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ABSTRACT

Th's report was prepared in 1962 under contract with
the Office of Technical Services, U.S. Department of Com-
merce. it is a compilation 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 (then known as the International Coopera-
tion Administration).

The solar cookers selected 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.

0f 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
availabie tools and materials., Ple . for constructing this

solar cooker are available from VITA.
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INTRODUCTION

The study reported here, undertaken by Yolunteers in Technical
Assistance {VITA) for the United States Department of Commerce, Office
of Technical Services, was to test varicus so]ér cockers 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 ¢ooking
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 chosan 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; {.e., the temperature rise of water flowing through
the cooking vessel at a known rate was measured. Durability wes 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 ¢f use again re-
guired 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 Titera-
ture., Two original VITA designs were also buiit and tested. In addition,
such information is included as is available fuor 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.
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2.0 DESCRIPTION OF COQKERS

The solar cookers described in this prepert are either the direct or indi-
gct type, corresponding roughly to surface burners and ovens in modern kitchen
stoves. The direct type permits {rying, broiling and boiling to be dene. The
relatively large heat requirement is provided by intercepting a large amount

of sunlight by a reflecting solzar concentrator and focusing this onto the cock-

-

ing vessel as Illustrated in Fig. 1. These cencentrators 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 hagze. Refocusing is required zt 15 to 30 minute intervals,

the indirect type, shown in Fig. 2, a smaller amount of heat is di-
rected into z thermally ingulated hox containing the ccoking vessel., The indi-
rect t7pe is zdarstabls to slower cooking techniques and it is sufficient to use

simple, flaf reflectors to provide the necessary heat. Because these cookers

1y

utilize scatiered as well as direct suniight, and by vistue of

Y 3 -
thain dnsulation

as well as their solar capacity, they are less sensitir

(D

to variations in solar
intensity and o shifts in the sun's pesition. -

The performance of toth types is influenced oy ambient conditicns. In ad-
dition, cocking verfor=mance depends on such desige Jactors as the total zeat
availabls for coolding, distribution of the heat over the cocking surface, the
abiliiy of Lthe ccoker %0 compensate for the apparent motion of the stn, and She
nature of the cooking vessels used.

For purposes of “hisg report, the cookers are divided into three grours:

H

(1) direct cooking types with rigid reflectors, (2) direct cocking types with

e0llapsisle reflactors, and (3) indirect cookinz types with either »igid or

-3 -




collansibla reflactors. Comparative data on the cockers described will be
found in Section 3.0, Table 1. Most of the descriptions tnat follc are based

>

on tasts carrie

L

out by VITA. The descriptions marked with an asterisk (¥) are

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

2.1 RIGID FEFLECTOR TYPES

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

in avsamoeile headlamps. In addition, other designs of rigid reflsctors are

Dossible., 2igid weflectors can be made to :slose tolerances and, with ingenuity,

3 : : ..
can be constrmiched sheaply. Fowesver, the rigidity and ::ecuenuly the weight

—l e

work against convenient portability of She Jinished wroduct.

2.1.7 Wiscocnsin fooksr®

Probably the test xnown direct ccoker, and the ons which i1s the standard
against which all other cookers must be compared, is the molded piastic rs-

flector devzloped at the Solar Laberatory of the University ol Wisconsin (1

2). Te most recent medel uses a2 drape-formed, high-inpact polystyTens shel

s

of L5 inmches dizmeiar arnd 0.C60 inch thickness, stiffened at the rim with 2

E T - - - - PR -

g 2l J.2 :-:- o G—AFE_-QI', “himagall aiumienm CUDINE . La.T caogksr 3 which has z2n
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activte area of aost 1.5 square fast, delivers abeut L fo 35 percent of

incident beam radiaticn o a cooking vessel seven inches in diameter; 2.3., nax-

Hl:l’
imum del lirery rate of LOC-5C0 waths at an incident beam tobal snsrgy of 1.0 kii-
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n the unshaded reflscior. 4 reflectivs lindng of Aluminized Mylar zelj-
2gter Zi°m i3 appilaed so he shell. This polyssier film is supplisd with an

adhesive ctcating 2
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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
with reasonazble care. Alkhough the lifetime of the reflective material is de-
pendent upen the awbient conditions and tile severity of usage, the chemical
stability of the adhesi?e_un&er field conditions is probably a significant fac-

tor. This is 2 troublesome aspect of plastic-coated reflectors, and may neces-

sitate replacement of the aluminized plastic from time to timse.

The units are 1ight: the reflector weighs 5.2 pounds and the frame 15.4
pounds. The f{rame permits horizontal and vertical angular adiustment. Heri-
zontal adjustment is provided by a rotating disc at the base, Solar altitude
adjustme .t is provided by a locking device on 2 sechor attached to the reflsc-
tor. The griil is supported from each side for additionzl stapility. The
fr2me members are thin-wall stee%_tabing and 19-gauge sheset zetal formed by
stamping or spinning. The published (3) estimated individual cost far these
cocksrs in lots ol 10,000 and 1,000,000 is:

10,000 1,000,000

Materials (including packaging) $7.70 $6.33
Labor ($2.00 per nour) and overhsad 7.00 LB
Freight, selling expenses, stc. 1.26
Return on investment 1.L7 .5

TOTAL 16.17 $3.66

The latter total prebably represents a lower limit on the cost of the unit.
These costs are hased upon mermfacture in a develoved sconomy with subse-

quent transport to the country or area of ultimate uszge.
A cocker used intermittently in the laboraiory for several years gave ihe
following perf.rmance., At an average beam radiation of 1.35 cal/ el / min

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




two pounds of water from G0® F to boiling in 13 minutes; four pounds tcok 28
minutes and eight pounds, 62 minutes. In independent tests (Aj performed by
=he FAOQ in Reme, Ttaly, 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 fisld-tested over
a2 perioed of four years in northern Mexico, Anthropologists living in the vil-

lage whers the studies were made observad reactions Lo tias cockers and 2lso
studied a Taristy of economic and cultural aspects of village 1ife which a7~

- ha e

factad tme reactions of psoplsz to ths innovation. Freguent (usually daily)

~Psits were made o fzmiliss using the cookers, and ithe anthropologists helred
them ny Droviding sachricues of use and msking any necessary repairs.
In the winter of 1961, five cockers of the advanced iype shown In Flg. L
wers given to families in s region. AIY five were used con- .

P

stantly for cocking meals and heating water and irors. Four of itaem were usad

le days and the fifth on about 75 percent of the zessible

days. The inherent limitations of “he design wers appreciated by the villagss
’

and it was accetted as 2 supplemental rather than a substitute cocking zeihod.

