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ENERGY FROM THE SUN

FOREWORD

This report is one of a series of special supplements to the
Technical Digest, which is published monthly for the International
Cooperation Administration by the Office of Technical Services,

U. S. Department cf Commerce, Washington, D. C. The Technica] Digest
summarizes information from various sources dealing with work methods,
manufacturing processes, and business and industrial techniques.

Each of the reports in this series is designed to provide more
detailed information on a single aspect of these methods, processes
or techniques,

The following report covers the use of energy from the sun. It
was prepared for the International Cooperation Administration by the
McGraw-Hill Technical Writing Service, New York, N. Y. Mention of
the name of any firm, product, or process herein is not to be con-
sidered a recommendation or endorsement by the International Cooperation
Administration or the U, S. Department of Commerce.

For further information and assistance reeders should contact their
local Productivity Center, Industrial Institute, Servicio, or United States
Operations Mission,

MAY 1960
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INTRODUCTION

One of the grcatest sources of energy known to man is

the sun. Scientists estimate that the sun will continue

to radiate energy to the earth for several billion years.
A1l the zlectric lights in all the cities of the world

cculd be kept lighted for three years by the energy in

Just one day's sunlight. Sclentlists are stepping up theilr
study of solar energy, because thilis abundant source of
anergy 1is readily available znd because our supply of fossil
Miels may ne dangerously low by the year 2,000, particularly
for underdeveloped areas. Thils article discusses the major
methods of utilizing solar energy today.

Nature of our sun. Our sun 1s 93 million miles from the
earth. A minor star made up of masses of hot gases, it is
864,000 miles in diameter. Thus, it 1s 108 times the
diameter of the earth (about 8,000 miles). Energy from the
sun 1s developed when hydrogen atoms in the hot gases com-
bine to form heliuwm. Our sun has enough hydrogen to continue
thls energy releasing process for the next four billion years.
Of the enormous quantity of energy released by the sun only
one¢ part In two blllion reaches the earth. Figure 1 shows
how solar energy 1s charged to other forms of energy on the
earth,

Radietion reaching the earth in the form of sun rays varies
with the time of the day and the iocation on the surface of
the earth. In sunny, temperate -limates the intensity of
radiation may be as high as 1.25 horsepower per square yard
of the earth's surf‘ace.1 Cold, scnowy areas may receive so
small 2 guartity of energy that i1t is rated as zero. The
av.rage annu.l radiation on a horizontal surface in sunny,
temperate climates is 150C to 2000 British thermal units
rer square foot per day. Scilentists estimate that the
Unilted States alone receives each year, in the form of sun-
light, about 1,500 times i1ts total present energy demand.

1
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solar energy radiated to

all outer space

electromagnetic radiations:

radio waves 1irht waves or phctons
heat waves ultraviolet rays
infrared waves x-rays, gamma rays

draulic wind chemical heat atmospheric
2§?rgy energy energy energy electricity

Figure 1. The sun's energy reaches every phase
of life on earth, (Courtesy of Power magazine),

Of the sun's rays reaching the earth the light rays have
the greatest intensity or brightness. The heat or infra-
red radiations have the largest quantity of heat. 1In using
solar energy we are interested in both heat and light.

Some ultra-violet rays also reach the earth but they are

only about 4% of the total radiation we receive from the
sun.



Using solar cnergy. Solar energy is currently used in
elght difTerent ways: (1) cooking and baking, (2) water
heating, (3) space heating or cooling, ('4) water distilla-
tion, (5) povering crngpines or punping water or generating
electricity, () solar furnaces, (7) photoelectricity, und
(8) photochemistry. The 'irst seven are discussed here,
and greatest empnasis is given to uses valuable in under-
devcioped areas. Iipure 2 shows how solar energy can be
used Ly man.
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Figure 2. Flow naths of sun-derived energy.
(Courtesy of Power magazine).

The most inportanu part of any systeml using solar enerny
is the solar "collector" or heat exchanger, Figure 3.

Two types of collectors are popular today -- (l) focusing
and () flat plate collectors. Focusing collectors use an
optical system, usually a reflector, to concentrate the
sun's rays onto = heat cnchanger (a pot or other device)
having an arex smaller than the area of the collector.

By concentrating the rays on the smaller area of the heat
exchanger a lzrger azmount of energy is transmitted to the
exchanger thun i1f 1t were placed 1n the sun without a
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COLLECTOR COLLECTOR

TRANSPARENT,
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CONDUIT  FOR
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Figure 2. Focusing and flat-plate solar collec~
Sors. The focusing collector operates only in direct
raaiation. lat-plate collectors operate on direct and
diffuse radiation and do not have to be moveable. (Courtesy
of Universiiy ol Wisconsin and The Canadlan Journal of
Chemical Ensincering.) T

[,

collector. Alsc. the hieat exchanger's small area causes
less hezt losg o vhe surrounding air. Focusing collectors
are commonly used where high temperatures are desired.

Flat-plate co lecuers have a solar energy absorhing surface
equal iIn area to the total area of the collector. There 1s
no concentration of the energy, as 1n the focusing collector.
lfost flat-pla + collectors are used in applications where
lower temperatares are satisfactory.

Slnce the sun does not shine continuously in many areas, the
solar energy supply [luctuates. This fluctuation of supply
can be smoothed out by using heat storage systems. In
applications such as pumping irrigation water or distilling
brackisn water, the equipment should be sufficiently large
to produce more thun the total desired output while the

sun shines. The excess water obtained is stored until a
need for 1t develops. If the sun 1s not shining when the
water 1s needed, the stored water is used, thus providing a
convinuous supply. Similar schemes can be used for water
heating, cooking, bhaling, and space heating or cooling.



Energy costs. Table 1 shows the costs of enirgy to perform
certain tasks in various parts of the world. Today solar
energy 1s not yet competitive with energy from other sources
for tasks like space heating, space coollng, or power genera-
tion. Solar energy may, however, be the most economical
source when no other forms of energy are avallable, as in
underdeveloped areas. In arid, tropical countries solar
energy can make an lmportant contribution to the economy

of these nations. For example, dried cow dung and other
refuse 1s used in some countries as a fuel for cooking food.
Thls age-o0ld practice deprives the land of its natural fer-
tllizer. It is estimated that if the land were supplied
minerals by this animal fertilizer, the agricultural yleld
could be nearly doubled. The introduction of an inexpensilve
solar cooker would thus produce a major improvement in food
suppliles.

There are also other considerations, besides the direct cost
of energy. If solar cookers could be made consistent with
the eating and living habits of thelr users, they could be
used by millions of people who are now using primitive fuels
like cow dung and wood. In northern Mexico, for Instance,
fuel for cooklng 1s a major item of expense for many low-
income families. Reduction in the use of their wocd fuel
for cooking would improve thelr economic situation and
decrease the rate of deforestation. Small, inexpensive
refrigerators, operated by solar energy, could provide
facllities for food preservation not now existent in many
underdeveloped areas.

Salt water demineralization by solar distillation could
provide potable water in arid regions where solar radiation
is high. In comparison with the usual costs of natural
fresh water, the projected prices for solar-distilled
water are very high. But the need for demineralized saline
water is expanding. In favorable locations solar distillla-
tion of saline water has the potential of becoming econom-
lcally attractive where potable water must be obtained for
human consumption.

