to orests sntirely sutonomous touriat centare,

i
oo,oo :
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8°/ - CONSIDERATIONS ECONOMIQUES

-.--‘I.-.-...-..---.-- L X 1 ]

Fi Il eet trde diffioile de feirs dde msintenant une analyes économique

: ccmparetive, compte tenu du fait Que cae moteura eolairse commencent seule~

._ ment & 8tre fabriquée au atade induetriel, ot qu'on les compere avec dea mo-
; teure Diseel fabriquéas depuie dee enndes, on grende eérie.

Copendent, on peut dégager dee grandea lignea dee niveeux de prix,
ot ainsi poeitionner lee moteure eolsires par reppert aux mcyens classiques,

a) = Nous donnons dae prix approximatifa dane l'état actusl des ohoses, o0'set
d dire au atade 88 RLOLOtYDes, ot dont 1'eneombla eet fabriqué en Lrangs.

Prototypes (FOB port d'embarquement frangeis).

TYPE ; O6bit ! HMT  ‘puieeence & ! Surfecs ' Prix HT '
* ----.---...-.............---..............!1!!9!!..-..22!!!!5!.....----....-.3 s‘
‘ NADIE '1@«3/h Y20 *o0,15¢cv. ' 15m2? §5.000 '
$ OUAGA s 25 " 1208 10,3 cv. ' 3w X 94,000 |
ONERSOL +6 " 316m s1 CV. 3 6GOm2s 139,000 g
SEGAL ;8 " 12sa ! ocv, : w2, 145,000’
. v * MIFERMA t1 6408 $ 258 31,5 CV. 80 w2 1 170.000 1
! ; ALGERIE R I 130 3 cv. 1 700 w2 . 508.000 :
IRRIGATION  ° 11,700 ™ s 9m 190 CV. s 3.000 m2 1 2.000.000 s |
: ] ] 3 $
1 Besa 1 JUIN 1972
A rajouter 3 la trenaport at montege sur pleoce,
| * pertie pompe eclaire sculemant.

Cetta atation eet comparativement plus élabecrée quo les autres (utwr de %
! ssoours, etc ...) comxpte tanu da 1'endroit cb ells est inetellde.
3

b) - xéalisations futures -

Oane 1'avonir, il feut chexcher ) fabriquer le maximum d'élérents esur
plece s o'eat & dire le collectaur (c'est dé jd le cae de oslui de
CHINGUETTI) laa tuyauteriee de lisieon, at probsblement, le condenseur
ot échangeur.

uo/oo




En danhors de celd, aprds lee premidree
d'un oertain nombre de commandes, lse prix

asnaible,

EEUX CAS SE PRESENTENT 3
s) - engenblee non intfqrds -

(porpe pour elle-mBmo, sane autres cppl&nntinna).

puiesances de
réPérenced ccosccee

d‘blt [E XXX EENERN N N ]
Hmt (références) ..

surface ds colloc-
tour (.2) XXX

Fait sur placg ¢

insclatours ceeceee
charponte cecesecee
CONdGNIBUrE cocee e
tuyauterioa ceeceee

peinture - calori-
fugeaRd sesescesese

JoTAL FATT SUR PLACE

Ealt on frange ¢

$changour seceeesee
MOLOUL cecvevevsnnee
Pluldo seveececscee
pompo do puite ceee
tranaport ccecceees

TOTAL _IMPORTE, hors
droita de dousne ...

m XX ENNNNEE NN R/

Atitre indicatif ¢

prix par m3 d'eau
pompé sur 10 ans.
d'amortiseomant,
sana tenir compto
du taux d'intérSt
de 1'.!Q.ﬂto Xy

0,18

1 .3/“0
20

18

8,000
1,500
3.000
3.000

1.000

13,800

4,900
6,000

310
2,000
1,000

14.210

27,710

1,86
r:(-s

L 2 2 1 14

)8

1

6 n3/h.
20

26,000
5.000
§.000
4,000

3.000

42,000

15,000

~ 6.000

500
6.000
2,500

' 30,000

22,000

o,se.
Fr/m3

1,8

10 n3/h.
20

80

36.000
6.000
6,000
4,000

3.000

87,000

17.006
18,000
500
6,000
2,500

41,000

82,908

0,86
Fr/n3

18

réalisations, at sous rédsarve
devraiont baissor de fagon trde

10

68 m3/h.
20

200.000
10.000
12.000
10,000

5,000

237,000

45.000
30,000

1,000
20,000
6,000

102,000

235,08
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Ces prix eont donnée pour une hsuteur menométriocuo de référence
dégale b 20 m.

Pour 1'irrigstion, cette heuteur set eouvent inférisuro, per exsmple
dene le projet (irrigetion 1.700 m3/h).

On arrive eu niveeu prototyps, & un prix de revient per m3 de 3
0,07 Fr. (eens tenir compte du teux d'intér8t de 1'srgent) et dens un svenir

proohe, ce prix pourreit Stre sbeisaé dbe las 8 ou Gdme réealisations de oe
genre & 3 0,05 Fr/n3.

b) - dans les ensemdles intdards -

Cee prix sont encore plus fevorsbles, oer le ocllectaur s'amortit
en tent que toiture, st de plus, 1l'énergie du moteur peut Stre utiliede ¥
d'autree tlochee que le pompeges.

I1 est trde difficile de comperer svec des stations oleeseiques,
cer il y en o trde psu dens lee régions isoldes, meis on peut d're d'eprde lee
renesignements de 1'0.F.E.D.E.S. du NIGER d'une part, et du Minietdre de
1 'Hydreulique du Sénégal d'sutre pert, qu'une stetion de 10 m 3/n. per exem-
ple revient 3 2 millione CFA per en d'smortiesement, y comprie les freis d'sn~
tretisn et de gerdiennage.

Si 1'on compte une durde d'smortissement d'une dizeine d'anndee, ON
artive dene lee prix d'investissement des pompes soleirse, meis surtout 41
y @ dos régions ol les moteure Diseel sont pretiquement inutilieables, ocomme
dene le Sud-Algérien par exemple (rapport ci~joint).

Cette étude dconomique ast trds succinote. Elle ne eert d epportar
que des ordres de grandeur yui prouvent que méne dens les promidres applioe-
tione, l'énergie soleire oat utilieeble.

C'eet surtout saprdes un certain nombre de réelisstions que l'on pourre
Juger de l'éoonomie réella de ce genrs do etetion.

Mais on peut dire d'oree st déjd que cette teohnique spporte le
développement dens dee régions ol les moyene olsssiques sont inopérants.

L L X 1 1 1 2 2 J
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ORGANIZATIONS HAVING FINANCED RESEARCH_AND _PROJECTS
9/ - Ioaisut go Physigus Meteoroloniouo de DAKAR -
for - SECRA prototype and the evaluation and improvements
on the prototypes exieting in Séndgal.
2/ - QuGuRuS. 1.
for = the ITTEC prototype and development of thornto
exchanger.,
3¢/ - fonds d'Adde et do Coopération (FAC)
for ¢ - the SEGAL and ONERSOL prototypes, as well ae the
production of the engine iteelf, and butans teete.
4*/ - Minietdre de 1'Industrie - (FOES contribution to Ete MENGIN)
for - development and financing of ell axieting spplicertione,
§¢/ - ANVAR -
for 1 - engina mechanical development.
6¢/ - MIFEAMA - (Mines de Fer de Mauritanie) -
for 3 - the order for thes firet expsrimental intagreted sesembly.
(CHINGUETTI),
7¢/ - Lsablisaemente Pierre MCNGIN -
for s - study, ressaroh end dovolop-ont of verious prototypees.

for eny information conosrning thie survey, write to @

= Moneieur Jesan-Pierra GIRARDIER
P.0.G. dee Etablimesmante Pisrre MENGIN
220, rua Emile Mengin - Bofte Postele n® 183
48200 - MONTARGIS (Loiret) = FRANCE o
Tél s 68-26-42
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SOLAR WATER-RAISING INSTALLATION THCORPORATING PHOTOCONERTERS A1 THE GVEZSHIKH
WATERING POINT IN THE TURKMEN $SSR

N. S. Lidoren'o, B. V. Tarnizhovskii, B. Ya. Podichev, 6. B. Levitskii and
S. Khandovletov

Geliotekhnika, Vol. 6, No. 2, pp. 52-55, 1970

UDC 662.997:663.634

A solar pewer {nstallation incerporating photoconverters was constructed in April 1969 at the Ovezshikh
watering point in the Bakhardenskii regien of the Turkmen SSR. The system was developed at the All-Union
Institute for Current sources (VNIIT) fer water raising purposes. This was the first practical Soviet solar p |
justallation based on the principles of direct cenversien of snlar enecrgyv into electric power to be used

in agricutture. )

This selar power installation (SPI) 1is essentiatly eimilar to that described in {1) (as far as concen=
trators, steering equipment, ete., is concerned) . The main differences are in the design of the pheto-
electric battery which is the main part of the installation. The medifications vere {ntreduced in the
light of practical experience with the first SPT designs of 1965. Tt is important to note that prelonged
operation of these first solar power installatiens forrs an essential stage in the development of practical
‘ installatiens because no such cxperience wa3d available prior to 1965.

i ( The initial experience with the first SPT's showed that the photoetectric batteries were not adequate-
1y protected frem atmospheric effects and this reduced their eutpuat pover {2]. Moreover, the water conling
svstem fer these batteries turned out to be very inconvenicent in practice, and could not be used at tem-
peratures belew the freczing point. Experimental and theoretical studies of the termperature distributien

o R S
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within the photoelectric cells showed that in the case of concentrated {rradiation [3] 1t is quite satls-
factory Lo use alr cooling of the batteries if they are provided with suitable cooling fins.

In the new designs the battery is in the form of a fianed radiator vith the battery mounted cn the
irradiated surface. The battery is protv :ted with glass which is in intipate contact with the entire
surface. In view of the {ncrcased weight of the battery it was necessary to modi fy the design of the
steering frame. The air-cooted photoelectric hattery of this desiem was constructed in 1967 and was used
in the sclar poser installation builtt wnear Ashilhiabad at the Experimcntal Base of the Physicotechnicnl
Institute, Acadeny ‘of Sciences Turkmen S3R.

