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ABSTRACT

This report was prepared in 1262 under contract with
the Office of Technical Services, U.S. Department of Com-
merce. it is a compiiation of the results of tests per-
formed on various solar cookers to determine their potential
usefulness in countries served by the U.S. Agency for Inter-
national Development (thern known as the International Caopera-
tion Administration).
The solar cookers seiected were evaluated for:

- cooking performance and efficiency

- durability
cost
shipping weight
portability
ease of operation

ease of manufacture in countries involved
- adaptability to local techniques and mores.

Of all models tested, a Fresnel-type cooker developed
by YITA showed the greatest promise, due particularly to its
efficiency, low cost, and ease of construction with universally
available tools and materials. Ple . for constructing this

solar cooker are availablie from VITA.
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INTRODUCTION

The study reported here, undertaken by Volunteers in Technical
Assistance {(VITA) for the United States Department of Commerce, Office
of Technical Services, was to test varjous solar cookers for potential
usefulness in countries served by the Agency for International Development.
Specific points to be evaluated were perfermance and efficiency in cooking,
durability, cost, shipoing weight, portability, ease of operation, ease
of manufacture in the countries involved and adaptability to local cooking
techniques and dietary mores. Information was collected on satisfactory
designs to adapt manufacturing methods and materials to the technology
of the countries involved. VITA also contracted to submit suggéstions
for the improvement of existing models if no fully satisfactory design
could be found.

An evaluation of cooking performance requires actual food preparation
and is necessarily a subjective criterion. The efficiency of the cooker
and the heat output to the cooking pot were measured in ways chosen to
eliminate the effect ~»f the cooking pot itself on performance. The ex-
perimental technique used was to measure the heat output when the pot
was at ambient temperature. In winter, this was accomplished by observing
the time to melt a known quantity of snow. In warm weather, a flow
calorimeter was used; i.e., the temperature rise of water flowing through
the cooking vessel at a known rate was measured. Durability was esti-
mated from a knowledge of the materials and designs used, although in
some cases, field test data were available. Costs were based either on
published analyses by the various manufacturers, or on purchase prices,
or on estimates. The shipping weight was defined as the weight of a
single, finished item plus whatever packaging material was required for

safe shipment to VITA. In the case of multiple shipments, the unit weight




might be substantially reduced. Portability and ease cf use again re-
quired somewhat subjective evaluations. Although a reasonable estimate
can be made regarding adaptability to local manufacture and adaptability
to local cooking techniques and mores, a final appraisal depends on actual
field experience.

In the study to date, models of six commercially available cookers
were purchased and three others were built from descriptions in the litera-
ture. Two original VITA designs were also built and tested. In addition,
such information is included as is available for those designs which have
come to VITA's attention, but which were not included in the present test
program because of lack of availability or other difficulties in obtaining

test models.




2.0 DESCRIPTION OF COOKERS

The solar cookers described in this report are either the direct or indi-
rect type, correspending roughly to surface burners ahd ovens in modern kitchen
stoves. The direct type permits frying, broiling and boiling to be done. The
relatively large heat requirement is’provided by intercepting a large amount
of sunlight by a reflecting solar concentrator and focusing this onto the cock-

-

ing vessel as illustrated in Fig. 1. These cconcentrators may be either rigid

or coliapsible. The direct cockers utilize direct sunshine only, and hence are
relatively sensitive to shert term variaticns in sclar intensity due to cloud

movement and haze. Refocusing is required at 15 to 30 minute intervals.

]

In the indirect type, shown in Fig. 2, a smaller amcunt of heat is di-
rected into z thermally insuwlated box containing the cecking vessel. The indi-

rect Type Is adartabls to slower cocking techniques and it is sufficient to use

o

-

simple, f1at reflectors to provide the necessary heat. Because these cookers
utilize scattered as well as direct suniight, and by virtue of their insulatl
as well as their solar capacity, they are less sensitive to wvariaticns in solar
intensity and to shifts in the sun's positiorn. -

The perfcrmance of toth types is influenced 5y ambient conditions. In ad-
dition, cocking performance depends on such design factors as the total heat
available for cooking, distributlion of the heat over the cocking surface, the
ability of the ccoker %o compensate for the apparent motion of the sin, and %he
nature of the coocking vessels used.

For purposes of this report, the coockers are divided into three grours:

(1) direct cooking types with rigid refleciors, (2) dirsct cocking iypes with

collapsible reflactors, and (3) indirect cooking types with either rigid or

-3 -
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collapsible reflsctors. Comparative data on the cookers described will be
found in Section 3.0, Table 1. Most of the descriptions that follc are based
on tests carried out by VITA. The descriptions marked with an asterisk (%) are

of those models which, for various reasons, VITA did not test independently.

2.1 RIGID PEFLECTOR TYPES

Most rigid focusing reflectors devised for solar cockers are more or less
saucer-sheped. Such spheroidal or paraboloidal reflectors are commonly used

in aultomopil
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nossible. Rizid reflectors can be made to close *ol=rarcas ard, with ingenuiiy,
. . . . ., el . s vk .
can be constricted cheaply. However, the rigidity and Iregquently the weight

work against cornvenient Dortability of the finished product.

.1.2 Wisconsin Cookers

Probably the best known direct cooker, and the orne which is the standard
against which 212 other cookers must be compared, is the molded plasti
lactor developed at the Sclar Laboratory of the University of Wisconsin (1,

2). The most rscent model uses a2 drape-formed, high-Impact polystjyrens shel

- - 32 - Ya e 1 T et v e s P
ring of 5.5 inch diameter, thin-wall 2.um" <l Tudin The cooksr, which nas

!
o
¥
¢
¥
(
¥
A3
F
3
I
(
b
1
5

- =S _uo :'_:/-"

E S22 - S 4 3 - i - - - Pt e - 3 - -
aster S21m is appiizd to she shell. This polyestver I1im is supplisd witi 2%

3 3 - L I L3 PSS U] K] M 1= £37 £
adhesive ccating appiied tu the aluminized side, The clear Z1.m Jorms 2




protective covering over the specular surface. The new-condition specular re-
flectivity of this material is in the range of 75-80 percent. However, the re-
flective material cannot be expected to last more than twe years with regular
use. The metal parts of the cooker should have a lifetime of five to ten years

ith reasonzble care. Al&hough the lifetime of the reflective material is de-
pendent upon the ambient conditions and the severity of usage, the chemical
stability of the adhesive_under field conditions is probably a significant fac-
tor. This is a troublesome aspect of plastic-coated reflectors, and may neces-
sitate replacement of thg aluminized plastic from time to time.