For these reasons solar energy holds much promise for the
future. Active research and development programs are
underway throughout the world. This article describes and
discusses the advances made so far. Its first topilc is
solar cookers--probably the best devices for the intro-
duction and development of solar energy in underdeveloped
nations.
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TABLE 1.
AT SELECTED LOCATIONS.

ESTIMATED COSTS OF ENERGY FOR SEVERAL APPLICATIONS

Chemical Engineering).

(Courtesy of The Canadian Journal of

Location

Type and Capacity

Cost

Notes and References

Space HEaTiNG
1. Central U.S.
2. Western U.S.
3. Denver

Space CooLING

1. South U.S.

2. South U.S.

3. Cairo, Egyvpt
4. Dakar, West Mrica
PowER

1. U.SA

2. UUS.AL
3, Rural U.S.

4. Cairo, Egypt
5. Dakar, West Africa

6. Rural India

10°B.t.u./hr. oil burner
10*B.t.u.'hr. LPG svstem

Natural gas

2-5 tons compression

(3]

-5 tons absorption

(2]

3 tons compression

2 -5 tons compression

Industrial large capacity

Small central power plant

Auniliary generator

Animal power

$1.50,/ 1081 ¢y,
$2.00,10¢B 1.1
$0.75,/10%3 . (.u.

o

B¢ ‘ton hr.
.ZS -()¢,/lnll hl‘.
5.5 9¢.1ton hr.
12¢, ton hr.

25¢ "1on hr.

1g.'k.w.h.

3¢, k.ow.h.
4 8¢/ k.w.h.

7.5¢ 'k.w.h.
17¢/k.w.h.
15-30¢ 'k.w.h.

Fuel oib at 15¢ “gal., fuet cost onlv.
Propane at 17¢ "gal., fuel cost only.

Fuel cost only,

Electric power a1 2 3¢ 'k.w.h, C.O.P. =25, 20¢7 load factor,
cquipment cost included at 109, /yvr.

Fuel cost onlv, at $0.75 1o $2.00'10°B.1 .
Same, with cquipment cost included as in No. 1,

Eleetric power at 7.5¢ 'k.w.h. fixed cost. 407, load factor.
Flectric Power at 17¢ ‘k.w.h. 1070 vr. fixed cost, 409, load
fuctor,

Power wenerated at large central thermal power stations or
hyvdroclectric stations.,

Power from a 10,000 kow, central power station.

Power trom cnall gasoline generator plants of 2-3 k.w.
capacity,

Rexidential hghting rate 5,
Restdential rage v,

Power for lifting irrigation water *', estimated in terms of
clectrical equivalent.
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REFLECTION FOR SOLAR COOKERS AND OVENS3

Solar energy can be concentrated by using reflectors or
mirrors, which can be any of the following:

(a) Spherical parabolic reflectors, Figure 3, may
reflect energy to a cooking device placed at the focus.
Such reflectors must be moved every 10 or 15 minutes
to keep the focus image on the target. The cooking
device is usually exposed to circulsting air and wind.
A shielding provided by heat-insulating covers is not
convenient to use because the food must be stirred
frequently to prevent burning at the focus point,

(b) Cylindrical parabolic reflectors may focus
solar energy to a tubular absorber which circulates a
heat-transfer liquid fo a separate insulated oven. An
exact movement of the reflector is essential to keep the
focus line on the target.

(¢) Plane mirrors may reflect solar radiation
through a "window" into an insulated oven.

SOLAR COOKERSS

Solar cookers are the most popular devices using the sun's
energy. With a solar cooker complete meals can be prepared
in areas where there is no other source of heat readily
available. Cookers are also useful for heating water for
human consumption or bathing.

Two types of solar cookers are available today: (1) the
direct or reflective type and (2) the indirect or oven
type. Direct types of solar cookers are discussed in this
section; indirect types of solar cookers are discussed in
the next section,

Cooker parts. Figure 4 shows the basic parts of a direcu-
type reflective cooker, These are (1) a reflector to con-
centrate the sun's rays to a spot smaller in area than the
bottom ol the pot, (2) a stand or mounting so the reflector
can ve pointed towards the sun while being supported at the
best angle for cooking,~and (3) a pot holder to support the




Reflector

lumnming

fr//Stand

[ & B |

Figure 4. Direct-type solar cooker fitted with
a focusing reflector of parabolic shape. (Courtesy of
University of Wisconsin),

pot at the point where the sun's rays are concentrated.
In most cooker designs the pot holder and stand are com-
bined into a single, tubular part.

The cooker in Figure 4 concentrates the sun's rays in

much the same way a magnifying glass does. When concentrated
on a small area, the rays produce a temperature high enough

to boil water and cook foods of various kinds.

Reflectors. Reflectors for direct-type cookers are usually
parabolic in shape, Figure 4, Some are dish-shaped, such
as a large saucer. The body or shell of the reflector may
be made of plastic, metal, or other suitable material.
Plastic is preferred because it is light, strong, and
relatively inexpensive. Plastic parabolic reflectors can
be accurately molded with a minimum of labor.

8




Recently introduced parabolic-type reflectors, Figure 5,
use an umbrella-like structure fabricated of a Mylar-
vinyl-cloth laminate. This reflector can be folded when

Figure 5, Collapsible umbrella-type solar cooker
approximates a parabolic shape. (Courtesy of G. O, G. LSf).



not in use. At present thls reflector 1s widely used 1in
recrzational areas but 1t may become popular as 2 cooker
In areas where other sources of heat are scarce,

The reflective surface of a solar cooker must be bright,
shiny, and mirror-like 1f meximum efficiency 1s to be
obtained., To produce thls high reflectivity the reflector
1s lined with a suitable material or metalized with a
raflective coating. Tne reflective material must with-
stand the sun's rays, varylng atmospheric conditilons, and
should have a hlgh reflectivity which does not decrease
wlth age. It should be easy to clean, lnexpenslve to
replace 1f reflectivity decreases, and should resist
abrasives and solvents that may be used in cleaning.

Aluminlzed Mylar fllm reflective lining 1s used on the
cooker shown in Figure 6. Thils f1lm 1s bonded to the
50-millimeter thick™ drape-formed high-impact polystyrene
reflector shell, Other plastic materlals used for shells
to which a Mylar f1lm 1s bonded include fiberglass,
cellulose acetate butyrate, and vinyl cloth. Reflectilve
surfaces are also made of aluminum foll or sillvered
cellulose acetate butyrate.

Solar cookers developed 1n Burma use rectangular wooden
frames for the shell and bright, tinned metal sheets for
the reflective surface. The shape of the reflective
surface 1s seml-parabolic. These cookers, used for the
preparatlion of meals and potable water, are cheap and
easy to bulld. Another deslgn developed 1n Burma uses
wooden ribs and aluminum sectors formlng a parabolical
reflector which stands on a 2-foot square wooden pedestal,
These reflectors are used for salt manufacture and for
palm-Jjaggery manufacture 1n hot and dry areas lacklng
fuel of any kind. 1In some parts of Burma glass mlrrors.
are used as reflectors., These glass mirrors are belng
replaced by the lower cost, lighter welght metal reflectors.

