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FOREWORD
 

This working draft report presents :results. of'tests .,that 

were' performed on various solar cookors to determine theirI 

potential usefulness, in countries- which are served by the 

Agency for International Development. Points that were eval

uated include cooking performance and efficiency,. durability. 

cost, shipping weight, portability, ease of operation, ease 

of manufacture in the countries that are involved, and adapt

ability to local techniques and dietary mores. Of all.models 

that were available to us for testing, a Fresnel-tipe cooker 

-hat. was-developed-by-VITA- showed-the--great-et promi d

particularly. to its efficiency, low cost and ease of construc

tion with. universally available tools, and materials. 
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1.0 fMORDUCTIN
 

The study- reported heretic, undertaken by Volunteers for International Tech

nic'a.Assistahnce (VITA)' for the United. States Department of Cmierce, Office
 

of': Technical Services,. was-.to. test various- solar., cookers for their potential
 

usefulness in countries served by the International Cooperati6n Administration. 

Specific points to be evaluated were.performance and efficiency in cooking,,
 

durability, cost, shipping weight, portability, ease of-operation, ease of man'

ufacture in the countries involved and adaptability to local cooking techniques 

and dietary mores. Information was collected on satisfactory dasim;nR tn arli* 

manufacturing methods and materials to the technologrof the-counbries in

volved. 
VITA.also contracted to submit suggestions for the improvement of ex

isting 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 of'the cooking pot itself on performance. The experimental t~chiique
 

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'estimated from a.
knowledge 6f the materials Pnd daiiq onq IIQOA 

a~noug in 
some cases, field test"dbta wer& available.' Costs were-based
 

either-on published analyses by the various manufacturers, ot on pirchase'
 

prices, or on estimates. The shipping weight was defined as the weight of a
 

single,. finished item.plus whatever packaging material was rbquired for safe
 



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

substantially reduced. Portability and ease of use again required 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 othere were built from descriptions in the., literature. 

Two.. original VITA designs were also built and. tested. In addition, such infor

mationi is included: as is available, for those designs. hich 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, DESCRPTION OF COOKERS 

The: solir cookers 'ascribed in this report are, either the. direct, or indi

rectl-type., corresponding roughly to, surface burners an, ovens. in mod6Mn kitchen 

stoves. The direct type. permits frying, broiling and boiling to be done. The 

relativelylarge heat requirement is provided by- intercepting- a large amount 

of sunlight by-a reflecting-solar concentrator and focusing this onto the cook

ing vessel as illustrated in Fig. _.' These concentrazors may- be either-rigid 

or collapsible. 'The direct cookers, utilize direct sunshine only,, and hence 

are relatively sensitive to shorb term variations' in solar intensity due to 

cloud ove meit-a-d-Ii-a. Rf6-i-i s e- ied at 15' td 30'-nut it e-

In the indirect type, shown. in- Fig. 2, a smaller amount of heat is di

rected into a.therma3J.ly insulated. box containing the cooking vessel.: The in

direct type is'adaptable to slower' cooking techniques and it is sufficien to 

use simple, flat reflectors to' provide the necessary heat. Because these.' 

cookers utilize scattered as well as direct sujilight, and by virtue 'of their 

insulation. as well as their solar capacity-, they- are less sensitive' to varia

tions in solar intensity and to shifts'in the sun's position. 

The performance of both types.is influenced by-ambient conditions. In'ad

dition, cooking performance depends on such design factors as the total heat 

available for cooking, distribution of the 'heat over the cooking surface, the 

abiityf'Cthecooker *to compensate for- th-'Aprbnmt oi f h'sz,~d

nature of the cooking vessels used. 

For-purposes of this report, the cookers are' divided into three groups: 

(1)'. direct- cooking types with rigid reflectors, (2) direct cooking-, types with 

-.
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collaIsible reflectors, and (3) indirect cooking types with either rigid or 

collansible reflectors. Comparative-data on the cookers described will be 

found. in Section 3.0, Table 1., Most of the descriptions that follow arebased 

on tests carried out bT VITA. The- descriptions marked with an. asterisk (*) 

are of' those °models which, for. various reasons, VITA did not- test independently. 

2.1 RIGID FLECTOR TYPES 

Most rigid focusing reflectors devised for solar cookers are more or less

saucer-shaped. Such spheroidal or paraboloidal reflectors are commonly used 

in automobile headlamps. In addition, other designs of rigid reflectors are 

possible. Rigid reflectors can be made to close tolerances and, with ingenu

-ity-can-be-constructed-cheaply.-_However,-the-rigidityjad 	 'freentylihe 

weight work against convenient portability of the finished product. 

2.1.1 Wisconsin Cooker* 

Probably the best known direct. cooker,. and the one- which, is the standard 

against which all other cookers ,,st be compared, is the molded plastic reflec

tor developed at the Solar Laboratory of the University of'Wisconsin (1,' 2). 

The most recent model uses a .drape-formed, high-impact polystyrene shell..of 48 

inches diameter and 0.060 inch thickness, stiffened at the rim with a ring of, 

0.5 inch diameter, thin-wall almnin. tubing. The cooker, which has an effec-

tive area of about 115 square feet. delivers about 40 to 55 percentl of inci

dent beam. radiation to a cooking vessel seven inches in diameter; e,. g;., Maxi

mum delivery rates of 400-500 watts at an incident beam total energr of 1.0 

kilowat n'the unshade&d:reflector k re.flective lining of' aluminized Mylar;" n 

polyester film is applied t6 the shell. This polyester film is supplied with 

an adhesive coating applied ,to the aluminized side. uTe clear Zilm rorms a 

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 



reflectivel material. cannot:be expected'to last more than'two' years with regular 

use. The metal'parts of the cooker ishould have a lifetime of. five to ten years. 

with reasonable care. Although the lifetime of the reflective material is de-

Dendent ucon the ambient conditions and the severity of usage, the cnem.caiL 

stabilitv 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 the aluminized pl4stic from time to time. 

The. units are light; the -reflector.weigs,, 5.2*pounds and the*frame- 15..6 

pounds... 'The frame- permits' horizontal and ,vertical angu'ar, adjustment-.L Hori

zontaL, adjustment is provided by a rotating disc at the base. Solar altitude 

adjustment is'provided by a locking device on a sector attached to the reflec

tor. The grill is supported from each side for addition stabity.-The

frame members are thin-wall steel tubing and. 19-gauge sheet metal formed by 

stamping or-spinning. The published (3) estimated individual cost for these 

cookers in lots of 10,000 anld/,000,000 i.: 

10,000 1.000,000 

Materials (including packaging) $-7.70 $6.33 
Labor ($2.00 per hour) and overhead 7.00, .48 
Freight, selling expenses, etc. 
Return on investment 1-47 

1.26 

Total $16.17 $8.66 

The latter total probably represents. a lower limit on the/cost of the unit. 

.These costs are based-upon manufacture in a developed economy with stbse

quent transport to the' country or area of ultimate usage. 

A. cooker. used intermittently in the-laboratory for several years -gae the 

following performance. At an average beam radiation of 1.35 cal/ cm2 / min 

(vertical sun corresponds to about 2.00 cal/ cm2 "/min), this cooker brought 

two. pounds of water- from-90 ° F to boiling in 13 minutes; four pounds took.28 

-5



minutes- ari eight pouinds,. 62.mirnutes-, In independent tests (4) performed by 

the.FAO in Rome. Italy roughly50 percent longer heating-.times were required 

under average local conditioni
 

Altogether,. some. 200 models. of -this. cooker- have,. been. built -as the. designsI 

evolved.. -Some. 20 cookers of an earlier- configuration were fieid-tested over a 

period o four years in' northern' Mldco. -Aithroologists living in the 4illage 

where- the studies were made observed reactions to the cookers-and also studied 

a varietr of' economic and. cultural aspects .of, village life. affected.*the 

reactions of the people to the innovation.. Frequent. (usually daily) visits 

were. made to families. using the cookers, and the anthropologists,. helped. them. 

by providing techniques of use and making any necssary repairs, 

In the winterof 1961, f.ve cookers of the advanced type shown in Fig-. 

were given to families in villages of this region. All five were used con

stantly for cooking-meals and.heating watr and irons. Four of them were used 

on almost All possible days and the fifth on.about 75 percent of the possible* 

days. 'The inherent limitatiohs of the design were appreciated. by the villages 

and itwas accepted as a supplemental rather than a'substitute cooking method. 

The-earlir- types had essentialy'the same reflector, but.the cooker. 

stand was insufficiently rugged for long-term use.. The cooker also had a ten

dency to blow over in a stiff winds These defects were eliminated at a stb

stantial.increase in cost, but with a substantial increase in local acceptance. 

2 1.2- -Spu Aluminum Parabolic'Reflector
-he. best c i lercv-aailable cooker thatl ITA: satud!iad, wrn.rir', ht 

Garrett Thew Studios of-Westport, Connecticut,. and is shown in Fig. 3. The 

reflector is 89. centimeters in diameter, and is made of spinning a sheet of 
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.luminim 1/32 inch thick. against a, paraboloidal form built. up out of severia 

layers of' thick.plywood. This requires -the use of.relatively heavy machinery, 

such as a heavy .duty lathe. The edges are then rolled back to improve stiff

ness. A.simple, inexpensive support of bent iron rods is used. This requires 

some blocking by stones or-stakes driven into the jround, .particulary when 

theL sun is high... The wing nut which controls the reflector tilt is also dif

ficult to use at high solar.. altitudes; The pot. nmst be removed from its sup

port for adjustment for either altitude or azi~mth. The weight: is moderate-

about 3.5 kilograms for the complete assembly. However, the reflector area is 

only 0.64 square meters. A one square meter reflector would weigh about 5 

kilograms. The retail price of the unit is $29. 0j estimated small-lot manu

facturing cost is approed ately $20. 

Heating performance measnirents- were made after six months of intermit

tent use. It delivered a measured ,50 watts on a clear day, as determined' by 

the flow calorimeter techniqlue (Appendix R).Thin Scorresponds to 400,watts 

per square meter of reflector surface." A photograph of the focal spot, made

at the same. time, is shown inFig. 4. It is not possible to make a comparison 

with the Wisconsin cooker since we were unable to procure a model. of the lattex 

cooker. New reflectors which have. recently been received are noticeably- more. 

reflective and have a better defined focal spot. The inhomogeneity of the 

focal spot leads to local overheating and occasional cracking of ceramic pots 

and makes frying inconvenient. However, the cooker performs well in preparing
 

small quantities (about 1 pint) of rice or stew. Tt heats one liter of water
 

ata a~f2t" .per-minuter anL:sqit.-u-a3a :o pnbo~n.i

dividual portions of meat. For fam3ly-size cocking it would have-to be scaled 
up to a surface area of at least a square meter. Such a construction would re

quire even heavier machinery for construction. 

-7... 