-

Tha sarlier tyoes had essentially the same reflacior, dut the cocksr stand

- T S IE A - : - i PR i’ i tm - - &
4as imsuifisiantlz wigzed for long-term use. Thes cocksr zlsc had z tenderiy ¢
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nlow over in a 55178 wind, Thess defscis were slimnated al z substanula. o-

creass in cosi, dut with a subshbantial increase In local acceptancs.

2.1.2 3Srtum Adugpi-vumw Parabolic 2ellactor
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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, zarticularly when the sun
is high., The wing nut which controls the refleﬁtor tilt is alsc difficult to
use at high solar altifudes. The ﬁot must be removed from its support for ad-
justment for either altitude or azimith. The weight i1s moderate—about 3.5
kilcgrams for the complete assembly. However, the reflector area is only 0.44
square meters. A one-sguare-meter rellector would weigh about 5 kilograms.
The retail price of the unit is $29.50; estimated smell-lot menufacturing cost
is approximately $20.

Reating performance measurements were made after six months of intermit-
tent use. It delivered z measured 250 watts on a clear day, a2s determined by
the £low calorimeter techmigue (Appendix B). This corresponds Lo 400 watis ver
square neter oI reilector surface. A photograph of the focal spot, zade al the

same time, is shown in Fig. 4. It is not possible to make a compariscn with

the Wisconsin cocker since we were unabis to procure a rodel of the latter

cooker., lJew reflectors which have recently been received are noticeably mors

P

reilactire and

have & better defined focal spot. The innomogenietr of Lthe fo-
cal spot leads to local overheating and cccasional cracking of ceramic pots and
Takes Irying inconvenient. FHowever, the cooker performs well in preparing
small quantitiss (about 1 pint) of rice of stew. I: heats one liter of water
at a rzte cf 2¢ Lo 3° C per minute and-is cuite suitanis for pan-troiling in-
dividual poriions of meat. Tor family size cooking it would have to be scalsed
up Lo a surlace area of at lsast a square meter. Such a construction would

.

reguire even Zsevier machinery for construction.




. 2.1.3 Other Simple Metal or Plastic Reflectors

In & somewhat different approach, Stam (5) suggests using reflectors simi-
iap to the Wisconsin or the Thew reflectors. However, he proposes simplifying
the design to its most primitive asrects., 3y placing the reflector shell over
a depression in the ground, the stand for the cocker 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. IS has not been
tested experimentally.

A number of cookers described in the literaturs use strips of polished
metal, riveted together, to form & more or less adequate approximaticn
spherical parabola. Cne of thess, developed in Jwza (6), nas besn revroduced
oy us from diue prints obtained through the designer, Dr. Fredéy 3a Ti. DRe-
fMaetiFity and mechanical rigidity of this reflector (?ig. 5) is poor and the
focal stot is 7ery large and diffuse. IL is impossible uc center & pot Drobpw
erly and the heat s inadeguate to bring a quart of water %o beiling in spite

£ the lawge reflzctor size. This may be due in part to the lack of availanil-
itr of truly specuiazr sheel aluminum. Furthermore{ the eguismmsnt Is
stabilize on a windy day, although it is very heavy (13 kg.). Tasts on %his
zodsl ha_e neer zpardoned in favor of more promising designs

Other metal »eflactor designs are suppesedly in commercial production in
Japar (7-9) and India (i0~12). These sources aave been convactsd, 2ut in spita
of considarapla ef;crt,.VITA nas been unadle tﬁ ootain models or sccurate de-
sign details of Lhese cooksrs.

-

1.4 Fresrel-Tyoe Aeflector

o)

0f the models actually tested by YITA to date, this cooker (Fig. 6)

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

available from VITA.




The reflector uses only simple, cwrved surfaces and is constructed of
1/8-inch Masorite to which aluminized Mylar has been cemented. By cutting a
series of rings ocut of such a flat sheet of material, removing sectors and re-
joining, a series of nesting collars that focus light are formed. These ¢ol-

re 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 a=e locally available throughout meost of ths world.

The reilector is LS inches in dizmeter and has a focal length of 30 inches.
Cn a cleer day, it delivers in excess of 500 watts to a focal spot of abeut 5
inches in diameter. The focal spot is guite uniformly illuminsted, as shown
in Piz. 7. A square, black, aluminum pan (7x7x2 inches) with a fitted, sliding

(Fig. 8), obtained from the Piolyte Plastics Company, Sslem, Mass. as part
of the "Sclar Chef" equinment, makes a very cenvenient cooking pot. Two tripod-
type support stand designs have been used. In one, the reflector is supported
en The ground at one peint, and two legs, in the form of a U-shaﬁed, vent iren
rod bracket completed the support. This design, which is similar to {hat used

in the Thew cocker, is relatively easy to orient, but is not as stacle in the

a

wind as ths seccnd desizn. In this, the reflecicr is supporfed at fwo places

en the ground, and 2 single pivoting wooder leg supports tiie ccoker at the Ze-
sired angle. Although even this mounting of the reflector mey nocl be adeguate
te hold it secursly in very heavy wind, the wind resistance appears o be in-
trinsicaily less than in reflector cookers naving cne-piece consir setion., The
pot holder consists of a rod to wnich 2 g*i_l is attached which holds ihe zot

at the proper focal distance, and which permits the pot to be nheld herizontally,

inderendent of the reilector position.

In the empirical cooking tesis, six portions (4 cups) of rice were

Iy
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prepared in 3C minutes and 2 small chicken was browned in an open pan and com-
pleted in a closed pan in 30 minutes fotal cooking time. Mo adjustment of the
sooker was necessary during the cocking, although it was slightly defocused at
the end of the cooking period. Large (é-inch) pancakes were prepared with very
uﬁikorm,brcwning in a sma2ll ensmel frying pan with a black bottom, 4 simple
type of bread {English muffin) was &lso quite successfully prepared using the
plack aluminum pan. Four muffins were baked at once, requiring about 20 min-
utes {10 minutes on sach side). In general, cocking time and performance wers
comparable to that of a small surface burner on an electric range or 2 émall
electric “rying pan or casserols.

I1 additicrn to the features already discussed, this cooker is suffizisnily

simple that if the necessary materials are available, anyene ski®lsd in fne use

cf sizcle nand tools, such as a2 hammer, a saw, and a screw-driver, carnob only

conssrict 1%, Wyt 21s0 renair it if and when necessary. Furthermore, it is
3 e o

v

nelieved thzi local constructieon of this cooker would facilitate its introduc-

o3 1

tion into a developing arez from 2 psychological and sociological zoint o

Yy

Aew. Finally, the perforzance of the cooker is the equal of slimest 2ny coc

w
i
1

of somparable size, and there is reason Lo belisve that its performance can b
improved urcrn suill =cre.

The mest serious deawback of this cocker is that which plagues Jther de-
sigms 2s well--the Zetericration of ifhe aluminum reflecting surface of lhs

ccoxer Zus to weathisring., Even bulk aluminum loses its nigh relleciiviiy on

symosure o the elsments. On the other hand, this design 2llows convenient re-

-

—_——

slacement 3 ihe w»eflsctive material whenever dictatad 37 2 loss in zer?