A cone-shaped solar stew pot bullt 1n Guatemala from
cardboard, stlcks, Scotch Taps, and aluminum wrapping foll
produces enough heat to boll water. The cone shape has

an advantage over a parabola because a larger focal spot
1s produced.

10



Figure 6. Direcc-type solar cooker has a
plastic reflector coated with aluminum foll. (Courtesy
of University of Wisconsin).

Solar cooker reflectors are also built of soil-cement,
lightweight concrete aggregate, and inflatable plastic.
To date none of these structures have been as popular as
thin structural plastic shells.

Reflectors for solar cookers wvary in diameter from a
minimum of 15 inches to a maximum of about 96 inches. The
larger diameter reflectors deliver more heat to the food

to be cooked. A diameter of at least 36 inches is reguired
for the rapid cooking of family-size food quantities.

11



Stands or mountings. Maximum heat is derived from the sun's
rays 1f the reflector is supported so it points toward the
sun. A varlety of materials can be used for the stand.
Thin-wall metal tubing, brass or steel rods, and wooden
blanks or poles make good stands. Figure 7 shows six schemes
for supporting a reflector. The cooker in Figure 6 uses
thin-wall metal tubing.

A satisfactory stand must be strong, light, and easy to
disassemble for transportation from one site to another.
Since solar cookers are used in the open where there is
little protection from the wind, the stand must have enough
stability to prevent being overturned by the wind. The
operator of the cooker should be able to turn the reflector
to follow the sun without moving the stand.

Wood 1is the cheapest supporting material, but it is cumber-
some and heavy. Concrete i1s heavy and difficult to trans-
port. A properly designed metal support has enough
stability to prevent the overturning of the cooker in
moderately strong winds. Simple fastenings make 1t easy

to rotate the reflector to follow the sun. Metal cooker
stands are almost universally used except in crude,
temporary cookers.

12



egs

Wing Grill
nut

ron legs

upport

ods

"ol

~€hain or rod
Wood
pole ]
S ——
ire
basket
Grill
ods

rod

Flgure 7. 8ix arrangements for supporting
direct-type solar cookers. (Courtesy of University of

Wisconsin).
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Pot holders. Almost every solar cooker uses a pot to

held the food being hecated. To derive the maximum amount
of heat for cooking, the pot must be held in a position
close to the focal point of the reflector, If the pot is
placed at the exact focal point, the heat will be con-
centrated on a very small area of the pot. Most szolar
cookers are designed so the pot 1s supported in a position
somewhat beyond the focal point. The heat from the sun's
rays 1s then spread over a larger area of the bottom of
the pot. This produces better conditions for cooking,

When metal tubing or a bar supports the reflector, the

pot holder is usually combined with the stand, as shown in
Figures 6 and 7. The pot support is circular or rectangular
with metal bars forming a grill on which the pot is placed,
Some cookers have a wire basket (Figure 7) instead of a
grill to support the pot.

Pot holders must be strong and durable. Metal holders
are best because they meet these requirements. All modern
solar cookers use metal pot holders.,

Heat output. The efficiency of a focusing solar reflector
is directly proportional to the reflectivity of the reflec-
ting surfaces. Solar cookers concentrate the sun's rays

in ratios varying from two to as much as Several hundred

to one. The heat output of a cooker depends upon both

the reflactivity and the concentration ratio of the
reflector.

Solar cookers are usually rated in terms of watts (1 watt =
0.0569 Britisn thermal units per minute). The cooker
illustrated in Figure 5 delivers about 660 watts to the
cooking vessel when the direct radiation of the sun on the
reflector is 5 Btu per square foot per minute and the
reflectivity of the reflector is 70 per cent. A delivery
of about 650 watts is obtained from the cooker in Figure

6 when the reflectivity is 80 per cent. Thus, both these
cookers deliver about 37 Btu per minute to the cooking
vessel,

The actual heating rates of reflector-type solar cookers
depend on factors other than the characteristics of the
reflector and the direct solar radiation. Among these
factors are the cooking container heat absorption co-
efficient and the rate of heat loss from the container,
particularly by evaporation. With suitably blackened and
covered contailners, a quart of cold water can be brought

14



to a boll in about 15 minutes on clear days with the cookers
showr in Figures 5 and 6, A rnet averaze heat delivery of
about 20 Btu per min., in excesc of the heat losses from

the contalner, ig thus obtained. The reflectors may be

used as broilers to coak meatls by direct radiation. Steaks
or hamburgers may be cooked by direct radiation in 10 to

20 minutes on the reflector shown in Figure 5. Both these
cookers are well adapted to hoiling, stewing, and frying
cperations. They have been used for baking after adding

a smali oven over the focal zone,

Cooker costs. Folding cookers (ses Figure 5) cost about
$7 to $I0 To manafacture. The coolar shown in Figure 6

costs about $6 to $10 to manufacture,

USING SOLAR COOKERS3

Reports by personnel visiting underdeveloped areas show
that one of the major reasons for a lack of success with
solar cookers is a poor understanding of cooker operation.
Some sclentists and engineers have observed people attempt-
ing to use solar cookers in cloudy and overcast weather.
Others say no attempt was made to point the cooker at the
sun, There are reports that cookers were allowed to be
tlown about by the wind. Sometimes no attempt was made

to keep the refliector clean,

While a solar cooker is not a delicate device it does
require some knowledge ~o »Hperate, The recommendations
given here apply to zll the solar cookers that have been
discussed,

To obtain the best results from any direct-type solar
cooker the operator must observe these rules:

1. There must be bright sunshine that casts sharp
shadows if rapid cooking 1s to be obtained,

2. The reflector and pot must be arrangecd so the
bright sun's rays are reflected onto the bottom
of the pot.

3. The bottom of the pot must be a dull black color.

4, The pot should be covered during cooking.

15



5. The reflector and the not, or just the pot, must
be moved every ten to fifteen minutes to iteep the
sunlight focused upon the pot.

6. The reflector must be kept bright and shiny at all
times so the maximum amount of sunlight i1s reflected
onto the bottom of the pot.

Safety precautions.3 Solar cookers develop high temperatures
at the focal point, where the sun's rays are concentrated.

If the operator places a plece of paper at tne focal point,
the temperature is sufficient to ignite the paper. If the
operator has nis hand or clothing at or near the focal

point, he is likely to receive a burn or have the fabrilc

of the clothing ignited. Extreme care is required wnen
handling a cooker in the bright sun.

The operator should keep the reflector covered when the
solar cooker is not in use. This elimlnates the danger
of burns and the accidental lgnition of paper, clothing,
or other flammable substances. The cover will also
protect the reflective surface. Cooker efficiency will
be greater for a longer period.

Future use of solar cookers. Continued research will un-
doubtedly develop cookers with higher heat outputs. Future
cookers will probably be easler to transport and store.
With the ccnstant develovment of new materials it is likely
that lighter weight and stronger cookers will be developed.

As more pecple in underdeveloped areas learn the useful-
ness of solar cookers, greater use will be made of this
method of cooking. VWhen better nutrition is provided, the
nealth standards of a country are raised.

Widespread adoption of solar cookers will take time. Since
1954 a parabolic reflector-type solar cooker developed in
Hew Delhl has been manufactured commercially and sold to
Indians for about $14. Lfforts to lntroduce the cooker on
a wide scale have failed, however, because the villagers
prefer traditional cooking methods, and because even this
small amount of money represents too great a portion of

a family's yearly income. It was reported in 1958 that
some 6,000 solar cookers were in use in the U.S.S.R.