The units are light: the reflector weighs 5.2 pounds and the frame 15.5%
pounds. The frame permits horizontal and vertical angular adjustment. Hori-
zontal adjustment is provided by a rotating disc at the base. Solar altitude
adjustme .t is provided by a locking device on a sechor attached to the reflec-
tor. The grill is supported from each side for additionzl stabilitr, The
stamping or spinning. The published (3) estimated individual cost for these

cocksrs in lots of 10,000 and 1,000,000 is:

10,0C0 1,000,000

Materials (including packaging) $ 7.70 $6.33
Lzbor ($2.00 per hour) and overhead 7.00 L3
Freight, selling expenses, etc. 1.26
Return on investment 1.L7 .59

TCTAL 16,1 $8.66

The latter total probably represents a lower limit on the cost of the
These costs are based upon marufacture in a develoved sconomy with subse-
quent transport te the country or area of ultimate usage.
A cocker used intermittently in the laboratory for several years gave the

following perf.-mance. At an average beam radiation of 1.35 cal/ cm? / min

(vertical sun corresponds to about 2.00 cal/ cm? / min), this cocker brought




two pounds of water from 90° F to boiling in 13 zinutes; four pounds tcok 23
minutes and eight pounds, 62 minutes. In independent tests (Lj performed by
the FAO in Rome, Italy, roughly 50 percent longer neating times were required
under local ccnditions.

Altogether, some 200 models of this cooker have been built as the designs
evolved. Some 200 cookers of an earlier configuraﬁion were field-tested over
~a periocd of four years in northern Mexico. Anthropologists 1iving in the vil-
lage where the studies were made observed rsactions Uo the cockers anc also

studied a varisty of economic and cultural aspects of village 1ife which af

a2

'

fached “he reactions of peopls to the innovation. Frequent (usually daily)

rigiss were made 4o Sfzmilies using the cookers, and the anthropologists nelped

wers given to familiss in villages of this region. AI1 five were used con-
stantly for cocking meals and heating water and irons. Four of them were used
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days. The inherent limitations of the design were appreciated by the villagss

and it was 2ccested as 2 supplemental rather than a substifute cccking method.
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of thick plywood. This requires the use of relatively heavy machinery, such
as a heavy duty lathe. The edges are then rolled back to iﬁprove stiffness.

A simple, inexpensive support of bent irqn rods is used. This requires some
blocking by stones or stakes driven into the ground, particuwlarly when the sun
is high. The wing nut which controls the refleétor tilt is also difficult to
use at high solar altitudes. The ﬁot must be removed from its support for ad-
justment for either altitude or azimuth. The weight is moderate—about 3.5
kilecgrams for the complete assembly. However, the reflector area is only 0.4L
square meters. A one-square-meter reflector would weigh about 5 kilograms.
The retail price of the unit is $29.50; estimated small-lot manufacturing cost
is approximately 320.

Heating performance measurements were made after six months of intermit-

the flow calorimeter technigue (Appendix B). This corresponds Lo 400 watis per
square zmeter of reflector surface. A pnotograph of the focal spot, made at the
same time, is shown in Fig. 4. It is not possible to make a compariscn with
‘the Wisconsin cocker since we were unabie To procurs a rodel of the latter
cockar. New reflectors which have recently been received ars ncticeadbly more
reflectire and have o betbter defined focal spot. The innomogeniety of the fo-
cal spot leads to lccal overheating and cccasional cracking of ceramic pots and
zakes Irying inconvenient. However, the cooker performs well in preparing
smal’ gquantiiiss (about 1 pint) of rice of stew. I heats ons liter of water
at a rzte cf 2° to 3° C per minute and.is guite suitable for pan-treiling in-
dividual portions of meat. TFor family size ccoking it would have to be scaled

up to a surface area of at lsast a square meter. Such a construction would

recguire sven neavier machinery for comstruction.




2.1.3 Other Simple Metal or Plastic Reflectors

In g somewhat different approach, Stam (5) suggests using reflectors simi-
iar to the Wisconsin or the Thew reflectors. However, he proposes simplifying
the design to its most primitive asrects. By placing the reflector shell over
a depression in the ground, the stand for the cooker can be eliminated. The

sun's rays are focused onto the pot by rocking the reflector-pot-holder assem-

bly. This scheme requires an assymetrically shaped reflector. It has not been

tested experimentally.

A number of cooksrs described in the literaturs use strips ©
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metal, riveted together, to form a more or less adequate aporoxczaticn

spherical parabola. Cne of these, developed in Surma (), nas been rerroduced
by us from diue prints ootained through the designer, Dr. Fre'dj Za =4 Pe-
flectivity and mechanical rigidity of this reflector (Eig. 5) is poor and the
focal spot is very large and diffuse. It is impossible to center 2 not pron--
erly and the heat s inadequate to bring a quart of water to beoiling in srite

of the large reflsctor size. This may be due in part to the lack of availadil-

itw of truly specular shest aluminum. Furthermore, the equipmsnt Is hard %o

stabilize on a wirndy day, although it is very heavy (13 kg.). Tests on this

) - - o

zodel havTe seen spandoned in favor of more promising designs.

St
Other metal reflechor designs are surposedly in commercial croduction in
Japar (7-9) and India (30-12). These sources nave deen contaciad, dut n spuis

of considsrabls effort, VITA nas been unable to obtain models or accurate de-

: s o o ;
sign details sl these cocksrs.

Of the models actually tested by VITA to date, this cooker (Fig. 6)

has given the best results. Construction details for this cooker are

avajlable from VITA.




The reflector uses only simple, curved surfaces and is constructed of
1/8-inch Masorite to which aluminized Mylar has been cemented. By cutting a
series of rings out of such a flat sheet of material, removing sectors and re-
joining, a series of nesting collars that focus light are formed. These col-
lars are supported in a simple wooden frame. The design is simple-enough to
permit construction with the tools, skills and materials (except for the alu-
minized Mylar) that are locally available throughout most of the world.

The reflsctor is L6 inches in diameter znd has a focal length of 30 inches.
Cn & clear day, it delivers in excess of 500 watts to a focal spot of about &
inches in dizmeter. The focal spot 1s guite uniformly illuminated, as shown
in Fig. 7. A square, black, aluminum pan (7x7x2 inches) with a fitted, sliding
1id (Fig. 8), obtained from the Piolyte Plastics Compeany, Salem, Mass. as part
of the "Sclar Chei" equipment, makes a very cenvenientv cooking pot. Two tripod-
type support stand designs have been used. In one, the reflector is supported
on the grcund at one peint, and two legs, in the form of a U~sha§ed, bent iron

rod bracket complsted the support. This design, which is similar to that used

L

in the Thew cooker, is relatively easy %o orient, but is not as stacle in the

—

wind as the seccnd desizi. In this, the reflectcr is supported at two places

L
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en the ground, and 2 single pivoting wooden leg supports the cco
sired angle. Although even this mounting of the reflector may nct be adeguate
to hold it securely in very heavy wind, the wind resistance appears %o be in-
trinsicaily less than in reflector cookers having cne-piece construcsion.

pot holder consisis of a rod to which a grill is attached which holds the pot

wis

-

at the proper focal distance, and which permits the pot to be held rherizontally,
independent of the reflector position.