In cre sush reflscior (13), a spheroidal depression in she grosund Is lined




firgt with a mixture of soil and cement to stabilize the shape and then with
aluminized plastic. The symmetrical depression is formed by swinging a pendu-
lum, or blade, fasteneé to a wire which is secured 2t a fixed point above the
ground on a tripod. After the rough shape is hollowed out, a shallew layer of
2 soil and cement mixture is placed in the depression, smoothed with the blade
and wetted. Uhen this has set, and after some further work on the surface, a
reflective lining of aluminized Mylar pressure-sensitive tape is appliad. The
cosking pot support is built so that the pot follows the shift in the focal
spot due %o the daily metion of the sun.

The advantages of this cooksr are its simplicity ard ease of constrmction
in the fisld and the large sizes possible. o reflsctor mounting is necsssary,
arnd the cocking sot suppert is simple to fabricate. The orientétion-can be
fixed durirg construction so as to make the re=flector usable during thes desired
time of day. The cost of malterizl for the laboratory medels, excliusire of ins
reflasetive lining, was less ‘han a dolliar,

The disadvantages of this cooker are its lack of mobility -which might we-
sult in chysical damage due to yegther conditions, and the limited reriod =7

tipe Auring whizh ii can be used (estimated at ! bours a day).

- tar (5) suggesis a variabion of this design ir which he proposes inte-

it

- - . . -

B

Ian

ey
-

ZTactor, capanliz of delivaring 2CC0 watis or mere, intc she

design o2f a desers hcme. Such a device consituies the nuclsus of 2 scl

5

kitchen. 3tam nas worked out 2 whole sysiem of cooking and uiilizing the so-
lar energy in such a design. The refleciors would be made oul of adote, or
scme such zaterial, and lired with a reflective material such as al Tumdenm foin,

Trnly 2 scaie pedel nzs teern consiructed to date.

a g =z - - L T
2.1.5 Iizhtweignt Moldsd Aggrageta 2eflzsetors

Rallacior shells nave heen made of lightwelight, concrete zggregate of




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

The most successful of this type of cooker (13) is 2 reflector 42 inches
in diameter with a focal length of 18 inches, made of a venmiculité aggregate
and reinforced with wire and & 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 sdge_of the reflector leans against the
post and its lower edge is supported at varlable disténces from the post on an
ara secured to the post.

The advantagss of this type of cooker are the simplicity of the mounting

device and its component parts and the possibility of using locally available
materials and labor for its constructicon. Major disadvantages ars the weizat
of the reflector, which makss it cumbersome to handle, and the fact that tae
reflective lining is ddifficult to apply.

Another inexpensive method of fabricating this type of reflector has been
suggested by J. R. Jermess (14). A conveX, wire-reinforced, plaster paraboloid
die is fi=st cast from a centrifugally formed concave paraboloid meid. The
cost of this is stated to be $10. Thiy figure presumabliy represents only he
cost of materials in the United States. The surface cof the die is coated wiih
wax, then a2 layer of wood pulp, papier-mache or laminated newspaper 1s spread
over it. After a few layers are built up, they are pressed to équeeze out ex-
sess licuid. Tke process is repeated until the compressed laminate is 1/8 to

1/4 inch thick. Then ihe rim of a wooden "wagon wheel", reinforcing Iramewerx

is glued in place. Voven haskeiry is suggested as an alternative method of T=-

L]

inforcemert. AfSer removal from the die, strips of aluminum foii ars pasted on
, Y

the surface. Firally, a stiff hoop is cleamped to the front surface. Jenness

- 12 -




states that the process would require & 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‘techniqpe has been developed by the Boeing Air-

craft Company (12) primarily for space applications. The high cost of this re-
flector and the thinmness of its coating make it unsuitable for our purposes.

It was included in our study, however, because of its light weight and high ri-
gidity and 2lsc because it provided an oppﬁrtunity to test the cooking perform-
ance of a nearly nerfect parabolic reflector.

We are indebted to K. G. Wood, Manager of Manufacturing Engineering of
Doeing's Seattle Offices, for making two reflactors available to‘vITA on & 1%an
basis. The first of these had a dizmeter of 53.5 centimneters with a fccal
length of approximately 30 centimeters and a weight of 450 grams. A rough
test of its efficiency ﬁade by the snow melting technique (Appendix 1), gave a
vaiuve of 437 watis per square mete~. The spun aluminum cocker (see Section
2.1.6), which served as the standard at the time of these tests, gave a value
of 300 wabtts per square meter under identical condifions.

Navy searchiight mirrors serve as the blank for the reflector. A convex
tool is first made Ffrom the original concave mirsror using Simonize auto wax as
the parting agent. The c¢onvex tool is tnen Simonized and rubbed fo a high
gioss, A film of epbxy resin is spread on and the wet resin—coa;ed tool 1s en-
closed in a transyarént vacuum bag and smoothed until it is uniformiy coversd
with resin. After the resin has cursd, a 2-mil fiberglass cloth is impregnated
with epoxy 2nd placed on the cured film. Aluminum honeycemb of .OCC5 inch web

thiclkness is laid cn this wet fiberglass cloth. Three-dimensicnal flaxdbility

ek

is achisved by slitiing the honeycomb cell walls. The slitting operation is




performeéd with the cell walls in a collapsed condition. A second layer of im-
pregnated fibergiass cloth 1s placed on top of the hoheycomb to form a sandwich.
A bag is placed over ths assembly and -a J-psi effective pressure épplied by
partially evacuating the bag. The entirs mirror assembly is then curecd at

250¢ F. The paraboloia is given a reflective first surface by applying a ccat
of aluminum in a vacuum chamber. A silicon-cixdide coating is deposited on the
aluminum to protect the reflective surface. Reflectivity of the coated surface
is about $0 percent. The weight of the completed paraboleoid is 0.2 to 0.4
pounds per square foot. Maxdmum efficiency of energy colisction as measured
with a flow calorimetar is 72 percent.