16



Other cooker designs.l3 Numerous other cooker designs
have been and are being developed in various parts of the
world. A number of solar cooker designs on which data are
avallable are described below,

A parasol-~type cooker developed in Japan has 1ts reflective
surface coated with aluninum-plated polyester. The forward
end of the parasol stem (corresponding to the handle of an
ordinary umbrella) holds the pot grill. This grill can be
moved to the focus of the cooker. The other end of the
stem, behind the reflector, terminates in a horizontal bar
which carries a weilght to balance the weight of the reflec-
tor and cooking vessel. The reflector can turn about the
vertical axis and also swing in the vertical plane. At
noon on a sunny spring or fall day this parasol-type cooker
can cook 700 grams of rice in about 70 minutes or boil two
liters of 12° C wafer in about 60 minutes.

Another design developed in Japan uses a main parabolic
reflector with a convex auxiliary reflector. This auxiliary
reflector is held in position above the center of the main
parabolic reflector by four bars. The sun's rays are re-
flected by the auxiliary mirror-type reflector through

a circular opening in the center of the main reflector.
These rays are projected into an insulated box, where the
cooking vessel i1s located.

A third Japanese solar cooker consists of a multiplane
mirror-type model of 36 sheets of reflective material.

These sheets are arranged in two rows of 18 eachb, one row
behind the other, fcrming a near-parabolic shape. The cook-
ing pot is placed at the center of the parabola,

Attempts have been made to fit solar cookers with a track-
ing device so that movement each 10 or 15 minutes is
unnecessary. All tracking devices developed to date are
far too expensive to be used with ordinary domestic cookers.

SOLAR OVENS®

Almost all modern solar cookers use parabolic, spherical,
or conical reflectors to concentrate solar radiation on
the bottom of a cooking pot. These cookers can perform
the usual functions of an oven, such as baking and roast-
ing but they lack certain desirable features. However,
special solar ovens have also been developed.

17
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Figure 8 shows a typlcal solar oven, It consists of (1)
an 1nsulated box with a door, (2) double glass covers or
windows, and (3) plane-mirror reflectors. Ovens of this
deslgn are termed indirect types and are futher classifiled
as trilangular, pot, or cyllindrical shaped, depending on
the confilguratlon.

Double glass covers

Door.
\a,

téﬁmnlatedcwmn

Figure 8, Solar oven filtted wlth double glass
covers. (Courtesy of Unlversity of Wisconsin).

Insulated box, The trlangular oven shown in Figure 9 is
preferably bullt wlth an outside skin or envelope of
alumlnum, Other sheet metal, wood, or even cardboard can
be used. The i1nner oven must be of sheet metal wlth all
the seams well-attached by rlveting or double hemmlng to
provide good heat transfer. The wilindows are mounted in
frames made of Marinlte or wood. The raflector holder can
be attached directly to the top surface, made of alumilnum,
sheet metal, or wood. The door and door frame are made of
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a sufflclently strong and heat-resistant material of low
heat conductivity. The space between the inner and outer
skins 1s fllled with 1nsulatilon (glass wool, rock wool, etec,).
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Figure 9, Triangular solar oven fltted wilth

reflectors. (Courtesy of Maria Telkes and University of
Arizona).

Pot-type and cyllindrical ovens are constructed 1ln a similar
manner, Cross-sectional views of these ovens are shown 1n
Figures 10 and 11,

Glass wilndows. Double-glass windows wilth about one half an
inch of alr space between them are commonly used 1n solar
ovens. However, some solar ovens use only a single glass
window.

Reflectors. Although plane glass mlrrors have been used
for solar ovens, thils type of reflector has been too heavy
and too brittle. Additional framing 1ls also required,
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Increasing the cost and the welght of the oven. Thin,
highly polished aluminum foll is preferred for reflectors.
It can be mounted over plywood or some other sultable,
low-cost material, The surface of the foll must be pro-
tected by a sultable coating. Four flat reflectors are
usually used, as shown in Figures 9 through 1L,
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Flgure 10, Pot-type solar oven fitted with

reflectors. (Courtesy of Maria Telkes and University of
Arizona)
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Figure 11, Cylindrical oven with fixed pot and
rotating outer shell. (Courtesy of Maria Telkes and Uni-
versity of Arizona),

Iriangular ovens., The window of the unlt shown in Figure 9
i3 tilfed at an angle of 30 degrees from the horizontal, a
favorable tllt Tor southern latitudes. The triangular oven
1s relative.y simple to fabricate. It can be placed direct-
ly on a table or on the ground. A dlsadvantage of the oven
1s that 1t must be tilted by 1ifting 1lts front or back

edge. If this t1lt is more than 20 or 30 degrees, food may
be spllled.

Pot ovens. Filgure 10 shows a typical pot-type oven, Its
construction 1s similar to the triangular oven 1llustrated
in Flgure 9. Pot-type ovens are designed to permit cooking
"from the top," which 1s sald to be the preferred way,
because 1t 1s the conventional manner of cocking, A large
pot, clrcular or oval in shape, can swing over a rather.
wlde range, covering at least 60 degrees. The oven is
lined with reflecting surfaces to reflect the maximum solar
radiation to *he pot,

The surface of the pot must be covered with a dull black
coatlng to absorb solar radiation. The contents of the

pot become heated somewhat more rapidly than in the tri-
angular oven because heat 1s delivered directly to the pot.
The entire inner surface of the oven 1s covered by aluminum
reflectors which concentrate the energy to the pot or oven
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compartment. The door above the pot must fit tightly.
The door should be made to 1lift easlly to permit quick
access to the pot.

Pot-type ovens were developed to simplify tilting and
orientation. The glass window transmits solar energy to
the oven interior.

Cylindrical ovens. The cylindrical oven shown in Figure

11 can pe oriented to intercept solar radiation wnile being
moved from the vertical to the horizontal position, cor-
responding to solar attitudes of zero to 90 degrees. This
oven has a permanently (ixed platen which i1s always in the
norizontal position. The outer part of the solar oven can
be rotated around the axis of a stand which supports the
permanently fixed part of the oven, as shown In Figure 1l1.

in advantage of thne cylindrical oven is that it can be
oriented to face tne sun with the utmost simplicity. The
fcod platform is always in the horizontal position; tnere-
fore, the food cannot be spilled. The heat-losing surface
of the inner oven is small. The heat loss is further
decreased by tne reflective lining of the inner oven.

Such an oven is easily moved; 1t weighs less than other
oveng of the same window area. The cost of this oven is
orobably less than the other types discussed here.

Coolking with solar ovens.2 4 series of cooking tests have
been made with the ovens described here. The results were
excellent. Almost all types of foods can ve prepared:

1. Boiled foods: Soups, meat or fish stews, rice
macaroni, {resh and dried vegetables, jams, and fruit
preserves were prepared. When cooked with little added
water, vegetables had excellent taste, texture, and
color.

2. Baked foods: DBreads of all types, rolls, and
cakes were baked. Their texture was fine.

3. Roasts: Chickens, meat loaf, pot roast, veal,
pork, and roast beef were prepared. Their flavor and
tenderness were exceptional.

