WD 02/ 075226 PCT/ PT02/ 00004 DESCRI PTION "A SOLAR COOKER CONCENTRATOR OF
THE BOX TYPE, USING CPC-TYPE OPTICS' 1 - OBJECT OF THE PRESENT | NVENTI ON
The goal wbD m2hesps esent invention is a solar cooker, simepicr@Tezo®by of the
box type and concentrator, by the explicit wuse of Non-Imagi ng Type Optics,
also referred to as Ideal or of the Conpound Parabolic Concentrator Type
(CPC), to cook food in tenperature and power conditions higher than the
ones used in conventional box cooREFSRIBLEOEONservi ng and even i nproving
the working characteristics of those cookers, in particular in what
pertains to stationarity and control of cooking tinme. Another fundanental
aspect of “RhiSOLARY @UOKER iCONTEN TRATIORY e MHEOBOYr @atPE, S Qi3tiNet Ceat-mQmwEf or
the optics used together with low fabricatjon cost, froma mterials point
of view and fromthe point of view FTth" fabrication process, given the
choice of plastic for both the external envelope and the inner cooker
structure. The solution established by the present invention is the first
one to allow the fabrication of solar cookers in |large series production,

with a {herpal.be yL@%%ugﬁggﬁﬁgl&g%$§ngthat is possible for this type

of cookers (nore tha I Créency achi eved by conventional box
types), and with a lower cost. This goal is achieved by the specific

devel opnent of an optical solution which starts with an entrance aperture
ar ea anﬂﬁ%n g eri€£ vgﬁﬁhe RPEFR sedPRPERIPRe ciff vaf ur §9PLL heS TPt -

reflectinguebhsodefngd itRecandntigpeated; MyMen bt he,, ciyatuse; ofrthe
augnenting exterior reflector, conCentrating in_an ideal fashion the
i nci deneseopar Neadilawigdmad iyery @ielaraxiadge referred to as Ideal or of

the Compound Parabolic Concentrator Type (CPC), to cook food in
temperature and power conditions higher than the ones used in
conventional box cookers, but conserving and even improving the
working characteristics of those cookers, in particular in what
pertains to stationarity and control of cooking time. Another
fundamental aspect of this invention 1s the achievement of great
sophistication for the optics used together with low fabrication
cost, from a materials point éf view and from the point of view
of the fabrication process, given the choice of plastic for both
the external envelope and the inner cooker structure. The
solution established by the present invention is the first one
to allow the fabrication of solar cookers in large series
production, with a thermal behaviour in the limits of what is
possible for this type of cookers (more than double the
efficiency achieved by conventional box types), and with a lower

cost.

This goal is achieved by the specific development of an optical
solution which starts with an entrance aperture area and an
interior volume optimised, with the curvature of the inner
reflecting walls defined in an integrated manner with the
curvature of the augmenting exterior reflector, concentrating in

an ideal fashion the incident solar radiation during the maximum



WO 02/ 075226 PCT/ PT02/ 00004 2 nunber of working hours conpatible with the
cooking of food. Al necessary curved walls are achieved in noul ded

pl astic, woukdezt26i n noul ds specially devel oped to this efCam®ro2/odonh the
reflector obtained fromthin alum niugreflecting sheet (0,4 to 0,5 mMin
a specific enbodi nent of the present irvention), pre-roll-bended and glued
on the plastic. The present invention has still other applications, for
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enbodi ment mouriaimy spfe athildly hJBewealhﬁmd the tlobd estrodt p&bﬁﬂhSthEheﬁfQé&tbQ
pl aced i ﬁ gaé&‘cat rles , Box t e cookers, with or wthout
augnent EaFEF %%tFS ?CFyﬁ% EB8REr S0/ PheEF |Gt BRedn

i ncl udeaasllo@rcq&l%eten@a‘oa%fef&redﬁ 104 ”ﬁreséﬁf'%b@ﬂ&@ﬂ thgrted%l@tb@ﬂ&bag a
box with or without reflecting flat walls, a black botton1mhere

cooki nga@pesgépsd Qﬁetbﬁaﬁééstactransparent cover, single or double, to | et
solar radiation through and, at the sane tine, providing t he necessary
heat barrier to pronote a tenperature rise in the box. There are an

enor nousheapiretsgnaf iselentiions Heay diel boxtigeon®spyicdtBshapgabar iastsgyare
in cross section, cylindrical, spherical, etc.) and ways to conbine it

with T150 rebf odigh uisedd BF Rt hYHEPD2/075286 PETePTOROTTOL T3 1ike
novermenh; 18l wayg wsth argepcern for symmetry with respect to the

2 - BACKGROUND OF THE INVENTION

The use of solar energy to cook food is an o0ld idea that has a
variety of specific embodiments, many of which have been the

object of patents.
They can be placed in two main categories:

1) Box type cookers, with or without augmenting reflectors and

2) Concentrator type cookers.

The first ones include a large set of different forms,
variations on the idea of having a box with or without
reflecting flat walls, a black bottom where the cooking vessels
are placed, a transparent cover, single or double, to let solar
radiation through and, at the same time, providing the necessary
heat barrier to promote a temperature rise in the box. There are
an enormous variety of solutions for the box geometry
(rectangular or square in cross section, cylindrical, spherical,

etc.) and ways to combine it with flat reflectors, fixed or with



cooker's meridian plane. The second ones usually correspond to the use of
parabolic reflectors in whose focal zone the cooking pot is directly

pl aced, wwDh20rs2e6 t hout a transparent envel ope to i nprovePCR@TOY/b@p4ral
performance of the concentrator. Wthip this category there are the so
cal l ed focusing concentrators, concentrating solar radiation in a very
substantial way onto the cooking vessel, requiring pernmanent tracking of
the sumM@VeBRnti oAlWAYSt HatEky FeRcewnndg dn syimidiryappartentesardtonto the

conser ving. & heg Mg§§8#age%ﬂgggntly on the focal plane and concentrators of
| esser concentration Tactor, requiring |ess tracking accuracy, surrounding

the vesBet igecsuch oney tkablihe Eoecaksppnd mMwestheonuisks s8r fpeealdoliag
t he cookKi rocess, The ones_in the first category can be truly .