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

adranced technology rsgquired for their manufzcture. Unit costs Have been 2s5-

timated at $18 for a sollector of 36-inch diameter In lots of 1CCC. This in-

ciucdes 1-1/2 nours of labor and overhead at $8.25 per hour,

In addition Lo the zhove, tha Geoodyear Tire & Rubber Cempany (135) has in-

—

troduced the technigue of meking =igid reflectors out of a rigidized, foamsd

g i)

plastiz. Although this technigue is primarily intended for fabricating reflec-

tors for space technclegicsl purposes, Shis technicue may be used tc produce

dohe
raflectors for cooiting devices as well., Trhe mold-shape is produced by sizply

in®lating am 2luminized plastiz Sailoen. This then Tecomes tne reflaching wall

of tie finished reflsctor afier being sacksd up D7 a2 rigid foamed plastiz. Th

An interesting methed for producing sarzhclicz mirrors is described 37
. 5. Archipaid (L7). & licuid in a revelving horizontal pan fakes the shaze

of a parztoloid, and 2 iguid resin suitably catalyzed =0

s

arden after this

a
—




form is taken will retain this shape. With the develomment of the epaxy 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 formmla for the focal length may be simplified to
Vi = 38.4/rpm, where f is the focal lenéth in feet. A& 36-inch focal length re-
quires 2 speed of only 22/7 rpm. Additional resin may be poured onto the first
surface after it has set. In gsneral, superior surfaces zre obtained on the
seccnd or third pour. Reinforeinz material such as fiberglass can be placed on
the surfzce Lefore the second surface is poured.

The quality of the reflectors produced to date is bhetter than anytaing
that can presently be made without the use of grinding and ﬁolishing tecnniqgues.
This is, hewever, not a significant factor in conker considerations. Fowever,
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 egtimatsd at
$25-$35. Hence, although this technigue could perhaps be used for making a
raster mold, I does not appear that this offers a practical soliution for low

cost selar cookers.

2.2 DIZECT CCCXTNG TUPES WITH CCLIAPSIBLE REFIECTORS

There are at least {our designs of collapsible reflectors commercially

available., Most ars designed for occasional use by campers or sportsmen.

(i
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pn2sis is on easy portability, the weight is kept low and <he
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imple. Thus, all mcdels tested were inadequate from the poin

Tiew of stebilily on windy days. Several reflsctors might pessibly be modi-

Tiad by cesigrinz

aeavier and more durable support structure, prefarably one

1]

tnat can be built from local materials, Collapsible desigrns are cheap and
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essy 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. 92 and $b) is an intermediate betwsen 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 suppert
structure consists of a pointed rod to be stuck into the ground and four other
support pieces. Altitude and azimuth adjustments require removal of the pot.
The svapcrated aluminum coating on our purchased cooker was very thin and
transparens, The focal spot was diffuse and matched the pot poorly. We did
not succeed in bringing water to a boil with owr model and therefcrs atandened
further tesis. This weak performance must be attributed in part to the inade-

gquate collsctor area.

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

suitable for use on other coockers. We obtained four additional ones at & price

of $1 sach.

This reflector (Fizs. 10a and 10b) is constructed 1ixes an umbrslila (13).

s - e - 2 e . - . -+ - ] Ao . x P -,
is made with a light alumi-um frame, has 1o ribs, and is covared wila 2-U-

minized Mylar-rayon laminated ¢loth. It is Lo inches in diametsr and nas &

—l

0

focal langth of about 24 inches. The reflsciing material belween adjacent izs

) : T

Sorms & wedge-like segment which hzs a base length of 9 inches bstween rid

tins. THence, any pot that is YTass than 9 inches across will not receire a2l

M

<hs light shat is reflecied back. For a &-inch pot, about 1/3 of =he light
Zzthered near Zne perighery is les%, Inerseased affiatancy would resli Irom

int»mcducing mere ribs. Cur studies show ithat the [ocal point Is gu-ve giffuss

[ =




(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 altitude angle requires removing the cooking vessel. Con-

siderable difficulty was encountered on windy days because this cooker tended

to blow over.

The designer and manufactursr of this cooker, G. 0. G. Lof, has suggested
a number of mcdifications to make this design more ruzged and suitable for con-
tinuous use. These include heavier fabric, larger tube diameter for the um~
brelia shaft, heavier grill and more rugged suppert joint for the entire unit.

The present wholeszle price in small lots isl$18 and the msnufacturer es-
timates 2 possible wholesale price of $10 in large lots. The retail prics i3
sbout $3C. 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 L00 watts reported could not be

obtained. I is interesting to note that one unit has tested to 60° N Lati-
tude in Sweden and cocked satisfactorily.

2.2.3 Selnar

This elegani cocker (Figs. 122 and 12b) is manufactured in France frem de-
signs by A. Tarcici. The design is covered by 2 number of French ;nd J.8. pat-
ents (15, 20, 21).

The reflector consisis of two sets of 18 reflsecting blades Zorming 2 fan-
like array. The curvaturss are such that the assembly approcdmatss a parabo-
loid of revolution., The tripod frame and mestal carrying case are ingeniously
cembined to form 2 cne-pisce assembly, including = grill, Adjustment of cookex

orientatien without remeving the pot, although possibls, is difficuli, The
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focal spot is very diffuse (Fig. 13), consisting of somewhat overlappirg areas.
Tn 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 outpubt was orly abeut 200 watts per square meter. 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 manufacture with simple

tools. A reflector made on this principle but with 2 differsnt suppert may

2.2.4 Inflatabla Plastic Raflectors

Reflectors of shis “ype were first reported by the workers at the Univer-

sit7 of Wisconsin Solar Energy Laborstory. The reflector thet described (3)

. is a parabola of revolution constructed of aluminized plastlc, supported on 2

. - .

yier ming of thin-wall tubing and having an air-tizht cover of ¢lsar

(1]
l‘l
b
(4]

piastiz. The agerture 1s A2 inches and the focal lengta 18 inches. Mylar nas
been wsed as ths piasiic. The reflector weighs about 5 pounds. It Is pelisvad
that Shis t7pe of reflector could also be used with the mounting for the plas-

3o shel? cookers daseribed in secticon 2.1.1.

TITA a5 27sc considered such z design (Fig. 14) with the visw unat

14 R th the
- - - E 3 - - . - - - - - T —_ - .
r2flsetor elsmens, indevendsnt of he supporting frame, potholder, suc. can oe

sreduced 2t a low cost and zan Te folded In®o a small Ligntweight package T
easy shizment to remota arsas. The cost of such a refisctor wiit is estimatad
%o be 75¢ and the weighi less than a pound. The supporting {raze, orientaticn
Tt

and the 1iks asuld be comstrucisd locally.

Ir <he LB-inch dfamster orototypes that VITA comsiructed, there was no
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"
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ULt in sencentrating suniight sufficiently to Ignile paper Howevar,

=

savaral diffigultiaes arose. Cne was the prodlem of maintaining air witil
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reflactor. An appreciable rate of reflector deflation occurred, either because
of pin-hole leaks or becsuse of permeaticn itself. Furthermore, the reflector
surface fluttered in the wind, causing defeocusing. 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 reflected
-padiation from the parabola passes through the interfaces at angles of inci-
dence which beccme uragressively less favorable from the <enter to the rim.
Each passage of the radiation through an interface resulus in reflection loss.
_Hewever this is sizmple to remedy by increasing the reflector size. Another
problen is that these reflectors can be damaged if handled very roughly. Fi-
rally, the lightweight and high surface area tended to make this cocker unsta-
tle in'a strong wind.