The cooking time varied with the intensity of the solar
radiation. On exceptionally clear days the cooking time
was about the same as with the usual gas or electric
range. On nazy or partly cloudy days the cooking time
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was somewnat longer. Additional tests have been made with
specilal oriental foods, and Navajo Indians prepared their
own dishes with tnese ovens.

Oven temperatures obtained ranged from 380 to 430° r.

Larger ovens attain somewhat higher temperatures than
smaller ovens. There is no fire hazard with these ovens.
They could be used on clear days in many regions where a
lack of fuel or their convenience makes them desirable.
Ovens weighing 15 to 20 pounds have cooking space sufficient
for a family. The window area 1s usually about 2 square

feet.

Qven advantages.2 Besides the advantages mentioned earlier,
solar ovens have several others. These include: An oven
can bake or roast, as well as beil foods. An oven requires
less exact focusing and orientation than a solar cooker.
Inexpensive fabrication methods are suitable. Cooking

pots and pans are protected from the wind. It is possible
to use an oven in relatively cold weather. Several pots

or pans can be used at the same time. Heat can be stored
in the oven, allowing food preparation in partly cloudy
weather. Food can be kept warm in the oven after sunset.

Oven operation.2 It is essential that the window of a
solar oven always face the sun. The altitude of the sun
changes continuously during the day, and the oven must be
tilted accordingly. Suitable legc are used to tilt the
oven, and the orientation must be changed about every
half-hour.

Cooking witnout stirring.2 Solar ovens produce a uniform
heating of the pot. The temperatures reached in the pot
are never high enough to cause scorching of the food.

In conventional cooking a flame reaches the bottom of

the pot, and to a lesser extent, its sides. The not flames
or a grill are in direct contact with the bottom of the
cooking pot. The heat transfer is very rapid. The bottom
and walls of the pot could become incandescent if no food
were placed in them. All food must be rapidly stirred

when pots are placed directly over a hot flame. This is
the reason why cooks lean over pots, stirring briskly
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to avolid scorched food and its bad taste. Stirring is
unnecessary in solar ovens, and the cook has a chance to
do somethirg else while the food 1s cooking.

SOLAL. STILLS

A still is a device used to convert salt (saline) or
brackish water to potable water. The process, called
distillation, consists of heating the impure water, causing
it to change to vapor. This vapor is then condensed back
to water. When the vapor is condensed back to water it 1ls
called condensate. When brackish water changes to varpor
it leaves impurities, salts, and other undesirables in che
container. The condensate is pure water and 1s safe for
drinking and cooking. Solar stills hold much promise fe
supplying potable water in arid tropical areas. They can
also supply water for irrigation.

Types of stills. A number of stills have been developed.
These include (1) a roof, "greenhouse," or triangular type,?
Figure 12, (2) a flat tilted type, Figure k3, (3) a flat.
tubular type, (4) a supended-envelope type®, Figure 14,

(5) a spiral still, and (6) an air-inflated still.

The greenhouse still, Figure 1l2a, conslsts of a ran

with a black bottom to hold the salt water, a glass cover
to allow the sun's rays to enter the still, condensate
collecting troughs, insulation under the pan, and a tight
enclosure to prevent the water vapor from escaping. The
back of the still is lined with a mirror or reflective
material.

Sunlight enters the still through the glass cover and
heats the salt or brackish water. The heat absorbed by
the water causes the vapor to form. This vapor collects
on the glass cover and the back of the still. Since the
glass and the back of the still are cooled by the air out-
side the still, they are at a lower temperature than the
varor., This temperature difference causes the vapor to
condense back to water. This pure water trickles down
the underside of the glass cover and the inside of the
back of the still. The water flows into the collecting
troughs which slope towards one end of the still. Holes
at the end of the still allow the pure water to flow out
of the still to collecting containers.
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Troughs Insulation
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Figure 12. Six designs of solar stills.
(Courtesy of I. Tanishita, R. Lappala, J. Bjorksten, and
University of Arizona).
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Figure 13.
(Courtesy of Jet-Heet, Inc., I.
of Arizona).
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For best results the still must be nearly ailr-tight 2

to prevent vapor from escaping to the outside air. In-
sulation under the pan is usually two or three inches thick
to prevent heat losses from the pan to the ground under

the still.

This type of still is operated by placing it in a level
position and f'1lling the pan with water to a depth of

three fourths to one inch. In the morning the sun's rays
will heat the water in the pan. Distillation will continue
to sundown, 1if shade or clouds do not obscure the sun. An
8-foot long, 2-foot wide still of this type will produce
more than a gallon of potable water from salt water on a
sunny day.

Greenhouse or triangular stills are built with various
cross~sectional shapes. Studies show that a symmetrical
end section, Figure 12b, produces more distilled water
than the type in Figure 12a. Likewlse, a rectangular end
sectlion, Figure 1l2c, is more productive than.either tri-
angular type. Other variations of the triangular design
are shown in Figures 12d, 1l2e, and 12f. In a recent large
installation of a triangular-type still, concrete bays
were placed directly on the ground without bottom insula-
tion. A water depth of 1 foot was used, instead of the
usual one to two inches. The glass covers of this
symmetrical still were sloped at 10 to 15 degrees, instead
of the usual 30 degrees or more. In other recent tests
plastic covers have been used instead of glass for tri-
angular stills.

Flat tilted still. This type, Figure 13, consists of a
tightly fitted glass~covered frame equipped wlith a black
cotton, loose-woven cloth. The wet cloth is stretched
between two glass plates. The front plate transmits the
sun's rays to the cloth, while the rear plate acts as the
condenser. A collecting trough and outlet pipe are
fitted to the bottom of the still. Water is fed to the
cloth by a perforated pipe.

Distillation occurs in the same manner as in the tri-
angular still. Vapor is formed when the salt or brackilsh
water on the cloth 1s heated by the sun. This vapor
condenses on the back plate and flows down to the trough.
The pure water 1s collected in a container outside the
still. Additional brackish water is fed into the top of
the still, when necessary.
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Plastic stills. These may be tubular, envelope, or

spiral shaped. They are made of plastic and operate by
vaporizing impure water and condensing the vapor to potable
water. Several new plastics, particularly Teflon, have
proven well-sulted for still use. Some of these plastics
are estimated to withstand ten years of outdoor exposure.
Other useful plastics include Mylar and Teslar.

In the envelope-type still, Figure 14, a piece of black
terry cloth is used to retain the salt or bracklsh water
while it is being evaporated. A steel or manila rope is
used to support the still. Water is distributed over tne
entire plece of terry cloth by a perforated piece of
plastic tubing. The tubing is kept about half full of
water at all times, providing a constant flow to the cloth
as water is evaporated. In a test this still produced
about 0.12 gallons of potable water per day per square
foot of still area. This still does not need any insula-
tion under it and has withstood winds of 50 miles per
hour., Condensation can take place on both the front and
rear of the still. Sclentists estimate that plastic solar
stills should produce potable water from sea water for
substantially less than one dollar per thousand gallons.