stat i or1]%1‘°r%x},ge‘%EJ‘PrﬁavJer1 AP SScbRTah eRBRSoftT e A aPPéw §f obdfrectly
ef fici gcyced, | 88%n ebti GlieRbuand | ewehspawehtdeliwardpof L gnargy-&e t ke
cooking vessel. The best on the market are produced w th expensive

mat er i atee BRIl winet fovaraastcer Pt itdye deshgradresoal | dlitdtia athibeasatesomey of

the refefdad defd cLRICI &S Ot eq@Seddleds B © c R BEAAUCCd, o Ol ), PESL,
in small series production, ey renaln n expensive préduc?, hus™ wi t
littl e salare froxdidelaer Vid argevenunbeub of apiot @ht ivaly users | thehi cdobrd d

countries esently .and daily using woqd, an ever scarcer resqurce, whose
use is %er%sg{)'f Fﬁ@‘ﬁdﬁ%%aﬁ%@%g@%?tt éaﬂfﬁ‘dﬂgngo nd§anyer ofis PAELSEEt atFon
taking gHacegn Fomardvdny derscahgi 1 Fhesiesedi %%i%%conéoﬁéégg%é_ af Be
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| ess practical, demanding the presence of the cooker for the trac ng of
t he corftemieht drermapenysyaldy fdre dogedsi véaand hade serfensrators of

i nconvenl S i Wi ri_sks .qof. concentrated.r.adi ati on_on the
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surrounding the vessel in such a way that the focal spot moves

on its surface during the cooking process.

The ones in the first category can be truly stationary, but have
the inconvenience of presenting a low global efficiency, a less
efficient and lower power delivery of energy to the cooking
vessel. The best on the market are produced with expensive
materials and with characteristics designed to alleviate at
least some of the referred deficiencies, but, as they are "hand
produced" or, at best, in small series production, they remain
an expensive product, thus with little value for the very large
number of potential users in third world countries, presently
and daily using wood, an ever scarcer resource, whose use is one
of the main causes for the amazing and dangerous deforestation

taking place on a world wide scale.

The ones in the second category are less practical, demanding
the presence of the cooker for the tracking of the concentrator,
are wusually more expensive and have serious 1nconveniences
associated with the risks of concentrated radiation on the eyes

of the user if they come inadvertently into the focal zone.



WO 02/ 075226 PCT/ PT02/ 00004 4 There are also a | arge nunber of solutions
in which the oven itself is independent fromthe solar energy collector,
wi th the wernenge24ransferred to the first by nmeans of a heetrprg2/6dood d or
by optical neans. Sonetinmes thermal Iogses reduction is also achieved by
the use of vacuum at sone point of the system These different concepts

strive to achieve inprovenents in the nost common and classic box type

sol uti oR%%r 8HGh 3heri i clakeR uPPBRST Wi chokaliend dp bekbeh ngheergven
conpl eﬁé@é‘f’f ?ép%%i'e Riden tNOAGPT é‘eﬁ&‘l Poléﬁ%?gy CNSIARLS thA 1 the.
possibility of direct 1nprovenent of the Box type-cooker, by |ncorpora?|ng
in the doxrgy sekbnsliermedessaryheohcest r Ayi neaopt i8S abheatdangsdive d her

problemin an . deal fashion, i.e, in e limts fixed by First Princjples
" Phy st OB LCETAPERD- DRSO BTN GRCTRIE [PRESERT® | NVENION Thd preLent

i nvent i &ehieddQdvgeshé MMEOVERERLSuIN dhesshatSo it dherigs tspdrhast _

t echnol ogy, through a new product conbining for the first tinme in an ideal

way (ideal in the sense of Non- Inaging or CPC type Optics) the two basic
oA b ' he b - (o] h
appr oaches, deggli-ned . a Lﬁ%rﬁc_?;%ég P%SPJC%% € SO VR gﬁﬁb?%&%& 9n e

concentrator type wth iCcS integrate oX its
W t h amosixt erdmororaugment cigsisefl| eedor .tyldd s soptitdeon,i nthoatghastspyecht tde

focusin ne, referred .above, allo for sqlar radiation concentration

¢ hout S HESHIGRY {0 \CHATK CHET sURTn BPs ATES CHPFY moerones esti# ng
one of ¢hcehsicpaven erees sef eneed, aowdhe SagBnkifBral kow nhd S NDIey
power and tenperature into a box type cooker, as it is typical of the

concent?ht fhgerscugiarpvangis. ofhshgsdosf avigrerpprhgrr efdyecirerRora t e

\l/)vlatcﬁ ?Llélrl h‘%hlei dbognq_esaél% althgn%?écé.sssa%lfchﬁggnicga‘l%‘@nigntcﬁg{iaéSEdaiﬁghi £4
solve the problem in an ideal fashion, i.e. in the limits fixed

by First Principles in Physics.
3 - DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention introduces improvements in the state of
the art of past technology, through a new product combining for
the first time in an ideal way (ideal in the sense of Non-
Imaging or CPC type Optics) the two basic approaches described
above, being of the box type but also of the concentrator type
with Non-Imaging Optics integrated in the box itself with an
exterior augmenting reflector. This optics, in contrast with the
focusing one referred above, allows for solar —radiation
concentration without the need to track the sun in its apparent
daily motion, resolving one of the inconveniences referred, at
the same time allowing for more power and temperature into a box
type cooker, as it is typical of the concentrating focusing
types. The use of augmenting reflectors (on the back of the 1lid
and lateral ones) is also made in an integrated fashion with the