Measures which have been taken to protect the photoelectrie battery from atmospheric effects have teen
found to be very effective: there has been no chanac in the output power during the first two years of
operatien. Repeated measurenents of the electrical patamoters showed that they remained constant.

The Ashkhabad iistaltation was transferred after two vears ef operation te the Ovezshich cattle
watering peint. In accordance with the desims previded by Soyuzvodprockt in collaboration with the
Physicotecnnical Institute, Academy of Sciences lurkren S$P, and V[T, a snlar energy systea was avserbled
for the raising and distillation of water {4}, The pround vatev has to be distilled in this locality be-

cause of its high mneral content (up to 30 a/l).
the figure shovs the arranaement of the water-raising eauiprent, the system of pipes, reservoirs,

ard so on (in vertica' projcction) Lopcthee with 2n indieation of the varicus heads of water and hoights.
Viectyrie purp 2 ds rounted inuide well boat a height of about 0.8 n abeve the static water level. This
o ( .. p raises the satine water through pipe 3 {nto rescrvoir 4 which has & canacity of 50 m3, it then flows
“under gravity through pipe 5 into sular still 6, The distiltate produced in the sriil again froeaw under
gravity threugh pipe 7 into collector 8 which has a capacits of 10 3. The distitied water is forced by
: electrical pump 9 along pipe 1€ into tanks It and 12 which have a capacity of 250 m3 each.
¥ Tloating mauinum-level indicator 17 is placed in tank & at level —1.4 and 2 similar ninimum level
fndicator 18 is placva at rnark —1.9, In saline-water tank & the maximun level {ndicator 19 is placed at

mark 2.6.
' From tanks

receives saline water from tank 4 along nipe 16.
the nixture flous freely into thelr final water trough 15.

All the rescrvoirs are made of reinferced concrete. The larpe volume of the tasks coilecting distill-
ed water !s dictated by the annual variatica in the eutoal of the solar still.

The solar power inmstallal icn Is weunted on sno of the dist{lled-vater recerveirs. Ome of its functions
is to supply the two electric pumps which raise the water “rom the well and then transfer the ¢latilled
water frem the distillate tank. Provision is made for the alternate operation of the two purps.

S e

i

31 and 12 the distilled water flows freely alone pipe 11 into nixing tank 14, which also
The two media ave nixed in the required properticns and

The systen operates as fellows. When the {nsolatlon is E > 300 \»'Imz. the irradiance probe produces a
signal vhich svitches on the centrol systes and the scarch tor the sun ard sun-track.ng bewin., A8 soon as
direct selar radiation is fntercepted with & = 400-500 W/nd the power probe produtes a sipnal vhich switches
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Diagram illustrating the arranpcment of the Ovezshikh system. The notation
is ewplained in text.

on the motors.
The first to be switched on is the purp 9 which transfers vater from collector B whenever the water

jevel in this collector {s Wigher than that of probe 17. If the maximun level probe {s not closed then
pump 2 is switched on. If the water jevel in the distillate collector rises above probe 17 then pump 2 i8
gwitched off and pump 9 comes into operation and continucs to pump until the minimum level indicator 18
produces its signal. At this point pump 9 is switched off and purp £ is switched on apain. The maxiwmum
level indicator 19 shous when the saline water in tank 4 reaches 3 Jevel of 100 mm below the end of pipe 3.
This probe switches of f pump 2 as soon as there is any danger of overflow.

Three trucks were necessary te transport the solar installation and the water-raising equipment from
Ashkhabad and Ovezshikh. The supporting metal construction was gssemhled manually while the steering frames
which carry the mirvors and photoetectric batteries were raised with a manually operated winch.

‘Cama' pumps operating In conjunction with VRV-150 d.c. motors (27 V, 11.5 A, shaft power 150 ¥) were
used as the water-raising equipment. The purp used to raise saline water is made of titanium whereas the
ot“er pump is made of stainless steel to prevent rapid corrosion. The pumps are connccted into the system
| 1 whole in such a way that they are protected from flooding when the motors are suddenly switched off for
a period of any duration (for example, as & result of cloud cover) .

Tests have yielded the followirg data:® the electric power ovtput {s 420 ¥ for an insolation of 800

H/mz, air temperature of 17°C, and wind speed in the range Z.5-3.5 m/sec. The optimum voltage is 27 V, the
short-circuit current is 21.6 A, and the enmf is 42.4 V. \When the puips are supplied by the entirce installa-
tion the consumed power is found to be 360 W. The output of the galinc-water pump is 2.5-2.6 m3/hr while
the output of the distilled water pump i8 2.6-7 m3/hr. The pover balance of the fnstallation 1s described
in preater detail in 5].

Experience has shown that the pump jg in fact too fast for the well. Four to five hours of cont inucus
operation of the pump 1is found to empty the well complctely. 1In order to prevent the corplete emptving of
the well and dry operation of the pump, attempts werc made to operate the pump from 2/3 of the output of
the solar battery (the battery mounted on one of the three steering frames was switched off). MYowever,

even in this case the pump cutput was ahout 2.2 malhr at 260 Y.
The first stage of the solar still (600 n2) is nearing completion, and when it is ready the entire
system will become operational and will be transferred to the agricultural authorities. ,
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A SOLAR-POWERED PUMPING PLANT 1. ° *‘Qx e
AMORTIEN L

Over the past {ew years the University of Dakar AT
¢ in West AVrivi s des cloped & solar-driven pune
for use in vemote arid arcas,

The principle of operation can he seen from the
diagram. Wotesleaving o solar heater (1) at about
S0 C 70V Y s used Lo vaporize a secondnry Ituid
incheat exehanger (20 The vapour, al a pressure
.'urr--spunf!:n:lu';!sh-xmwr;.lur:-. is expatdded e an
vagine cy tinader {4y and then ehius teed To o wate v
caooled vondenset (H The condensate 18 coturned
to the heat-exchange by cmtalldirect-counted fecet L :
pump (3), thus coni e ting the closed working cycle. A ) N 3 :

: ve et . N v : S Lb.“

- —————— A N ———t— W

The water puap (G) is also driven by the engine.
Its discharge passcs first through the condenser
tubes and then to an clevated storage tank, from
whichitis reticulated to the points of consumption. zaville, Brazzavi!

et oo it

Further inforraation on the soliar pummp can be
oltained from Praof. H Alsson, Unive ssitdde Braz-
le. Républigne du Conzo.

T
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- A_SOLAR - PowEARSD Punarisc_ PLANT
(afler PJ. Schéma)

0

The systeniusesa flat-plate type of solar absor-
ber, operitlingun natural cireulation.  No externil
power source is requirced, and once the system is
up to pressure in the morning the engine can he
started witha quarter-turn of its tlywheel, It will
_contint.c 1o run as long as adequicte solar energy ("

- being reccived. In Dakar, for example, the datily
opcrating period is about five hours.

Pumps of this type are in service in Senegal,
Haute - Volta and Nieer. while a Inrge installation is
being Luiltin Mauritlus. Ouipnt is o Dction o the .
absorboer arca, which in presentinstallati o sanges
from md e 5 sq 1) to 300 me (3250 s i) Typue- N
ally, a system with an #d w2 (330 su 1t Jhsarber ’ ‘
candeliver water atthe rateoi 3 m o (2 US vjan)
froin a source at a dopth of 33 m thEy
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CONCEPT OF MAGNETIC MOTOR PUMP DIRECTLY
POWERED BY SOLAR HEAT
New Scientist(US), Sept.21,'72, p.487
D. Landel
Jic vy

This simple magnetic device, developed
by Moscow engincer Alerander
Premyakoy, converts solar heat directly
tuto mechanical power. The rim of the
wheel {s made from an alloy with &
Curie temperature of 65° lo 100°C.
This is the temperature af which the
material becomes non-magnetic. When
the temperature of the ving reaches this
point, the lar(;c permanent magnet nesr
the inside of the rim will attract the
next section which is still cool enough
fo remain magnetic. The rim continues
to revolve in this way as long as the
ﬁﬂ over the magnet i< heated.
esnpakov hopes kis invention will be
of use as a pump for raising well walor
emong olher applicetions
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STUDIES ON HOT-ATR ENGINS RUN WITH SOLAR ENERGY CONDUCTED AT THE NATIONAL
PHYSICAL LABORATORY, NEW IEIHI, AND A CRITICAL REVIEW (F ITS PRESENT STATUS

by
MOHAN IAL KHANNA®

BUMVARY

Puring the fifties some work on the use of a hot-air ergine for 1ift irrigatior
was conducted at this latorstory, the details of which have so far rerained unpublished.
But several subsequent workers have referred to this work while desacribing hot-air
engines developed by them.

A small hot-air engine, ccupled to a mmall reoiprocating weter pump, was mounted
at the focus of a perebolic reflector and trials werz madc for pumping water from
different deptha. Mention mgy be nede of two concentraiors: one with an effective
sperture of 11.6 sq £t and depth of 2.25 £+ and the other of 28.3 sq ft effective
sperture and depth of 4.5 ft. Main difficulties ercounicred with big size netal
reflactors were in the constriotion of large reflectors with the desired focus-spreed,
heavy supports, turning mcchanisa, counter-belancing wilh heavy weights, eto.

Later, another larger capacity hot-sir engine was used with plane-glass-wirrer
eoncentrators, which were used to concantrate solar energye .

A hot-air engine, develored by Messrs Philips, Eindhoven, was ottained for eper-
stion with solar energy. The heating aysten, desigred for burning kerocine 0il, was
removed and concentrated golar energy was made to fall on the metal alloy plate, whiek
formed part of the engine, The engine could be made to rwn at its rated r.p.o. vhen
coupled to the generator.