In the empirical cooking tests, six portions (L cups) of rice were

-9 -




prepared in 3C minutes and a small chicken was browned in an open pan and com-
pleted in a closed pan in 30 minutes total cooking time. No adjustment of the
cooker was necessary during the cooking, although it was slightly defocused at
the end of the cooking period. Large {6~inch) pancakes were prepared with very
uﬁiform.brcwning in a sm2ll enamel frying pan with a black botitom. A simple
type of bread (English mffin) was also quite successfully prepared using the
black aluminum pan. Four muffins were baked at once, requiring about 20 min-
utes {10 minutes on each side). In general, cooking time and performance were
comparable to that of a small surface burmer on an eleciric range or a émall
electric Zrying pan or casserole.

.

In azdditicn to the features already discussed, this ccoker is sufficisnily

: 1

simple that if the necessary materials are available, anyone skilled In the use

cf sizmples nand tools, such as a2 hammer, 2 saw, and a screw-driver, cannot only

constrict if, but a2lsc repeir ii if and when necessary. Furthermore
nelieved that local construction of this cooker would facilitate its intreduc-

tion into a developing areaz from a psychological and sociological point of

-

The mest saxrious drawback oF this cocker is that which nlagues atner

-
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In cne such reflscior (13), a spheroidal depression in 3he grownd is linsd




first with a mixture of soil and cement to stabilize the shape and then with
aluminized plastic. The symmetrical depression is formed by swinging a2 pendu-
lum, or blade, fasteneé to a wire which is secured at a fixed point above the
ground on a tripod. After the rough shape is hollowed out, a shallew layer of
a soil and cement mixture is placed in the depression, smoothed with the blade
and wetted. When this has set, and after some further work on the surface, a
reflective lining of aluminized Mylar pressure-sensitive tape is applisd. The
cooking pot support is built so that the pot follows the shift in the focal
spot due %o the daily motion of the sun. -

The advantages of this cooker are its simplicity and ease of construction
in the fisld and the lzrge sizes possible. No reflsctor mounting is necessary,
and the cooking Dot suppert is simple to fzbricate. The orientétion‘can be

5

fixed during construction so as to mak

M

the reflector usable during ths desired
time of day. The cost of material for the laboratory models, exclusiwve of ths
reflactive lining, was less than a dollar.

The disadvantages of this cocker are its lack cof mobility which might re-

sult in chysical damage due tc weather conditions, and the limd
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time during which ii can be used (estimated at L4 rours a day).

_ Starm (5) suggests 2 variation of this design in which he proposes inte-
grating a larg=s resilector, capedls of delivaring 20C0 watts or =mere, inte the

design of a desert nacre. Such 2 device consitutes the nuclsus of a sclar
kitcnen. Stam nas worked out a whole system of cooking and utilizing the sc-
lar snergy in such a design. The reflectors would be made oui of adoce, or

-
- S e e s e ¢ bl S

scme such material, and lined with a2 reflective matsrial such as alumiuum Joil.
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2.1.6 Iizhtwsight Molded Aggregzts 22flzctors
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Railactor sh2lls have been made of lightwelght, concrete aggregate cf
- 13




sawdust and vermiculite, which are formed over molds and lired with aluminized
plastic and plastic tape.

The most successful of this type of cooker (13) is a reflector 42 inches
in diameter with a focal length of 18 inches, made of a vermiculité aggregate
and reinforced with wire and a rim of thin-wall tubing. The total weight is
about 50 pounds. The reflector mount is a wooden post in the ground, arranged
to pivot about its axis. Holes are drilled through it to'hold a rod from which
hangs a pan-support basket. The top edge'of the reflector leans against the
post and its lower edge is supported at variable disténces from the post on an
arm secured to the post.

The advantages cf this type of cooker are the simpiicity of the mounting
device and its component parts and the possibility of using locally available
materials and labor for its construction. Major disadvantages are the weight

of the reflector, which makes it cumbersome to handle, and the fact that the

Another inexpensive method of fabricating this type of reflector has been
suggested by J. R. Jemmess (14). A convex, wire-reinforced, plaster paraboloid
die is first cast from 2 centrifugally formed concave paraboloid mold. The
cost of this is stated to be $10. This figure presumably represents only ihe

cost of meterials in the United States. The surface cof the die is coated with

Hy

wax, then 2 layer of wood pulp, papier-mache or laminated newspaper 1is spread
over it. After 2 few lzyers are built up, they are pressed to squseze out ex-

cess liguid. The pr

Q
[}

cess is repeated until the ccmpressed laminate is 1/8 to

ct

1/4 inch thick. Then the rim of a wooden "wegon wheel", reinforcing {ramewerk
is glued in place. Woven baskstry is suggssted as an
inforcement. After removal from the die, strips of aluminum foll are pasied on

the surface. Firally, a stiff hoop is clemped to the front surface. Jemness

- 12 -




states that theé process would require 6 to 8 hours of labor and a material cost
of 25¢. He gives no test results and does not state whether any such reflec-
tors are actually produced.

2.1.7 lightweight Plastic Reflectors

A different fabrication‘technique has been developed by the Boeing Air-
craft Company (12) primarily for space applications. The high cost of this re-
flector and the thinness of its coating make i1t unsuitable for our purposes.

It was included in our study, however, because of its light weight and high ri-
gidity and also because it provided an oppsrtunity to test the cocking perform-
ance of a nearly perfect parabolic reflector.

We are indebted to K. G. Wood, Manager of Manufacturing Engireering of
Boeing's Seattle Cffice, for making two reflsctors available to.VITA on & loan
vasis. The first of these had a diameter of 53.5 centimeters with a focal
length of approximstely 30 centimeters and a weight of 450 grams. A rough
test of its efficiency ﬁade by the snow melting technique (4ppendix 1), gave a
value of 437 watts per square meter. The spun aluminum cooker (see Section
2.1.6), which served as the standard at the time of these tests, gave a value
of 300 watts per square meter under identical conditions.