. Ancther largs, inflatable solar collector made of Mylar, desveloped by

G. T. Schieldan® Company of Northfield, Minnesota has been briefly described In

a magazine articls {22). We were unable to obtain further details of this

stracture.

2.3 CVEN-TTTE CCCKERS

Two oven-iype ccokers were manufactured for TiTA Irom dsscoriptions in thel
litarature Dy Tellot Engineering Associates, Pheenix, Arizoma. Cne of these
desizns, cfesc:'*_ce"i by Gosh (23}, did not perform weil in our latiftudes; however,
it may be guite suitable for use in the tropics. The other one was based on 2
design oy M. Telkes {24, 25, 26), sxcept that no neat storage chemicals wers
included, It gerformed very well.

The ovens are essentially plywood boxes with sheet metal lininmg, 3cth are
sturdy and adaptable %o simple manufacturing metheds. The box could b2 made of

any of a wide varisty of woods. The sheet metal liner could be made with nhand




tools. .Material costs for the ovens would range from $4 to $7 and labor cests
would vary widely according to the methods used and number produced, Dr.
Telkes (27) has suggested even simpler construction, making use of locally
availizble basket crafts. The reflectors for these ovens, on the other hand,
are relatively fragile, but are also simpls to manufacture. They require only
tin snips and a vunch e drill, provided polished aluminum is available. It
should be possible to make the reflectors more rugged by adding woeden or metal
frames. Dr. Telkes has designed various modifications of the design that VITA
tested. In additicn, 2 scmewhat similar design has been tested th) by F.A.0.
Two designs, intsrmedizte between the dirsct and indirect, have come %o

VITA's atteniisn. One of these, employing simpls, I
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board, reflector, was included in our tests. The Information ¢n the other was
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taxaen f—om the literature.

2.3.1 3Feflsctor Cven (Tslkes)
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The over (Fig. 15) is a box of plyweed approximately 48 x LS centimetsers
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Mthough the temperaturss rsached were low (315° F on a day when outdeor
temperature was 46° F), the oven could be used to cock simple dishes with such
foods as meat, rice and potatoes by increasing the crdinary cooking time. The
Food and Agriculture Organization of the United Nations carried out a series
of tests in Rome during the summer of 195% 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 latier cooker did possess a container of a heat storage chemical,
the heating time wes increased by the time ¢f any cloud cover during the tast.

Telkes and Arndrassy (27) have carried out extehsive cookingz tests on a
modification of the same basic cooker. They report being zble to achieve tam~
veratures as high as 460° F rear New York City on a clear day.  They were able
to prepare ine follcwing Zood. iccessfully in the oven: rice (1 1b., + 1 1b.
of water) In L5 minutes; lencils (1 1b. + 4 lbs, water) in 2 hours; dry peas
and black beans (1 1b. + 4 lbs. of water) in 3-4 hours; meat roasts (8 Ibs.
beef) in 3 hours; stew (meat and vegetables) in 2 hours; bread, rolls and cake
(2 Ine. of bread) required 45 minutes; fruit mreserves ( 2 lbs. fruit + 1 1b.
sugar and 0.5 Ibs. water) in'sbout 3 hours. The foods cocked as they would in

& standard cvsan.

2.3.2 Aeflsctor Cven (Sosh)

cven [Fig. ib) was a slywocd box, 43 x 56 centimeters .r the base _nd
32 certimeters high. The top, hinged, doubls glass window, served as the oven
deor. The rellecicr was ore Ilat sheet of polished aluminum supnorted bty a

system of 1ight bars and flat sheet metal sirips wnich zould not hold
flecior in any zreeze., The intericr wes 2 3hee£ metal, rtainted black., No as-

sempaing was required. The weight was abeu® 18.2 xilograms, The raxirum “em-

perature reached wiih this model was 238° F at an arbient temnerain
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The reflsctor would séay 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 al solar altiludes

catween 30° and LO® are probably not indicative of its performance undsr opti-

mum conditions.

2.3.3 Folding Paper Conical Rsflector

This design (Figs. 17a and 17b), marketed by Honor House Products, Lynn-
brook, N.Y., is midway between the folding reflectors and the oven types. At

2 ret2il price of $3.98 it has the distinction of being the only ccoksr of

s

thig tyve with a cost well within the $5 limit generally accepted as padmm

price for wide distributicn in fuel~pcor countries, The price includss 2
beoard nacking boi, which also serves as 2 support for ccth cooker and rellsc-
tar, and a cocking pot wiih 2 blackered 1id, The reflectcr is made oI tain
aluminized cardheerd. 411 of %the other parts =xcept the sot are also card-
board. The reﬁlector folds and rolls in an ingenious fashion to Zit insids the
pot. At our geographical latitude, it is not zossibls to cock ligquids, sincs
the pot must Te tilted 35 intercent solar radiation. EHowever, in the tropics,
wet cooking may be possible. The cooker performed quite wsll with zome Icods,
heating frenkiurters or cooking thin steaks or hamburgsrs in abeubl 20 minutes.
Du-abilisr is necessarily zcor. We estimate that this cocker wouid lasv Ior
abous 20 or 30 coecxing sessicns, or less i the cooker were subjected o mols-

tu»e, I it were necessary to fold the reflector alier each uss, durapilizy

would be impairad, as 1% is difficulit to avoid damazing the reflscicr when

5'*. -y
L] 2 '
opening ard closing it

2.3.5 O7lind=a_Parabolic Sclar Cocksr

4w mmm? . e = mwm - T = e e T N . T -
™15 sooker .25 iesizmed 5y A. 3. Prata (28) in Portugal, Yo cemblne ihe

best foatures of the previously discussed direct cocikers and the ovaen I7zes.
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It is shown in Fig. 18, In this design, the oven consists of 2 10-inch ID x
2L-inch insulated metal drum with doors in the ends for inserting the cooking
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 a sheet of highly reflective ﬁetal. In-
stead of a focal spot, this produces a line of concentrated sunlight. The oven
is supported by 2 wooden frame, which holds it in the right pegsition with re-~
spect to the reflector, so that the focused light enters the oven through the
glass window. In this wa7, considérably more heat can be directed into the
oven than was possible witih the cookers described in 2.3.1 and 2.3.2. Accord-
ingly, some improvement in cooking time was found in the cooking tests,