A heat exohanger ar regenerator is the heart of a hot-air engine, Its perforsance
below the expected theoretical level and the souroes of the efficiency or losses of &
hot-air enginc are critically reviewed keeping in view the work dore so far by different
groupa on hot-air enginea operated with solar energy.

4. XNTRODUCTION

In 1860, Rotert Stirling had his inventior of a hot-air engine patented. The
13 & simple but elegant machine wivn advartages of being quiet in operatisn,

pequiring little effort in naintenance and being of use over wide ranges of tomperature,
Nosaver, the hot-air engine remained in the baekaround, beoauss tho stean engine and
the internal combustion engire were develorcd almost simultaneously. After a sentury,
intoreat in the hot-air engine is being revivec, The potentialities of the stirling
ayede have prompted several investigators [1-13]** in recent years @ ro-oxanine this
ayele, During the fifties sove work on the poesitility of using e hot-air engins as 8
prise mover run with soler erergy for lift irrigestion was ronducted in this laberatery)
the detsils of this work have so far rersined unpiblighul, Hewever, smy subsequent
werkers [1&—18] have referrci to this work while deacriting hot-alr ergines developed
W them. In the mwosert porer, studies on e lot-air ergine run with solmr encrgy
senducted in $his laboratory have been depcribed in detail. The present status of he
Mot-air engine hes slso bcen eritically reviewed,

Studies conducted in this laberatery or s solar eperated hot-sir engire asy be
divided inte twe parts, viz, the e;:iwcnt used to soncentrate selar heat onts the
ongine s the het-sir o.gine itaelf, These will Ve eonsidered secparately.

¢ ghe auvther i3 & Benier Scientifis Offioer, Natisnal Physieal Laleratory, New Delhi,

India,
o Nunbers in breskets vefer to reforennsa listed ot s ond of S Japer.
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2., CONCENTRATORS

Experienne gained in the development of different designs of solar cooker's [19,?0]
was of great l2lp in the dcsign anj censtruction of large size mctal concenirators used
in conccntratirg solar heat. The first metal parstolic reflrctor with a wide aperture
and low depth constructed with m.s, rods and thin tin-plated m.s. shceta was similar

to the refleelor usnd by Fricosor anl was suitsbly zounted on a turning ne chand sm,

Itn gearing device gt the vase facilitated sezcoral adjuctment, while the daily adjust-
mpent was oade by turnirg tte reflecior around arn exis pessing through tre focus. This
arrengenent erebled the dircel soler radiation incidert on tie tin sheet to be focussed
onto the bottom of the eylirder of the hot-air ergine potvnted upside down alorg the axis
of the paravoloid. The hot-air ergine coulad bc nmude to run at jts rated r.r.m, under no
loed but cculd rot provide sufficient power to run even a small reciprocating water

puap thrcugh a lesther belt.

After ecnducting somet triels, another refleetor was designede This ccnsisted of
three parts, vit. lower portion, middle portion ard upper portion adjacent to the
aperture rim, Each. rortior was prepared by beating a cojrer sheet slorg & ourved
surfaoe and by matehing it to a template of the requisite contour. The thickneas of
the copper sheel was sO chosen that it gave rigidity to the reflector surface trerety
avoiding the formetion of distorted end diffused focus-spreed. Each portior had its
own parsboloid swface, but the focal length of each rortior was equal, This ensured
ihat when the threc portiors were brazed to one arother, the overall parabelic netal
refleclor formed gave & sharp uniformly 111luninated focuc-spread of the required design.
The three portiers of the reflector are secn in Fige 1, The copper swface was bright
ohroniwm-plated and the corcentrstor had an effective aperture of 12,6 8q £t and depth

of 2.25 ft.

e apex of tho reflcctor was so out as to facilitate proyer mounting of the
engine with its eylinder length lying alorg the reflector axis. The engine waa coupled
to s water pump through e Jeather belt as shown in Fig. 2. The rest of thc engine was
protected against heat by using a thick asbesto: sheet, It was obeerved that solar
heat ooncentralcd by the three portions of the reta) reflector raised the oy linder
bottor temperaturc and minimized side heating corsideratly, This was nade possible by
keoping the cylinder boltor slightly below the focug-spreed. This also helped to add
a hest storage portion to the bottor of the oylinder for its smooth running during the
passage of clouds and shift in the focus-spread.

Por eollecting solar erergy frou & larger area and for obtaining still higher
semperstures at the focus-spread andther coneentrator wes prepared and mounted or the
twning pecharisn, It hal an effective aperture ef 28,3 sq ft and depth of L5 ft with
a fecal length of 9 in. The eopper suwrface waa bright chroriur-plated, The hot-

ne, used with the twe reflectors descrided avore, was mounted with its eylinder
Jength lying along the reflector exis. The overall weight of the reflector and the
engine asacnbly becar.e 80 heavy that meed was felt to use a heavy weight to ecounter-
»alance the smasemlly. For solar radiation to full normal to the aperiure surface, the
movencnt of ihe asseubly beoare unstable and unmanageable. Mounting of the engins
inside the reflector in an inverted poritior slso created difficulties in engine
lvbricatior. Major difficulties enscuntered were in the constristion of reflectors
with s large effective aperture ard the desired focus-sjread, havy sipporta, turning
sechanigm, counter-balancing with a heavy weight, ete, This led un to give up further
experimentation with petal ccncentraters and to uce plars glass mirrors mounted en
weoden frares oapatle of concertrat.ng solar energy at a distanee depeniing en ihs
eoratrustion of the frase, The se ccnoentraters were desigred and ecnatrugted inm this
leberatery , and rest of the aifficultics mentisned above Were oVeroeRc.

e design, cenptruation and use of 3 fo by 3Tt and 61t by 3 FY glass-nigrer
ssnsemrators, emyleying 9 in by 9 in plare glass mirrora, have beer. discrspad earlier
sa ansotod with the wse of selar energy in ecroertirating care and pela Juiees 0 8
Whisk gyrup or nasa (12,22]. The size of the focus-cpreal was nearly o} in Wy 9 in,
Mluﬁ mirrors of 2 in by 2 inand & indg 4 in pisss were used in the stnutriation
of plans-glass nirrer reflestors with differsnt pises of the fecus-spresd, Rirvers
wore soewred 1o the surved Lar surfese with seta) wive inatesd of serewe and wa3MePS,
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These reflectors were used in experiments on the hot-sir engine,
3. HOT-AIR ENGINE

A mmall open-cycle hot-air engine was dismantled from an old kerozens oil-
opersted fan ard was overhauled, Iis worrout paris were replaced and grdtadle modif-
doatiors were carried out before ils usc, It operated at an average speed of 20
r.p.n. Heat at the e0ld end was dissipated through large trick Tins casi alorg with
the vody of ihe engine, To give suooth and coniinuous rinning, & 13 in thick hollow
dise, which formed the 'falsc toltom', was slijped over ths bottom of the exjander
cylinder. The disc was made of copper sheet and the erpty spacc was filled with dry
sand. It formed a perfeet fit and ernsured coufleie ecortacl between the retal surfaces.
The entire cylinder lensth of 85 in including the 'false botton' was enclotea in &
jyrex glass twbe clowcd at one end and of slightly larger diaueler. Both thesc
arrangemenis helped to raise ihe lemperature of the hot end and to realite uninterrupt-
ed and steady rumning of the engirne.

Coupled to a small reciprocating water purp, this engine was suitably mounted with
the three meial reflcetors described above and used for experiments on punping water

from differert depths. The coupled unit developed aboul 1/16 h.p., and not 1/8 h.p.
a3 stated by Jordan [16].

Luter, another hol-air engine of noarly double the capacity of the ore used earl-
ier was procured, modified ard mounted in the vertical positior on an iror tripod
stend (Fig. 3). Ii was used with plane-glass-mirrer coroentrators. Coupled to the
weter pum,, the engine developed abort 1/8 h.p. A small eylindrical parsbolic metal
reflector was placed behind the cylinder to help heat the hol end of the engine [17]
wnifornly and thereby cnsure its smooth running (Fig. 3).

Ar. excclicnt hot-air engine, developcd by Messrs. Philips, Eindhoven [},22] be-
csac availadle, This engine was developed with the object of providing a small gener-
ator to power a radie set, A re-exanmination ef the Stirling eycle as a hot-air engine
resulted in a 1 h.p, engire, whose regererator or heat exchanger is the heart of the
mackine and connists of a reatly wound mass of copper wire 0,008 in in diaameler, The
hesler myster of the engine is designed for burning kerosere oil and is in the form
of a cylindrical hcad of B om, diamcier with an expesed surfscc arca of 0 sq em. Twe

wnits of this hot-air engin® developed by Messrs., Philips {3,22] were obteined directly
fros the manuacturers for operatior with solar energy.

Tte keroscne oll burner of ore of these ungines was remeved ard the metal alley
plate of the engine was cxpozed te the concentrated solar erergy. The engire operating
with selar energy is showr in Pig, 4. The arrangement of the plarc-glass-mirror
reflcotors in & soui-eircle and the solar crergy concentratisr on metal slloy plate
sapeble of withstanding extremes of temperatures are scen clesrly in Fig. 4, Using an
sdsquste numter of mirror reflectors with an effeciive corscrirating surface ares of 8
8q K., which ares could not be ottained with a sinzle metal concortrator deseribed
sbeve, the engine unit, ecupled to a 200 watt gercrator, could be nade to run at its
rated r.p.n. ard gerersted the rated capscity of 200 waits. But the high efficienay

twherent in the Stirling eyele ceuld not be reslised in practice duw te sone of the
voasens discussed below.

4. MEVIAY OF DEVELOMGINTS IN THE FIRLD

Stirling eycle has been svudied wd theroughly imestigated Wy several workers
(!-1\ . Mhr’Y?ﬁ has recently eritiowlly exarircd the hot-sir engine aycle by

sstadliahing 4is lerses or sowoes of inefTisiercy, whieh fall inte feur categoriea,
wis, muchaniial iscs dus te friction, insulatier lorses, non-idcal heat transport, ete.
Improvenarnts have been effected in the now designs of tw engine so ap to further
yoduse the lessss ercountered in ths first twe esiegeries, whereas mon-idesl hest
Scamaport issses necd further thereugh staly.