241.3 Othr Simple Metal or Plastic•..t.- ,ors 

In, a. somewhat different approach$, Sta: () suggests, using refleciors .sim

ilar to the..Wiconsin or the Thew reflectors. r, he proposes• simpl 'ying

the- design to.itsmost primitive aspects. B..plaoing the refleotor shell over, 

a depression in the ground, the stand for the cooker .canbe eliminated. Thesunts rays are -,focused.onto the. pot by- rooki4'1*the reflector-pot holder assem

bly. This scheoe requires" an assymetrically Mhated reflector-- T+, h~s nd+.h 

tested exerimentaly. 

A.number, of cookers described in the literature..use strips of polished 

metal, riveted together, to fozmii a =ore or less adequate approximation of a 

spherical parabol1a. One of thefr developed.inBurzma (6), has been reproduced 
by us from blue prints obtained through thedeli e-rFreddy Ba ELL. Re
flectivity and mechanical rigidity of .this reflector (FIt. 5) is poor and the 

focal spot is very large and diffusid.. It. is :impossible to center a pot- prop

erly and thi heat is inadequate to bring quart- of water to boiling ,i.spite 

of the large reflector size. This may be due in pa*b to-the lack of' avail bil

ity of. t±ul, specular sheet aluminu.. Furthermore, the equipment is hard to 

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

model have been abandoned in. favor of' mo=re prmiiing designs. 

06her metal reflector ddsigns are supposedly in comercial production in 
Japan (7-9) and India (10-12). These sources have been contacted,.but in'spite 

of considerable. effor1 VITA has been unable to obtain models or accurate de

sign details of these cookera.
 

2 .l.. Iresnel.m.e Reflector 

Of the.models aotualy te-Sted by VITA to date, this cooker (Fig. 6) has

given the best results. Because the. design'of this cooker is not yet available, 
•' . . . - 8 - - . . . , . . : ; 



in the'literature, detailed directions -for its construction are given later in 

Appendix E.. The reflector uses only simple, .curved surfaces and. is constructed 

out of 1/8-inch Masonite to which aluminized Mylar has been cemented. By cut

ting a series of rings out of.such a flat sheet of material, removing sectors, 

and rejoining, a series of nesting-.€ollars that focus light are formed. These

collars are supported on'a simple wooden frame. The design is simple enough 

to permit construction with the tools, skills, and materials. (except for the 

aluminized '*lai) that are locally available throughout most of the world. 

The reflector is 46 inches in diameter and has a focal length of 30 inches. 

On a clear day, it delivers in excess of 500 watts to a focal spot of about 6 

inches in diameter. The focal spot is quite uniformly illuminated, as shown in 

Fig. 7. A square, th--f 

lid (Fig._8), is obtained from the Pio1.e Plastics Company, Salem, Mass., as 

part of their "Solar Chef" equipment, makes a very convenient cooking- pot. 

Two" tripod-type. support stand designs have been used.. In one, the reflector 

is supported- on the- ground_ at one point, and. two legs- in the- form of a U

shaped, bent iron rod bracket completed the support. This design, which is 

similar to that used in the Thew cooker, is relaively easy to orient, but is 

not as stable in the wind as the second design. i nthis, the reflector is.sup

ported 'at two ,places on the ground, and a single pivoting wooden leg supports 

the cooker at the desired angle. Although even this mounting of the reflector 

may not be &dequate to hold it securely in very heavy wind, the wind resistance 

appears to be intrinsically less than in reflector cookers having one-piece
 
c.0nstiii7c't.o Thek-pot holder onsi.....i '& -a'. gjj .. .'.-." 

which holds the pot at the proper focal distance, and which permits the pot td 

be held horizontally, independent of the reflector position. 
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In- the empiri±ca- cooking tests, six portions (4. cups) of rice were. pre

pared in- 30 -minutes. andi'asmall. chicken'was browned. in ,an open pan and comi

pleted- in a. closed 
 pan in.30 minutes .total.cooking time. 7No adjustment of the 

cooker was: necessary during the cooking., although-it was slightly defocused at 

the end of. the, cookingperiod., Large (6-inch) pancakes' were .prepared with 

very uniform, browning im- a. small enaui6tJ frying pan with a black bottom. A 

simple type of bread (English muffin) was .als quite' successfully prepared. 

using the. black. aluminum pan., Four muffins werpe baked at once,. requirinR 

about 20 minutes (10 minutes, on each side). In.general, cookin., time', and ner

formance were comparable to that of a smallsuriace burner on an electric 

range or a small electric frying- pan or-casserole.. 

±n aaca on z;o rne 'eatures already discussed, this cookeis fin-tlY 

simple that if .the necessary materials are available,, anyone' skilled in. the; use 
'of. simple hand',,tools such as: a hammer, a saw, and a screw-driver, cannot only 

construct it, but also repair it . if and:.when.necessary. Furthermore, it is be

lived. that. local. constraction of this cooker- would: facilitate its introduction: 

into a' developing area from a psychological and'sociological point of view. 

Finally, the performance of the cooker is the eaual of' almost anv nookra n-f' 

comparable size,. and there is reason. to believe., that its performance can be i 

proved upon still more. 

The most serious drawback of this cooker is that which plagues other de

signs as well-the'.deterioration of. the-aluminum reflecting surface of.the 
cooker due to weathering. ven blk aluminum loses its.high reflectivit on 

expouretolemnts.he Onthe ot~r'and. tis h~reflctit on 

replacement of the reflective material. whenever dictated by a loss in perform

ance, 
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2.1.5. Fixed soil-Cement Spheroidal Reflectors-

In one such reflector (13), a' spheroidaldepression in the gund is n~ed 

first. with a mixture of soil and cement to stabilze- the shape' and then with 

aluminized plastic.. The syietca depresonis formed by swinging a pendu

lum, pr blade,.. fastened, to. a wire which. is, secured, at' a fixed point above the 

ground on a tripod. After the-rough' shape is hollowed out, a shallow layer of 

a. soil. and cement mixture is placed in the depression, smoothed with the blade 

and wetted. %hen this has set, and after some further work on the surface. a 

reflective linifig of aluminized Wlar pressure-sensitive tape is applied. The 

cooking pot support- is built. so, that the. pot follows the shift in the focal
 

spot due to the dai2, motion of. the sun.
 

The advantages of this cooker are its simplicity and ease of construction 

in.the field andthe large sizes possible. No reflector mounting is necessary, 

.and the .cooking pot Support is simple. to fabricate., The orientation can be 

fixed during construction so as to make the reflector usable during .the de

sired time of da3'. The cost of material for 'the laboratory models, exclusive 

of the reflective lining, was' less: than a- dollar. 

The disadvantages of this cooker are its lack of mobility, which might re
sult in physical damage due to weather -condition--and the limited period"of 

time duiring'which it can be used, estimated at 4 hours a day).. 

Stare (5) Fig. Sa suggests a variation of this design in which he proposes 

integrating a large reflector, capable of delivering 2000 watts or more, into 
zne'--esign ofa desert home., Suc ueie cnttts th nulu & a la 

kitchen. Stare has worked out a whole system of cooking-and utilizing the solar 

energy in such a design. The reflectos wouldbe made out of adobe, or some 



such material, and ed with a reflective material such as alumim foil.. 

Only a scale model. has been constricted .to dates 

2.1.6. ghtweight molded aggregate reflectors 

Reflector shells have been made of.lightweight, concrete aggregates of 

sawdust and*vermiculite) which-are foimed.'over molds and lined with aliminized.: 

plastic and plastic tape..
 

The,most successful.,of- this type of.cooker (3) is a reflector. 421 inches'.. 

in diameterwith a focal length of 18 inches'. made. of a vermiculite aggregate' 

lLire and a rim of thin-wall tubing. The total weight is'and reinforced with 


about 50 pounds. The reflector mount.,is a wooden post in-the ground, arrangedL_
 

to Divot 'boutLts-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 Iower edge'. is supported at variable distances from.the post 

on 'an arm secured, to.the. post., 

The- advantages of this- type of'cooker- are the simplicity of the mounting

device and its comonent parbt 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 

reflective lining is difficult to apply.' 

Another inepensive method of fabricating this type of reflector ha's 

been.suggested by J. R. Jenness (14). A convex, wire-reinforced, plaster, pa

raboloid: die-is-firs.t.-cast .rfrom a centrifuga2lv formed. concave-. naraboloid 

mold. The cost of this is stated-to be $10. This figure presumably represents 

only the cost of materials in the United States. The surface of the die is 

coated with wax, then.a -layerof wood pulp, papier mache or laminated newspa

per is spread over it. After' a few layers are. built. up, they are pressed to: 
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squeeze- out excess liquid. The process is repeatediunti the compressed lani

nate is: 1/8 to I/4. inch thick._ .ten,the rim, of a wooden "wagon wheel, rein

forcing framework is glued in place. Woven basketry is suggested as an alter

native method of reinforcement. After removal from.the die, strips of al=mnum.' 

foil are pasted on the surface. Finaliy,. a stiff hoop is. clmped to.the front 

surface. Jenness states that the proess would requjre 6.to, hours. of labor 

and -a materila. cost of 25.4' He gives no test.results and does not state 

whether any such- reflectors were- actually produced, 

2.1.7 LIAhtwaight: Plastic Reflectors 

A different fabrication technique has been developed-by the Boeing Air

craft Companrn- (12) primapily for space applications, The hI~gh cost' of this re

flector and the thinness of-its coating make it unsuitable for.Our purposes, 

It was included in our study', however) because of its.light weliht and hijh ri

giditr and also because it provided 'an opportunityt..o, test the cooking perform

ance of a nearly perfect. parabolic reflector, 

We. are indebted to. K G..Wood,- m ger of manufaturing engineering of 

Boeing"s .Seattle office, ,for .makingtwo reflectors available to VITA on a loan 

basis#. The first of these had a diameter of, 53,5 centimeters with a focal 

.lengh of apprmoimately 30 centimeters and a weight of 450 grams, A rough 

test of its •efficiency made by the snow melting technique (Appendix 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 conditMn7. 

Navy searchlight mirrors serve as the. blank for the reflector, A con

vex tool is fir'st made from the original concave mirror, using Simonize auto Wax 

as the parbing, agent;. Thei convex tool, is then Simonized and' rubbed to a-high 
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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-,th-'resin has cured, 'a2-mil fiberglass cloth isimpregnated 

with epoW and placed on the cured film. Aluminum h6neycomb of .0005 inch web 

thickness is laid on this' wet fiberglass cloth. Three-dimensional flexibility 

is achieved by- slitting the honeycomb*cell walls. The slitting operation'Is 

performed with the.cell walls in a collapsed conditions, A second.layer of im 

-pregnatedfiberglass cloth is placed on top:of the honeycomb It6 form a sandwich., 

A bag is placed over the assembly- and a 3-psi effective pressure' applied by,par-, 

tial.y evacuating the bag. The" entire mirror assembly is then cured at. 2500 .F 

The paraboloid is given a reflective first surface- by applying a coat of.. alumi

num-in a-vacuum chamber. --A-silicon-oxdde 'coating--is . deposited on the- aluminum,

to protect the reflective surface. "Reflectivity of the coated surface is about 

90'percent. 'Theweight of the copletbd paraboloid is'0.2 to 0.4 pounds per 

square foot.. -'.effiiency of enerq&collectin as.measur.ed, with a: flow 

colorimeter is 72 percent.. 