inside optics, sharing in this way the Non-Imaging optics



inside optics, sharing in this way the Non-Inmaging optics WO 02/ 075226
PCT/ PT02/ 00004 5 characteristics referred above. The side reflector, only
one and wbak/otaes be pl aced on one side or on the other, PETHTOD0@O4
novelty, as usually solutions with refLectors on both sides are
considered. Concentration is thus augnented and, above all, automatic
control sunshine exposure duration is achieved, as the solar cooker is
ori ent edharretenbstine spderrefl ebrye - cahecasden resfrileﬁrﬁwmnceﬂcookmgamdne

s exceeled (O the atherohand, Lhe autel g stoyctyre. JLhe.box I tsell, and

t he i nsidé one erial substrate fhe reﬂiectors ahd
absor bi ngveliaf e, aarasmmﬂiynﬁoxﬂti&ﬁs/W1thﬁeflaatersaba Hdﬂﬁiaﬂdéﬁl£re
with the out one nade to resjst sol ar radi ation, and the inner one in

plasticcﬂﬁﬂeg?ﬁ ?esr%?nc?%ﬁﬁﬁrh?%re§3|ﬁhéfte§§g@ﬁniﬁﬁc aPfe vEPPYEcatton

that itawesmaPPSSEBherbe RLeAHER .t Rix ?o@lu‘%%t I 33S I Y eredete ANths the
constitutes also a relevant aspect of this invention. This char'acteristic

al | ows: solamrgeckeri és prégucecorvah thatcddte sidmmefiedion wamterst a
wi t hout _gerious 55p§5§9?ﬁboglhg gge%géée %gsts - excel l ent nechani cal

resi stance and dura -"special aesthétics both in terns of shape and
col our. For a better understandlng of the invention sone figures wll be
presented and descri bed next, |IIustrat|n% preferred enbodi mrents _ of the

cooker OF TRE fHddnt DPRAGentih BUESIRE n6TRAFtHTEn tHeE PREentissd fof and

limtinghui thsthem the, 5@9@@.ﬁﬁtéf&éi”¥éﬁét95ted%&hﬁeghé”IEHQe%%%%%ﬁdand
clains. Figure 1 shows’ a | ongi tudi nal cut of the box cooker of
bottom absorbing plate, are made out of very low cost materlals

like plastic, with the outer one made to resist solar UV
radiation, and the inner one in plastic made to resist
temperatures in excess of 200°C. The verification that it was
possible to produce this ©plastic has no precedent and
constitutes also a relevant aspect of this invention. This

characteristic allows:

- large series production at low cost,

- inner wall curvature without serious repercussion in overall
costs,

- excellent mechanical resistance and durability,

- special aesthetics both in terms of shape and colour.

For a better understanding of the invention some figures will be
presented and described next, illustrating preferred embodiments
of the cooker of the present invention but in no way with the
intention of limiting with them the scope of the invention

defined in the annexed claims.

Figure 1 shows a longitudinal cut of the box cooker of the
present invention with a plastic envelope 1, exhibiting the
lateral walls of the internal structure 1in plastic 3 with

reflectors 2' left and right 2'', with the typical curvature of



present invention with a plastic envelope 1, exhibiting the lateral walls
of the internal structure in plastic 3 wth reflectors 2' left and right
2' ', W tWwotoae7129¢i cal curvature of WD 02/ 075226 PCT/ PTO2/,Q00d42/00604
symmetrical CPC. It shows the exi stenc? of thermal insulation 2 between
the interior and the exterior box for the control and significant
reduction of thermal |osses. It shows the existence of a double glass 4
(Wi th uppévgpasical &F§ . olershpasstie” exipéenget Mk thetmahelhanbabhoand
gl ued t.’é”BHQQe S'th'ecq_@lth{'%rfs H\é“&p 'Q%ﬁé%&S? !o%xfr o ttqqe pcléahs‘él CJ.?’ nd
guar ant eel ng adhesi on and =t gh‘—i1 ness to the i nternal box Vol ure. 17 afsd
shows asfdmatfidett oredetkteohi ngt stitdatel 1Posass wellk ahdwie tod t ewl btanke

absorbin late, the heating of which is responsible for the functioning
of the ‘880 erc{ouib[lealg a§ﬁ0\%s {)"Iﬁ’e&geﬁlmﬁ?ﬂér Q&aﬁrsas‘]ti cand oV O eET S t hat 1

al so engyigs thesfivgatd afhd n1Rkacenofardchey1 doublgr9hass acamericdd £ 26
shows a transversal cross section of the cooker, exhibiting, beyond the
char act éhighi ¢8sulpeady itefereredthe helaghi vabudsagfantee inpmdis?s konl adk

5 wall r ure of . r tric CPC.. It o sh he lid 9
on whi cﬁigﬁgﬁe%%gvrr@nt itﬁléa/c%ﬁg%%bggtigrl%xm:%follél&edr gti saﬁ%;g(ed?%o?“h\lgzsé SETII’_ gces
are defboetdomacansfliagting crstefid@ oflpt iad satilan afs t haesobattognebUsick

collected in each day and the cooker's stationarity. Thus |n a specific
enbodi n%}ﬁ?og?l‘?%epg%s?ent t}]ﬁvé?ﬁ&itdﬁlgt he Ierfélrcg} 18P P PREPRMHs & ahhe

angl e ofyA8tidnikyneat edd a-sundel gt h1s6148o0m igha fgbﬁéﬁalengggwﬁet
of this invention), for a concentration of 1. 1_5 OQO 00_. I, and the
asymret ¢pear fireost al / bdeitona BPT e¢osresporidye t 6igataeseptranpéaaaglad f Eben 60