I She regererstor or heat exciangsr, hest pust be Shaerded and sa equal quantily
of st re veted dwing sash gysle, MNeat tranafer being mon-idssl, part of \m heat
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not sbsorbed by the regencrator ia carried along with the gar into the 01d space. To
overcome this diffioulty, it is suggested that the Fot-air ergine should operate at a
fairly low operating speed (200 - %00 r.p.m.) instead of the noninal speed of 1500 r.p.n.,
as speoified by the panufacturcrs [2:]. John Ericsson [25] built & large sized hot-air
engire operating at 42 rofeb., which could propcl & marine shipe Farver arnd Prescott's
recent work {‘Iﬁ on pressuriscd erd nor-fressurised hot-sir engines has shown that high
effioiency can be actieved when operating at 200 rop.m. or less.

Corplioations inherent in the analysis of the operation of the hot-air engine
cyole make it difficult to corrccily evaluate its perfoimence, Extreme compactness and
high efficiency of thre pachine (to be realized through careful cortrol in manufacture
and assembly) are two major corsiderstions that ccme into play.

By reversing the cycle to produce a refrigerating machinc, the Philips enginc acta
as o refrigeretor to produce liquid air and liquid nitrogen ard also liguefiea hydrogen
succeasfully, Philips [1,25] have been able to memufacture liquid air or gas rachines,
In the hot-air engine, the expanrzion phase occurs at & temperature avove the anbient
tenperature, while in the refrigerating machine the exparsion phase occurs below the
envirommental temperature. Secordly the efficiency of the Philips enginc increases with
£u11 in temperatire (Fige 5 [23]). It is evident from Fig, 5 that the Philips engine
vaged or the Stirling cycle has high efficiency at extremely lov temperatures. The
Jower curve represents the perfornance of a small machine buill for laboretory use snd
the upper one that of a large induatrial machine, At high tenperatires the enxgine
efficiency, as depicted in the curves, falls conslderstly.

pifficulty is enccurntered in the efficient trarsfer of heut across the cy linder
head, An ergine of improved design, made at the Battelle Memoriel Institute, is prov~
4ded with a transparent window of quarts in the cylinder head to focus solur radiation
directly inside the hot-air engine, Such an engine, opcrating with focussed radiation
frox an eleotric lamp, was demorstraied by Finkelstein and Eibling at the U.N. Conference
held in Rome in 1964 [5,9,11,].

fre conclusiorns arrived at independertly by Yarber [41], Eibling {5,8,9] and Philips
workers [10,23] are vital to further progress in the field. The lack of sucoess with s
solar-operated ergine s due to such factors as intermitterce and low intensity ef solar
energy itself, inadequate erginc developrerti, prohibitvive collector cost, eompetitior
frexr 1.C. cngines, ete, But there ia evidertly an urgent reed for a mall engine for
she leas-developed but sun-rich countries for such applioatiors &s water pmrping, light-
ing, grinding of ecresls ani otrer purpotes, but not oherscterized by such exacting
demards ap centinuity ef eperstion and erergy storage. As stated earlier [26], effia~
tencies of the ordsr of 15 to 2f might nake hot-air engines practieal in these
souniries,

The experimental stulies deacribed in this paper are the results of team wo.k, @
whieh Dr, ¥.L. Ghai and ¥r. B.3, Pardter have eontributed, Dr. K.N. Mathur ottained
the Philips engine for triels with solar cuorgy and guided the exyperinental work
daseribed svove. The author ackrowledges nie grateful tharks te a’l of thom, Thanks
are alge dw to the Directer, Natieral Physieal Leberatory, Net Delhi, fer pervission
te publish this paper,
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Fig. | - Het-air engine, coupled to a water pump
and meunted inside the metal solar eneryy concentrator,

seon pumping water from a depth of 16 ft.

$9g. 3 - A close up view of the het-air engine, os coupled
» & reciprocating water pump snd shown ia Fig. 1.
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Fig. 3 - Planc-gluss-mirror reflectors concentrate solar energy
on the bottom of the hot-air engine mounted vertically.
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Fig. 4 - Philips hot-air engine, after suitable modifications is
shown operating with solar snergy concentrated by means of
plane-glass-mirror reflectors arranged in 3 semi-circle.
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PFig. § - Refrigeration officiencies of various proccases in the
tomperature range of 50° and 300° Kelvin, reproduced
reproduced altar Kohler (23).
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SUPERCHARGED AND WATER INJECTED SOLAR HOT AIR ENGINE

by
E. A, FARBER*

SUMMARY

This paper, one in the series on the development of fractional horse-
power Solar Hot Air Engines, describes further changes and improvements of
& previously discussed engine.

The -addition of a simple adjustable checkvalve allows the engine to
supercharge itself by drawing in air during the below atmospheric pressure
p:rt of the cycle. The same device can be used to draw in water instead
of air.

Yhe performsnce of the engine {s thereby improved giving higher power
output, increasing it for air injection up to about 8 percent and for
water injection up to as ruch as 19 percent.

1. INTRODUCTION

The hot afr engine development at the Solar Energy Laboratory of the Yniversity
of Florida was statted over a decade ago. The main emphasis in this devclopment has
been on fractional horsepower engines of simple design and low cost construction,
Portions of this development have been described in previous papers (9, 10, N, 4,
some of the work is as yet unpublished.

Different investigators have made improvements in the original Stir\inx Engine,
from simple designs to very complex unes, resuiting in highly efficient engines such
ss the General Motors Stirling Enaines (V). These engines have conversion efficien-
cies even higher than today's best conventional heat engines.

The present paper follows two earlier papers, the first (9) of which described 8
simple hot air engine made from & lawn mower and presented its performance.
second (10) presented a somexhat improved design for solar onergy application and
discussed the performance due to pressurization of the engine, The use of pressur-
tzation required tighter seals which increased the friction losses and necessary
mintenance.

The present paper discusses se\f—supercharghg of the engine by allowing it to
draw in air or water during the below atmospheric pressure part of the cycle.

*The author is Professor and Research Professor of Mechanical Engineering and Director .

of the Solar Ener?y and Energy Conversion Laboratory at the University of Florids,
Satnesville, Florida, U.S.A.

_ “jumbers in brackets refer to references Visted at the end of the paper.
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The fonowin? pages cover engine design, engine performance and results of
theoretical investigations. They are necessarily approximate since these engines
have complex rycles with the amount of working fluid and 1ts composition varying
throughout the cycle. .

2. DESIGN AKD OPERATING PRINCIPLE OF THE ENGINE

The operation of the engine can be understood by referring to Figure 1 which
rese?ts H ?chematic dianram of the important parts of the engine. Figure 2 shows the
t air engine,

A displacer cylinder is mounted on top, having an inside diaveter of 2 3/4 1inches
and an internal length of 10 1/8 inches. A displacer moves with an outside diameter
of 2 11/16 inches and a length of & inches inside this disolacer 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 displacar cylinder is designed to be heated by gas, oil, solar
mrg{. 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
a sleeve bushing. The preseni improvements were suggested at least in part by the
difficulty of keeping the bushing gas tight without introducing unnecessary friction.

The displacer cylinder is connected by a 3/4 inch pipe nipple to the power
cylinder with a piston dameter of 2 3/8 inches and a stroke of 11/2 inches.

The 1inkage between displacer and power piston allows timing of the engine.
For normal operati n 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 is heated the pressure increases pushing the power
piston down. When the working fluid is cooled, the pressure in the engine decreases,
allowing the power piston to be returned by the energy stored in the flywheel.

The alternate heating and cooling of the working fluid is asccomplished by moving
the working fluid back and foth between the hot e¢v1inder.

_ The performance of the engine {s furthermore improved by re?enoration along the
éisplacer and the disglacer cylinder valls. In these walls heat is stored during
‘part of the cycle to be released and used during another.

3. OPERATION, NORMAL AND WITH FLUID INJECTION

$ince the engine is started with atmosgheric pressure inside, the pressure will
¢ip delow atmospheric during part of the cycle.

s. Morme) Operation: During normal operation of the engine this dipping below
atsospheric pressure, during part of the cycle, is enhanced by leskage of the working
fivld (adr) tarough the displacer rod bushing, out - during the high pressure part
of the cyzle and in - during the below atmospheric pressure part of the cycle.

Etforts have been made to prevent or minimize this Teakage but 1t was found
quite difficult to do this without increasing the friction losses consideradly, For
this reason two alternative methods were developed and they are duscribed below.

b. Air Injection: A small adjusteble bel. chuck valve was installed as shown

n Figure 1 which made it possib’e for fresh air to enter the system quickly during
the below atmospheric pressurc part of the cycla, This simpla addition allowed the
. to operate with a larger average amount of working fluid resulting in higher

power output. .
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¢. Mater Injection: When the inlet to the small adjustable ball check valve
wes dipped into water, water was injected into the system rather than air. This
‘ 8 allowed larger amounts of fluid to be added to the system, since it was added in
i the 1iquid phase, resulting in even greater increases in power output. Another
: .5 advantage of water injection (or other liquids) is that it enhances the heat transfer
at the hot end greatly.

4. PERFORMANCE OF THE ENGINE

Normaily this engine is operated with a 5 foot diameter surplus search light
E mirror which gives solar energy concentraticn better than actually needed, For the K
) 3 purpose of this investigation, & corparison of performance due to different modes of :
{ operation, the engine received its heat from 2 satural gas-compressed 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 te ‘
! give the highest power output for this speed,

! -2 After these tests the inlet to the check valve was dipped into water, allowing !
i ¥ water to be injected instead of air. The check valve had to be closed some during :
: F this step since otherwise too much water was injected, lowering the engine :
performance. Again the best comoination of settings was determined for the same ‘

speed.