•The-main.disadvantage of'these reflectors is their high cost and 'the very 

advanced technology- required for, their manufacture, Unit costs, have, been esti-. 

mated at $18 for a collector of 36'inch: diameter in lots of. 1000. This' ix

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

In.addition to the above, .the Goodyear Tire & Rubber Company (16) has 

introduced the technique of making rigid reflectors out of a rigidized, foamed

plastic.. Although thihs- technique-isprimarily-intended-for' fabricating reflec

tors for space technological.purposes),this technique may be used to produce re

flectors for cooking- devices- as well. The mold-shape is produced by simply in

flating an aluminized plastic balloon. This then-becomes the. reflecting wall 
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of -the, finished:_ reflector after being, backed'. 'upIby' a; rigid, foamed plastic-. The 

cost of materials for. such a reflector is*probably, less. than $2 for a 48-inch 

retlector . 

2.1,8 _spun tiuid.PlasticReleZctor 

.,An interesting-method- for producin 'parabol ic mirrors is. described by 

P. B.. Archibald (17). A liuid in a revolving horizontal pan takes the shape: 

of 'a, paraboloidj and a liquid resin suitably catalyzed to harden after this 

form is taken 'will retain this shape. With the developent of the epo res

:Lns, satisfactory material has become available. Apon 828, catalyzed with*,.

percent piperidine and cured at 800 'to 90. Chas' been found to give satisfac

tory results.-

The focal length .of the finished reflector is controlledl br.ytha sa d, 

of rotation of the pan. The formula for the focal length may be simplified to 

V'7" =38.Z/rp, where f is the focal length in feet. A 36-inch focal length 

requires a speed of only 22/7"rp. Additional resin may be pured. on to the 

first surface after it has set.. Tn general, superior surfaces are obtained on 

the second or third pour. Reinforcing material such~as fiberglass can be 

placed on the surface before the second surface isn.poured. 

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

that can presently be made withoit the use of grinding and polishing.techniques. 

This is,However, not a siniifieAni factor in cooker considerations. However, 

the estimated weight of such a 36-inch diameter reflector is about 30 pounds 

2-for'a.1/22-inch: thickness. , 'The cost ofo'thiws xmc epoyiesils estimated- at 

$25-$35. Hende, 'althougih this technique could perhaps be'used for making a 

master mold, it does not appear that this offers a practical solution for low 

cost-,solar cookers..
 



2.2 DIRECT COOKIN 
TYPES WITH COIILAPSTIL .REFLECTORS. 

There are at least four, designs of collapsible reflectors conmercia.ly 

available. Most are designed for occasional use by campers or sportsmen. 

Since the emphasis is on.easy porbability, the weight is kept low and the struc

ture simple., Thus, all models tested were inadequate from the point ok view of 

stability on windy days.. Several reflectors might possibly be modified.by de

signing a 
heavier and more durable support structure, preferably one that 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 no

madic societies, the easy portability might be especially desirable.
 

2.2.1 Solar Chef
 

This design (Figs. 9a and 9b) is n intermediate betweeh the rigid and

collapsible .types. 
The reflector consists of two thin plastic sections, about
 

60O4o centimeters,'which form a sort of cylindrical parabola. 
The plastic is 

vapor coated with aluminum and the two secions can be stacked. Thi support 

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 evaporated aluminum coating On our purchased cooker was very thin and'trans

parent. The focal spot was diffuse and matched the pot poorly. We did not
 

succeed in bringing water to a 
boil with our model and therefore abmdoned
 

further tests. This weak performance must be attributed in part to the inade

quate collector area.
 

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

of $1 each.
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2.2.2 Umbroildi'
 

This reflector (Figs. 10a and 10b) is constructed like an: umbrella (18).
 

It is made with a light aluminum frame, has 16 ribs, and is covered with alumi

nized Mylar-rayon laminated.cloth.' It is 46 inches in diameter and has a focal 

lergth of about 24 inches.- The reflecting material between adjacent-ribs forms 

a wedge-like segent uhich has a base length of 9 inches between rib tips. 

Hence, an pot that is.less than 9 inches across will not receive all the light 

that is reflected back. For-a 6-inch pot, about 1/3 of the light gathered near
 

the periphery is lost. 
Increased efficiency would result from introducing more 

ribs. Our studies show that the focal point is quite diffuse (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 cooker 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 manufacturer of this cooker, G. 0. G. Lof, has suggested 

a number of modifications to make this design more rugged and suitable for con

tinuous use. These include heavier fabric, larger tube diameter for the um

brel-la shaft, heavier grill and more rugged support joint for the entire unit.
 

The present wholesale price in small lots is $18 and the manufacturer es

tmateme. aossible.wholeSale: price of lO-Th 8 7'The r-etail price is 

about $30. However, Lof suggests that a 'cost reduction of 50-68% is possible 

based on manufacture in areas in which they are to be used. 
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Cooking perfOrmance was adequate, but the watts reported couldinot bef400 

obtained. It is interesting to:note that one unit.has tested at'600 N Latitude 

in Sweden and cooked satisfactorily. 

So-lmar
 

This elegant cooker (Figs. 12a and, 12b) is manufactured in France from de

signs by A. Tarcici. The design is covered by a'.number of French and U., S. 

patents (19, 20, 21)'4 

The reflector consists,of two sets of 18 reflecting blades forming a fan

like:array. The curvatures are such that the assembly approximates a parabo

loid of revolution. The tripod frame and metal carrying case are ingeniously
 

combined to form a one-piece assembly, including a grill. Adjustment of cooker.
 

orientation without removing the pot, although possible, is difficult. 
The
 

focal spot is very diffuse (Fig 13), consisting of somewhat overlapping areas.
 

In our model, 'the'grillwas..poorly centered on the spot. Thus, the pot had to
 

be put near the edge of the grill, causing instability and occasional spilling.
 

Maxidim output was only about.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 a different support may
 

merit consideration.
 

2.2.4 Inflatable Plastic Reflectors
 

Relectrmof this.typ were,frsti..reported-.by the Workers at the-Univer_ 

sity of Wisconsin Solar Energy Laboratory. The reflector they described (B) is 

a parabola of revolution constructed cf aluminized plastic, supported on a-stiff 

outer ring of thin-wa3i tubing and having an air-tight'cover of clear plastic. 
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The aperture is 42 inches and tle focal length 18 inches. Mylar has been used 

as the plastic. The reflector weighs about 5 pounds. It ia believed that this 

type of reflector could also be used with the mounting for the plastic shell 

cooxers aescribed in,section 2.1.1.. 

VITA has also considered such a desifn (Fi 1) .ithhAview that the 

reflector element, independent of the ,supporting fra'me, potholder, etc., can be 

produced at a low cost 'and can be folded into a small lightweight package for 

easy shipment into remote areas. cost of suchThe a reflector unit is esti

mated to be 750 and the weight less than a pound. The supporting frame orien

tation, and the like could be constructed locally. 

In the 4B-inch diameter prototypes that VITA constructed, there was no
 

difficulty in concentrating sunlight sufficient*y to ignite paper. 
However, 

several difficulties arose. 
One was the problem of maintaining air within the 

reflector. An appreciable rate of reflector deflation occurred, either because 

of'pin-hole leaks or because of permeation itself. Furthermore, the reflector 

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

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

the reflector, with the radiation passing twice through each. The direct ra

diation from the sun to the reflector is normal to the interfaces; the reflected
 

radiation from the parabola passes through the interfaces at angles of inci

dence which become progressively less favorable from the center to the riL. 

Each passage of the radiation through an interface results in reflection loss. 

However, this is simple to remedy by increasing the reflector size. Another 

problem is that these reflectors can be damaged if handled very roughly. Fi

naly, the lightweight and high surface area, tended to make this cooker unsta

ble in a strong wind. 



Another 'large, inflatable solar collector made of Ylar, developed by 

a. T. SchJeldahl Company of Northfield, Minnesota, has been briefly described 

in a magazine article (22). We.were unable to obtain further details of this 

structure. 

2.3 OVEN~-TYPE COOKERS 

Two oven-type cookers were manufactured for VITA from descriptions in the 

literature by Yellott Engineering Associates, Phoenix, Arizona.,, One of these 

designs, described by Gosh (23), did not perform well in our latitudes; however, 

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

design by M. Telkes (24, 25, 26), except that no heat storage chemicals were 

included.. It performed very well. 

The ovens are essentially plywood boxes with sheet metal lining. Both are 

sturdy and adaptable to simple manufacturing methods. The box could be made 

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

hand tools.. Material costs for the ovens would range from $4 to $7 and labor 

costs .uuld 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 or drill, provided polished aluminum is available. It 

should be possible to make the reflectors more rugged by adding wooden or metal 

frames. Dr. Telkes has designed various modifications of the design that VITA 

tested. In addition, a somewhat similar design has been tested (4) by F.A.O. 

Two designs, intermediate between the direct and indirect, have come to 

VITA's attention. One of these, employing simple, folding, aluminized, card

board reflector, was incluided in our tests. The .information on the other was 

taken from the literature. 
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The oven (Fig. 15) is a box of plywood approximate1y 48K48 entimeterB at 

the base and 41 centimeters high. 
One side is cut off at a 45- angle and the. 

opening is covered with a double glass window. Surrounding the window are four 

polished, flat, aluminum sheets hinged to the side of the box. Each sheet is 

34x34 centimeters. Triangular pieces of polished aluminum are fitted between 

the larger sheets to complete the reflector. One side'of the box has a hinged
 

door. The interior is lined with sheet metal, painted black. A 3-quartcas

serole fits easily in the oven. Assembly is simple, requiring the equivalent 

of a screwdriver to assemble the reflector and about 15 minutes. The oven,
 

which weighs about 13.6 kilograms, can be lifted by two handles. 
The reflector, 

while flimsy, is sufficiently rigid to stand up in a strong wind. Itmantaind 

its setting and required little adjustment during cooking tests.
 

Although the temperatures reached were low (315- F on a day when outdoor
 

temperature was 460 :F), 
 the oven could be used to cook simple dishes with such
 

foods as meat,, rice and potatoes by increasing the ordinary cooking time. The 

Food and Agriculture Organization of the United Nations carried out a series 

of tests inRome during the sunmer of 1959'on a solar oven of almost identical
 

design. They report (4)that this cooker required an average of 312 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 heat storage chemical. the 

heating time was increased by .the time of any cloud cover during the test. 

Telkes and Andrassy (27) have carried out extensive cooking tests on a
 

modification of the same basic cooker. 
They report being able to achieve tem

peratures as hWh as 4600 F near New York Citv n A& AIAaw-w mhaw WI 

to prepare the following foods successfully in the oven: Rice (1lb. + 1 lb.. 