5to 65d§ﬁb1é1g££é‘é‘céé99r?t the sane height h (140 mMmin an

Figure 2 shows a transversal cross section of the cooker,
exhibiting, Dbeyond the characteristics already referred, the
curvature of the front 5/’ and back 5’ walls, the curvature of
another symmetric CPC. It also shows the 1lid 9 on which the
augmenting/concentrating reflector 8 is fixed. These surfaces
are defined according to criteria of optimisation of the solar
energy collected in each day and the cooker’s stationarity. Thus
in a specific embodiment of the present invention the lateral
CPC corresponds to an angle of 48° # 5° truncated to an height h
(140 mm in a specific embodiment of this invention), for a
concentration of 1.15 £ 000$00.1, and the asymmetrical

frontal/bottom CPC corresponds to an acceptance angle from 60 =*

5° to 65,5° * 5°, truncated at the same height h (140 mm in an
empbodiment of the present invention), for a concentration of
1.12. Global concentration, internal to the box is, in this
case, 1.29. In this embodiment, the augmenting reflector 8 on
the internal 1lid surface 9 1is flat and hinges on an axis
(signalled by the letter A) in order to take the appropriate
tilt to accommodate solar height each day and during the day.



enbodi mrent of the present invention), for a concentration of 1.12. d obal
concentration, internal to the box is, inthis case, 1.29. In this

enbodi menwp olees2augnenti ng reflector 8 on the internal |ipdT@O0t/600e49 iS
flat and hinges on an axis (signalled_by the letter A) in order to take
the appropriate tilt to accommodate sél ar hei ght each day and during the
day. WO 02/075226 PCT/ PT02/00004 7 An optim sation of the cooker optics in
terms ofncotpiebtiespt borer BE shHds chakerhecrbivat e dfenmfe fneeohdetsednd

of the .|id {J‘J%th R opiim sed té{%’x}a@t r ANy taking 'r[‘é]g gonsideration he
transmi SST VP y of "the gl ass covers, ¢ final Tesul el ng, nerther an
exact | ylitlahubtdbroppa imirsveed oveerthamldnds htapeith@asinpar tonéiaareXast €RE.

However the gain,thus obftained i conpari son with that of the_above,
ebod; NERETPEL B Eial 0% arhe t HaaSPnpPPEPTSy of thabri il oR 6P La {Paing:

reflectpeiiysti binesetdbsly Choige. 1 HPVWRYET ot he ML gBASEal,ant idH55dy | dsal
geonetry of the CPCtype is also an aspect of the present invention. An
i nport aRgrhspett &8 tABafkct GRGul aHoshupe ofhehegabobkerhuwi t bbtaisedar ost

di rens! BAnbHPILAG LG ADALLY 48 AR oASlqh Ot A0Eey Ty R e Lqand
the smallTe ransversal dinmension (b "and b™, TOr instance |r¥|'—sigure 2
These dthensiwopsiateyi nfa faeliatatdna'db'a F1at Ocef backc@f bjgsiiBied. Bhikn

t he case of a %8eci fic %nbodi ment of the present_ invention the dinmensjions

are: eXtetnat BoWe¥RP fNSsHeFRs IRRETEd GRS 56k Wsdt Lot ByR%. bhemm

2. The fetgbypéhiandiBo hArakpstanee tRAeFhousend) Al chheoauter and inner
boxes is optim sed by optical and thermal™ considerations. Thus we have
h/h' = 1.45 0.2 and also a'/h" =5 0.5. In the specific enbodi nent of

the preﬁgn&mﬁg¥ggﬁkOgsp%%%eﬁgpqﬁﬁp%%%tgggdfﬁftgiéggL%%(%hé4goo%grpn%ith
its largest dimension running longitudinally (a and a’, for
instance, in Figure 1) and the smaller transversal dimension (b
and b’, for instance in Figure 2). These dimensions are 1in a
relation a’/b’ = 2 * 0.2 and a/b = 1.8 £ 0.2. In the case of a
specific embodiment of the present invention the dimensions are:
external box axb = 850x475 mm?’ and inner box a’xb’ = 702.3x344.2
mm®. The height (h and h’ for instance in Figure 1) of the outer

and inner boxes is optimised Dby optical and thermal

considerations. Thus we have h/h’ = 1.45 * 0.2 and also a’/h’ =5
+ 0.5. In the specific embodiment of the present invention

referred above, h’ as the value of 140 + 10 mm.

Practical considerations may dictate a more square geometry. In
this case the optimisation of solar energy collection referred
above dictates an interior volume with a larger height. In this
case the optimisation would yield for the dimensions a, a’, h,
h' in Figure 1, b and b’ in Figure 2, values satisfying the
following relations: a’/b’ = 1 % 0.2; a/b = 0.9 * 0.2; a’/h’ = 3
+ 0.5; h/h’ = 1.45 £ 0.2. Thus, in one specific embodiment of the
present invention the lateral CPC corresponds to an angle of 45°

* 5° truncated to an height h (180 #* 20 mm in a specific



Practical considerations may dictate a nore square geonetry. In this case
the optim sation of solar energy collection referred above dictates an
interior woloaes2eé t h a | arger height. In this case the opCirmTszoioon woul d
yield for the dinensions a, a', h, h'_in Figure 1, b and b' in Figure 2,
val ues satisfying the following relatifons: a'/b' =1 0.2; a/lb =0.9 0.2
a'/h =3 0.5; h/h =1.45 0.2. Thus, in one specific enbodi nent of the
present SPAYeHneh thie |t&tisr allnErQtéon) espbpts @ o Camcamjiratgfoys5of 51.16.

t runcat an. heli {180 . ihN speci fic WD, 02/ 075226 .
PCT/PTO§?8%%64Q: (%%ﬂ%ﬁ?ﬁ%%? oﬁggﬁgghﬂnvg%tﬁgﬁ%,bﬁgr égéoﬁ%%n%géFio%a% !
1.16. U dbal Tonddnits atembodimrer nahet catidieehokndg s, réefilddicr caseon 1tRBE.