Still performance. Solar stills are belng used in a number
of areas throughout the world. Lemon and orenge trees

have been watered with the output of solar s::lls in
Cyprus. In Australia, solar stills demineraiize water

from artesian wells. The output of the stills is used in
automotive storage batteries. A U48-square foot area still
with a glass collector over a black plastlic trough produces
up to eight imperial gallons of potable water per day.
Recently, commercial solar stills were produced by an
Algerian firm and tested under Sahara Desert conditions.
Made of asbestos concrete, these stills have reduced the
price of distilled water to one franc per litre.

The potable water yield of a solar still varies with its
type of construction, its location on the earth, its
efficiency, and other factors. Triangular type stills
covered wlth glass have produced 0.1 gallons of water per
square foot of glass area in a region having a solar in-
tensity of 2150 Btu per day. When using treated pcly-
vinyl chloride instead of glass, these stills produced
0.09 gallons per square foot of glass area. UWith an
estimated life of three years either still would produce
potable water at a cost of about $0.35 per 1,000 gallons.
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Triangular stills fitted with collecting troughs must be
arranged 50 the water trickles out of the trough into a
suitable container. This may require that the still be
carefully supported so the troughs slope toward the out-
let end.

The efficiency of a still, regardless of its type of
construction, is often stated in terms of the ratio of

the average yield per day to the total solar energy avail-
avle during the cday. Lfficiencies commonly reported vary
from about 10 per cent to about 72 per cent. The yield

of a given still depends upon the type of construction,
the wind velocity, the air temperature, and other variable
factors.

Future of solar stills. Extensive studies by government,
universities, and private inuustries in the United States
give muchn hope for the future of solar stills, particularly
for supplying drinking water in underdeveloped areas.
Developments indicate that future stills will (a) use more
low-cost, lightwelght plastics, (b) use less or no insula-
tlon, c3 use less wood, and (d) be less expensive. New
materials will provide a longer useful life for the still.
Solar stills will probably be the second most popular use
of solar energy in underdevelored areas. (Solar cooking
appears to be ihe most popular use at present.)

One vexing problem that remains to be solved in the use

of solar stills is the formation of salts on the surface

of the water being evaporated. Calcium sulphate and

calcium carbonate are the most trcublesome. If the crystals
sink to the bottom of the pan or other container they do

not cause trouble. If the crystals form on the surface

of the water,the entire free surface may soon be covered

by a white film that reflects light and seriously diminishes
the output of the still. Various aaditives for use with
brackish water are being studied. These include surface
tension depressors and adsorption or complexing agents.

The first type of treatment retards crystal growth, while
the second causes the crystals to sink harmlessly to the
bottom of the pan.

As an example of the newer still designs being studied,
experiments were recently completed on the snlar dis-
tillation of salt water in plastic fubes using a flowing
air stream. Air is swept alo\g the surface of the solar-
heated water, and the water vapor is removed in a water-
cooled condenser, The solar distillation efficiency of
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this still was 20 to 40 per cent, based upon hourly
performance and upon the area of the water surface
intercepting the radiation.

Another new installation uses inflated plastic covers.
It is now producing about 100 gallons of potable water
per day.

SOLAR WATER HEATERS

Solar hot water heaters are used in France, Africa,
Australia, U.S.S.R., the West Indies, and to a lesser
extent, in Florida and California in the United States.
Large-scale heaters are being installed in a number of
Mediterranean countries. In Israel, units of 300- and
500-1litres capacity are installed in industrial plants
and hospitals. Several hundred heaters of 100- and
200-litres capacity are used in the principal cities of
Morocco.

Types of water heaters.3 Solar water heaters are avail-
able to heat water for homes, restaurants, hospitals,
industrial plants, laundries, and swimming pools. The

most popular type of water heater used today consists

of three parts: 1) an absorber or collector arranged

to face the sun, (2) tubing to convey the water to and from
the absorber, and (3) a storage tank to store the heated
water,

Flat plate absorbers, Figure 15, are commonly used. An
absorber of this type can be mounted either on a frame
supported on the ground or on the roof of the bullding
being supplied hot water. Where the slope and orientation
of the bullding roof are suitable, the flat plate collec-
tor may be mounted directly on the roof surface, or it

may be built into the roof, as a part of the structure.

In some modern buildings and homes the absorber is installed
on the side of an exterior wall where it acts both as a
heat absorber and as a sun shade over the windows or a
porch.

The absorber or collector, Figure 15, 1s a metal or wooden
box. It must be deep enough to contain two or more inches
of insulation (rock wool, fiberglass, etc.) and the copper
tubing for conveying the water. An air space of about one
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Figure 15. Flat plate type solar water heater,
showing the piping and storage tank. (Courtesy of Uni-
versity of Wisconsin).

inch 1s needed between the tubing and the single glass
cover of the absorber. The copper tubing, formed into a
sinusoidal or other pattern, is soldered to the back of

a copper plate. (In some absorbers the tubing is soldered
to the front of the plate.) Tubing is usually 3/8 inch
diameter, or larger. To ensure the maximum absorption of
solar energy, the plate and tubes are painted with a flat
black paint. Absorbers may be as small as 2 x 3 square
feet. Common sizes used are 4 x 8 square feet, 4 x 12
square feet, and larger.
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When the heater is operating, the sun's rays heat the

water in the absorber tubes. The heated water becomes
lighter. Cold water in the bottom of the storage tank 1s
heavier than the heated water. This difference in weight
causes the warm water to rise and enter the top of the
storage tank. A continuous circulation of water is thereby
established. Once a day, or oftener, depending on the
amount of water used, the storage tank is refilled. The
best circulation is obtained when the bottom of the storage
tank is above the top of the absorber. In some designs

the bottom of the tank is two to four feet above the top

of the collector.

The storage tank must be insulated to prevent excessive
heat losses to the atmosphere. Some Australian water
heaters use four inches of mineral wool insulation on the
exterior of the storage tank. In Floridal demestic solar
water heaters having about 20 gallons of tank capacity
per person per day are usually specified. The storage

tank can be installed in a false chimney or other structure
on the roof of the building.

Recent attempts have been madel to increase the temperature
of the water obtained from heaters like that in Figure 15.
The maximum water temperature obtainable with a flat plate
absorber of this design is less than 200° F. Freezing
weather may damage the absorber if it is uot drained or
heated by some auxiliary means. A number of techniques

to raise the water temperature and reduce the danger of
freezing have been developed.

Higher water temperatures are obtained by using two or
more thicknesses of glass over the absorber. This reduces
the loss of heat from the absorber and produces a higher
water temperature. However, the greater glass thickness
reduces the amount of heat entering the absorber and other
schemes are belng developed,

An inexpensive design recently developed7 has parabolic-
shaped troughs tnrough which the water tubing 1s run at
the focal line. These troughs replace the flat plate of
the absorber previously described. A rather expensive
focusing arrangement uses a mirror to focus the sun's
rays on the absorber. The mirror is automatically con-
trolled so it follows the sun. Water temperatures of
over 500° F. can be produced by this scheme. However,
the automatic controls are too expensive for general use,
and the trough arrangement is preferred, even though the
temperatures obtained are not high.
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Two new techniques to prevent freeze damage7 are now used,
In the first technique the absorber i1s fitted to heat
water containing antiireeze. This heated solution is
circulated to a heating coil in the storage tank. In
this coil the solutilon gives up its heat to the contents
of the tank and then returns to the absorber for further
heating. In the second technique the heated solution is
circulated to a double-walled tank. The solution passes
between the inner and outer walls of the tank, giving up
1ts heat to the stored water in the inner tank. This
design is efficient and inexpensive.