1 -



of water) in 45 minutes; lentils (1 lb. + 4 lbs. of water) in 2 hours; dry peas 

and black beans (1lb. + 4 lbs. of water) ini 3-4 hou s; meat roasts (8lbs. 

beef) in 3 hours:.stew (meat and vegetables) in 2 hours; bread, rolls and caie. 

(2lbs. of bread) reauired 45 minutes: fruit ireserves (2lbs. fruit + 1 lb. 

sugar + 0.5 lbs. water) in about 3 hourqt The foods cooked as they would in 

a standard oven. 

2.3.2 Reflector Oven i(Gosh) 

The -oven (Fig. 16) was a plywood box, 56x56 centimeters on the base and 

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

dnor.' The reflector was one flat sheet of polished aluminum supported by a 

system of light bars and flat sheet metal strips which would not hold the 

reflector in any breeze. .'Theinterior was a sheet metal, painted black. No 

assembling was required. 'The .weightwas about 18.2 kilograms. The maximim 

temperature reached with this model was 2380 F at an ambient temperature of 

450 F. The6 reflector would s'tay in position only in calm weather and frequent 

ad.usiments were needed. This design should perform much better at high solar. 

altitudes, as in the tropics.. The tests made in Schenectady at solar altitudes 

between 300 and 400 are probably not indicative of its performance under optimun 

conditions. 

2.3.3 Folding Paper Conical Reflector
 

This desien (Fizs. 17a and l7b), marketed by Honor House Products,.Lynn

brook,'N. Y., 'ismidway between the folding reflectors and the oven types. At 

a retail Drice of $3.98 it has the distinction of being the only cooker of this 

type with a cost well within the $5 limit generally accepted as maximum price 

for wide distribution in fuel-poor countries. The price includes a cardboard
 

Dackini box, which also'serves as a support for both cooker and reflector, and
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a cooking pot with a blackened lid. The r6flector is made of thin, aluminized 

cardboard. All of the other parts except the pot are also cardboard.* The 

reflector folds and rolls in an ingenious fashion to fit inside the 'pot. At* 

our geographical latitude, it is not possible to cook liquids, 'since the pot 

must be tilted to intercept solar radiation. However, in the tropics, wet 

cooking may be possible. The cooker performed quite well with some foods, 

heating frankfurters or cook ingthin steaks or hamburgers" in about 20 minutes. 

Durability is necessarily poor. We estimate that this cooker would last for 

about 20 or 30 cooking sessions, or less if the cooker were subjected to mois

ture. If it were necessary to fold the reflector after each use, durability 

would be inpaired, as it is difficult to avoid damaging the reflector when 

opening and closing it 

2.3.4 Cylindro-Parabolic Solar Cooker 

This cooker was designed by A. S. Prata (28) in Portugal, to combine the 

best°features of the previously discussed direct cookers and the oven types. 

It is showA in (Fig. 18). In this design, the oven consists of a 10-inch ID x 

24-iich 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 a cylin

drical reflector made by bending a sheet of highly reflective metal. Instead 

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 respect
 

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. Aenni, 

some improvement in.cooking time was found in the cooking tests. 
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The cooker cannot be considered simple. The designer estimates that the 

cost of the materials is'$18, plus 8 hours of labor Although the apparatus 

weighs only 18 kilograms, it is a relatively baky'design. It may be advanta

geous in an area where it must compete with conventional electric, gas, or. 

wood-burning ovens. 



•TABlE gives comparative data on theproperties of the cookers and re

flecto's which. were tested. 

No commercially available unit tested thus far has met the 'criteria of 

low cost, efficient' operation, and ready transportability. Furthermore, the 

majority of the effort has not gone into developing designs suitable for local 

manufacture. n particulac, none of the comercially available cookers appear 

to be -well adaptd-to such manufacture. It is felt, however, that a Fresnel

type solar cooker would meet. these criteria. The Fresnel-type cooker performec 

acceptabli in cooking tests and standard tests. It can be produced using about 

$5worth of materials plus about.one day of"locally available labor and simple 

tools.
 

,We have been unable to make direct compiison between the Fresnel cooker 

and the more widely known Wisconsin cooker. Although the material cost in the 

United' States are comparable, the Fresel cogker involves simpler construction 

techniques and is more adaptable to the use 9f indigenous materials and skills. 

Comparative merits of the oven-type and the direft-cooking type have not 

been quantatively established. Some tests were noted in the literature (4), 

but their results were inconclusive. VITA studies indicate that the direct

cooking devices have the advantage of greater speed. On the other hand, the 

oven-type cooker will retain heat for a much longer period of time after the 

sun has set or cloud cover has formed, and the food is also protected from 

contamination and damage by animals and insects.. There appears to be no in

herent reason we a low-c~st oven-type cooker cannot bpa1e locally.
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It is felt that a choice between the two depends on local dietary mores
 

and local meteorological conditions. 
Indeed, it may'be desirable to utilize 

both types, just as we utilize both surface units and ovens in a modern elec

tric'or gas stove. 

There appears to be Important gains inheat*utilization possible with
 

simple pot shieldihg.
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RECOMMDATIONS FOR "RTI.STUDY, 

I. . Better cementing techniques 

2. Test merits of different pot supports
 

3. Improve reflector material
 

a. Evaporate protection layer over aluminum 

b. Other evaporated materials such as chromium
 

c. Try burnished alauminu
 

d. Some,sort of satisfactory-spray pint 

II. Construction of very cheap oven t.e 

1II. marryin an oe to a Fresnel cooker 

IV.- Develop ooinpots withlower convection ioaei
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TAREE 1
 

COWARA T A A-ON 12 SOURl COOM
 

Reflactor ocal. -Ar . ett 
Area~ NOgt (packaged) al aaturinacost 

+a "+n. Are O'' Apri Siz 

Cooker- .Too 44 (2z2) Not) Packaged (;nce) 0eromce(Dllars) *Cost (Dollars) 
llcosin Deslin D-R . 1.2 9 I [(2.1.1) +""•" : " -. 1* 66--6.17.. .•. . •
 

eing R bcto.l .. D-*.2 36 .. x"22d 
 * -" . .00
(2.1.7) ".. 

Th@-Cooker D-R. .64 - 6.2 * .".5 " a "5 29.50 20.00 
(2.1.2) .0. 

Barmse Design D-R 2.5 -60 33.2 20. 52520 I-" 12..0 . I 

1.e60++ . .1.. i " 7. -.- i d. + "I+ "o,5.00
(2.1.4) "0. 

Solar Chef 3 fl-F 6.5 1.3, 2.5 25d6-2/2. 1.5_ 
(2.2.1)1 1995 2..00
 

JUmbroler (2.;2.2) 4 . fl.F 1.2 4-4 2.da 2-r 
 95
 

So.. (2.2.3) 0-? 'SU'"oid AS 3.7 4.2 . + - - .000-,1200 377.50 

nflatable.Tpe5 D-?. 1.3 -. 0 0.2 .25. 5430
 
(2.2.4)5
 

Oven, Te2k.- Design I- I I0.16 1 . .3.6 

Oven, Gosh Desig.,. I-t '-0.2 18. 2 
(2.3.2)-

Conical Paper Ref..- 0.5I 0.72 1.07 + + : + 3.9 2.00 
(2.3.3) 

+ Numbers In this colum refer to corresponding sectins In text. *5-Ver7 Good - -Far 
+.--D - Direct; R - Rigid; I - 1hdirecti P - Folding or Collapsible. Go. - Uacceptable 

1 Reflector only. YAMuctrIng cost in based on a 36-in4 reflector 

2 Not optimized for weight. 

3 Our ode1 may not have been optimum. 
4 -perforpance tests hindered b7wind; better uupporb possible_. 

5 Data refer to reflector without frams. 
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APPENDIX-A 

Construction Methods for Inflatable Cooker
 

A particular advantage of'the inflatable type is that 'the smll reflector 

weight of only a few ounces, which makes shipment cheap. This is important 

because the reflectpr would have to be produced in a relatively developed.,,, 

country since its manufacture must be carefully controlled in order to attain 

the proper shape. The frame of the cooker could be constructed in the country 

where it.is to'be used from locallmaterials of wood or metal. 

The intrinsic cost of both these cookers is well below 5. 'Materials for 

the reflective element of the inflatable cooker cost about 50 cents and al

though manufacturing techhiques have not yet been worked out, it is believed 

that the manufacturing costs could be quite minimal, perhaps $1 per reflector. 

•The"frame cost would be largely dependent on local material cost but in general
 

should bo'iow (about $1.50 inU.S.). The pot cost would be similar. o'thatfor
 

other-cookers.
 

The inflatable cooker consists, in esse.aice, of a circular air pillow con

structed of two sheets of thin Mylar plastic having adiameter of about 4'.
 

One sheet is.l/2-mnl aluminized Mylar; the second is 14I/2-m clear Mylar.
 

The two are cemented together around the edges and 'holes, reinforced with 20

mi. vinyl plastic tabs at the rim so that the plastic can be lashed or fastened
 

by bands to a suitable frame. The fastenings are used to hold the reflector
 

taut so that when the' space between the two sheets of plastic is filled with
 

air, the reflector will form.a pillow-llie shape. The frame may be.made of
 

wood, bamboo, pije or some other locally available material. The frame of the
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protot.pe was made of eight, pieces of 1" x.3" lumber fastened together at the 

ends to torm 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 reflected off'the
 

aluminized inside surface-of the reflector, again passes through.the clear 

plastic 'and is focused upon a spot which-can be used for cooking. The amount
 

of air that is 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 weight.
 

The Mylar is quite resistant to abuse and"can be repaired, in case of punctures,
 

with a.plastic tape. However, Mylar is not very elastic and this causes wrin

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

in some astigmatism of the focal spot and waste of energy.
 

It is ,.believedthat this problem can be eliminated either by shaping the
 

plastic through the addition of seams or, most probably, by softening,it with
 

heat so .the wrinkles can be annealed out. A technique must be developed in 

the latter case that will,avoid introducing other irregularities and which will
 

produce a final shape approaching the ideal spherical section.
 

It is believed that these reflectors could be mass produced once the proper
 

technique for shaping them is developed. The finished reflector can be eaeily
 

shipped to any place where it may be needed.. There a new frame can be provided
 

and the reflector fastened to it and inflated. Hence, this type would be par

ticularly suitable for areas where transporation is a problem.
 

The rest of this cooking device consists of a pot holder, which would
 

probably be independent of the reflector frame, and of supports for the frame.
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Such an arrangement could consist simply Of some legs fastened to the frame 

and a pole or tripod&hich might support the cooking pot. 

The cooker cannot be iniflated by simply blowing into it because moisture 

in the ,breath forms a, condensation which will probably quickly damage the 

aluminized surface. A pump, bellows or.air bag,:can be used to inUt the 

cooker. However, since' the air capacity-is quite large," a very large mount

of energy would have to be expended in inflating the cooker with a tire pump. 