In this, enbodi t the augnentinpng reflectqor 8 on the interpal |id surface
9is flaf sﬁaamggs S 6J%zi‘r?eaxg? sl%gsfb%l PBE DBYPIERe Aetdera®nysi ASHYHRt €8

take thgyappopnicat@ ikl ton accomogat ergpbarchiel oy 2a0h day andiduping
the day. There is still the possibility, in this enbodiment of a nore
squar e 2georBedytet oilaer dueolithechtld defl @od mipa¥ea theodgly -t Hhexaidisi on
of a flalsmrrol that, exlends saig reflecting area, Flgre Syshove.the .
augnent 1 ng/ - shadow cast’i ng si‘de refl ector I&, placed on one side of "t he
cooker , gahinteryhe tonceéptrbesag theopdsed abtfFossting t heeposshbohghy ©he
placing that  reflector_11 on one side or the other of _the, cooker,

t 1 .
dependi Ag9ohTPReCti et bft PRETALY TAAH SKTERESuSR+ASTROMGERIBACR SFhe
asymmetry thus created, beyond the effect of augnenting solar radiation
collection in case of full stationarity, is a relevant aspect of this
i nvent i BRguFg gdr ehiolis 2thg shemenhéndssbhdoyl asstingnsyjatente thvaron &hd
still tgfayegt gr{ld orneef | esclt engol%Ot %8&” Oc;og]peer,bm%vh]i M tt@let h%oncept being
proposed allows for the possibility of placing that reflector 11
on one side or the other of the cooker, depending on the time of
the day and at the wuser’s convenience. The asymmetry thus
created, Dbeyond the effect of augmenting solar radiation
collection in case of full stationarity, is a relevant aspect of

this invention.

Figures 1, 2, 3 show the double glass transparent cover 4 and
still the flat and reflecting bottom of the box 12 with the
black absorber plate placed at a certain distance from that
bottom. Over that reflecting sheet 12 the black aluminium
absorber plate 10 is placed (with a thickness preferably between
2 and 3 mm); that is the surface where the cooking vessels/food
will be placed. This absorber plate is placed at a distance on
the order of 1 cm above the bottom reflector 12, as a way to
reduce thermal losses but also as a way to obtain a temperature
difference essential to the survival of the plastic 3. In case
of temperature stagnation of the cooker (a situation in which,
without any load, the cooker is unintentionally exposed to solar
radiation of maximal intensity in a day of high ambient
temperature). This 1is another specific aspect of the present

invention.



bl ack absorber plate placed at a certain distance fromthat bottom Over
that reflecting sheet 12 the black alum nium absorber plate 10 is pl aced
(with a twoarieRs6 preferably between 2 and 3 mm) ; that PETPTE2/8000f ace
where the cooking vessels/food wll b% pl aced. This absorber plate is

pl aced at a distance on the order of cm above the bottomreflector 12,
as a mag,to reduce thermal | osses but also as a way to obtain a

t enper at tpredi £f ePRA¥E e3BehbPHl PeshblsursiRafi®sentheofl athec Bresantase

of LenbengLiteont agnatLan Al Lhe g@%ks%r §8uSELUALLAN LD BNy s o L ROUL 2NY
| oad, the cooker’is uninfentionally exposed to solar “Tadiation 6f maxi ral
i ntensi 2y’ 1 h andayasfk h2h’ adinnent wd enpecatbeeponding it® anot heymepeei i c

aspect th resent . invention. .02/ 075226 PCT/.PT02/ 0Q004 Figure 4
Shovs aﬁ%?h V&1 ER BTt Trehtr X\Elfjher ﬁ%cefr&r PnvEht ifgﬁ‘% i%’g ahiceh the

gl ass ceugerdli githl bedurwatthide Q¥ rredpordNhPaek Zie PRI v | Solution
corresponding to an asymmetric CPC whenever the exterior lid reflector 9
is flatf8r,tg? FRrvyeneraPtwibe axearvarurefteetespbhdkngst shefenopti nmi sed
solution for the curvature of the exterior reflector that is chosen.
Figure 5 shows a general view of another enbodi nent of the cooker of the
present Figueat i on shiotwls t he ¢emleBabpen,ewexbifbi dnaighe t heenbubimeattr uotfur €h8'

for the fixatio the reflecting sheet ,onto the ,inner surface of  the
|70, anGoPRE: dBabIESt MHRFont TGP ELeT CBIER Shewidn hi SSbecrrrebitity

enbodi nepe  shewrngraultentals: dpegr Lhef ¢fxaeeess oiro e Fosi e pigt feeet
cooker. In Figure 5 the door 14 is also open and shows a curvature of the

CPC typenbe thephimtedesigéacet .ofThrheedtiddi mrd &hso dradle| esenpberanhs

13 anglégglé@@E%h4§er%§tﬂot%§§ﬂ%§§%5fﬁ@ 8888&E$8n£i%%okﬁ%glﬁ§ kkgntal
door 14 for access to the inside of the cooker. In Figure 5 the
door 14 is also open and shows a curvature of the CPC type 5'7,
which defines it. This embodiment also has telescopic arms 13’
and 13’’, which serve to establish the adequate tilt for the 1id

reflector and for each day or instant during the day.

The inner thermal plastic structure 3 has curvature adequate to
the direct placement of the reflecting surfaces which will
constitute the inner reflecting walls of the cooker 2, 5 as well
as 1its bottom, also resulting from a flat reflecting sheet 12

placed over the thermal plastic.