Open types of solar water heaters, Figure 16a and 16b,

are wigely used in farm houses in the Nagoya area of
Japan. These heaters consist of a shallow wooden box

of about 3 x 6 feet faced on the inside with thin sheet
metal and fllled with water to a depth of four inches.

The box is covered with a single or double glass cover
with an air clearance of about one inch between the water
surface and the cover. A heater with a double-glass cover
is shown in Flgure 16b. It is reported that heaters of
this type can save 1.5 tons of rice straw fuel per year
which can then be used as fodder for cattle, or as a fer-
tilizer. Water warm enough for bathing 1s obtained on
sunny days from April to September. The hot water from
the solar heater is also used in farmhouses for cleaning,
washing, and to wet seed bed so0il in the winter. Simple
and low-cost (about $20), this heater is used in more than
20.000 Japanese farmhouses.

Figure 16. Two roof type solar water heaters.
(Courtesy of I. Tanishita and University of Arizona).
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In other districts of Japan the closed-type heater,
Figure 17, i1s used. It is bullt as a grate of sixteen
L-inch pipes. The heater is placed directly on the
inclined face of the roof. The upper half of the pipe
is coated with black paint. The collector is not usual-
ly covered with a glass plate. The cost of operation
and the performance 1s about the same as the units shown

in Figure 16.

OVERFLOW PIPE

i , ,

2
j 7

Figure 17. Tube or grid type solar water heater.
(Courtesy of I. Tanishita and University of Wisconsin).

When the heater illustrated in Figure 16 1s covered with

thin sheet metal and placed on an inclined surface, 1t

becomes a closed chamber-type heater, as shown in Figures

18 and 19. In these heaters a low water pressure is developed
internally. A saw-tooth section, Figure 18, can be used

to sustain this pressure. Internal stays, Figure 19, are

HORIZONTAL SEGTION,

Figure 18. Roof type solar water heater.
(Courtesy of I. Tanishita and Unilversity of Arizona).
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Figure 15. Roof type solar water heater.
(Courtesy of I. Tanishita and University of Arilzona).

alsc used to sustain the pressure. DBoth these heaters
have glass covers with an air clearance of about one inch.
Sometimes a wooden or ceramic plate is inserted in the
water chamber, as shown in the longitudinal section of
Figure 13. This plate promotes a convection current in
the water chamber, increasing the heating effect.

IPigure 20 shows an apartment-house solar water heater
used in Japan. It uses thirteen 3-inch pipes six feet
long with rectangular headers at each end. The heater is
placed in a horizontal position on the roof and has a
glass cover. These heaters cost about $200.

In AustraliaY flat-plate type solar water heaters with
thermostatically controlled collectors having a tempera-
ture regulating valve are being studied. Under favorable
conditions these units are more efficient than the ordinary
flat plate heaters.

A nunber of other solar water heater designs are being
developed. These include units with parabolic-type reflec-
tors and tracking apparatus to cause the heater to follow
the motion of the sun.
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Figure 20, Roof type solar water heater for
large heating loads. (Courtesy of I. Tanishita and
University of Arizona).

OTHER USES OF SOLAR ENERGY

Solar energy is used for several other tasks in under-
developed areas. These tasks include pumping water,
space heating, space cooling, and power generatlon. Each
application holds promise for future development.

Pumping of water. The usual method adopted for pumping

water by solar energy combines an absorber for generating
steam wlth a turblne or engine. A simple reaction turbine,lo
Figure 21, has shown promise as a pump prime mover. Steam

1s delivered by a solar boller to the turbine at a pressure
of 50 pounds per square inch absolute. Entering the inlet
pipe, Figure 21, the steam passes through the nozzle and
discharges through the outlet to the atmosphere. The
reaction of the steam when passing through the nozzle
produces a continuous rotation of the turbine rotor.

When used to drive a centrifugal pump, a turbine pump

unit delivered 730 gallons of water per hour agalnst a
head of 12 feet when the steam pressure was 50 psia and
the turbine speed was 1800 rpm. With a steem pressure of
65 psia and a speed of 2100 rpm the pump delivered 1120
gallons per hour. Whille the efficlency of this turbine 1is
slightly less than the efficiency of other steam units,
1ts low cost, simple design, simple maintenance, and high
reliability make 1t well sulted for use in underdeveloped
areas.

The solar boiler for such a turbine uses a spherical reflec-

tor to concentrate the sun's rays. However, any type of
solar boiler could be used, provided it delivered steam at
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Flgure 21. Reaction turbine for driving a

solar-powered water pump. {Courtesy of S. T. Hsu, B. S.
Leo, and University of VWisconsin).

a pressure of at least 50 psi., Figure 22 shows a typical
parabolic tilting solar boiler. The steam generating tube
1s placed at the collector focus. The collector is easily
tilted to take maximum advantage of solar radiation. The
flat plate tilting solar collector, Figure 23, is fitted
wlth a pump that continuously circulates a heat absorbing
liquid. This liquid passes through a tubular heat ex-
changer where it gives up its heat to generate steam.
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Figure 22, Flat plate type solar boiler.
(Courtesy of Power magazineg
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Figure 23. Concentrating type solar boller.
(Courtesy of Power magazine).

Figures 24 and 25 show two designs of a thermopumnp useful
for delivering water or other liquids. A solar collector
can be used to deliver energy to the generator. Where
electricity is available to heat the generator, a coil
can be wrapped around the generating tube, as shown.

Flat plate collectors are popular for delivering energy
to pumps of this design.

Pressure
accumulator

Generator
Electric 4
heater _ f— -~ ———
a er\‘
e — T
14
Delivery - |- —— — —
refill tube \~ ~ 7/
" Inlet check
valve
Liquid
supply

Figure 24. Baslc parts of a thermopump.
(Courtesy of Jet Heet, Inc., and University of Arizona).
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Figure 25. Self-priming type thermopump.
(Courtesy of Jet Heet, Inc., and University of Arizona).

Figure 26 shows how the flat plate collectors are
arranged. The support or stand is made of iron rods.

A recent methodl? proposed for "pumping" water by solar
energy delivers drinking water from the air by condensing
the water vapor present. Figure 27 shows a structure de-
vised to alternately heat and cool the air, producing the
desired condensation. In the Sahara Desert pumps of this
type have produced drinking water at humidities of less
than five per cent. This type of unit is referred to as
a simultaneous solar water pump.

In another application, called successive solar water
pumping, a cover 1s opened above the absorbent material
during the evening hours. In the Sahara this arrangement
nas produced 0.16 to 0.20 quarts of water per square foot
of productive surface per day. Developed in West Germany,
this equipment is now being perfected.
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Figure 26. Thermopump fitted with twin flat
plate absorbers. (Courtesy of Jet Heet, Inc.).
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Figure 27. Simultaneous water pump. (Courtesy
of J. H. Dannies and The Association for Applied Solar
Energy).
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Other new developments in power sources for pumping
water include a one horsepower thermo-electric generator
built in the U.S.S.R. Using semi-conductors heated by a
2-meter dlameter parabolic mirror this device has pro-
duced up to 40 watts of electrical energy.