Therefore, some cheap pump or bellows design would be required to make the 

cooker attractive for remote use. It appears reasonable that a design could 

be made with the use.of a small amount of sheet plastic which would be in

cluded with the reflector...
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APPENDIX B
 

Test Methods
 

-Performanceof any solar device can be described by a heat balance for 

the solar energy absorbing surface exprepsed 'bythe fofllwing 'formula: 

H A rYocq + q 

Here H is the intensity of beam radiation, fixed by weather and time of day; 

A is the unshaded area of the reflector; and r is the specular reflectivity.r
 

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

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

is a function of the accuracy of the reflector shape, the precision of orien

tation of the system and the size of the vessel, and in a good system properly 

used is near unity.. The absorptivity of the vessel for solar radiation is 
oc.
 

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

from .the vessel by convection, radiation and evaporation are denoted by q 
.
 

A complete performance analysis of a solar cooker would require measure

ments of all.these quantities. However, for a comparison of cookers from a
 

practical point of view a complete analysis is 
not necessary. Our measurements
 

were therefore limited to the determination of q (the useful heat developed in
 
u


the cooking pot) as a function of H^ (the solar radiation). Heat losses (qt)
 
*b
 

are discussed inAppendix C.
 

Measurement of Useful Heat
 

Three methods were used: empirical cooking tests, measurements of rate
 

of temperature increase, and calorimeter tests.
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1. Empirical Cooking Tests. Typical methods of food preparation--such 

as moist cooking (rice, vegetables, stew), frying (meat,.pancakes) and baking 

(bread, cake)-were tried for each cooker and required cooking times for var

ious.quantities were observed. This method is, of course, of prime interest 

in a practical evaluation, but it it not very accurate for comparison of dif

ferent cooker designs, since it does not permit quantitative correction for 

differences in solar radiation, ambient temperature and wind conditions from

day to day. 

2. Measurement of Rate of Temperature Increase. A better method for com

parison of heat production for the cookers is determination of the heating rate 

of a givenquantity of water. This simple method was used-during the earlier" 

tests (see graphs in reference 29) and permitted 'a rough comparison of the var

ious designs. A variation of this method (used during the winter when dry
 

snoo: was available and when the heat losses at the low ambient temperatures 

were.too large to bring water to a boil) consists in melting a known quantity 

of snow. The heat needed for melting (79:2 cal./g.) is roughly equivalent to
 

the heat' required to bring an-equivalent amount of water from ambient temper

ature to boiling. This m.ethod has the advantage of being nearly independent 

of heat losses due to convection and of the heat capacity of the container,
 

since the container temperature is nearly constant at about 00 C and not much
 

higher than the ambient temperature.
 

3. Calorimeter Tests. In our later tests a more accurate and convenient
 

method was.used. A simple flow calorimeter was constructed as shown in Figure
 

19. A 1-gallon insulated thermos jug with a bottom spout was used as a reser

voir of cold water. A 3-quart Pyrex flask, painted dull black, served as'heat 

absorber. This was'sufficiently large to absorb all heat that could be focused 
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onto a 2- or 3-quart cooking 'pot. By measuring the fl6w rate (e.g., the time 

required to collect one liter of water in the discharge vessel) and the dif

ference 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, waa
 

converted into watts by the conversion:
 

1 kw. hr.-= 860 kcal; or 1 kcal./hr 1.i63 watts.
 

Measurement of Incident Solar Energy
 

A conventional method of measurement of incident solar energy is by-means 

of a Pyrrheliometer calibrated in Langley: 

1 Langley = 1 cal./sq. cm. -69.7 milliwatts. 

The so-called solar constant equals about 2 Lngley/min. This represents the 

4mount of energy received outside the earth's atmosphere and corresponds'to a 

probable radiation of less than 1400 watts per square meter surface normalon a 

-to the incident rays.. On the surface of the earth this is reduced to between 

800 and 1000 watts per square meter on a clear day. We did not have a 

Pyrrheliometer available, but construacted a simple instrument for comparative 

measurements, using a photographic light meter (General Electric type 58). 

Figure 20 illustrates this device. The light meter is mounted with its slotted 

cover (filter factor r-10) at the end of a cardboard tube 62 cm. long and 

blackened on the inside. An additional filter with a factor of 19.3 ismounted 

at 'the other'end. An aperture with a 1/4" hole (made of a slice of cork) is 

mounted on.the outside near the top of the tube. When the image of this aper

ture is focused on a target plate at the bottom of the tube the device is 

pointing at the sun and maximum brightness teadings are obtained. A transport 

s' mounted parallel to the axis of the tube and a string and weight permit an 

approximate reading of the solar angle.. We plan to calibrate this device 
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against the Pyrrheliometer at the U.S. Weather Bureau Station in Ithaca, New
 

York. As our tests are primarily comparative this absolute calibration is not
 

imperative.
 

Two types of measurement were used to determine the effectiveness of the. 

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

the incident solar energy) and "(b) the.uniformity and size of the focal spot. 

For cooking purposes the concentration ratio need not be very high. It is 

more important to have a uniformly heated area matching the size of the cooking 

pot--approximately 6 inches in diameter. A focal area or bpot which is much 

smaller'than the bottom of the pot is acceptable for wet cooking, but not 

suitable for frying or baking. An area larger •than the pot leads, of course, 

to a waste 6f energy. 

A phot6graphic method was used to record the size wnd uniformity of the 

foca1 spot. A dul2 finish (sand blasted) plate with a 5x5 cm. grid inscribed 

was placed.at right angles to the'incident .light. The camera was placed behind 

the reflector with the lens parallel to the interceptor place to avoid parallel 

distortion. '.Figureis 7 and11, show somi typical photographs of.focal spots. 

• 


A relative measurement of the incident amount of light to a 5" area was
 

obtained again using the General Electric photographic light meter. Figure 21
 

shows the sitple arrangement used. The light is reduced to sitable values by 

a 5" mechaniIal filter plus .a glass filter (1.93% transmission) placed in front 

of the photo cell. The mechanical filter consists of a perforated brass plate 

backed up by a plate of opaque diffusing glass. Transmission of this combina

tibn is about 15 percent. Readings were taken both in a plane normal to the 

incident light aid. in a horizontal plane. The latter values are important when 



flat-bottomed cooking utensils are used and vary, ofooure,,as a function of,
 

the.solar a~le. At.low solar
'angles it is desabLe to use a,6lobul. 
 o 

Where heat can be absorbed on the side as well as the bottom, or at least uti

lize light fall n on the sidewall of the pn. .aqii the r eer On, is.


thus limited to wet cooking methods at the hiher geographic latitudes, par

ticulrly during the early and late houlrs of A' y. 

The test!*thbds used at present give relative values only, since the
 

cc.bination -.
photographic light meters and filters does not furnish values
 

directly co:;r...Ibe into heat energy units; however, we believe that the rel

ative valu'd are accurate within 10 percent. We are considering the possi

bility of *akIh more accurate measurements ing silicon phWot l. "
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APPENDIX C 

Heat Loss from Cooking Pots.
 

Since experiments with solar. cookers have showthat a slight wind, greatl Iy 

affects the heat loss from pots, tests were carried out Ca) toi obtaindita so 

that heat loss and .incident solar energy magnitude could, be compared. and(b 

to-,determine simple methods for minimizing the effect of the wind. 

Methods 

The data were obtained by heating water in 2,000 ml, flasks, 6".in diam

eter by an electric resistance heater made of nichrome wire.. Figure. 22 is a 

schematic sketch of the test arrangement. The electric. power was obtained 

from .a DC supply with measurement of volts and amps. The water temperature 

vras.measured bya themocouple immersed in the .water. The air temperature, 

which varied between 82 and 880 F, was measured by a mercury thermometer. The 

air velocity was measured by probing with a velometer at,:various points in a 

plane upstream of the flask 

The heat losses were determined at equilibrium conditions, equilibrium 

being determined by comparison of successive water temperature readings taken 

at approximately 5-minute intervals. At equilibrium, the electrical power in

put was equal to the heat loss from the flask. The water temperature was held 

at approximately 2050 F, rather thaii at boiling (2120. F) to simplify detec

ti.) of equilibrium conditions.' 

Results
 

The test conditions and test results are summarized in Figure 23. Results 

are preliminary.. 
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The paper'to'wel shield was wrapped aiound the flask to form a crude cone 
extending below the bottom of the flask. Care was taken to use one thickness 
of paper-only. A test using fl*enl cloth as .a shield yielded results simi a 

to the results with one sheet of paper towel. 

Conclusions
 

1.. The preliminarytests indicate that simple shielding'can considerably
 

reduce the heat loss in a.5-mep.h. wind for a
 2,OOO-mil. spherical flask.
 

Similar trends would be expected for pots having other shapes but no tests
 

have yet been performed to check.this.
 

2. The greater heat loss for the long neck flask compared to the short
neck flask loss is attributed to the condensation of vapor on the "'cool
" neck 

which acts as a condenser. Additional surface also accounts for.isomrn of the 

additional loss. 
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.,APPENDIX D:
 

Sun vailability and Radiation Az-le 

The problem of the usefulness of the solar cooker depends on imany .vari 

ables, beside the question of need. These include such factors as the "avail
ability of sunlight, angle of .solar radiation, atmospheric dust and moisture 

and actual number of days -of sunshine. 

Atmospheric dust and moisture 'are too variable to be considered on more

than a local level. In extremely arid regions or near cities dust can be a 

serious factor. Moisture in valleys or near coastala area may reduce energy 

received at the cooker. 
Yet these factors may become negligible in areas 

nearby which have some elevation. For .example the quantity of received solar 

*energywould be .higherin elevated areas of Mexico than along coastal zones 
wheie.. moisture is of importance. Furthermore, valeys will be poor areas 

.whereas th"djacent hills may be excellent for the use of the cookers. The,, 

amount of sunshine may also be affected by obstructions. A valey oftn will 

'-have less sun than surrounding areas some casesand in may be in direct sun
light only for very short periods each day. Obviously these factors are better 

left to the consideration of the inhabitants of the local areas themselves., 

Determination of the number of days of sunshine for a given area involves 

a detailed study of weather'conditions over a period of at least 10 years. Such 

data are available for the United States and for much of the world but it is too 

voluminous to digest in this report and is better handled locally 

A world map of the annual total hours of sunshine is attached at the end 

of this report. The reverse aide of the map provides a series of references ' 
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for weather data in various parts of the world. 
Simply stated, the map is
 

similar to a topographic map using. contour lines. In this case, however, the 

lines connect points of equal number of sunshine hours per year. All the linea 

are of equal value whether solid, heavy solid or dashed. The number of hours 

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

line, e.g4, a line numbered 18 indicates, that 1800 hours of sunshine can be 

expected each year in that Where several to becomearea. lines converge a
 

heavy solid line an abrupt change in the available sunshine hours per year 
can 

be expected across that line. For example, in central Mexico about 2400 hours. 

of sunshine may be expected each year. However, along the east coast and south 

west along the Yucatan Peninsula the changes are abrupt from the coastal areas 

toward'the interior. 