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

Figure 3 shows superimposed the indicator diagrams for normal operation, air

. {njection an. water injection at 200 rpm. The actual amount of air injected could

not be determined easily but the water injection amounted to 0.096 1b/min. In all
: cases, it was made certain that, before data was recorded, steady state conditions had
{ . been reached and could be maintained.

P e e d
p -
!

i L, Figure 4 presznt: the power outpui, normalized with respect to the maximum value
d N : " “for norma) operation. This method of presenting the three modes of operation allows
i comparison and irdicates the degree of improvement.

Figure 5 is a plot of the conversion efficiences, normalized with respect to the .
maximum value at normel operation.

5. 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 {ntroducing 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 the
Mgh pressure part of the cycle.

When afr was used as the "injected” medium, increase in power output became as
i much as 8 gorcent. The even greater increase (up to 19 percent) with water injection
! g N - {s principly due to two factors:

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

AR b. The heat transfer to the working fluid was increased due to the 1iquid to
vapor phase change.

The heat input to the enjine was kept constant at all times during these 1 3
expariments and the power ouiput was determined for different speeds and optisum ' !

‘
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. injection.

Theoretica) calculations indicate that the average amount of working fluid in the
engine during norma) operation is about 0.0024 1b. The working fluid temperatures
very from about 900 R to 1800 R. Measurements of the displacer wall temperatures
{ndicate 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 more moderate

temperatures.

In these experiments the amount of fluid drawn {nto the system, during the below
atmospheric pressure part of the cycle, depends upon the conditions in the angine and
13 thus self acting and controlling. There exists a definite maximum of fresh fluid
which can be drawn in for a certain design and operating condition. This amount can,
however, be increased by using a positive pressure or absolute displacement type of
{njector, allowing above atmospheric pressure operation throughout the cycle.

Pressurization 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 1iquid injection could
be brought about by valving which would allow, first, & certain amount of 1iquid to
be injected and at the end of the pover stroke the discharge of some of the working
fluid. This procedure could increase the hoat transfer at the hot end, utilizing the
phase change phenomena, and could, for otherwise siwilar cenditions, increase the
-engine speed and thus the power output.

Engines of the above type could be classifiad as "Nybrid® since they combine the
pasic Stirling with other cycles.

6. CONCLUSIONS

Based upon the foregoing work described in this paper the following conclvsions
con be drawm:

1. S)f-scting air or water injection can considershly improve the performence
of the simple hot alr engines of the type used hare.

2. Vater injection is more effective becausa it allows larger quantities of
fluid to be injected and it increases the heat transfer at the hot end of the engine
through phase change.

. 3. Engines of the type described here can be classified as “Hybrid” since thay
combine the adventages of the Stirling cycle with those of others.
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A METHOD OF SOLAR AIR CONDL’ION!NG-—M. 3

A Method of Solar Air Conditioning

BYR. V.Dunxirs
(mon-member)®

Introductiown.

This paper discusscs a method of solar air conditioning applic-
able in 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

method is based on adsorption dehumidification of the
air, coupled with regencrative evaporstive cooling. A complete
system has not yet been built, as uatil now the research
effort been concentrated on the components or “ building

“ blocks * from which the complete system will be assembled.

Reasons for Selection of this Method.

T regions are, in general, subject to high insolation

¢ which is distributed fairly uniformly throughout the year (Ref. 1).
: Furthermore, conventional fuels are often in short supply, electricity

rates are high, and operating costs of conventional heat pump

_ systems are cxcessive ; hence the interest in solar powered systems

find widespread use both in Northern Australia and

which mg
* in other humid tropical and sub-tropical regions. The capital

grester than that of

cost of the installation can be oomidcnblﬁ
y competitive because

conveutional systems and still be economica

* of the low power consumrption.

‘The working fiuid in the cycle is actually the air-water mixture

~ which is circulated through the dwelling. Conscquently, small
" jcaks are of negligible importance and, since the complete system
© operates at, or very close to, atmospheric pressuee, cheap and light-

~ weight construction is possible.

HET

y keening pressure drops low,
clectric power requirements arc minimized so that full advantage
can be taken of the air conditioning potential without incurring
excessive costs. The air condirioning cycle is designed so that
relatively large quantities of fresh air for ventilation can be intro-
duced without a large penalty in performance, thus overcoming
the “ stuffiness > frequently encountered in air-conditioned struc-
tures. The use of a hesi-mass regenerative excha 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, mon-toxic, noan-volatilc and non-corrosive. Finally,

- the jndividual components of the system are of considcrable interest
- in themselves for other applications.

Description of System.

supply of 200 c.f.m. of outside air for veatilation is assumed, corre-
gmgni to a heat load of 12,00¢ B.Th.U. 'hr. on the system.

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.

1.—Regensrative Evaporative Cooling System (Ref. 2):
A schematic diagiam 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 roem at a rate of
1,800 c.fm. and delivered to the first evaporative cooler whic is
assumed to have an humidifying cffectiveness of 80 per cenr.
The air leaves this cooler at 70.5°F. and 90 per cent relative ﬁumidity.
Part of this air stream, 1,000 c.fm,, is diverted to point 9 via a
by-pass duct controlled by a damper. This by-pass air strcam
then mixes with the cool air at s1ate 8 returning from the dehumidifi-
cation loop. The resultant mixture at 68.3°F.,, statepoint 10, is
delivered to the room. It is scen that the temperature rise of air
through the room is 8.7°F. under these conditions. It will be
noted that in the cycle as described here no latent heat was included
in the room load. If a latent heat load occurs in the buikding,
statepoint 10 must be slightly lowered to maintain the desired con-
ditions, which is accomplished by reducing the by-pase ratio by
means of the control damper. The recirculation and mixing
feature of the by-pass system results in & larger enthalpy and
humidity rise of the conditioned air when passing through the
building, and reduces the quantity of air circulated through the
dehumidification loop. Consequently, the size and power con-
sumption of the cquipment is reduced. The by-pass feature
enables humidity control to be achieved, the larger the by-pass
ratio the higher the resultant humidity in the building, and the
smaller the quantity of air which must be circulated through the
dehumidification system. One of the major advantages of the
by-pass system is that the cffectivencss of the evaporative coolers,
or air washers, has little effect on the overall system performance ;
the only significant effect is a change in the by-pass air ratio to main-
tain the desired conditions. For example, it the two evaporative
coolcrs are reduced from 80 to 60 per cent humidifying cifective-
ness, an increase in the by-pass air rate from 1,000 to 1,800 c.f.m.
will maintzin the building at the original condition. To go a step
further, the evaporative cooler i the return air from the dehumi-
system could be climinated completely by further in-
creasing the by-pass ratio; however, this results in undcsirably
high air circulation rates.

The remainder of the air leaving the evaporative cooler passes
through the spray eliminator and enters the first regenerative hest
enchanger at state 2. This air stream, 800 c.fm., flows through
this hest exchanger counter to the air stream returning from t
humidifier and is heated to roughly ambient temperature, 95°F.
The effectiveness of each of the rotary heat gencrators in this cycle
is assumed to be 80 per cent with equal air rates through both sides,
a conservative figure on the basis of experimental units tested in
this lsboratory. The exchanger is assumed to have keakage and
mmcqmltoSpcrmdthedrﬁow per side, so that as &

the water content of the sir decreases slightly between
:&2“3. Fresh outside air amousting to 200 c.f.m. is drawn

the syseem at the suction of fan B, with the air at saate 3,

ond delivered by fan B 10 the desiccant bed ot state 4.
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i “i'he air passes through the desiccant bed and ia the Jprocess i
& Ichumidified and heated, leaving atstate 5 at 130° to 135°F.  This
% 1ot dry air then passes through the second heat exchanger, counter
% o an outside air stream, and is cooled to state 6 which is about
*. i°F. abcve ambient. The water content is raised somewhat in
;. his process due to carry over of outside air. This cooling process
% ictully constitutes the heat rejection stage of the reversed thermo-
% tynamic 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
. sasses through the sccond evaporative cooler, also of 80 per cent
. sumidifying effectiveness, and is cooled to state 8, about 65°F.
.. This cool air is mixed with the by-pass air at state 9 to form the
.. pixture at state 10 which is delivered to the building.

The heat exchanger and evaporative coolers, with the addi-

“ jon 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

state 6 would actually be the ambient air drawn into the system,

“while the hot monist air at state 3 would be discharged to waste.

‘tn this case there is no need for dechumidification, and the rest of
‘he equipment can be dispensed with.

12.~—Dehumidification System :

: Solid adsorbents have been proposed for the dehumidification
:system, although some work has been done on solar concentration
;of lithium chloride solutions as an alternative method (Ref. 3).
; Solid adsorbents wzre selected because they are stable, non-toxic,
I non-volatile, relatively cheap, and produce very dry air, and are
readily regenerated with hot air. The regeneration tempersture
¢ for this system will probably fall in the range between 180° and
% 220°F. This is below normal regencration temperatures for silics
% gel and, due to a gtucity of information on performance under
% these conditions, it has becn necessary to conduct & study of silics
i gel beds under simulated operating conditions. This work is
. currently 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
achicved at these temperature levels. .

.
¢

4 A METHOD OF SOLAR AR COND!T%NING—-M.

SOLAR NPUT

Pg. 1. —Solar Air Conditioning System.

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

3. —Thoermal Energy Source:

Thc primary thermal energy source consists of a vee-corrugated
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
about 40 per cent. The area of air heater required is roughly the
same as the roof ares of the building and, in the author’s opinion
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A METHOD OF SOLAR AIR CONDITIONING-—Dunkle. 5

for economical construction, it will be necessary to integrate the
sodar air heater into the roof structure. However, in the case of
emisting stiuctures, it may be necessary to superimpose the air
heater on the conventional roof at some increase in cost. Since
most tropical homes are 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
mof the liouse. Alternatively, the air discharged from the

air (heat rejection) exchanger at state 12 can be used as 2
supply of preheated air.  This air stream is also slightiy lower in
water content than amnbient due to mixing in the heat exchanger

- which results in shightly better performance of the dehumidificr.