The cooker cannot be considered simple. The designer estimates that the.
cost of the materials is $18, nlus 8 hours of labor. Although the apparatus
weighs only 18 kilograms, it is & relatively bulky design. It may be advanta-
geous in an area whare it must compete with conventional electric, gas or wood-

burning ovens.
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3.0 SUMMARY

TABLE 1 gives comparative data on the properties of'the cookers and re-
flectors which were tested.
| No commercialiy available unit tested thus far has met the eriteria of low
cost, efficient operation and ready fransportability. Furthermore, the major-

ity of the eifort has not gone into developing designs suitabis Jor local man-

ck

ufzc

tre. 1In marticular, none of the compercislly available cook2rs appear w0

ve well adapted to such menufacture. It 1s fell, however, that a Fresnsl-ijpe
solar cocker would weet These criteria. The Fresnel-iype cockar performed ac-

+asts and standsrd tasts. It can be produced using aboul
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$5 worts of maiterizls plus zbout ons day of locally availabls lacer and simple
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We rave heen unabls 25 make direct comparisun hetween the Fresnsl 2oocker

and the more widely lmown Wiscensirn ccoker. Although the material ccosts in the

a

United States are ccmparabls, the Fresnel cocker involves simplser constiuctlion

[P

technioues and is mere adaptabls te the use of indigenous materials and skills

Comparatire meriis of the oven-typs and the direct-cooking type nave not
been guantitaetively sstablispad. Some itests were noted In the literaturs (4),

Lut there resulis were inccnclusive., TITA studies indicate that the direct-

colking devices nave the advantage of greater speed. On the other hand, the

oven-tyoe cccker will retain heat for a much longer period of time after the
sun has set or cloud cover has formed, and the fcod is also proteciad from con-
tamingzion and damage by animals and insects. There appears Lo Ye no innerent
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©n Ths two depends on local dietary mores




and loczl meteorclogical conditions. Indeed, it may be desirable to utilize
both types, just as we utilize both surface units and ovens in 2 modern elec-

tric or gas stove.

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

ple pot shielding.
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13. walorimeter Test Arrangezent . . . . . . .
C. Crude Pyrheliometer . . . . . . . . ., ..
1. Arrangement for Incident Lighi Measurements
22, Arrangement of heat Loss Experiment. e e

23. Pasulis of Heat Loss Tests . . . . . . . .
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RECOMMENDATIONS FOR FURTHER STUDY

1. Better cementing techniques
2. Test merits of different vot supports
3. Improve reflector material
a. Evaporate protection layer over aluminum
b.  Other evaporated matarials such as chromium
c. Try bumis‘hed aluminum
d. Some sort of satisfactory spray caint
Construction of very cheap oven type
Iy marrying an oven ic a Fresnel cooker

Develeor coocking pots with lower convection losses

- 31 -




APPENDIX A
CONSTRUCTICON METHCDS rOR LNrLATASLE CCCKER

A particnlar advantage of the inflatable tyﬁe is that the small reflecter

weight of only e few ounces makes shipment cheap. This is important because

ct
5

o refiecter would have to be produced in a2 relatively dsveloped countrr sinece

|.

o I

%5 mamuizcture mist De carsefully controlled in order to attain the oroper

l.J-

fa

L7}]
1

e. The Irame of the cocker could be constructed in the country where it

i3 L0 e used Zrom local paterials of wood or nmetal,

Tmm Awms wimas

The intrinsic cost of both these cookers is well below $5. Matarial

[F13
by
L)
'1

s Y
T

the rellective elament of the Inflatable cocker cost about 50 cents and al
Sicugh manufzcturing technizues have not yeb been worked gut, 1% is heliaved
that the manufacturing cosis could be guite minimsl, perhans 31 per reflasetor.

The frame cost would be largely depencent on local material cosh but in gen-

2ral should zs low (about $1.50 in U.S.).

i3

2 pot 2ost would be similar £
that Ior other czckers.

f S o i
08 LZ_aTan-e ¢

9]

cxar 2onsists, In essence, of a cireular air sillow con-

- - R o S A A} T aawd ’ - 3 Aog - Fr
sirzcied of we shests of thin Mylar plastic having a dismeter of abcun Lt
S Smams fgo T /o am el T ] - = ] 1 3= " o

WME 3N28T 15 el siuminized Mylar; She sscond is 1-1/2-m%7 clear Mylar,

T8 Lwo ars ssmerted togeiher arcund the sdges and holes, refnforced wisi
=21 inyl nlastic tabs at the rim so thah the plastic can be lasned or fastsned

¢y bands o a2 sulzable frame. The fastenings are used 30 hold zhe refl

ck
&
Uk
(v
ol
H3
iy
¢
by
H
1]
.
1
'R}
|J.
1
i
Ke
[11]
L)
<
L)

etween Lhe Ltwo sheets of tlastic is fillad wiza
wood, Saxhoo, pipe or scms other locally availadls material. Ths frame of ihe
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prototype was made of eight pieces of 1" x 3" lumber fasiened together at the
ends to form an octagon. 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
aluninized inside surface of the reflector, again passes through the clsar
plastic and is focused upon a2 spot which can be used for cooking. The amount
of air that is blown inte the reflector determines the focal length. Focal

lengths of aboubl 30" have been obtained in practice,

|-+

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

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

L]

with a2 pizstic tape. Hewever, Mylar is net very elastic and this causes wrin-

Ces to form around the edge of the reflector when it is inflated, resulting

in some astigmatism of 3he focal soot and waste of snergy.

2% is pelisved thet ithis problem can be elirminated either by shaping ihs

D

olastic through the addition of seams or, most prooably, by softening th

3 ving 1t wiilh
heat so the wrinkles can be annealed out. A technique must be developed in

trhe latter case thai will avoid iniroducing other irregularities end wnich

— =l Y

wo_ - produce & firzl snzpe apbroaching the ideal spherical section

ia h

It is beliaved that these reflsctors could e mass nroduced zncs +he

oroTenr }—:n‘g-u-,-f.—-ue ,-"3\_- S“'L’“-':"c o 4 a e-’eve'!oﬁed "'"v-pe ;"ﬂ-isberi ey T
BIE R L= R e i ah rt -l e = Tk T et . - - -~

b

|

-1
13
a
o
O
L |
v
f
{y
113

2asily shipped Lo any nlacs whmsre 1L zay te needed., There a2 new Irzme can e
provided and the reflsctor Zastened to it and inflated, Hence, this tyze weould

% - e T - i T - . . . 4 Ty T
be paroisuiaxiy suitable for areazs where transpertation is 2 predlem

Tae rest of this cocking device consists of a pot holder, which wmuld
robadly he Independent ¢f She reflactor Irzme, ard of supperts Ior th
Sueh anm arrangsment cculd consizt simply of some legs fasternsd 2o iz Iremz and

& pols or uriped winlch 2ight sugpert the cooking pot.
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APPENDIX B
TEST METHODS

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

solar energy absorbing surface expressed by-the following formula:
T =
Sphawr oo S9N T Aty :

Here Ha Is the intensity of beam radiation, fixed by weather and time of dav:
o ’

A is the unshaded area of the reflector; and r is the specular reflectivity
of the reflector. Y is an intercept factor which denotes he fraction of the

specularly reflected radiation which is intercepted by the cocking vessel. It

is a funetion of the accuracy of the reflector shape, the urscision of orien-
tation of the system and the size of the vessel, and in a good sysiem proverly
used is rear unity. The absorptivity of the vessel fer solar rediation is oc.