The angle of solar radiation for a given area may be determined by refer-' 

ence to Table 170 (Solar Altitude and Azimuth) of the Smithsonian Meteorolog

ical.Tables' Sixth Revised Edition, 1951, pUblished by the Smithsonian Insti

tution, Washifton, D C. The azimuth portion of the' tables will provide data' 

on the daylight hours at various latitudes during the various months of the
 

year.. It is merely necesiary to determine the latitude of the area under con

sideration, locate that position on the diagrams for that latitude and by ref

erence to the various dates determine the extremes of that angle of solar 

radiation based on solar time. 
Where these tables are unavailable, a general
 

rule may be followed: North of latitude 400 north and south of latitude 400
 

south the angle of solar radiation (altitude) is less than 250 during half the
 

year. This general rule is useful since it is based on a -50 percent cut-off 

as a basis of evaluating the minimum utility of the solar cooker. 
Also the
 

efficiency of the cooker is apparently low when the angle of solar radiation
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is below 250 from the horizon. If.the angle of radiation is less than 250 for 

half the year the solar cooker appeal's to be .of marginal usefulness. The.400
 

.
north and south latitude figures,oare, of course, not precise but are reasonable 
approxnations. Virtually all developing countries iwhere. the cooker mik-ht. be 

useful fall between these parallels. 



APPENJDIX E 

The Frasnel Reflector Cooker'
 

The use of the principle of the Fresnel reflector in the VITA solar cooker
 

is thought to be unique among the various known solar cooker designs. Such a 

reflector is able to concentrate light and heat by means of several simple
 

curved reflecting surfaces. This is in contrast to the doubly-curved reflect

ing surface typically found in the more conventional designs of reflective 

cookers. Not only does the Fresnel design facilitate easy construction by 

skills and tools available in small work shops, but it also provides a number 

of advantages in operational performance. The complex parabolic dish-shaped 

reflectors typically require relatively sophisticated fabrication techniques 

of metal spinning, plastic molding, or die-pressing. Furthermore, this type 

of concentrating reflector must purposely be defocused because the extremely 

high degree of heat concentration of which.they are capable is undesirable from
 

the points o:Vview.of safety and cooking performance. Ideally, the heat rays 

which the concentrator collects should be reflected to impinge uniformly over 

the entire cooking surface. The Fresnel reflector provides such a broad uni

form focaL spot. Within very wide limits, any desired diameter of the focal 

spot, or focal length, can be produced by the designer. In addition, the total
 

area of the reflector can be selected in accordance with the desired power.,
 

output or "effective wattage", of the cooker.
 

The Frednel cooker described in this report was designed to provide:
 

1. Ade,4uate heat output to provide for the cooking needs of a small fam

ily unit. This requires .that a reflector area somewhat in excess of I square 

meter be used. 
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'2.. Use of the heapestreadi 
 available materials, consistent With sat

iigfactox*,Bery aei'ice and paez'fOianc66." 

3. Thesimplest desi posible consistent with convenience and simplic
.
 
ity of 'os ruction and Uise ".Inth4United States these material requirements 
are met by"the us* of a8onite sheet,awo 

as. the main construction .materials.
 

It should be observed that because this cooker was-designed and its constru

ti6in outlined in such a way asto use the cheapest materials, it requires a
 
rather large amount of labor as compared, say, to 
a singe alminum spinning. 
Thus, in the United states, the construction cost per cooker mY not look rela
tively.6' attractive. ;However, as the objeotive was cheap construction in rap
idly deve:loping countri*siepigctrias
this should not be used as a'criterion. 

INTRODUCTION. 

The unique feature of this solar cooker as icompared to others lies in the. 

use of a so-called Fresnel reflector. The important charaoteristic bf this-re
flector .is that it has no compound curvaturej rather, it possesses simple re

flecting'surfaces bent in'one direction o 
 This 'significantly facilitates
 
construction since 
a flexible refiecting surface can be readily deformed by 
bending into the'required shape. In contrast, the complex surface of the other 
types of rigid reflectors require a cumbersoRe'metal spinning or Plastic mold

ing operation. 

•At the time of this writing about i0 Fresnel .reflectorcookers have been 
constructedi those tested have been found to perform satisfactori2. in cooking 

tests. madeNo attempt Was to optimize systematically all of the material and 
design variables. Purthermore, the best ,choice of materials for local construc
tion may vary from place to place.. Instead, the efforts were directed to 
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evolving a more or less general design which is capable of being modified to
 

accomnodate local needs and materials. For example, very'little effort has
 

gone into selecting the best ioods, or in constinc1ting reflecting surfaces out. 

of alternate materials, which might be imore, readf. aailable in Other cou '' 

tries. Any sheet material such as p.l~wood or certin shebt tals should be 

a satisfactory substitute for theMasonite. .tis Dossible-tha-'even certain
 

types of ,thinunlaminated w6od could also be used,. although this would requiie 

a modified constr*4tion pjrocedu:". 

Even thoumbif.every attempt was made to sim Jif the €onstru6t'ion, a certain 

hmouit of. eqerience and.skilimat be developed in order to attain the neces

sary proficiency.. t is strong.y reconmended that anyone using this report to 

construct this tpe of cooker should work out construction techniques on sev-

Oral preliminaryprototypes.. 'rom the experience in.the development of this
 

cooker, learning how to apply the aluminized Mylar onto the Masonite or other
 

backing w3,l probably require a few trials..' 

]ESI PMCEIPLES 

The principal componens or a solar cooker is the reflector. However, the 

des1gn of the cooking pot support and the reflector legs =mst provide for si

ple, convenient cookin' and for the necssary adiustments in following the sun's 

position. A reflector possessing a desired focal lengbh, focal spot diameter,
 

and total reflector area can be most easily designed by geometrical constric

tion, making use of the fact that the angle of incidence equals the angle of 

reflection. A five-inch diameter focal spot and a 'thirty-inch focal length 

were adopted to match the dimensions of typical cooking pots and to place the 

"burner surface" at a convenient height. The geometrical construction as giver 

in pig. A at half scale represents the cross-section of the cooker shown i 
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Fig. B..,.Reflectors possesing ,:any desired 'set of characteritics'cn b'e de.

signed as. follows. 

From the "ase Aine (passaig thr points p and T) constrct the center 

line. atp P perpendicularto the base line, The length of the center line' 

p 0 determines the focal length. At p oint, construct the AineA parallel
 
to p. TO 
 The points A and B are 'iaked'off s~mntrioaiy around 0, and deter-,, 

mine the diameter'of the focal's'pot. The points a and b are similarly marked,! 
off on the base line at 'the' same distance from the center line. Now mark o-ff 

the poin.t pt, the dlstance p p' being equal to the focal spot diameter AB, and 
constructth6 line OpI and. the line p .2 perpendicular to the base line. The 
line p'IR represents a direct ray of sunlight, which is reflected at'point pt 
in the new directionp, 0 until it impinges on the'centber of the.cooking eS- -


sel placed at point O. The angle O IRF is equal to twice the angle of inci
dence. "Hence the riflcting surface-=mt be constructed perpendicular to' he
 

biset6gr of the angle OlI t te 'point pi. 
 The length of the reflecting sur
face atb, :i6s"uch thi the projection of atb, on the base line is equal tothe
 

focal spot diameter.
 

The placement of the more remote annular rings follows a slightly differ- 
ent procedure) because the outer edge of the imediately preceding inner ring 
may interfere with the. reflection from the inner edge 'of the outrring. This ' 

is avoided as folliws: construct the ray Ab' intersecting the base lin""at'd
 

and extending somiew't beyond. Mark off point e such that segments cd and de 
are equal. From point e mrk off'the po it pit at a distance equal to the fo-' 
C'.spot' radius. ' Construct' the reflected ray ptI0, and the direct ray. R' Ip 
and proceed as previously described for the innermos

":. 'S - I . .. 
rng. This procedure is' .. . ..' 

repeated until as 'k' rings as desired are constructed.
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The angle that the reflecting. sface a'Jb ' for emnple forms with re
spect to the base line is given by' 1/2-arotan •.tt is now necessary
 

to consider how to produce a refecting cone possessing such an angle out of' 
originally flat mterial f a sector of angle D is reMoved from a flat cir

c.Le or original radiusaR0 a cone is produced. 

This is shown in Figs. C and D.. Such a cone has 

, - a base radius of r and a cone & lee which ar 
1 "related to the circle from idiich the cone was
 

constructed by.; 

Fg.€~C 
 =~1(l-cosg) radius
 

S=360 (1 .- cos".9) degrees
 
and r R oos 9, d=122 ff (- os) 
 .. Fo.D 

Ofcorefoou upssweafcourse, for our purposes we are onl 
concerned with,prducing segments of
 
cones. Thus, th. various concentric reflecting rings can be produced by cut

ting a single flat sheet of material into rings of appropijate dimensions. 

Then the rings .are 
'., 

formed either by removing angular sections and rejoiningj 
or by splitting the various rings and overlappAng the ends the corresponding 

amounts. 

CONSTRUCTION TAflS 

The annular rings, which are formed into conical sections, are supported
 
at 900 intervals, on a 
wooden frame formed from two crossed pieces of 3/4"" 
wood. These pieces have notches of angles and dimensions determined from the 
geometrical construction given in Fig. A and described in the preceding sec
tion. 
The template given in.F.±gs. E and F is designed to match a reflector hav
ing a 5" focal spotand a 
30" .focal length. Alternatively, the dimensions .and
 

specifications are given as follows:
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TABLE I 
o R, 

Ring number 1 2 3 4 

Inn~er-radius j212 

Outer Aadi, R0 749/32," 12-27/32" L-13/132, 24-15/321 

Wedge angle e 4.80. 34.00 18.1o
 

Tan e..o0o84 
 . o,68 - 0.249 0.32'1 

The mid-point of .each wedge must lid on the base line of the construction. 

This is not -the top 'edge of the board.. It is very imortant that the angles 

of, the wedgeb be cut to exact specifications in order that various rings all 
focus at the same place, and to avoid inoducing necessary astintismr-

For convaniehce in laying out the angles precisely, the tangents of the ang1es 
are given in the above table, i. e., the ratio ofth the wdgemeas

ured from thh base line to the length of the wedge measuj±ed along the base lint. 

For the prototypes prepared to dates normally 1" x 411 lumber (3/41 x 3-5/8" 
actual dressid dimensions) has proven satisfactory..for these cross-suppo rs.. ' 
Both hard '(ok) and soft (pine) woods, have been used.. The 6ak offers substan

tial strength advantages over the pine, and has less tendency to split Te
plates such As shown inFigs. S Faro ued toar usad t o it' -pattern. 