Mavy searchiight mirrors serve as the blank for the reflector. 4 convex

-~

tool is first made from the original concave mirror using Simonize auto wax as

the parting agent. The convex tool 1s then 3imonized and rubbed to a2 nigh
gloss. A film of epoxy resin is spread on and the wet resin-coated tool is en-

closed in a transparent vacuum bag and smoothed until it is uniformly covered
with resin. After the resin has cured, a 2-mil fiberglass cloth is impregnated
with epoxy and placed on the cured film. Aluminum honeycomb of .CCC5 inch web

thickness is laid cn this wet fiberglass cloth. Three-dimensicnal flsxdbility

-

i5s achieved b7 slitting the heneycomb cell walls. The slitting operation is




performéd with the cell walls in a collapsed condition. A second layer of im-
pregnated fiberglass cloth is placed on top of the hoheycomb to form a sandwich,
A bag is placed over the assembly and a 3-psi effective pressure applied by
partially evacuating the bag. The entire mirror assembly is then cured at

250° F. The paraboloid is given a reflective first surface by applying a ccat
of aluminum in a vacuum chamber. A silicon-oxide coating is deposited on the
aluminum to protect the reflective surface. Reflectivity of the coated surface
is about $O percent. The weight of the completed paraboloid is 0.2 to 0.4
pounds per square foot. Maxdimum efficiency of energy collection as measure

with a flow calorimetsr is 72 percent.

iz

The main disadvantage of these reflactors is their high cost and the very

adranced techneology required for their manufacture. Unit costs Have been s3s-

timated at $18 fcr a sollector of 36-inch diameter in lots o

o

1CCC. This in-

2

udes 1-1/2 hours of labor and overhead at $8.25 per hour.

ol

0

In addition to the sbove, the Goodyesar Tire & Rubber Cempany (15) has in-

troduced the technigue of making rigid rellectors out of =z
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plastic. Although +this technique is primarily intended for fabricating reflec-

tors for space technclcgicsel purposes, this techrnigue may be used tc produce

“

reflsctors Sor ccoking devices as well. The mold-shape is produced b5y sizply

e
inflating an 2luminized plastic salloen. This then Tecomes the reflsciing wall
of the finished reflscior alier being bSacksd up b7 a rigid foamed rlastic. The
cost of materials for such a reflsctor is probably less than 32 for z L8-inch

2.1.8 Spun lLiguid Plastic 2eflector

-

2o L - s ol LI “l . : s 2. 3 e
An interesting methed for preoducing parzbelic mirrors Ls described b7

of a parztoloid, and 2 liquid resin suitably catalyzed o harden alter siis




form is taken will retain this shape. With the develorment of the epoxy res-
ins, satisfactory material has become available. Epon 828, catalyzed with 5
percent piperidine and cured at 80° to 90° C has been found to give satisfac-~
tory results.

The focal length of the finished reflectar is controlled by the speed of
rotation of the pan. The formula for the focal length may be simplified to
Vf = 38.4/rpm, where £ is the focal lenéth in feet. A 36-inch focal length re-
quires a speed of only 22/7 rpm. Additional resin may be poured onto the first
surface after it has set. In gsneral, superior surfaces are obtained on the
secend or third pour. Reinforcing materizl such as fiberglass can be placed on
the surface tefcre the second surface is poured.

The quality of the reflectors produced to date is better than anything

posR

that can presently be made without the use of grinding and polishing technigues.

This is, however, not a significant factor in conker considerations. However,

the estimated weight of such a 36-inch diemeter reflsctor is zbout 30 pounds
for a 1/2-inch thickness. The cost of this much epoxy resin is estimatad at
$25-$35. Hence, although this technigue could perhaps be used for mzking a
raster mold, i does not appear that this offers a practical solution for low

cost solzr cookers.

2.2 DIZECT CCCXTIC TYPES WITH CCLIAPSIBLE REFLECTORS

There are zt least four designs of collapsible reflectors commercizll;
availaple. Most are designed for occasional use by campers or sportsmen.

in ne emphnasis is on =asy portability, the weigh: is kept low and =he

ot

structure simple, Thus, all mcdels tested were inadequate from the point of
Tiew of stablilily on windy days. Several reflactors might pessibly be modi-
desigring a heavisr and more durabls support st

- o LI
ricture, preferably one

ihat can be built from local materials, Collapsible designs are cheap and




easy to ship and also easy to move indoors for protection against weather. -In
certain noradic societies, the easy portability might be especially desirsble.

2.2.1 Solar Chef

This design (Figs. 9a and 9b) is an intermediate between the rigid and
collapsible types. The reflector consists of two thin plastic sections about
60 x LO centimeters, which form a sort of cylindrical parabola. The plastic
is vapor coated with aluminum and the two sections can be stacked. The support
structurs consists of z pointed rod to be stuck into the ground and four other
support pieces. Altitude and azimuth adjustments require removal of the zot.
The svapcrated aluminum coating on our purchased cocker was very thin and
transcarent., The focal spot was diffuse and matched the pot poorly. We did

) . . .

not succeed in bringing water to a boil with our model and therefcre apandcned

further tests.

his weak performance must be attributed in part to the inade-

guate collector

P
m

=
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The pot, however, which is furnished as part of the assembly, is wvery

-suitable for use on other cookers. We ootained four additional ones at a price

of 31 each.

This reflector (Fizs. 10a and 1Cb) is constructed lixe an umbrelisa (123).

-

LI -t ~ 2 mlm . . . -1/ . b I - PUPSLENT ) v,
T: 35 made with a light aluminum frame, has 16 ribs, and is coversd wiln

minized Mylar-rayon laminated cloth. I is Lo inches in diametsr and nas a

-
P

focal length of =sbout 24 inches. The reflecting material between adjacent il

tips. Hence, any pot that is less than 9 inches acress will not raceive 210

. - . . . . N . 7 PO
=ha light <hat is reflecied back. For a S-inch pot, about 1/3 of ine
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gathered near :tnhe perighery is lost. Increased efficlency wou.ld Testi.o 1705
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intrcducing mere ribs. Cur studiss show that the focal point Is guite diZfuss
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(Fig. 11), due partly to the folds in the cloth, and partly to fluttering of

the cloth in a stiff wind.

The reflector is supported by a tripod frame which incorporates an adjust-
able swivel joint for proper alignment of the coocker with respect to the sun.
Adjustment of the altitﬁde angle requires removing the cooking vessel. Con-
siderable difficulty was encountered on windy days because this cocker tended
to blow over. )

The designer and manufacturer of this cooker, G. 0. G. Lof, has suggested
a number of modificaticns to meke this design more rugged and suitakle for con-
tinuous use. These include heavier fabric, larger tube diameter for the um-—
brella shaft, heavier grill and more rugged support joint for the entire unit.

The present wholesale price in small lots is‘$18 and the mznufacturer es-
timates 2 possible wholesale price of $10 in large lots. The retail prica is
about $30C. However, Lof suggests that a cost reduction of 50-68% is possible
based on manufacture in areas in which they are to be used.

Cocking performance was adequate, but the 400 watts reported could not be
obtained. It is-interesting to note that one unit has tested to 60° N Lati-

tude in Sweden znd coccked satisfactorily.

2.2.3 Sclinar

This elegant cocker (Figs. 12a and 12b) is manufactured in France from de-
signs by A. Tarcici. The design 1s covered by 2 number of French ;nd J.S. pat-
ents (15, 20, 21).