Useful heat delivered to the contents of the vessel is q,\, and thermal losses

Ircm the vessel by convection, radiation and evaporation are denoted by qﬁ?\‘
A complete performance analiysis of a solar ccoker would require measure-
zents of all these guantities. However, for a2 cempariscn of cookers from a

praciical polint of 7lew a complete analyzis is not necessary. Cur measurements

ke

*

were theresfore limited to the determination of N (the useful heat develousd
in the coociting pot) as a function of H (the solar radiation). Heat losses

{q «\) are discussed in Anvendix C.

A. Jeasurement of Ussitl Heat

Three Tethcds wers used: empirical cooking tess, measuraments

wemperaiire increase, and calorimeter tesis.
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the time required to coliect one liter of water in the discharge vessel) and
tne differerce 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 watts.

B. Measurement of Incident Sclar Energr

A conventional method of measurement 6f incident solar energy is by means
of a Pyrhelicmeter calibrated in Langiey:
' 1 Langley = 1 cal./sg/cm/ = 49.7 milliwatis.
The sc-callsd solar constant equals aboub 2 Langlsy/min. This repressnts %is

smount of enerzy received outside the earth's atmosphers and corresponds to a

-

+

prababliz radiatisn 2f less than 1L00 watis per square meter or a2 surface nor-

= - -4 3 3 A + - - i~ -t 3 - = 2 - - A o L
mal o the incident rays. Cn the surface o the sarth this Is reduced tc e~

K’

tween 5CC and 100C wabtis ver squars meter on a2 clear day. We did not have a

q (TS
Prrheliometer available, but constructed a simples instrument for comparativs

measuremenss, using a photographic lizht meter (General Hlectric type 38).

-k da

Tig, 2C illustrates this device. The light meter is mounted with iis slottied

sover {filter factor = 10) at the snd of a zardbcard type %2 cm. long and

blaclkarad an Ths inside, An additional filter with =2 factor o 1%9.3 is mounted
at the ozher zrd. An aperture with a 1/L" hole {made ef 2 sline of zork) is

meunted on the outside near the tep of the tube. hen the image of this ager-

n .
ture is fcocused on 2 targst plate at the botiom of the tube the device is
pointing at the sun and masdoem brightness readings zre obtained. 4 Iranspert

] - ] - & —— . o | 1 oA o

is mountad rarallsl %o the axds of the tube and a string and weight permii an
- = K Fa = b Sy 3 T & el a -

epprodimete reading of the sclar anzlse. We tian fo calibrats inls devizs

aomd o Ea Tese ™ S - : . = SR . aes Choapd - E T o

agalinst Ihe Pyrnelicmeter at the U,3. JWeathsr Zureay 3Stalicn In ltnaca, lew




Tork. As our tests are primarily comparative this absolute calibration is no*
imperative,.

Two tyves of measursment were used to determine the effectiveness of the
reflectors: (A) the concentration ratio {the ratioc of energy in the spot to
the inecident solar energy) and (3) the wniformity and size of the focal spot.:
For cooking purposes the concentration ratio need not be very aigh. It is more
imﬁortant to have a uniformly heated area matching the size of the cooking pob
——approximately & inches in dismeter. & focal areaz or spot whish is mmch .

smaller Lhan “he botiom of the pot is accentable Zor wet coocking, but not suii-

— S}
zbls for Irying or baking, An area larger than the pot lsads, of course, o a

waste ¢f anerzy.

I

|

| . , . . . . A s

‘ A photograrhic rethod was used to.record the sizs and mifsrmity of the
I

R - =T EE ) = a1 - | 3wy - 1 -
scor with the lens parallel o the intersepnuor flace 20

EVOoLd Zard -

[41]
1=
K
th
<3
o
ok
§*
5
:
)
du

s. 7 and 11 shew some typical pnotograpns ol fo-
cal swoois.

placed benind the ref
‘ A reiative meazsuvement of the incidert amount of lizhi %o a2 5" arez was

R { : = T ™ i ombe e e =4 o
ooitained, again using ihe Genersl Zisciric cograppic light melter, Fig. Z-
s o e amapd oA Myg “d=ht T2 mmersas P T s -
3_TrTeg arrvangshiens Ased. ne ight L3 reduced Lo SULTal_2 Talues 0
2 T ST R - - EE T AT - F JEE B T
senanicel Tiligr plus z glsss filter (1,33 sercent pransmission) placed

slate Dacked up 27 & plats of opague diffusing glass. Transmd sicn of

mriration s about 15 mercent. Resadings were ieken dcih in 2z tlans nor-

4 £ A M2 e ;4 ¥ 4 - i ™ T i - 2
ingident 1izht and in a herizontal plane. Thes lazttar values are o-

[ e & ~ 3 - - - = -
fmer Tlaz-tobiomed sccking uitensils are used and vary, oI course, a5 &




LLJ

glcbular pot, which can absorb heat on the side as well as the botitonm, or at
least utilize light falling on the side wall of the pot facing the reflscior.
Cne is thus limited tc wet cooking methods at the higher geograpnic latitudes,
particularly during the early and late hours of the day.

The test methods used at present give relative velues oniy, since the com-
Eination of photographic light meters and filters does not furmish 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 vhotocell.
=3 Py
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APPENDIX C

HEAT LOSS FRCM COOKING POTS

Since experiments with sclar cookers have shown that a slight wind greatly
affacts the heat loss from pots, tests were carried out (4) to obtain data seo
that heat loss and incident solar energy magnituds could be cempared and (3)

to determine simpls methods for minimizing the eoffsct cof the wind.

A. Metiiods

The data were cotained by peating water in 2,000 ml. flasks, 4" in diace-
T8l D7 an e2leciri:s resistance nsater made of nichrome wire. Fig. 22 is a sche-
zatic skebch of the tesl arrangement. The elsctric vower was cbhained Tvom a

0 supply with zeasurement of velfs and amps. The water tenperature was meas-

. ared 97 z Shermcccupls immersed in the water. The air Lemperature, wnich var-
Zed between &2 and 38° ¥, was measured OT7 a mercury thermomstar., The ain vee

locliiy was measured 37 probing with z velometer at various points in 2 plane

uoswrear 37 Sthe Ilask.

The heat lousses were dstermrined zt scuilibriim cornditions, eguililhrium Te-

v
ing Zetermined D7 scmparisen =2f successive water femperature readings taken as

- oy -_ = = -y LR P [ EE TR r - + - PR
Epproysate.y o-Torute muervels. At equilibrium, the elsctrizazl zower inpub

was 2gual. LG the n2al Zoss Irom the flask. The water temperature was held at

approxmately 2007 F, rather than at boiling (212° T), 2o simplify detection

-l

¥
l‘.j
} s
oy
8
LY )
’

T

o
;
L
)




"

.