In Japan a parabolic searchlight reflcctor with a 110-
centimeter diameter focuses the sun's rays on a small
boiler. The steam generated is piped to a reciprocating
steam engine which can be used to drive a water pump.
Also developed in Japan 1s a diaphragm-type water pump
uslng solar energy to evaporate a fluld such as Freon.
The alternate evaporation and condensation of the Freon
produces a movement of the diaphragm. This movement is
translated into a reciprocating pumping motion. A more
effective pumping action is obtained if the heating
surface 1s sprinkled with water when the sun's rays are
shut out.

Solar space heating.l3 Solar space heating has been
the subject of extensive study. Space heating is a
logical application of solar energy because (a) the
temperatures required are low enough (100° to 150° F.)
to permit the use of flat plate collectors, (b) th:
solar energy reaching a dwelling during the winter in
most temperate climates is more than the energy needed
for comfort heating, (c) there is no requirement for the
conversion of thermal to other forms of energy, and
(d) comfort heating is a major user of conventional
fuels.

IFlat plate heat exchangers are popular for solar heat-

ing because they are easily made as a part of a bullding's
roof, its side, or other portion of the structure. The
heat collection of one square foot of a flat plate solar
exchanger at a rate of 150,000 to 300,000 Btu per annual
heating season (variable with the length of the heating
season), represents an output per square foot of ex-
changer surface ranging from 1ll¢ to 60¢, based on a value
of delivered heat of $0.75 to $2.00 per million Btu.

At a fixed cost of 10% per year, an expenditure of $1.10
to $6.00 per square foot could be a justifiable investment
for the collector and its associated equipment.

House heating flat plate exchangers can be fabricated
from glass, sheet metal, and heat insulation. The cost
of these materials in most proposed designs totals less
than one dollar per square foot of collector. The labor
cost for fabricating the solar collectors for the few
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solar houses built to date have been many times the material
cost.

For a practical solar heating system, heat storage must also
be provided. This may be provided by a liquid (hot water),
a solid (crushed rock), or a change-of-state material (such
as water to steam). With a heat storage capacity equiva-
lent to a day's solar collector delivery capacity, the cost
of heat-storing equipment should be much less than that of
the solar collector. Auxiliary equipment such as fans,
ducts, piping, and control instruments, where recquired in
addition to the conventional system, will add further cost
to the installation. However, it appears that collectors
and vhe associated equipment can be built in quantity for
costs within the range of $1.00 to $6.00 per square foot.
The development of solar space heating systems appears
attractive for a variety of structures.

Figure 28 shows a typical solar heated house fitted with
flat plate roocf collectors. A 1500-gallon storage tank
in the basement stores the heated water. To heat the
nouse, the hot water is pumped through a heat exchanger,
which functions like an automobile radiator to transfer
the heat to a stream of air blown over the coils. This
warmed air is then forced through ducts and registers

to heat the living spaces.

COPPER TUBKS UNDER
BLACK - SURPACED
SHEET ALUMINUM

;
COLLECTOR

GLASS
COLLECTOR
FACE
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Figure 28. Solar heated house. (Courtesy of the
Massachusetts Institute of Technology and The Association
for Applied Solar Energy.)
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Many other designs are available for solar heated homes
and commercial buildings. Constant study and development
are lncreasinz the efficiency and effectiveness of solar
heating systems.

Solar space cooling.l Areas with an abundance of solar
energy usually have uncomfortably warm summer temperatures.
Solar space coolers are practical in these areas., Heat-
operated refrigeraticn units using the absorption principle
work within the range of cperating tempcratures of solar

heat exchangers. Comfort cooling by solar energy can be
associated with a soiar heating system. If used for both
purposes, the allowable cost of the solar heat exchanger
would Le greater than for either of the separate purposes
because it would collect useful energy over a greater part

of the year. 1In Dakar, for example, the cost of electricity
for air-conditioner operation is ten times as great as in

the United States. This permits a substantial increase in
the allowable investment in solar cooling facilities. Figure
29 shows a typical continuous solar absorption air conditioner,
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Figure 29. Indirect-heated continuous solar
absorption air conditioner. (Courtesy of R. Cnung,
G. D. G. Iof, J. A, Duffie, University of Wisconsin,
and Air Conditioning, Heating and Ventilating magazine).
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The heat pump (a reversed-cycle compression refrigeration
system) also holds much promise as a solar cooling and
heating unit. Figure 30 shows one proposed arrangement
of a heat pump for cooling and heating. Electrical energy
is required to drive the compressor. Estimates indicate
that when solar cooling and heating effects are combined,
the cost of the installation should not exceed $2 to $7
per square foot of solar collector 1f the system is to
compete with conventional ones. In underdeveloped areas
having high cooling demands and high energy costs, the
cost ol solar cooling alone may be competitive.

A recently proposed scheme for solar alir conditioning uses
an absorbent in a manner similar to that described for
the water pump of Figure 27. This proposal is presently
under study and test.

Solar power. Power can be generated by using a reflector,
solar boiler, steam engine or turbine, and an electric gen-
erator. Electricity can also be generated by the direct
conversion of sunlight in a silicon semi-conductor cell

or "solar battery." These applications are specialized,

or experimental, and do not supply large quantities of
energy.

The maximum plausible efficiency for a solar power plant1
consisting of 2 focusing collector or a flat-plate solar
exchanger producing steam at 100 psi for use in an expan-
sion engine when generating electricity is about 15%.
With a focusing collector having a 60% solar collection
efficiency, about 15 square feet of solar collection
surface is required for the daily generation of one kilo-
watt-hour of electrical power. The cost of the equipment
for such a plant is low enough to warrant its use in
areas such as rural India and parts of North Africa where
the cost of power generated by other means 1s extremely
nigh. There are no small prime movers available today
that will operate at an efficiency near 15% on 100 psi
steam, nor are there focusing collectors of reasonable
cost which will produce this steam at 60% efficiency.

A further deterrent in these areas may be the lack of
capital to make the initial investment required.

Since solar energy does not continuously come to the
earth and electrical storage appears to be prohibitively
costly, an auxiliary energy supply would have to be
provided where continuous power is essential., In some
applications, such as the pumping of irrigation water,
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Figure 30. (a) Possible circults for year-around
alr-conditioning systems using solar energy as a winter heat
source. (b) Year-around solar heat-pump system. (Courtesy
of R. C. Jordan, J. L. Threlkeld, and University of Arizona).
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auxiliary energy 1s not essential. For large central
power plants, economic studies show that f{lat-plate
collectors and low-pressure turbines can generate power
at a cost two to three times that of plants using
conventional fuels in the U.S. For these reasons,
power from solar energy is still a hope for the future.

CONCLUSIONS

Solar energy has been harnessed to do an effective job

in many areas of the world today. Cookilng, water heating
and distillation, heating for processing metals, sewage
treatment, the generation of power, and the pumping of
water are some of the important tasks to which solar energy
is belng applied. The future holds even greater promise
for solar energy utilizatilon.

As new equipment 1ls developed, and existing equipment
improved, more applications for thils abundant source of
energy will be found. Solar energy offers many oppor-
tunities for improving living standards in underdeveloped
areas throughout the world.
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