The reflector consists of two sets of 18 reflecting blades forming & fan-
like array. The curvatures are such that the assembly approxdmates a parabo-
loid of revolution. The tripod frame and metal carrying case are ingeniously
combined to form 2 cne-piece assembly, including 2z grill. Adjustment of cocker

orientation without removing the pot, although pnssible, is difficulf., The

- 17 -




focal spet is very diffuse (Fig. 13), consisting of somewhat overlappirg areas.
In our model, the grill was poorly centered on the spot. Thus, the pot had to
be put near the edge of the grill, causing instability and occasional spilling.

Maximum output was only abcut 200 watis per square mater. The retail price of

!

the cooker in New York City was $37.50. We have been unsuccessful in obtaining
additional cost and manufacturing information from the designer or the importer.

The fan-like reflector is inherently cheap and easy to manufacturse with simple

tools. A reflector made on this principle but with a different suppert may

2.2.L Inflatabls Plasti

——
-

| sity of Wisconsin Solar Znergy Laboratory. The reflsctor they descrided (3)

s a perabola of revolution constructed of aluminized plastic, suprorted on 2

£iff cuifer ming of thin-wall tubing and having an ai

L5

plastiz., The agerture is L2 inches and the focal len

L4,
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Mylar nas
been used 2s ths plasiic. The reflector weighs about 5 pounds. It is belisved

-2t <his tyge of reflector could also be used with the mounting for the plas-

+3ic shell ccokers described in secticn 2.1.1.

TIT1 mas 2z’ sc considered such
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»2flsctor elsment, independent of the supporti
oroduced at 2 low cost and can Te folded into a small iightweight package
easy shipment =o remote arzas. The cost of such a reflsctor unit is estimatsd
%o be 75¢ and the weight less than a pound. The suprorting frame, orientaticn

and the k= could be comstrucisd locally

In <he L8-inch dismster prototypes that VITA comsiructed, thers was o
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reflector. An appreciable rate of reflector deflation occurred, either because
of pin-hole leaks or because of permeaticn itself. Furthermore, the reflector

surface fluttered in the wind, causing defocusing. Another mild disadvantage

of this design is that there are two extra interfaces between the vessel and

the reflector, with the radiation passing twice through each. The direct radi-
ation from the sun to the reflector is normal to the interfaces; the reflscted
radiation from the parabola passes through the interfaces at angles of inci-
dence which beccme progressively less favorable from the center to the rim.
Bach passage of the radiation through an interface résults in reflection loss.

However, this is simple to remedy by increasing the reflector size. Another
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lectors can be damaged if handled very roughly. Fi-
nally, the lightweight and high surface arsa tended to make tThis cocker unsta-
tle in'a strong wind.

Ancther largs, inflatabls solar collector made of Mylar, developed by
G. T. Schjeldahl Company of Northfield, Wlnnesota has been briefly described in
a magazine article {22). We were unable to obtain further details of this

stracture.

2.3 CVEN-TYFE CCCKERS

Two oven-iype cookars were manufactured for TITA from descriptions in the
literaturs by 7sllott Ingineering Associates, Phoenix, irizena. Cne of these
designs, described by Gosn (23), did not perform well in our latitudes; aowever,

it may be guite suitable for use in the tropics. The other one was based on 2

desizn oy M. Telkes (24, 25, 26), sxcept that no heat storage chemicals wers

included. It performed very well.
The ovens are assentially plywood ooxes with sheet metal lining., 3Both are
sturdy and adaptable o0 simple manufacturing methods. The box could te made of

any of a wide varisty of woods. The sheet metal liner

O

culd be made with hand
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tools. -Material costs for the ovens would range from $L to $7 and labor cecsts

would vary widely according to the methods used and number produced, Dr

- .

Telkes (27) has suggested even simpler construction, making use of locally

available basket crafts. The reflectors for these ovens, on the other hand,
are relatively fragile, but are also simple to manufacture. They require only
tin snips and a punch %r drill, provided polished aluminum is available. It
should be possible to make the reflectors more ruggsd by adding wooden or metal
frames. Dr. Telkes has designed various modifications of the design that VITA

-

tested. In additicn, 2 scmewhat similar design has been tested (4) by F.A.OQ.

Two desigzns, intermediate between the 4

l N
3
(]
O
ct
fo
vs
n
—de
s
&
3
[(]
O
t+

, have come %o
TITA's atteniion. Cne of these, employing sizpls, folding, aluminized card-

board reflector, was included in our tests. The information cn the other was
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ox of plywccd aporoximately 48 x LB centimeters
the base and L1 centimeters high. COne side is cut off at a 45° angle and

the opening is ccoversd with a double glass window. Surrounding the window are
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Although the temperatures reached were low (315° F on a day when outdoor
temperature was 46° F), the oven could be used to cock simple dishes with such
foods s meat, rice and potatces by increasing the crdinary coocking time. The
Food and Agriculture Organization of the United Nations carried out a series
of tests in Rome during the summer of 1959 on a solar oven of almost identical
design. They report (4) that this cooker required an average of 112 minutes
to heat 2 liters of water from tap temperature (15°-20° C) to boiling. Al-
though the latter cooker did possess a container of a heat storage chemical,
the heating time was increased by the time of any cloud cover during the tast.

Telkes and Andrassy (27) have carried out exteﬁsive cooking tests on a
modification of the same basic cooker. They report being zble to achieve tem~
veratures as high as 460° F rnear New York City on a clear day.  They were able
te prepare tne follcwing Zood. .“tccessfully in the oven: rice (1 1b. + 1 1b.
of water) in L5 minutes; lentils (1 1b. + 4 lbs. water) in 2 hecurs; dry peas
and black beans (1 1b. + 4 lbs. of water) in 3-4 hours; meat roasts (8 1bs.
beef) in 3 hours; stew (meat and vegetables) in 2 hours; btread, rolls and cake
(2 lbs. of bread) required L5 minutes; fruit preserves ( 2 lbs. fruit + 1 1b.

sugar and 0.5 1bs. water) in about 3 hours. The foods cocked as they would in

2.3.2 Reflsctor Cven (Gosh)

The cven [Fig. 1t) was a olywood box, 45 x 56 centimeters un She base _nd

32 centimeters high. The top, hinged, doubls glass window, served as the oven

deor. The reflecticr was orne Ilat sheet of polished aluminum supported b
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Tem oI 1ighv bars and Ilat sneet metel sirips which could not hold the re-
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~ector In any treeze. The intericr was 2z shset metal, painted black. No as-

sembiing was reguired. The weight was abcu® 13.2 <ilograms. The maximm Sem—
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perature reacied wiih ihis model was 233° T ai zn ambisnt temperziure of




"The reflector would stay in position only in calm weather and frequent adjust-
ments were needed., This design should perform much better at high solar alti--
tudes, as in the tropics. The tests made in Schenectady at solar altitudes
between 30° and LO° are probably not indicative of its performance undsr opti-
mum conditicns.