A third altermative is to discharge the air at 12 into the roof space
and aho draw the air supply to the air hcater from this space, thus
recovering both the rejected heat from the cycle and conduction

* besses from the air heater.

e

& (able I. Efficiency of cach fan-motor combination is arbitrarily
E sken 20 30 per cent.

Due to the intermitent and variable nature of sunshine, it is
mecessary to have a temperature control clement at the air heater
suthet which varies a control valve to keep the hot air temperature
st the proper level. The hot air from the air heater is delivered

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

the solar air heater is inoperative, or is supplying in-
saflicient hot air for regencration, heat is drawn from the top of
the hest storage, outside air being drawn in at the base of the rock
ibe. 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 heut exchanger and that more than 90 per
ceat 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 reusomtsf; sized storage unit would appear to be
eme containing about 3 days’ normal heat requircments. For the
sine of system described herein, this would be in the order of 1,500

cu. ft. of rock screenings.

ARhough this system has been designed specifically to use solar
emergy, it should be recognized that sny other cheap source of low
grade theraul energy could be used to power the cycle, thus elimin-
sting the large capital costs for a so'ar air heater and thermal storage.

Owe further point applies to areas where heating is required
m winter. This can readily be obtained by connecting a duct
from the discharge of fan C at point 16 to the duct returning con-
Jitioned air to the room at poiat 10. In this manner, the air heater
ind rock pike can also be used for heating in cold weather,

Power Consumption.

The power consumption of the system consists mainly of fan
WWeT Pequirements. power necessary to rotate the heat ex-
ha gers, operate the controls, and circulate water 1s small relative
o fan power. Akhough the cstimates are tentative at the present

imate pressuge rises, air flow rates, aud power consump-
the various fans in the system at full load are given in

TARLE 1.

o Pressure Rise Alr Flow Power Consumption
(tncbes of water) |  (cfm.) LW, |[BTRU/N

¢ 0.085 2%

: Y e | e | &

8 o %m 100

3 1,000 141 40

! .3 1,200 0.008 %0

Toras : 0.520 1,800

Thus it is seen that to Liandle 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 perforinance of a typical heat
pump system with a coeflicient 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 kW, 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 shouid be of the right ordcr of magnitude. Also, to anive 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 cstimated with any degree of precision.

Another advantage of the regenerative evaporative system
occurs under part load conditions. If the circulating (ans have
two-speed motors, they can be operated under low speed a large
percentage of the time. The power consumption varics nearly
as the cube of the fan speed so that cutting the speed in half cuts
the power requirement to one cighth. Furthermore the eficctive-
ness of the evaporative coolcrs, regencrative hcat exchangers, and
dehumidifier are all higher at lower air velocities. As a resule,
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
cocfficicnt of performance is nearly independent of load.

Another factor of importance is noisc, 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 as the major sources of sound
delivery to the building. As the pressure rise through fan A is
small, by proper fan selcction and duct design it shiould be possible
to keep the noise production below an objectionable level.

Suggested Control Method.

Although not pertinent to the theory of the cycle, a few com-
ments will he made on the important practical problem of control,
The complexity of the control system depends upon the flexibility
and degree of control needed to maintain satisfactory conditions
within the building.

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

The building itself should have both temperature and relative
humidity control, altbough 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 sir
flow at state 9. The coatrol achievable is limited to the humidity
levels reachied with the valve closcd and completely open, this
will ble discussed further in connection with the teinperature
control.

A four-step temperarore controller is suggested to operate
as follows.—

Step 1: The top level would be set 1o produce maximum cool
when the temperature reached of exceeded 77°F.  Fans A, B, Cand
would be mnnh,s,gb:t full speed and all sprays in the evaporative coolers
wauld be on. humidity control, assumed to be set for 65 per cent
relative humidity, would tend to opea the by-pass damper if the iclative
humidhiy in the room below 65 cent. In ibe unlixely
event that the relative fll below Gg“pctmwkhuw by-pass
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valve wide open, humidity control would be lost, but the conditjons
in the building would still remain well within the comfort range. The
:f ite sitvation is perheps more likely to occur: under coaditions

igh humidity the relative humidity in the tuilding might rise sbove
65 per cent with the by-pass sir fiow reduced 10 its munimum rate.

Step 2: If the building tempersiure drops slightly so that less
cooling is called for, fans A, B, C and E are switched to part speed
operation.  As mentioned carlier this reduced the power input per
unit of heat removed, The humidity control functions as in step 1.

Sup 3: A further drop in temperature will result in shutting off
all the water sprays in the evapora'ive cooler and the stopping of
fans C and E a3 well as the reversal mechanism of the dehumidifier.
Fans A and B will contiaue 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 63 per cent, fans C and D and the
dehumidifier will be called into action for dehumidification.

Step 4: At an appropriate temperature level heating will be
called for. Under these conditions humidity control will become
inoperative as not essentia! to comfort. When heat is called for,
fan C at reduced speed will deliver hot air from the air heater or
thermal storage vis & duct to po.at 10 in the circulation system. Fans
B and E will be stopped and the hot sir supply to the dehumidifier
closed off. When the temperature sises to the desired point the
system resets 17 step 3 2peration,

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

- > be designed and built, a great deal of research and develop-
» jent work has already been completed on the individual com-
£ opeats. For example, numerous types of packing for both heat

5 sgions u

nd mass transfer have been studied in an experimental otary

xchanger. Based on carly results of these experiments a proto-

7pe fixed bed regenerative cvaporative cooler, without the by-pass
:zture, has been built and is currently undergoing performance
18ts,

The air heater has passed through a period of extensive analysis

» & development and testing stage, and a large solar air heater is

nder construction to sup;;a' the winter heating requirements for

part of the Division of Mecchanical Engineering. This heating

ystem incorporates & rock pile thermal storage and should answer

aany of the practical problems of design and operation of such
fstems.

As mentioned earlier, the work on dehumidification is progress-
1g satisfactorily, and the programme is rapidly approaching the
oint where the first complete system can be built,

Conclusion.

The posed method of air conditioning for hot humid
g solar encrgy as the source of heat which has been
escribed appears very attractive from a theoretical viewpoint. How-

%" yer, many practical engineering aud economical problems remain
¢ 3 be answered before the true utility of this dcvelopment can be

" . scertained.,
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Discussion

My, N. R. Sheridan (Associate Member, Brisbane
Division).—Thi rroposal for providing complere air con-
ditioning by relatively simplk 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 scvere,  Since
the proposal is obvicusly exploratory in nature, it is felt that con-
:lt:re“'cctll;vc criticism is sought to help the further development of

idea, -

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

Being an extension of the idea of evapurative gir conditioning,
the system can best be assessed in the light of present evaporative
air conditioner experience. The common direct evaporative eir
conditioner achieves a drop in dry-bulb temperaturc of the outside
air by exchanging enthalpy betwcen the air and evaporating water.
Provided the outside air 1s of sufficiently low humidity, the con-
dition of the supply air is such that it can remove the room loads
though a rather ﬁrger air rate than used in refrigcrated air con-
ditioner practice may be necded. More complicated indirect and
two-stage systems have been used with some success. Of these,
the Pennington system (Ref. D1) 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
arcas. Since solar regeneration of the dehumidifying chemical is

proposed, tbere may possibly be insufficient sunshine in ccruain
areas of high summer rain,

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

In the paper, noise is trcated rather lightly as this ia aurely
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 cvaporative 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.
Tt will be interesting to sce how the rotary heat exchangers, which
arc - ubjected to humid air and possibly water, stand up to the high
bu aidity conditions. It would seem that the marix with its flow
pr.ssages of small cross sectional ares would be particularly auscep-
t.ble to clogging by thesc growths or deposits and that the sealing
may be affccted,

The normal cxperience with ailica gel as a desiccant would
indicate that the tempetatures proposcd for regencration, 180-220°F.,




. only be justificd by comparison with the existing me

S S

¢ somewhat low. Also, the tendency of silica gel to powder with
ovement of the bed ruay make it undesirable for the rotary de-
ccant bed. However, if the principle proves sound, other desic-
mts could be investigated.

One particular attraction of the proposed system is that it
1ables a solar 2ir heater to be used. The solar air heater as
eveloped by C.S.LR.O. would seem to be a most cconomical
:nd practical way of collecting solar encrgy. The heater is eflicient,
mple and should require only a minimum of maintenance.

The value of 90 per cent in the statement, “ The rock pile
‘cts as its own heat exchanger and more than 90 per cent of the
tored heat can be extracted from a well designed rock pile before
a¢ 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
emperature drop.

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

R T
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31, WatT, ]. R.~-Evaporative Air Conditionng. New York, Tae Indus-
- trial Press, 1963,

© Mr. E.G. A. Weiss (Associate Member, Melbourne
“Division).—Mr. Dunkle mentioned that an experimental unit
with a capacity of 30,000 B.Th.U./hr. and an air handling capacity

* »f 2000 cu. ft. per min. is under construction.

(1) Becruse of spacc limitations, the dimensions of the indi-

" ridual units such as solar air heater, regencrators and rock pile
1o, would be of interest.

' "g) The installed cost of 2 t/indow units with a total capacity
of 30,000 B.Th.U., 'hr. would be approximately £500. Would it
be possible to estimate at this stage the capital cost of the solar air

" conditioning system ?

Mr. A. F. Hall (Associate Member, Melbourne Divi-
sion).—Exploitation of solar energy is receiving increasing
attention and C.S.I.R.O. is to be commended for undertaking
developme: t of a simple system in which solar energy is ¢mployed
for cooling purposes.

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

(i) In proportion to the volume of space served, air quantities are

large and therefore air noise is pronounced in evaporative cooling
units cornmercially available.

(i) Local water supplics are often charged with mineral salis (and
sometimes other matter) so that the wet pad quickly becotnes
fouled. Maintenance stiention must be frequent snd often is
troublesome to arrange.

In the system of cooling under discussion both these probiems
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, Mslbourne Division).—

It is disturbing to learn of the considerabie effort in skilled man-

powcr and money being devoted to the spplication of solar energy
10 various methods of cooling. .