Another important aspect is the possibility of including in the
cooker backup electrical energy, in particular for those days
without sunshine or with intermittent sunshine, in places where
the electrical grid is available, as it 1is typical in
industrialized countries, where the cooker will be utilized in
the leisure market (camping, weekend house, vacations, etc.) or
in other cases (schools, factories, building construction,

etc.). The electrical backup is realized in two distinct ways:
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In the $jrsh and %&%n@o%\fﬁrﬁfdtqu?él WoPo dda aTeSs TUUR 8o 1 88485 ABECenBLgGed
ixed to it, with a control including a safety

under the bl ack Blate (10), .
t her nostagiapyd| Ayt e Jecemdiesrespt it greceddre ity dsedteom pirahsf evith

energy _radiated i.nca ent istance tq the botto ate,, wth
set of ?e?ggc%grégg%%?ﬁSQ%P%%figéi‘%%f?ﬁ&ﬁnf%ﬁ%éﬁkﬁﬁnf%%h%g%gi %PFﬂlon’
m ni mal whossesinahd dw Iassger f exildw | Hamabpeefeot t helubdhbemopl abe Wehb

the infrared radiation emtted by the resistance, This second way is
pr of ounBPyEPRnoPaARFe, Sephr atihg thérasfect FPEAPTAOSI stAHdE G on?Y hethe

absor bi pgspkateceand constitutes a substantial advantage in terns of
durability, cleanliness and safety of the cooker. Figure 6 shows a
speci fic enbodi ment of the present invention

This second way 1s profoundly innovative, separating the
electrical resistance from the absorbing plate, and constitutes
a substantial advantage in terms of durability, cleanliness and

safety of the cooker.

Figure 6 shows a specific embodiment of the present invention

where CPC type optics is used for the electrical back up.

The optical backﬁp system has dimensions that minimize the
blocking of incident solar radiation, accommodating the ideal
CPC type optics to transversal dimensions m and longitudinal n
that are on the order of m = a’/7 and, in the perpendicular, n =
b’. The optical system is designed to accommodate in an ideal
way cylindrical electrical emitting resistances 18, with a
diameter d = 15 * 10 mm. It is formed by the curved reflectors 16
and 17 corresponding to involutes of a virtual cylindrical
emitter, tangent to their intersection point and by the curves
16" and 17" which continue them, respectively, and whose
definition results from their ability to reflect tangentially
emitted rays from the virtual absorber already referred, to the

edges of the absorbing plate.

a



where CPC type optics is used for the electrical back up. The opti cal
backup system has di nensions that mnimze the blocking of incident solar
radi at i omwoaeooire®dat i ng the ideal CPC type optics to traapraoyeioos
di mrensions m and | ongitudinal n that gre on the order of ma a'/7 and, in

the perpendicular, n b'. The optical %sten1is designed to acconmpdate in

an ideal way cylindrical electrical emtting resistances 18, with a
di anet eF@ SptFcaly gywtem thusordrechibehemalr ysd PEitedt Ons abthandths

corresp L ng..t @y l.hvalytes .of [ I ndy .emtter. .fan
Chei ro B0k odr, PoeMETaCS e B fHe ol NAASRALER G ps LATOEHL 18
them respéomninehylyandomhoge tlefiswlann rasiditiod,r omineed r iabi Hist ymbet

reflect tangentially .emtied rays fromthe virtual absorber alread

ot err eBOATRRLRBCLEIRIS S | Hab EbeoristRy B &l e DoWSU 098356 BT PR/ Biiooa
11 The opti takssystewet Busveasqail bgdorayybenpl aseding ¢kkhensthe left or
the right side of the cooker, depending on which side is predomnantly

com ng the solar radiation, since it is nost conveniently placed where

there well Jhenore shadows, castgby.,ihe d %ﬁifcgwgﬁngs 8] 1.5, 01y the

cooki ng vessels. I n another specific enbodi nen I'S optica systen1?he
area obfthdeabsioshringngl afletiet it | dkilnat estaay regy shal ke ltllkan tihen ohe

covered above and i ch includes. the whole plat In.the limt of_the
east pBoS: HE T cabOkhy i 180 L5Rd WP nbbe i Rhatexi StbntESof
backup engigyoceonafi veshd® phavidect ptsae anerdy 8§/ i tnigs 1o Q@afxgggt ed
fromthe sun under nor nal operating conditions, in order not to alter the

cooki ngeXédhdi ti ons if and when brought into use, coming from an

The existence of Dbackup energy conceived to provide the same
energy as it 1is to be expected from the sun under normal
operating conditions, in order not to alter the cooking
conditions if and when Dbrought into wuse, coming from an
electrical resistance ©placed under the plate, with its
associated control system, also constitutes a novelty of the

present invention.

The lower face of the box 1 has feet that sustain the oven on a
horizontal plane. There is a central foot slightly shorter than
the others and which only serves to avoid too much deformation
of the bottom due to excess load inside the cooker. In the
present embodiment of the present invention the feet are

cylindrical.

It is also a characteristic of the present invention the fact
that the feet are conceived in such a way that removable tubes
can be fit to them, with or without telescopic capabilities (for
instance plastic tubes in the case of the present invention)
placing the cooker at any desired height from the ground,
avoiding the need of a table or any other support to that
effect.