2.3.3 Folding Paper Conical Reflector

This design (Figs. 17a and 17b), marksted by Honor House Products, Lymn-
brook, N.Y., is midway between the folding reflectors and the oven types. At
a2 retz2il oprice of $3.98 it has the distinction of being the only ccoker of
this tyve with a cost well within the $§5 limi%t generally accepted as macimm
price Ior wide distributicn in fuel-~poor ccuntries. The price includss a card-
beard nacking tox, which zlso serves as z supprort for octh cooker and reflsc-
ter, and a cooking pot with a blackened 1id. The reflectcr is made ¢ thin
aluminized cardheard. 411 of the other parts sxcept the pot are also card
board. The reflector folds and rolls in an ingenious fashion to it inside the
pct. AL our ?eoéranni:al latitude, it is not possibls to coock liguids, since
the pot must Te tilted t5 intercept solar radiation. However, in the tropics,

wet cooking may be pessible. The cooker performed quite well with some Icods,

9

Durabilisr is necessarily ncor. We estizate that this cocksr would
abous 20 or 3C cccking sessions, or less if ths cocker were subjscied o mois-
ture. I7 ii were necessary to fold the reflector alter sach use, durscilis;

3y Lea

would be impaired, as it is difficult to avoid damaging the refilecticr when

- o e : - - —ba
opening and closing it,

2.3.L Cyiind=n-Parapclic Sclar Cookar

T-is cooker .as designed 5y A. 3. Prata (28) in Portugal, io cembine the

best fsatures of the previously discussed direct cockers and the owven ijtes
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It is shown in Fig. 18. In this design, the oven consists of a2 1l0-inch ID x
2L-inch insulated metal drum with doors in the ends for inserting the cocking
vessels. A strip of metal is removed along the length of the drum, and is re-
placed with a plate of glass which permits light to be concentrated by 2 cy-
lindrical reflector made by bending z sheet of highly reflective metal. In-
stead of a focal spot, this produces a line of concentrated sunlight. The oven
is supported by a wooden frame, which holds it in the right position with re-
spect to the reflector, so that the focused light enters the oven through the
glass window. In this way, considerably more heat can be directed into the
oven than was possible with the cookers described in 2.3.1 and 2.3.2. Accord-
ingly, some improvement in cooking time was found in the coocking tests.

The cocker cannot be considered simpls. The designer estimates that the.
cost of the materials is $18, plus 8 hours of labor. Although the apparatus
weighs only 18 kllograms, it is a relatively bulky design. It may be advanta-
geous in an area wnere it must compete with conventional elsctric, gas or wood-

burning ovens.
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3.0 SUMMARY

TABLE 1 gives comparative data on the properties of the coockers and re-
flectors which were tested.
| No commercially available unit tested thus far has met the criteria of low
cost, efficient operation and ready transportability. Furthermore, the major-
ity of the effort has not gone into developing designs suitabls Ifor local man-

ufazcture. In particular, none of the commercially available cooksrs appear o

bve well adapted to such manufacture. It is felt, nowever, that a Fresnel-ijpe
sclar cocksr wouid meet these criteria. The Fresnel-tyoe cockar performed ac-

ceptably in ccocking tests and standard tests. If can be producsd using about

$5 worth of materizls plus about one day of locally available laver and simpls

and the more widely known Wisconsin cocker. Although the materiazl costs in the

United States ars ccmparable, the Fresnel cocker involves simpler constiuction
- ) : ¢

technigues and is mere adaptable to the use of indigenous materials and skill

5 - g =~ B ) 4
omparsilTe Deri.s oI Uie oven-uvyn

7pe and the dirsct-cooking type nzvTe not

il

been guantitativsly sstablishsd. Scme tesls were noted inm the literaturs (

st there resulis were inconclusiwve, TITA studies indicate that the direct-

—— et

cooking devices nave the zdvantags of greater speed. On th: other hand, the
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oven-tyoe ccoker will retain hsat for a much longer period of time alter the

sun has set or cloud covsr has fcrmed, and the fcod is alsc proteciad Irom con-
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and locel meteorological conditions. Indeed, it may be desirable to utilize
both types, just as we utilize both surlace units and ovens in = modern elec-
tric or gas stove.

There appezr to be important gains in heat utilization possible with sim-

. ple pot shielding.
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Crude Pyrheliometer
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Arrangement of heat Loss Experiment

rangement for Incident Light

Results of Heat Loss Tests . . .
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RECOMMENDATIONS FOR FURTHER STUDY

A. 1. Better cementing techniques
2. Test merits of different pot supports
3. Improve reflector material
a. Evaporate protecticn layer over aluminum
D. Cther evaporated matsrials such as chromium
c. Try burnisﬁed aluminum

d. Some sort of satisfactory spray saint

3. Consiruction of very cheap oven type
c. Iry marrying an oven tc a Fresnel cooker

D. Develor cooking pots with lower convection losses

-




APPENDIX A
CONSTRUCTICN METHCDS FOR INFLATASLE CCCKER

A particular advantage of the inflatable type is that the small reflecter

z,

eight of only a few ounces makes shipment cheap. This is important because
he reflscter would have to be produced in a relatively developed country since
s manuiscture must be carefully controlled in order to attain ths prover

shape. The frame of the cocker cculd be constructed in the country where it

is to Te used from local materials of wood or rmetal

-, - = - oo IR o 2 P T T & ¥ Ll £

e Inmtrinsic cost of both these cookers is well telow $5. Materials far
- -7 - - da S wl - o 1 ] T - = n -
tne rellective elament of the Inflatable cocksr cost about 50 cents and al-
A gt A1 T e e v [T R, 1 [ T .. ) S - L 2 omen
~CUZR Zmanulalluring dechnigues 2ave not jel bdeen worked sut, i% is beliaved
& - Al - . R [ 5 i + & A
tnat toe manulaciuring costs could be quite minimal, pernaps 31 per reflzctor.

D 2 X Py Fy
N

The frame cost weuld e largely depencdent on local material cost bus in gen-

eral should e low (zbout $1.50 in 7.3.). The not cost would be similar ¢

= s =

e inflatabls cocksr consists, in essence, of a circwlar air ciillow con-

- =l - - - PR N . AV, g 5 - - o oy
structed of we sheets of thin Mylar plastic having a diameter of abeout L1,

- ammas = Y io s 3 - - = T = bl o

Une sasst is 1/Z2- sourminized Mylar; She second is 1-1/2-mil clsar Mylar,
m . - PR I 3 3 3 D JE ola
--8 YWo are cemernted togeiner zround the sdges and holes, reinzforced wizh 20~

- -~ - - . -~ % - 5 L -~ - Ea T A - - -t 5T
-@LL SO TIal Wnen tne stace cetween tie two sheets of tlastic is £11iad wizh
2 A o9 vt T T D a 377 A 37 - ! Nz 3
a.r, wae reloecior Wil Iorn a pillow-liks shape. Ths frame mary te made of
I M R - - ) e i S PO P | -~ P A B as el DLy
WCOLQ, 2&I000, 217e or scme ouner locally availadbls materizl, The frame of “he




prototype was made of eight pieces of 1" x 3" lumber fastened together at ti

H
cae

ends to form an octagen. The reflector is inflated through an air tube formed
at the edge of the plastic.