STemplate A .'T late A Template.B " Templat'e B 
reversed. reversed. I
 

10"1 10" 
added leg on 
 added leg on

Template A reversed. 
 Template B reversed.
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The lower portion of each cross-member is bxbended and cut at an agle to serv 
as legs for the reflector. The angle at which the legs are cut is not critica 

although an angle somewhat sharpr 'than 450 is recomnended. By placing the. 1e 

points on the edge of the board o6site that which supports the reflector, 

certain complications regarding the positioning of the third support for the 

cooker are avoided. Care must be taken that the notches which permit "the cross 

members to"overlap are cut on the proper sides and are cut to nake a tight fit. 

It is very important that the wedges which support the rings are cut out as 

accurately as possible for proper alignment of the rings. Having cut out the
 

supporting members, these two pieces are set aside and attention is given next
 

to the reflecting rings.-

The rings are out out of a sheet of 41x 'x1/8,, Masonite in such a way as 

to make use of as much of this area as possible. Preparing the rings consists 

of two operationb-mountig 'the reflective material to' the Masonite and cut

ting and mounting of the ring . 

A variety. of techniques and materials have been investigated for applying 

a reflective' layer on the.Masonite. Although even the best procedure has cer

bain shortcomis, 
 several satisfactory alternatives exist. 

Masonite boines in tempered, i.e. designed to out-door use, and untempered 

or interior g1'deu. The interior,grade is appreciably cheaper. Since the 

Masonite is covered with an. impermeable reflective coating on the top surface, 

and can be sealed on the under surface, this material should be satisfactory. 

However, for ihitial field studies, isit probably advisable to use the weath

erab~e grade, and to determine subsequently whether the interior grade'can 

substitute satisfactorily. 
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The eeflective material investigated'has included paper-backed aluminum 

fialuminized vinyl and alumini.zed:Myla' The viny-,l and Mylar uheeting 
come in various thicknesses, and the Mylar comes in a standard and a iweath-', 

erable" grade. The plastic can be applied with the aluminized side'out or the 
plastic side out.. 
D addition, and in part depending on the choice of the 
above, consideration must be given to the adhesive used.
 

Ideally, a hijhly reflecting painted surface would -be most convenient. 
As a result of a suggestion offered at anAID meeting, an investigation 'was
 
undertaken of the feasibility of.using aluinuw 
 paint" applied over a well
prepared a/id sealed.Masonite surface. This 
 spray painted aluminum surface was 
further sealed.with a clear plastic spray. Although the total reflectivity of
 
such a
surtace ishigh, the specular reflectivity was onlyabout as effi
cient as the aluminized plastic. Henowe 
 this approach was abandoned.
 

. Among the various adhesives investigated aco: (1) contact cement; (2) 
asphalt sealing compound; (3)rubber cementj (4) shellac .(5).du Pont thermo

. plastic ceriest No. 46971, recommended for joining Mylarto.Mylar; (6)alkyd 
resin.,vaishj (7) a polyester resin used for sealing fiberglass boatso; (8) 
asphaltum paint. All of these were successful toi some extent and may provide
 
.suggestions for alternative materials which may be locally available. 
We have
 
found that asphalt sealer, the thermoplastic cement, and the polyester resin
 
.to be the most satisfactory, with the asphalt sealer somewhat better than the
 
other two, The major difficulty is that when the rings are bent to form tho 
conic sections, the plastic sheet is placed under compression, and the sheet
 
tends to lift off and to form bubbles. This can largely be eliminated by use 
of the proer construction techniques, as will.be discussed later, 
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Tools USED 

The rings can be wut out of the Masonite sheet usinka suitable hand sew 

Most of our prototypes were constructed with the aid of a power sabre seBw,. 

This saw tis also very convenient for. cutting out the support wedges. A li h 

1/4". electric drill was also'seful for drilling holes in the wood ,md ion 

parts of the Cooker. No other power tools were used. A 41" bench vise,' plus
 
common hand tools, 4,t. hack saw, file, hammer screw driver,,croas-out saW,
 

coping saw, etc. were used.. 

PROCEDULE .AM~f _ATERIALS 7OR CEWIT3NG AND CUTTING REFECTING RNGS
 

Because the flat sheet material must be subjected to elastic strain in
 

order to form the conical segments, there is 
 a tendency for che reflective . 

*sheet rmterial to lift off of its supporting surface. Several avenues are 

open for solving this pr6blem: .() use ofvery strong adhesives; (2) use of 

thinner gauge.plastic refleotive sheet; (3) relieving the stresses in the. pl-s .a 

tic sheet. Actuacly oombinations' of all of these have been used in improving'' 

the quality of the prototypes. 

Altho'gh some possible gains in durability, and in optical smoothness may 

accrue from the use of heavy gauge Mylar, our exerience suggests that .0005" 

Mylar.offers substantial advantages in having a significantly lower 'tendency 

to form blisters and air pockets than did .001" or .002" Mylar sheet. Further. 

more,. since the cost of this sheet is roughly proportional to thickness, there 

is also a cost advantage in the use of the .0005" Mylar. 

The various types of adhesive require differing techniqres to produce 

satisfactory surfaces, Some*types of adhoaives are of the thermo-plastic, type 

I- e. upon the application of warmth and/or p-edsure, a bond can be made and 
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remade a numbdr., of tine. If the placement of, the plastic is not perfect, then 

the plastic sheet can be pulled off and re-bonded inman adjusted position; 

Typical of such adhesives are: asphalt, and the du Pont adhesive. In some other. 

types,, the plaitic must be positioned perfectly without any adjustment possible. 

Rubber cement knd contact, cement are otthis type. The bond is very strong',. 
but air bubbleb and.wrinkles are difficult to remove if once formed. In a
 
third class thb adhesive is fluid and allows adjuistments.of the plastic. t6 be
 
made,. Howeverj the adhesive 
 "sets up" due to solvent evaporation or a chemical 

reaction. The polpester fiberiams-type .resin, and shellac are typical of. this 
class. In all cases some experience is needed to learn just how much "tacki

ness" the optimm for each type of adhesive. 

In all tyee it. is nos+, important that the Masonite surface be sanded,
 

smooth, and in Some 'cases 
 sealed to praternt the adhesive from soaking into 'the
 
sheet. All .dust mst; be carefully removed, a , leaa brush or pplicator z aat
..


be used, and every-'effort must be made.to have as smooth a coating of the ad
hesive as possible. The aluminized Mylar reproduces the texture of the adhe

sive coAted,'.sui fao. much specularity is lost if the surface is rough..and 

Whatover hiethod of application is used, it should provide a very unif6rm,
 

Oven, smooth surface, The consistency of the adhd3ive, the preparation of the 

surface 1t0 which it is applied, the terperature of the adhesive and the skrface
 

and the cleanliness of the tools and area are all significant factors. We have 

found that brushing, and rolling on the adhesive are both effective. We did 

not have equipment for spraying, However, this might offer substantial advan

tages. 
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Each type of adhesive used had its own idiosyncrasies, We encountered 

great difficulty with contact cement in trying to apply it smoothi. fnvari

ably when the Mylar film was applied, a multitude of small bumps,-brush marks', 

etc. became apparent. The polyester'resin was especially covenient to use., 

The backing Surface must first be sealed with thinned shellac, for iexmle. 

However, the Mylar should form a blister or should pull away from the backing 

surface once-the resin has set, it cannot be rebonded without. applying addi

tional adhesive.. The polyester resin on the whole seemed to offer considerable
 

prenise 

The du Pontadhesive #46971 is a thermoplastic resin that must be applied 

to 'both the yler.and the "backing surface. Heat and pressure are required to 

make the bond. A home electric clothes iron proved 'convenient for this pur

pose. With the heavier gauges of Mylar considerable difficulty was encountered 

in avoiding bubbles and wrinkles. If the iron is too hot, the Mylar shrinks. 

If the.iron'is too eooi a satisfactory bond does not result. Although a satis-. 

'acto'y bond can be made, especially with 0005" Mylar, this technique is rela

tively dlow, and requires considerably more skill than required of some bf the 

other-adhesives. 

The most successful, and cheapest adhesive was the use of an asphalt foun- • 

dation sealing compound which is normally used to render the outside walls of 

cellars waterproof. If this material is rolled onto the backing surface and. 

also lightly on the Mylar surface to which the bond is to be made, a good seal 

can be made that can be remade any time in the future by applying pressure.'' 

Such a bond tends to produce air blister if the Mylar is under stress, .but it 

also allows the stresses to be relieved most conveniently as is described sub

sequently. It is necessary to seal the backing surface with a previous coating 
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of asphalt 6r with thinned shellac, before applying the final coat of asphalt. 
Care must ba tiken not to buid up too heavy a layer of aspht or the. asphalt, 

will.flow ider the Mylar stressesas are relieved or as the solvent evaporates, 
with a resultant puckered Surface. As much solvent as possible should be al
lowed 'to evaporate off before'the bond is made, although the asphalt should' 
feel taoky to the touch. 'There is advantage to working in a high room temper
ature (80-900P) as more solvent can be evaporated off and still retain a tacky 
surface. Thi more glass-like is the appearance of the asphalted surface, the'

higher qualitj reflector is produced, 

Handlit.g the very thinMylar sheet also presents some a lwardness, espe
cill if 
 thb Mylar.should make unintentional contact with the adhesive sur"
 
faces It wab found convenient to use a wooden form, somewhat larger than the
 
Masonite shebt. The Mylar sheet is 
 tcked to this support frame." By placing the 

.support frb over the adhesive coated .sheet and pressing down theon taut Mylar, 
contact is mhde only where desired. Especially important is thi convenience
 
.
this 'Offers in. applying the Mylar while avoiding the formation of trapped air
 
pockets. 
 .y applying pressure always from .the already bonded areas in the' 
•direction of the unbonded areas, using a clean oloth or the hands, a very.sat
isfactory bonded specular surface can be produced. 
After bonding, the rings
 
are cut out of the coated Masonite.. This sequence is not absolutely necessary.• 
.However, if the rings are cut out before the cementing operation, they must be 
-nested to form a flat surface. It is somewhat more difficult to apply anL'ven 
coating of adhesive) and some fiber fragnentd usually pull off of the sawed 
edges, resulting in a less perfect reflecting coating. 

If contact cement or rubber cement is used, the cementing operation must 
be done with phrticular care if undesirable wrinkles and air pockets are not .
"
 
to result. 
If asphalt or the polyester resin is used as the adhesive,
 



considerable Z.)rG"laitudei- vilable to t)he fabricator. iA the latter case, 

itis desirAble tO form-the rings into the conic-segments as soon .as possible 
because the. stress -on the MyVlar wiJ.lift off the sheet, even znougn zne Dona 

i' very tight when the Masonite sheet is. flat. 