el ectrical resistance placed under the plate, with its associated control
system also constitutes a novelty of the present invention. The | ower
face of twe ooxs226 has feet that sustain the oven on a horPCT@TOADIOP ane.
There is a central foot slightly shortgr than the others and which only
serves to avoid too nuch deformation f the bottom due to excess | oad
inside the cooker. In the present enbodi nent of the present invention the
feet arBhecypPiladr cegker| pLi $ha ﬁ%%rm%’rﬁlﬁn cnaﬁ t’c’flfﬂelbrle@‘e@tal Avéari on
the fac at f cQ V, in.s h tube
can be #:ll?épb twtﬁ'g% Jv?ﬁ 8&81 %ﬁ\? %| 8rslct)£% C apa |esq? Wlse nstaaﬁce
pl asti cwithes khatibe- caseln@ thempyr edeBt ghedefbiobhe pbaaﬂngatmeuaeoker at
any desired height fromthe ground, avoiding the need of a table or any
ot her support to that effect. WO 02/075226 PCT/ PT02/ 00004 12 The sol ar
cooker @ﬁet@%l%rres@@ékéﬁvgﬁt'% ”'%}fe%EhU bﬁ»é%tao%m@ith%%k,llvatBlbgéd
di al engraved on the glass (or otherw se) with a shadow casti ng gnone,
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with its se t aran of cse|n5|de WhICh one_can
easily é%%%%%{r?t %%%‘Elln 3%55 isggere ‘%01% ]gol ar 1 ock norr%n M8t c
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Coci na/ Horno Sol ar", Editorial Fundaclon. Biermann, E., Gupp, M,

Pal mer, R, "Sol ar Cooker Acceptance in South Africa: Results of a

Conpar agb¥&rEhebd Fe$htedSPhbathe present invention:

e Nandwani S. (1993) “La Cocina/Horno Solar”, Editorial
Fundacion.
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Energy, Vol. 66, N°6, pags. 401-407,1999.
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CLAIM5S 1. A solar cooker, concentrator, of the box type, incorporating
"Non- | mgwog2apizee€s” of the "Conpound Parabolic ConcentratCr/PTo2/ge4in its
interior and integrating an augnentinglgnd exterior reflector, generically
curved, and characterized by includingi ™ An envel ope box (1), ™~ An
internal structure (3), with reflectors, left (2') and right (2" ') wth
the typical curvature of a symmetric&lAI™Snpound Parabolic Concentrator"”

A A zone of thermal insulation (2) defined between the interior (3)
structure and the envel oping box (1) for the control and significant
reduct i bn af stHemetodlossesgoricéntdoaihde, gbasshedpoxndywek ngimacouppeat hass

4') angd.a lower gl (4"), wth this |ast one _glued by a.silicon  cofd
{6y whi irtdigiad Bhn : af {hner i BFHERACE (35hCtiEraRtan ng
the tighypessnofi ddheintdeirdal andoxnvebuaeing Anf halgmkettion rafd eskt8gior
surface (12), ™ A bottomf|at black plate (10) whose heating is responsible
for ther$theetohi ngeBErifeltBoRerved, paper chnbrarerbved Py apRci7yingsuring

t he fi xat iyon, of u ss, " And finally a plastic lid (9)
articul at ed %ﬁt%ﬁ?ﬁéo §c€$§mg# "of the cooker box and on which the

augment i ng/ cRNCERiteatniang seflecis i(S) pl adeth firStdas, coeker @roor ghag
to claiml1, charactenuzedw9¥hthghesgjagﬁgﬂgrg¥r3§§8£giQg pl ate (10%r5gng
pl aced at a HFehhncE’ ") yp £ a symme a
“Compound Parabolic Concentrator”,
= A zone of thermal insulation (2) defined between the
interior (3) structure and the enveloping box (1) for the
control and significant reduction of thermal losses,
= A double glass (4) including an upper glass (4') and a
lower glass (4’7), with this last one glued by a silicon
cord (6) which insulates 1t from the inner internal
structure (3), guaranteeing the tightness of the internal
box volume,
= A flat bottom reflecting surface (12),
= A bottom flat black plate (10) whose heating is responsible
for the functioning of the cooker,
® A peripheral cover frame (7) insuring the fixation of the
double glass,
* And finally a plastic 1lid (9) articulated with the back
wall of the cooker box and on which the

augmenting/concentrating reflector is placed.

2. A solar cooker according to claim 1, characterized by the
solar energy absorbing plate (10) being placed at a distance

preferably between 10 and 15 mm from the reflecting box bottom.

3. A solar cooker according to claim 1, characterized by the
exterior and interior box dimensions corresponding to the ratios

a/b =1.84+0.2, a"/b"” =2 + 0.2, h/h’ = 1.45 * 0.2.



preferably between 10 and 15 mnmfromthe reflecting box bottom 3. A solar
cooker according to claiml, characterized by the exterior and interior
box di rerwom®7206 r esponding to the ratios a/b = 1.8 0. 2CT®@TOb00084 2 0. 2,
h/h' = 1.45 0.2. WD 02/ 075226 PCT/PTO§/00004 14 4. A sol ar cooker
according to claim1l1, characterized by fhe exterior and interior box

di nmensi ons corresponding to ratios a/lb =0.9 0.2, a'/b" =1 0.2, a'/h =
3 0.5 Gnd?h/folarl emkes aceordingodierched®dr dirnchareataeniged by the

char act g y e.lLid. .ref ti r ei I i t fla
mrror %%ﬁ%ﬁﬂ?g aﬁgcébggrﬁégegﬁ%i#%h%§§¥%n%ofggiéo%ﬁggﬁggggﬁ%i%% d£c Q?m
1, characte?ized.dy afl ric! udi hgt backupatriet gy 8ohsi sk iangdim/lah el ectbica
resi stance of the cylindrical type placed in an optical system of the

"Conpound Parabolic Concentrator” type with a transversal dinmension on the

order of 1A7s69hrs@abler) aetotbenbonrg tudiinals, dimmnsin-ofed hey copker ; hox
and stretching over all of its transversal internal dinension,” able to
transf efefheapindedramaybeing ardrydadiniat dtby a hélatedt¥iealr wWagiost ahee

to the a smaller part of it. 7. A solar cooker according
to cIaj¥§%%€%%g$§%§%?$z%g'by the backup energy being produced from an

el ectrical resistance placed and fixed against and under the bl ack

absorber plate 10), with a contrgl and safety, thernostat. 8. A sol.ar
Cooker ook AELTD. AANCbNE FCPHBTHRaY: boe ClaHhe 1/ crioh st err2bechy PHe

exteri ofn®oxd{dy BRIdKhPTBLe &y PLaskictihgsist agh A dheisel1arr&yistance
radiation. 9. A solar cooker according to any one of the previous clains,
char act@f | Zé¢ bygviiadriged stypet Rea¢sy) dmd ehe grrigher slystem of the

“Compound Parabolic Concentrator” type with a transversal
dimension on the order of 1/7 (or smaller) of the longitudinal
dimension of the cooker box and stretching over all of its
transversal internal dimension, able to transfer in an ideal way
the energy emitted by the electrical resistance to the whole

plate or to a smaller part of it.