Light from the sun passes through the clear plastic, is reflectad off the
aluminized inside surface of the reflector, again passes through the clsar
plastic and is focused upon a spot which can be used for cooking. The amount
of air that 1s blown into the reflector determines the focal length. Focal
lengths of about 30" have been obtained in practice.

Mylar was selected as the plastic because of its strength and light weigh

— ..«

i a

-l

The Mylar is gquite resistant to abuse and zan be repaired, in case of punciures,

with a plastic tape. Hcwever, Mylar is not very elastic and this causes wrin-
xles to form around the edge of the reflector when it is inflated, resulting

. . . s e oA s \
in some astigmetism of the focal spot and waste of energy

t

“his problem can be eliminated either by shaping irs

T+ O3 ; I avr 1
It is pelisved tha ping

Ll

()

125 ‘

el
_J

through the addition of seams or, most probably, by softening it with
heat so the wrinkles can be annealed out. A technigque must be developed in

the latter case thzt will avoid iniroducing other irregularitiss and which

. - - o -
7

will Droduce z firzl shape aporoaching the ideal sphsarical section.

T T - - EN e oM = o &
It i35 beiieved that these reflsctors cculd be mass »nrodu cnce the
- 1 2 - - - - a - Eans -
trozer technigue for saarping tham is develored. The Jinished reflacior zan te
- - - - - - - - M - - -
2asily shipred to zny place whsre i1i may te nseded. Thsre a new Irazme can e

orovided and the reflector Zastened to it and inflated. EHence, this iyze would
Py 2 v o
te sartisulariy suitable for areas where transcortation i nrchl

The rest of this cocking "ev1"= consists of a pot holder

roeapnly se Inderpencdent ¢f ihe reflasctor frame, arnd of supperts for tihe Ir

. .y e L ooy .
a ncle or riped wnich mizht surpert the cooking vot.




APPENDIX B
TEST METHODS

Performance of any solar device can be described by a heat balance for the

solar energy absorbing surface expressed by the following formula:

Arr Toc = + an
EORAY U

2 .
Here H is the intensity of beam radiation, fixed by weather and time of dav:
Lo ; ;

A is the unshaded area of the reflsactor; and r is the specular reflectivit:
AN ; ! 7

(B

of the reflector. Y is an intercert factor which denotes the fraction of the

-

specutarly reflected radiation wnich is intercepted by the cocking wvessel. It

ing 5
is 2 function of the accuracy of the reflector shape, the precision of orien-

eticn of the system and the size of the vessel, and in a gocd system proverly
used is near Ln_tv.» The absorptiviiy of the wvessel fer solar rzdiation is oc.
Useful heat deliversed to the contents of the vessel is qﬁ\, and thermal losses

o the vessel by cenvection, radiation and evaporation are dencted by 4N

A cemplete performance znalysis of a solar ccocker woul

n

require measure-

zments of all these guantities. However, for a cempariscn of cockars from a

practical point ¢f view a complete arnalysis is not necessary. Cur measuremsnt

were therefore limited to the determination of ﬂiE\(?“e useful heat devel d

3

in the cooking oot) as a functicn o %r\ (the solar radiation). Heat losses
o)

ll

(g~ ) are discussed in Appendix C.
sl

A. Heasurement cf Useful Heat

Three zethods were used: empirical cooking tes“s, measurements of rate of

emperaziure increass, and calorimeter tests.
iy 2
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the time required to collect one liter of water in the dischargs vessel) and
the difference in temperature between the inlet water and the outlet water, the
heat absorption rate in K-Cal/hour could easily be computed. This, in turn,

was converted into watts by the conversion:

) 1 kw. hr. = 860 kcal; or 1 kcal./hr. = 1.163 watis.

B. Measurement of Incident Sclar Energy

il

A conventional method of measurement éf incident solar energy is oy means
of a Pyrhelicmeter calibrated in Langley:
‘ 1 Langley = 1 cal./sg/cm/ = 49.7 milliwatis.
The sc-callsd solar constant equals about 2 Langlsy/min. This repressnts ths
amount of energy received cutside the eartih's atmosphere and corre

rresponds o a

probabls radiaticn of less than 1400 watlts per square meter on a surface nor-

- lad

+

- -~ 1 2~ - - - ) =
¢ the Incidant rzys. OCn the surface <

C

3 - PO S S - - - -
he sarth this is reduced tc te-

tween 800 and 100C watis ver square meter on a clear day. We did not !

Pyrheliometer avéilable, but consuructad a simpls instrument for comp
measurements, using a photographic light meter (General Elesctric type 58).
Fig. 2C illustrates this device. The light meter is mounted wiin
cover (filter factor = 10) at the end of a cardboard type %22 cm. long and
hlackenzd on Shes insids. Arn additional filter with a factor
at the cther 2nd. An aperture with a2 1/4" hole (made cf =2
mountad on the ouitside near the tep of the tube. TWhen the image this 2

ture is focused on z target plate at the betiom of the tube the device is

N

S e o ’ % P 3 A L T =
nointing 2t the sun and maxdoum brighitness readings are obs

is meuntad zarallel %o the axds of the tube and a string and wei

~, -~ 2 o “ vr - L EREE) i PR
approxdimaie reading of the sclar angls. We tlan fto calibrats in

a

2 e ————— 4 - PR H
2gainst tns Pyrhaliscmeter at the U.




York. As our tests are primarily comparative this absolute calibration is not
) I J 3¢
imperative.

Two types of measursment wer e used to determine tha affectiveness of the

reflectors: (A) the concentration ratio (the ratio of energy in the spot to

8

- 5 =)
the incident solar energy) and (3)

1.
i

¢

uniform

(]

- 4 o .
d size of the focal spet.

F)

mity
For cooking purposes the concentration ratio need not ve very high., It is more
iméortant to have a uniformly heated area matching the size of the cooking pot

——approximately 6 inches in diameter. A focal area or spot which is much

\ ' e

smaller “han the bottonm of th

[]]

.

cl
|

pot is accestable for wet cooking, but not

s ——s)

®

j E] =2 1
zbls for frying or baking.

t
ck
O
[LH]

n area larger than the vot lsads, of course,

.
¢

¢

*

waste cf energy.