It would appear that undue importance is being given to ex-

cted economy 1n operating cost which is expected to be achieved

. by cumbersome complex and costly devices 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 ahernative eooli::go:lystem can
) of vapour

compression.

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

In the tropical arcas the main problem is dehumidification
and this is a 24-hour demand where although somewhat more power
may be required, performance at mght ts 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
semi-mass produced vapour compression equipment which can be
installed casily in existing buildings and which have relatively low
operating costs.

It is instructive to remember that a 50 h.p. solar steam cngine
was installed and operatcd in Cairo in 1913 but has not come umto
general usc because of high capital cost, complexity of design and
indifferent performance,

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

The Author in Reply :

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
1o be resolved.

T agree with Mr. Sheridan that the matter of noise is extremely
jmportant and that good engincering design is essential to reduce
the noisc to acceptable levels. 1n 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 resulunt troubles with algac, fungi, and mineral
deposits, are very troublesome. These problems are not sericus in
Melbourne where we are working, but could prove very scrious
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
cach rotation of the wheel, these dust deposits tend to get blown
off and we have had one heat exchanger operating contintously
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. Johuston of
our Division is investigating this problem in some detail and these
temperature levels appear feasible. He also proposes a fixcd rather
than rotary desiccant bed which should overcome the tendency of
the gel to powder.

1 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 stoiage, the recovery from long term storage
depends upon the insulaton of the storage system, the temperature
levels, and the effect of longitudinal conduction.

To Mr. Weiss : It is difficult at this stage to be precise with
regard to the dimensions of the proposed system. r{owc\‘et, it
appears that the air heater area should roughl* correspond to the
roof area. It is possible that this can be reduced to perhaps 50 per
cent of the roof ares, dependent upon scveral factors. One im-

ruant factor which could result in quite a large rednction in col-

r ares and thermal storage size would be the inclusion of a
supplemen heat source for peak loads and periods of low
insolation. The proposed rock pilc would have 2 volume of
1,500 cu. ft. and could conceivably be located bencath the building.
;!‘t; r:::uemive hest exchangers are about 3 ft. in diameter and

. deep.
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furnish the het water free while She fuwel fer
the heresene aystem will have Se be furniashed
and paid for regularly.

Pinally, sctual inazsallations ars shewn
whioh have deen used for a number of years and
satisfactorily supplied all the lpt waser needed.
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WHY SOLAR ONE?

SOLAP. ONE is the first house to direcily convert
sunlight into both heat and electricity for domestic
use. Ruilt at the Univensity of Delaware with sup-
port from the Delmarva Power and Light Co.
SOLAR ONE has been designed as an experi-
mental structure to accumulate data from its solar
harvesting system. These data will provide the basis
for further devclopment and optimization of the
system and its components. This will lead 1o the
design of ccrtain other prototype buildings that will
implement these optimized systems.

WHAT DOES IT LOOK LIKE?

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

The house has 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




oo, eI

period. Below the skylight the solar cell panels and
heat collectors are located. The front of the house
also contains six solar heat collectors for additional
heating during cold winter days. All collectors have
plexiglass front coverings.

HOW DOES IT WORK?

SOLAR ONE is a systemized house which converts
sunlight directly into hcat 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.

Ductwork conducts the hot air through a storage
system containing eutectic salts. A: the air passes
over the eutectic salt, heat is transfered to the salt

. and causes it to melt at 120°F. absorbing 4 large
amount of heat knovn as “Heat of Fusion.” In this

way heat can be stored in a much smaller volume
(6 ft x 6 ft x 6 ft) than in heated rocks or water.
During the evening and night hours when the house
cools down, its air is circulatad through the eutectic

130

salt containers and now ‘“exiracts” this heat of
fusion from the salt. The process starts over again
when the sun begins to shine. When there is not
cnough sunshine to heat the house to comfortabic
temperatures, a heat pump is used to amplify the
heat. In this way solar energy can be utilized for
house heating even during cloudy winter days.

During the summer, the heat pump is used as an
air conditioner and will operate predoiminately dur-
ing night hours to freeze another eutectic salt. Dur-
ing day hours house air is circulated through these
cutcctic salt containers, extracting “coolness” from
the salt and cooling the rooms. Night liours are used
to freeze the salt since it is easier to cool during
night time and more electricity is also available
from power utilities.

The we of Cadmium Sulfide Solar Cells and the
generation of eleciricity as well as heat is what
distinguishes SOLAR ONE from other solar struc-
tures that have been built in the past. The Cad-
mium Sulfide (CdS) cell is relatively siuiple in its
design. As shown in the illwtration, a CdS cell is
composed of four basic parts: !
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A metal foil substrate (A) forms the base elec-
trode upon which (B) cadmium sulfide is vacuum
evaporated as a thin film. Then a layer of copper
sulfide (CugS) (C) is electroplated onto the CdS
(both films together are thinner than a hunan

hair). A metal grid electrode (D) is then plrced
on top of the first three. Light passes through the

2 iy £ gy W




&

Jrp——— RS

Ep———

v

metal grid and activates a current flow in the
Slm sandwich, which can be picked up through the
two electrodes. Plastic material is laminated on the
eatire cell to encapsulate it for protection.

Wiring conducts the electricity () from the Cd8

cells to houschold units such as an clectric range,

Ih

heaters, lights, etc. Any excess electricity that can-

not be immediately used is stored in a series of
batteries. Tlie stored energy will be used especially
during the hours when electricity is high in de-
mand (afternoon hours) anci will help to alleviate
power shortages for power utilities.

WHY I§ IT IMPORTANT?

SOLAR ONE is an experimental house that will

information for residential dwellings in the
future; it will define how solar energy can supple-
ment conventional energy sources and therehy help
slleviate energy shortages.

SOLAR ONE is designed 1> obtain up to 80% o
its heat and electricity fron sunlight and the rest
from the power utility predominantly at a tme
when power is available (night hours).

SOLAR ONE is designed to operate in conjunction
with the power utility to prove how solar energy
can contribute 1o “Peak Shaving” and can supply
“Power on Demand” to eliminate “brownouts” and
“blackouts”.

SOLAR ONE has been built with contributions -

from the University of Delaware and the Delmarva
Power and Light Company. It was designed by
Marry Weese Associates with assistance by Cosentini
Associates and the Institute of Energy C mversion.
Purther contributions from Frederick G. Krapf and
Sen Inc., York Air Conditioning Division of Borg-
Warner, Rohm and Hass Corporation, ESB, and
Alcos Aluminum are gratefully acknowledged.
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. of calories for heating purposes. A mediunsized house ‘. these regions literally

. and disappears capriciously, or to store sun-derived calories for long periods, &n
‘awdliary power supply - such as electricity or scms conventional fuel - must be

A32-
No. 656 Page 1l

Traditionally, fuels available locally and nationally, suoh as
wood and coal, have been uaed for domestic heating. But ehort-
sighted polioies - supported by advertieing - have led to the
general use of liquid fuels and gas, aeven n ocountry dietriots
where wood 8 cheap and readily available. The sun offers
another altermative as will be seen in the following artials.

HEATING HOMES BY SUNLIGHT
by Félix Trombe

A glance at power estimates shows that in many so-culled temperate and
culd areas of tie world the sun, sky and clouds can provide a considerable amount

receives hundreds of kilowatt hours of heat each day on its fagades and roof. This
hezt is completely lost through infra-red radiation and the normal heat exchange
with the surrounding air.

Work has been going on for many years to find ways of using this wasted
energy. Sophisticated prototypes of dwellings have been designed but, unfortunately, |
they are higily expensive, making heat derived from sunlight far dearer than that
produced by conventional methods.

Using a somewhat different approach, the QNRS - French National Centre for
Scaentific Research - has came up with several designs that have been patented by
ANVAR - the National Association for the Advancement of Research. Since it is not
coonamically feasible to try to heat a house exclusively by sunlicht, which appeaxs

provided.

A systematic study of the most economic ways of cgpturing sol:r heat has
shown thai the best roceptor 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 sui's rays, the sky, clouds and even energy reflected off
thpgmuﬂcanboa)nectadbypladmwrtialghupmah,builtmﬂ»m
principle as a greenhouse, over half or two-thirds of the south wall. This method
greatly reduces the loss of heat from the walls. Moreover, the "greenhouse" walls
mﬂwhuedmmolﬂuhdneMthﬂmr.

QWS has been conducting research in this field for the last 15 years, and
has built a nutber of axperimantal houses at Odeillo, at the Mediterransan end of

Prof. Trombe {s director of the solar energy laboratory of the Frenoh National Centre
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for Solntifio Research (GWRS).
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Heating maechanism with
lateral air inlet duots.

l = Acoumulator wall
2 = Glags panelling

3 = Sunltght absorbing
surfaces

4 - Path of oirculating
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6a- Inlet for air
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Thege two diagrams from a patent recently takem out by CNRS-ANVAR (Trombe & Michel)
8how how sun-derived calorties entering through the glass panels of the "greenhouse",
can be used either to heat a house in cold weather or to cool it in wamm. Fig.l,
showing the heating syetem, indicates how the warm air oiroulates round the wall to
heat the rooms inside the house. In Fig.3, the wall serves as a suotion mechaniam,
after which the air is eapelled through an aperture at the top of the greeniiouss.
The depression created inside the house enables oold air from tle north wall or from
an aitr oonditiomer to be admitted.

It should be noted that the aooumulator area of the greenhouse is topped by lataral
oliimeys surrounding the aperturee admitting daylight. The ohimmeys make it poestible
to inoreawe the pressure oontrolling the propulsive oiroulation of air; their role
18 analogous in the greenhouse aooumulator to that of the flus of a oomventional
lireplace. The oliimey exhausts all smoke wpward.