7. A solar cooker according to claim 6, characterized by the
backup energy being produced from an electrical resistance
placed and fixed against and under the black absorber plate

(10), with a control and safety thermostat.

8. A solar cooker according to any one of the previous claims,
characterized by the exterior box (1) being made of plastic

resistant to the solar UV radiation.

9. A solar cooker according to any one of the previous claims,
characterized by the inner structure (3) and the peripheral
cover frame (7) being made of plastic, of the thermal type,

resisting to temperatures up to 200°C.



cover frame (7) being nmade of plastic, of the thermal type, resisting to
tenperatures up to 200C. WO 02/ 075226 PCT/ PT02/ 00004 15 10. A sol ar cooker
accor di ngwoe2an2eone of the previous clainms, characterizedTronendfng an
access front door (14) with a curved isflecting wal | of the "Conmpound

Par abolic Concentrator" type. 11. A solar cooker according to any one of
the previous clains, characterized by the tilt of the lid (9) and its
augmenttthy/ L ofCeRLT SGKHefAAEHYT dee 2BY BBEn§IobthE MR BYOUS eF b3EBHI C

ar s (]é%aréé%é%iQéaoﬂgnﬂabgﬁgaa%QQ&hﬂggysf?%n{agggr nyaher.qf, til L, ppghes.
12. A sol ar cooker according to any one of the above previous,
char actesfzedt byg peasesst ngha Yatepahndugaeabohid comeest taatog” tebeect or

(11), taq be placed on one side or, the other of th X (1),., as nmeans to

guaranfg%'t%esgﬁﬁfi5ﬁ§'%ﬁ/%ﬁCQQéiQﬁxﬁ%raﬁﬁdonﬁoﬁ rg%%rﬁf oSt gt RS 13,
A sol arcreoekere aceondi ngy t 0'tHd ai milt chayract ehiezed1by theo) gl agggcovers(4)
being inclined, the inner front (2"") and back (21'11) walls correspondi ng

to an A&YFRtEiRI/ ConpRRRER Pak abGiilectCarnteAbrat of®) whedder cbhelsgrerbyi d
(9) refﬂéﬁ%%g%%§cf5%hs %ﬁB’A‘Sf&ar)CQQK%QiﬁggQ&Q!QQ EBn@@%ugﬂgaQL:tfgﬁge

previ ous c characteri’zed by being reddy to accept a solar cloc
whi ch, nwodrdyf nefl Wilh aheléat eral augnenti ng/ shadow casting reflector (11)
allows for an automatic control of the cooking tinme. 15. A sol ar cooker

according to any one of the previous clains, characterized by possessing

short suppont sfgelr afodiner | g¥esriacg tof driie owd sbdethex ap¥id grehoshsl
central foot, as neans to conpensate eventual excess weight inside the
cooker ,Chdragiegeszady Pvnv PABEESEHBRera dépbemati opugmenting/concentrating

reflector (11), to be placed on one side or the other of the box
(1), as means to guarantee the stationarity of the cooker and

controlling cooking time.

13. A solar cooker according to ' claim 1, characterized by the
glass cover (4) being inclined, the inner front (2’'’’’) and back
(2777) walls corresponding to an asymmetric “Compound Parabolic

Concentrator” whenever the outer lid (9) reflector is flat.

14. A solar cooker according to any one of the previous claims,
characterized by being ready to accept a solar clock, which,
combined with the lateral augmenting/shadow casting reflector

(11) allows for an automatic control of the cooking time.

15. A solar cooker according to any one of the previous claims,
characterized by possessing short support feet on the lower face
of the outside box, with a shorter central foot, as means to
compensate eventual excess weight inside the cooker, if

necessary, without cooker deformation.

16. A solar cooker according to claims 12 and 13, characterized
by the referred feet being prepared to receive removable tubes,

telescopic or not, fitting them, resulting in a way to raise the



16. A sol ar cooker according to clainms 12 and 13, characterized by the
referred feet being prepared to receive renovabl e tubes, telescopic or

not, fittwog2ohees resulting in a way to rai se the WO 02/ @32262/00004

PCT/ PTO2/ 00004 16 cooker to a convenig?t cooki ng hei ght, avoiding the need
to place it, for that effect, on any her surface. 17. The use of the
sol ar cooker according to any one of the previous clainms, characterized by
bei ng apPied tt® cokConvedsent f sodlgndThéedgbtof eheldbhar tdsokaeed to

accordifgy 4o A0y POE OhalNgeeBLEVI BSaf) akR., ClRLACLE! zed by being

applied to the ' pastedrrsatron of in par%?bular water or mlk

19. The use of the solar cooker according to any one of the previous

clainms, characterized being _applied to dryin roducts of any nature.
l%. &%e use (IPythe S lé¥)cooker aé%of%iﬁ% to any oneyof the
previous claims, characterized by being applied to cook

foodstuffs.

18. The use of the solar cooker according to any one of the
previous claims, characterized by Dbeing applied to the

pasteurisation of foodstuffs, in particular water or milk.

19. The wuse of the solar cooker according to any one of the
previous claims, characterized by being applied to drying

products of any nature.