1 orotograpnic method was used to.rscord the size and uniformity of the

Panal snaT A Aull finish . d late wHhth 2 5 %< 5 ca St A 4
focal spet. A Cull IInmisn (sanll aste p ate Wwltn & > X D cam. ZTL4 -

= 3% : = n? o4 2 2l as + s 3 4 74 o ) f
scribed was olaced ab right angliss to the incident light. The camsra was

7 al henird the waflaectar writh th Tar navrallal + +lm Tt armaantAav nlana
nlaced tenind the reflszcior with the lens parallel To Thie Lnuercedulr Tlace 20

7
i

and 11 shcw some tyopical photograpns o fo-

a4 4 P s ] 2 TR PR L
A reletive mezsursment oI tne Incident amounc ¢

R adman 3 at e Sl T - At P i i -
ootained, agzin using the Genersl Zlesctiric pnouograpnic lLognt meuer.
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slate tacked up =y 2 plats of opague diffusing gless. Transmissicn O

tination is zbout 15 percent. 2eadings wers faken Doih in e tlans ror-

J T a—-_" - ' - -, - = P 3 - - - -
mer 2laz-schtiomed socking utensils are used and vary, oI course, as
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gleoular pot, which can absorb heat on the side as well as the bottom, or at
least utilize light falling on the side wall of the pot facing the reflector.
One is thus limited toc wet cooking methods at the higher geographic latitudes,
particularly during the early and late hours of the day.

ive relative values only, since the com-

ct
old]

The test methods used at preser
bination of photographic light meters and filters does not furnish values di-
rectly convertible into heat energy units; however, we believe that the rela-

tive values are accurate within 10 percent. We are considering the possibility

of making more accurate measurements using a silicon photocell.

—&c

|
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~O
!




APPENDIX C

HEAT LOSS FRCM COOKING POTS

Since experiments with sclar cookers have shown that a2 slicht wind greatls
g g v

affscts the heat loss from pots, tests were carried out (A) to obtain data so

iy

that heat loss and incident solar energy magnitude could be compared and (3)

1o determine simpls methods for minimizing the effsct cf the wind.

A. Methods

The data wers obtained by heating water in 2,000 ml. flasks, 5" in dizme-
ter D7 an eleciric resistance hsater made of nichrome wire. 7ig. 22 is a sche-
matic skebch of the tesi arrangsment. The slectric power was cbtained “rom &

X supply with measurement of velts and amps. The water temperature was meas-

ured 57 z thermecccouple immersed in the water. The air temperaturs, which var-
led between &2 and 38° F, was measured 27 a mercury thermemetsr. The zir e

=%

lociiy was measured 3y probing with a velometer at various points in 2 plane

- - &S e - 1
upsorean -2 the Jlask.

- Y — - Fa - . Y - s -
*ng fetermined b7 compariscn of successive water temperature readings Saken af
- P ST TR - 2 b & e I W ) : bl . K L
afprox_mately o-monute Intervals. AL equilidbrium, the slectrizal wower input

was squal Lo tne hesat loss Irom the flask. The water temperature was held at

approximately 20F? F, rather than at boiling (212° F), Lo simplify detection




£}

¢

The paper towel shield was wragped around the flask to form a2 crude core
extendirg below the bottom of the flask. Care was taken zc use cne thickness

of paper only. A test using flannel cloth a shield yisided results similar

———

w
)

to the results with one sheet of paper towel.

<. Conclusions

1. The preliminary tests indicate that simple shielding can considerably
reduce the neat loss in a S-m.p.h. wind for 2 2,000-mil spherical flask. Simi-
lar trends weould bYe expected for pots having other shaves su ests have not

7et been perlormed to chack this.

- 5 - Y PR i Pl B r
2. The greater neat loss for the long neck flask comparsd Lo the short
namt fTaaie T 2 g arEniADT d + +ha Aprnda = AT wra=n -~ " T 1
necK 11l3asK l0S3 L3 atLrinoute <0 Tg concensaTion CI wvamtor In Lone ZCCL' neack
S S Fa 3 p 3+4 * a o 3 + Py s
WANICh 2CLs a5 2 concenser. Additicnal surface alsc zzcounts for scme o7 ths

acdditicral loss.




APPENDIX D
SUN AVAITABILITY AND RADTATION ANGLE

The problem of the usefulness of the solar cooker depends on many varisble
besides the question of need. These include such factors as the availability
of sunlight, angle of solar fédiation, atmospheric dust and moisture and actual
number of days of sunshine.

Atmescheric dust and moisturs are too variables to be considered an more
than = local Isvel., In extremely arid regions cor near citiss dust can be a se-
rious factor. Moisture in valleys or near a coastel area may reduce sne g7 re-—
iigible in areas nearby
which have scie elevation. ?or exampls, the quantity of rscsived sclzar snerzy
would be nigher in slsvated arsas of Mexico than along coastzl zones whers

moisture is of importance. Furthermore, valleys will be poor arsas wnereas the

adjacent hills may be axcellent for the use of the cooksrs. Ths amount of sun-~

b

shine may also de aflscied by obstructi A vailey often will have less suin
than surrcunding areas and in scme cases may be -in direct sunlight only for
vary siacrt periods sach day. Obviously these Jachors are betiar laft to the
consideraiion of ihe inheaditants of the local arsas themselves.

Determirnation <f the number of days of sunshine for z given arsz involives

a detailed siudy of weather conditions over a period of af lsast 10 T2ars.
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United States and for much of the world but it
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§ too wveluminous to digesi In this report and is better handlad locally,

A world map of ihe arnual total hours of sunshine
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for weather data in varicus parts of the world. 3Simply stated, the map is sim-
ilar b0 a topographic map using contour lines. In this case, however, the
lines cornect points of equal number of sunshine hours per year. All the lires
are of equal value whether solid, heavy solid or dashed. The number of Lours
of sunshine (in hundreds of hours) per year are indicated by a number on that
lihe, €.3., & line numbered 18 indicates that 180C hours of sunshine can bte ex-
pected each year in that area. Where several linss converge to become a heavy
solid line an abrupt change in the available sunshine hours per year can be ex-

vected acress that line. For example, in central Mexd o sbout 2L00C nours of
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the year the solar coocker appears to be of marginal usefulness. The 40° north
and south letitude figures are, of ccurse, not precise bul are reasonaole ap-

- proximations. Virtually all developing countries where the coocker might be

useful fall between these parzllels.
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Focal Spot Shape of Fr-eshel Hillig Cooker

FEEY

FIGURE 7
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FIGURE 8
Coolking Pan
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FIGURE 9A

Solar Chef
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FIGURE 11
Focal Spot Shape of Umbroiler




FIGURE 124
Solnar Cooker
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Solnar Cocker Folded
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latable Ccoker
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FIGURE 16

Gosh Tyre Cooker
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FIGRE 174
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FIGERE 1738

Collzpsed Demountadle Cardbecard Cooker
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FIGURE 18
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