W

wo. 656 Page 13

the Pyr&nfes, whare fanilies have now boeen living for about four years. The results
are quite conclusive: in countries where there are clear skies and the sun saincs
frequently, it can provide 75 per cent of the calories required for domestic
heating, the remaining 25 per cant baing sypplied by awdliary sources. I1n less
sunly climes, the econony achieved is less spectacular but still important: a
prototype house was recently built at Chauvency-le—~Chateau in the cloudy east of
Franoe by architect Jacjues Midhel.

In each case, the cost of collocting solar calories is the yardstick for
deciding whether or not to build a solar houwse. But in good climatic conditions
tie cost of a kilowatt-hour of solar heat - calculated an the initial investiment
invo.ved - is two or three tines cheaper than a kilowatt-hour of electricity.
Sunlight, after all, is free. (BCD FEATURES)

Note to Editors: Photogrcphe are available wpom request.
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Portable tank captures sol::r energy

A mew concepl in solar heating provides free hot water for
small-scale nceds of picnickers and cainpers. The water is
eontained in a foamed-polystyrene tank that has an alumi-
sum-shect, neat-cxchange surface covering molded-in chan-
meds through which the water circulates by convection cur-
rems. The product is the result of moie than 19 years of
experimental work by inventor Frank 1. Suhay, Glendale,
Calil. Production and mavketing commenced late last year
after the pranting of a U.S. patent on the principles involved.
The prescnt modc! has a suggested retail price of $3.98,

With a total weight of approximately 1 Ib, the unit can
obsorb sufficient solar heat to raise 4 gal of water as much
as JOF in [rom 3 to 6 hours. This aniounts 10 approximately
1000 Btu of heat absorbed by 1the | sq ft of aluminum, The
imventor claims that it would require 24 ft of 1/2-inch copper
tubing to absorb the same amount of solar energy. Like-

Soler woter heater consists of three polystyrene loam moldings,
& 0.005-inch-thick atuminum sheet and a 0.003-inch-thick
“Mylar” sheet. Ail components are banded with "Locubw

S23 adhesive. : .

e 4 .
.

Aluminum shoel absorbs solar snargy and transiers heat 4o
waler in channels. Convection currents circaiate water throuph
ohonnels in pﬂmm paiel {righw).

.t
" [

wise, he polnis out that best performance occurs during the

9 months fiom early spring to late fall.

Plastics make an imporiant contribution to the unit's
weight and overall efficiency in several ways. In addition to
the light weizht and insulating value of the molded poly-
styvene bead tank, a sheet of “"Mylar” film covers the heat-
excliange arca to provide a dead-air space that increases the
heat-transfer cificiency. The various components making up
the assembly are bonded togcther 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 supplicd by his solar unit. And plans arc in the works
to build larger units employing the same principles that could
be uscd 1o heat swimming pools or provide hot water for
commercial and industrial necds.
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Cooking lunch on the roof of a Geneva block of flats is no problem for
Dr. Adnan Tarcici, Anbassador to the U.N. in Geneva of the Arab Republic of the
Yeaman.

He does it on a portable solar cooker designed and patented by himself,
reports Development Forum, the nonthly published by the U.N. Centre for Eoonamic
and Social Information (CESI).

Dr. Tarcici, 56, was born in Akkar, north of Tripoli, in Isbanon, and as
a koy was often taken on hunting expeditions in the plain between the Mediterranean
coast and the mountains.

The area is hot and suuy, 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 fromt
of Syrscuse - legend har it that he trained men with mirrors to focus the sun's
rays on the ships' sails - he adopted the principle himself.

Forty years later, the result is a fully portable, inexpensive sclar
ocooker - the Solnar - which opens out in the shape of a parabolic mirxror, its
polished aluninium oconcentrating the sun's heat on a central grill. It weighs only
3 kilos (6 lbe) and boils a litre of water in 8 to 10 minutes.

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

"Ihe cooker is an extremsly useful article for most developing coumtries
which have the necessary sunshine", Dr. Tarcici says. The problem is now to mass
produca it at low oost.

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

In many countries - India, Cyprus and Israsl among them - the use of the
sun's rays is already cormonplace for heating domsstic water supplies, usually by
means of a xooftop installation. In more sophistioated applications, particularly
umtmtmmmumt-m,mmummmmumam
stat-controlled electric immersion heater. India has also dsveloped solaxr cookers.
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by Daniael Behrman ,
Changes in society as mmludmxynﬂmwm;dmtbyﬂmadwntot
steam or electricity could well be in store if the sun becomes a major source of
Wo B '

Tire and again, this forecast was heard at the inzumational ocongress on
whe Sun in the Service of Mankind® that filled Unesco's Paris headquarters last
sumer with 800 scientists from 60 countries. '

If the omens are right, our world‘mny be turned topsy-turvy. Homes that
aredmptobuildbutcostlytormboamﬂnymmg:mtquantitiuotfunl
for heating, oooling and hot water, could becams cbsolete, 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. :

&laranergyhasalreadymdomm)ardxmguintmnfoctming\ntti,
an oasis in the desert of Mauritania a good 500 miles (800 km.) from the sea. Thexe,
a solar purp built by a young French engineer, Jean-Pierre Girardier, sq:pliu
drinking water to 2,000 inhabitants.

Qrardietuaramblmdofimlu-trhliltand:.dalht Doing his
national service as a teacher in Africa, he met his mentor, the late Prof. Henri
Masson, at the University of Dakar, in Senegal.

"Maggon told me that Africa had sun overhead and water down belcw. He
sald: 'Look at the sun, it's hot. Look at the watar, it's cold. You should be
able to nn an engine cn that difference in temperature'.” '

Back in his small factory at Montargis, southeast of Paris, Girardier
smdiodﬂnpmblommtuhnﬂnuly’m\pwithasmphmggdmgiﬁpﬂutuu
butane as its working fluid. Boattxmanolaraollecto’:mponm&n‘b\xm
which expands, driving a piston that works a pup. 'n'hcoldwatorpmp.dmﬂn
mummmmmmmmn@mmummm

"oychcanstaxta.llow:a@.i.n

_ kﬂu.mdﬁmu@w“mﬂﬂmmﬂﬂmﬁnm
In Jue 1972, Girardier started to install amother st Chingustti, one of the ost
isolated placesin the world. | |

Awmwnmmmm Sinos the solar punp would
mmmmuwmm,mummw.
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Georges Aoxandroff, reasored- that a school had to ba built fo- the kids who now had
nothing to do. Alexandroff designed the school in classic Mauritanian style and
used its roof as a collector for the heat nesded to drive Girardier's pump.

Breaking the laws of economics

ﬂwmmmﬁdngmmmidnu-anamhtwinﬂum-
Sahara, the other a big punping station that would supply irrigation watar. They
sesm to be breaking all the laws of economics because the solar engine is much
more expensive than a diesel of equivalent power.

Girardier has a ready -wer to that objection. His installation runs
to about $40,000, but the Mau~i:apian goveinmant estimates that it costs from
$5,000 to ; 3,000 a year to maintai:. and fusl a diesel installation in a remote
-pothkeming\ntti,whereoilhastohetrudwdmuﬂuducrtfmttumt.

Solar energy is beginning to look like an economic proposition to
industrialists operating on a mxh bigger scale than Girardier. Twenty-five of
the 50C leading firms in the Uhited States are supporting a project by Arthuxr D.
Little Inc., one of the biggest of American 'think tanks', to look at progpscts
for solar heating and cooling of buildings.

Dr. Peter Glaser, vice-president and head of engineering scisnces at
Arthur D. Little, declaved in Paris that the market for equipment could run to
$1,000 million over the next ten years. Glaser has also advanced a much more
anbitious plan to put a Solar power station 12,000 miles (about 20,000 lan.) out in
space where the sun always shines. Power gensrated by solar cslls would be beamsd
by microwave transmitters to a receiving station on earth.

Averting the energy crisis

mumimmwnﬂum‘inammm.mm
Bram, fathar of space flight, now working with an industrial firm in the United
States. He saia:

"I am confident that solar erargy can be developed to mset significant
portions of our future energy needs and thereby help to avert the coming energy
crisis. The solar industry is in its infancy today, much as the space industry
was 80 many vears ago when I first started dremming of xockets to the xoon.

"I lvalieve we axe at the dam of a new age, ons which might be called the
‘Solar Age',"

i age is already at hand for researchers iike Harold R. Hay of Los
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Angeles who has built a 'solarchitecture' house in Phoenix, Arizona. He has
sucoeeded in heating and cooling the house with a 100f pond eight inches (20 oms.)
deep. Moveable panels allow the pond to warm up by day during the winter, and
shield it at night to keep the heat in. In summer, 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 lots. Hay has stated: "land use
and value are changing in ways that will affect, and will be affected by, on-site !
use of solar energy. To conserve virgin areas, new cities should be built on
abamadagriculturalhxﬂmdplmndﬁorlmmmfmlmw
natural heating and cooling.”

Prof. J.K. Page of the University of Sheffield in the United Kingdom
reminded the congress of what he called the tragedy of architecture in latin , ;
Aterica which, he said, has borrowed the worst features of European designs. Glase~ |
mmnummmmamwmmummmwcm
avay from industry.

pagmmmmmmmmum w
factory famming has created 'animal cities' and even 'animal slums' in the
countxyside. '

The next step is to bring the country into the ciy. Page wants to use
sunshine falling on buildings to grow plants on their roofs. The carbon dicsdde
adminmmtdbyﬂuh*nbimuotﬁmwmdﬂmwﬂh
mm-peedplmtgmwum sim.plmu&nriwmﬁnuxbondmm
byﬁnhmmt&onmmmmmbmﬂuﬂnwmmmmwpmu.

Note to Editore: Photographs are available wpon uqunt.(m FEATUYSS)
-/ »

PERPIQNAN URNIVERSITY CENTRE OFFERS COURSES IN SOLAR ENERGY !
Perpignan University Centre is offering diploma courses in solar ensrgy with [
both theoretical instruction and practical experience at the solar furmace installa~
tion at Odeillo - Font Romsu in the Pyrénfes. Orgenised with financial assistance
from Unesco, the Perpignan course is intended for professors, researchers and other
mwmuamummmmmmmummm

oy
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