When the rigs have been formed into Conic sections, the initial oeinent

ing .sbe considered to. be a 
 "basting" operation which aligns the'plastic"
 
sheet properly with' repeot to the Masonite. The"*yar 
 is then slit across the 

width '.ofa..rings 'and is oarefu ystrippedoff of a sector of the 'ring, (ta dng 

oare that no dirt teals on the adhesive surfae),. and is then.carefully rebonded 

utSi~g prlssue.. The pressure is always apolied -from the 'already bonded areas
 

to the n.w 
areas to avoid wrinkles and air pockets. This procedure removes the 

stress on 'the Mylar and. avoids the formation. of wrinkles"and blisters upon
 

standing. 
 When the .stress has been relieved in one ecstor, the 'procedu're i 

repeated .o anothir ector uhtii each ring has been completely treated;. 
The rings Oanbe formed 'int6 oonic sections by securing them b tor 

the wooden. o's supports- Ifthe tmplates given in Figsa.E a 4 F and the. 

ndimensions given i Table I are used, itwill be neoessary to notch-out the 

rings In order -th#t tho7 fit on the supports * This is'preferable to notching,' 

out th .epport pieces as this would weaken the support frame. Purt ,hermore, 
notching thezrings tends to mAe a more'rigid structure, as the notches look 

the wooden mmbers in place. Care must be taken tat the outer rings in par-. 

ticular ae mounoted seyftricall , Otherwise the rings will not reflect at a, 

comown focus and will introduce astigmatism. Although this was not done in 

preparing our prototypes -it might be desirable to have a mounting fixture to! 

:iiure proper alignment of the reflecting elements. Such a fixture could be 

oonstructed as is shoi,l In figure 0. 
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Cooker frame, 

0 41 Auxiliary wedge 
supports 

0 0 *%% Positioning Cleats 

Having mounted and Pz'OPaly oriinted- the jings gntesrlee h 

'plastia, WO how focus* our attention on the leg s'a rsado tecoigp 

zutoOrts. 

Whatever boheme s'used for upporting.the cooker, it' muct (a)' hold ti,
 

reflect~r.-. eurely 'in the desired orientation so as 
to make best use of the 

.sun; (b) provide for convenient adjustmentj (0)be as simple and sturdy as 

possible. We have tried two tripod arrangements. "the one the end of ona 

of the wooden .ross.-supports. serves a a.leog) around which the cooker can 

pivotj the other two legs ale combined to form large metal Li -shaped 

braoket, Th' ends of the upright members are attached to the other woo,.7 

crosssupporto near to the outer edge, with the base of the "U"-1lying on the 

ground,. By placing a stone on the bae, the oooker can be anchored ag,.:nst 

wind gusts, etd# Holrever, using this arrangement the reflector isnot as 'stable 

toward a flexing motion, This might weaken the cooker with usage and was a 
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possible source, of accident if the coI4ptsupport. tos an integr4,part of
 

the cooker,...
 

Tn the second arrangement, the ends of the 'i!o of the cross-supports form. 

two of the legs of the tripod, and a'third leg w's hinged to a piece of wood 

which bridged aoross the Other two arms of.the oross-support frame. ctually. 

two legs were attached here-a long one to be used when the sun was low in the 

sky, and a short one to be.used with the sun nearer the zenith. The most con

venient lengths of the legs• in the Schenectady area were 300" and 15". How

ever, at lower .Atitudes,shorter legs w6uld be more convenient. This design 

holds the reflector more securely with respect to lle=Lng. It is only slightly 

.less conveient to adjust-the cooker position to follow the sun. In regions 

-whereheavy gusts are cosions, it may be desirable to anchor the legs with. 

stakes or pins driven into the soil. It must be recalled that the.wind sta

bility problem was much less severe with the Presnel design compared with the 

other designs tfit we were able to test. However, because of the large surface 

area of any effective reflector cooker',- they will all tend to behave somewhat 

like kites bi a heavy wind$ 

n our cooking tests we have found that both of these designs offer no
 

marked disadvantage from the point of view of convenience. However, the ar

rangement employed in the Wisconsin cooker shown in Fig. l, is undoubtedly even 

more convenient.- It may be that in,certain areas,.the additional expense of 

such a scheme will be offset by the inoreaoe .1 ease of orienting the reflector, 

and less handling of the pot while adjut.. 0-v+s are -being made (once every 20-30 

minutes). 
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A,variety of arrangeiments -aan be uased to provide a suitable "grill" po 
which to place the cooking pot. :O Pefo ,houldF optimm ,,thi pot be 

placed so that all of the reflected light falls on it. By arranging the grill3 
so that it is automatioally in the focal spot, the cook need merely be on

cerned with isein that the reflector is aimed at the sun' The pot Supa
 
that we have evolved aooomplishes this ina
low-cost eaaj to oonstruct manner
 

. ,

If-this arrangement is, not 
, 

the most useful for a particular aria) it is' 
strongly suggested that alternatives be investigated, Among ,the alternatives 
are the very oonvenient combined reflector and pot Support shown in Fig. 1. 

(Part I) This is a more costly and difficult to make design, 
On the other 

hand, even simpler-.but probably iinifioantly less convenient--arrangements
 

are shown in Fig. K.
 

The got support arrangement that we have incorporat d into. the pesent. 
design corresponds: to'that which has been tested-by Dr.-3. Fehr and wa's ound 

convenient in cooking tests. The support consists of a lWxl,11x3 W6oden'od, 
which iq olahped to the corner formed by the intersection of the two cross-

BuppOrts, The clamp is formed in the shape of a W. One leg of the 'clamp is 

permanently secured, and the other end is fitted.with, a bolt and wing-nut so+ 

isto bi able to' apply pressure on the 'pot-support tod. This 'is shown in.-
Pig. H. An 'even sinpler method of clamping, showh in Fig. I, is in some re-" 

ipects even more satisfaotor and is just as convenient to use'. There is .the 
[anger of losing the wing-nut, etc. when the pot support rod being oiaced intn 

,rremoved from the position of use,
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otsupport bar
 
' r... -Wing:, nut 

ros
 

Wedge shaped piece

of wood todistribut 

ig. I Simplified method.of Clamping, 

The pot itself isupported on a 6", diamieter ring Figs. (Hi, J)) 'ilhiclh is
formed out.of a pitsti
of l1/2"xl/8" hot-rolled iron, A 1/4"1 hole is drillec
 

about l"-from one.end of the strip. Using ac
cold chisel it is desirable to
 
make-radial indentations r d the theon .roleside of the strip that wiillbe 

on outside of thedrinb after it Isformed. othe 
The stripino ormed o a circle - ing Chisel 

p isc~nvnienlyfrmedmarks
 
by beding itaround a D-shaped wooden form ir o /" 
whihtheradiuso f theo emi-circle d."srmines t hering diameIter The original 

14" diameternholenis now extended through the two ends of the strip at the 
Place where they, overlap to form the. closed ring. hole .Anotheris drilled,at 

the onaPotthe ringsdirectly opposite the first hole. The strip is scored on
 

the otside around this hole as before. These holes are-the pivot points which
 

allow the . dookinsurface to be adjusted horiz6htally., A yoke is next-made out 
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of- a 2:161 length of 3/4!4/16"i*t-rofle Idii'o Itip Two -1/4"iaerhoe
 

are drilled 3/8" .from each end of' the 
 'trip;.h stiround t e as'ehls 

scored with a .hiTelhas.before..Tenthe strip is p ced in a vise Oo.that"the. 

middle 4"1 or 511 are oscurely held . Usin 'AWrenc.h with adjustable jaWs,' the
strip -isgripped about 1-/211 'out .'from the Vsei jaw and the'piece-is given a
 

quarter.'tUr, This ..done -onboth ends.
 

Grip here with wrench 
ind give a quarter 

If the center portion of the strip isgriped ina vertioal position' the ends.
 

of the strip should now lie in &'horizontal plane, but the rod should be 
.straight.otherit~e. Tehorizontal. portions ares now bent upward' to form aU 
taking care to ratch the distance between the upright •legs reasonably plose .to 

.the.diameter of the rin and that the scored lurfaceS face inwardc The U is 

nowradjusted to make & good it ith the, ring. 

A slot .i next cut intOthe end of the pot support rod to aocoinodate the 
yoke snuglj. The slot is*cutsO6*that the y7ke pivot holes are.horizontal. A 
snug fit can be made by outting a Somewhat narrower slot than the thickness of 
the yoke.' The slot should be about ".deep. By using the iron strip as a
dhisel, the SlOt can be opened tO. just the proper width to fit the yoke. After 
the slot is fitted, a 1/4h diameter hole isout through the Wood prPeendicular 
to th slot, and through the yoke ihich was inserted and centered inthe slot, 
Flats are filed onto both ends of the-hole through the supp6rt.rod. A 1"x/41/21 
stove bolt ahd nut aie used to secure the yoke to the support rod as Oan be seen 
in Fig. J. The pot-support rig'is nO mounted 'inthe yoke, aligning a star-. 
type lock washer .betwen the holes in'the yoke and the ring .The scored
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Jurfaces on both the yoke afid the ring should be taoin one another. They 

.serve to provide a high friotion joint-ihich Will not: swivel accidentally and 

upset a fbe met on the .ring.:,TWO "xl/41"/20 stove bolt,cookg pot which migh 

passing through the two Sets of holes, serve at pivots permitting the ring to 

be given any desired or:Olitong. i nuts Are used to clamp the rig at this 

position6 21 - gru. ii required-to accofimodate pots smaller tha 6".diameter, 

Or for other reasone, this oan be improvised out of .lo'ally available materials. 

The. ring allows pots with round bottoms to be positioned easily. 

1h order to avoid scorching the wooden pot support rod, and minimize the
 

iwunt. d the*heat absorbed and adiated by,'the yoke and the pot-suppokt
re-r .

r.ni i-it in desirable to paint -these components with aluminum paint. 

An estimte ot the oet',of building a Fresnel-reflector oooker, is indi

catdd below&,Afl pnies.are retail costs Of item. p rchased for ,the construe-

Hateial cost, Analysis I 
2 1" x 4" xX. Oak Cross supports., 0.53 ) 

• 	10 . x 2" x 21 CrosPiece) 
1XlV211 x24l/2 Leg )06)0.74, 0 160Bd..ft., 

1 Q V Il" 2t--- Leg • 	 0.05.) 	 '"" 

" 4" x 5"1 x .0005" alminized Myla.. 0.50
 
3/4 x 3/16 x 18 ironj pot support yoke 0.12
 
5/8"1 1/8" 21" ironl pot Support hoop. 0.23.
 
Y/8" x 1/8" x 6" iron) pot support rod
 

clamp 0.04 
/8xWtx'4 Masonite, untemp6red 1.00 ($1.10 F.O.B. Montgomery-

Asasorted 1/411/20 stove bolts, washers, nute,0.15' . Wards) 
", .. ..• 	 8 to , 

Aohesive 
2.78 

. . Obtan d from P'last'r Coatings in' RidgeWood, New Jersey. 

http:nute,0.15
http:160Bd..ft
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FIGURE F 