The paper iowel shield was wrapped around the flask to form a erude core

axtendirg velow the bottom of the flask. Care was taken ¢ uss cne

to the resulis with one sheet of paper towel.

s, Cenclusions .

thickness

'1‘3 mFrmd T oq

of paper only. A test using flannel <loth as 2 shield jielded rasult

[S R =y

1. The preliminary tests indicate that simple shielding can consideraply

reduce the real loss in a S-m.p.h. wind for 2 2,000-mil spnerical flask., Sim‘-

Iy . - .

lzr trends weuld be expected for pois having other shapes sut tests
72T oeern perlor—med to cheek this.

2. The grealer neat loss for the long neck Slask compared %o

have not

e . s 4 byt P71 + 3 -3 E 5 kil
necK 1iask 10ss 1s atiributed Lo the condensaiion o wzpor on “ne "ocol! nack

- - g R - - - - S - - - i
WILLCH BCUs a3 & condenssr. Additiona’ surface z2lsc zazounts far some o7 the
R N NI 1 =
additicnral lass,
L
.
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APPENDIX D

SUN AVAILABILITY AND RADTATION ANGLE

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

Aftmeospheric dust and moisture are too variabls to be censidered an more

-

local Zevel, In extremely arid wregions ¢r near citiss dust can be a se-

- et o

than

rious fzctor. Molsture in valleys or near 2 coastal area may reduc

{3
1]
3
0]
by ]
]
[t}
|

celved 2t the cocksr. Yet these factors may become negligible ir areas nears

which have scme elevatilon. TFor example, the quentity ¢f rsceivsd sclzr snergy
would be nigner in elevated areas of Mexico than along zoastal zones where
molsture is of importance. Furthermore, valleys wAll be poor areas whersas the

adjacent nills may be axcellent for the use of the cookers. The amount of sun~

-

shizne may also De af{sclied oy obstructions. A vzlley often will have less sun

3

than surreunding areas and in scme cases may be -in dirset uniight only for

very short pericds sach day, OJbviously these Jaciors afe tetter 1laf% to the

consideration of ihe innabifants of the losal areas themselves.
Determiration =f the number of days of sunshine for a ziven aresz involives

a detailed study of weather zcnditions ovar z period of zt lsast 10 Fears.

Such data zare avalilzble Zor the United 3tates znd for much of the world bus <

-

[

5 Soo veluminous to digesi in this report and is bettar nandlsd locally.
A world map of zhe annual total hours of sunshine 15 attached af the snd

cf shis repcri. The reverse side 37 the map provides a seriss of ref
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for weather data in varicus parts of the world. Simply stated, the map is sim~

ilar %o a topographnic map using contour lines. In this case, however, the

lines cormnect points of squal number ol sunshine hours per year, All the lires

are of equal value wiether solid, heavy solid or dashed. The number of hour

PSS i

of sunshine (in hundreds of hours) per year are indicated by a number on that

lihe, €.3., & line numbered 18 indicates that 1800 hours of sunshine can te ex-
pected each year in that area. Where ssveral lines converge to become a heavy
solid line an abrupt change in the available sunshine hours per year can bhe ex-
vected across that line. For example, in :entrai Mexd 2o zbout 2

sunsnine may be exsecied each ysar. However, along Lhe sast ccast and soutin-

west zlong zhe Tucalan Teninsula tihe changss are abrupt f»em the csagtal zreas

woward the InTericr.

o LA It g E J - - 3o ] :
»I12 ELZ.2 JL S0_2ar aCacllll I0r 2 gLTen s£rea ne2T se Jstarmina:

o Tmem e o
> - ptnt s T Wy o ST

2rnce t0 Tablz 179 (Sclar aliizude and azi_uta) of the 3mithsoniazn Metssrologi-
cel Tablss, 3ixzih Psvised Zditicn, 1951, tublished b7 the 3mithseniar Inscia
tute, Weshingicn, J. 2. The azimuth sortisn on the tabliszs will erovide dzta

]

FE A rr] 2 = p . S - : o e . 4 -5 - " [ M -
n thes daylight hcurs zt various latitudss during the varicus menths o7 %hs

- S - - 1 . S -l R [
JRED. 4% L5 DBre_y necsssSary o determine Lihe lavizuds of The area ndawn anro
- A L - N o - L L - - & - P T . | - g =T
S-Cera.iln, -ctave wian ZosLiicn on W2 disgrams for Shat latituds ang o orel-
s - - — * - -— 4 - - - " - . — — - - =
! erence wo Lne varlious dates destermine thg ouiremas of Shat sngls 27 scler radio
-
. - , - . - -
L 2o0n Sased Con scaar LlZe.  Jnere taese taldlas ave unavallaila, 3 oZmeral muls
-— a - - = —-— L TS - - -~ - 1 -~ 3 Y
TAF Se IDLow3Cl Iortl oL lativiuds LO? norhn znd south of Iatisude L7 seuns
'

tie ang’le of solar radiatlon (albitude) is less than 23° Zurding nall ths razn

: : e LR ™ : I : &= T e -
~lS general russ s useful since It i3 Lased on o2 oW TerienT ZUui-NIl 23 2 Zz=2-
= - = =z -t LJRCA . - 17 A B

S5 oi eva_uaiing the minmimum wtlility cf shes selar zscker., Alszo, <he @i

- - - H - -— T - —t - P ] < - 2 e e

c=3ncy o e cscker is zprarentl; low when ooz angle oF solar radiatisn i te-
. - p = -0 Lt T 3 Pd b g T - i 23 Sa -t
rem tne nerizen. D the angie of radiaticon is less than 23° for nall




the year the solar cooker appears to be of marginal usefulness. The LO0° north
znd south latitude figures are, of ccurse, not pdrecise but are reasonacle an-

proxdrmations. Virtually all developing countries where the cooker might be

useful fall betwesn these parallels.
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Telkes Solar Cooking Oven with Tubular Stand



FIGURE 3

Thew Cooker

- 47 -







ha

Burmese Scoker
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FIGURE 7 L

Focal Spot Shape of Fresnel Hillig Cocker - ' -,
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FIGURE 9A

Solar Chef



- 54 ~

FIGURE 9B

Solar Chef, Disassembled




FIGURE 10A

‘Umbroiler




FIGURE 10B

Umhroiler Folded
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FIGULE 124
Solnar Coolker




FIGRE 128
Solnar Cooker Folded
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Gosh Tyre Cockasr Testad
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FIGRE 174
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FIGURE 178

Collzpsed Demountadie Cardbeard Jooker
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