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CONVECT| VELY- ENHANCED RADI ANT HEAT OVEN 5 Thi s application
_|s a con in-part of Serial No. 08/249, 221, fj ,
Y1994, %83?7%48{' BACKGROUND OF THE | NVENTI O\Iﬂigéswm%s

The present invention relates to ovens used for heating or cooking
food itens. Particularly, the invention . relates to a

convectivel y-enhanced radi ant heat oven which permts quick and
reliable preparation of a wide variety of foods. 15

I ndi vi dual s and busi nesses who prepare food have | ong searched for the

qui ckest and no TTVFBYENPAN Kg,”mt')r AP OVEN of
desi gni ng an ovgf mcoo S qui ckly | S exacer atﬂg by the need to

accorgrodate a nunmber of food types having different sizes, textures,
and ot her 20 characteristics. . Even, a quick:- cookin e be
not be satisfactory TeRPLIGaEion As ﬁTﬁPQﬁf?“%fﬁgﬂeg Pa?8“8¥ §Fr§21
overn's utiNgd yo8/24%220prfiked Mayt2Hn 1994. the taste of food cooked

by the oven. Many approaches have been taken to design ovens which

nmeet the above requirenents and which 25 roduce qyallty food itens.
For exanpl e, conventi onal c@#ﬁﬁﬁﬁﬂﬂ?ﬂnoﬁwﬂﬁka Mvens have been found

suitppl e for a nunbefp@fy réEEHEYIEWEntlon réﬁ&ﬁésoténévéﬁe fisklefogas or
electricity to, heat an ov er con are

si npl e t o hrating %E)°°9¥&P$c%?%ﬂaﬁﬂeﬁ§e ahar &ﬁ?t?glg ghFe§HVF§¥$8
nunber of relateéYﬁ@SaOéoﬁvemblvébyeenhanceddnadmantaheatadwanlwhlchens are

Users, derRSALEh.Euf0n 1Y TELTRI S CpEAUAIARLOR" e o ide TarbtyRE | |

t han produbeedsn typical - conductive or 35 radi ant heat ovens. Further,
thesggovens are genefﬁéiVi&ﬂﬁ}s and ﬁﬁéfn&ﬂs@éodﬂﬁepE@ﬁﬁ%éWEdeahﬁﬁ@p fried

texture. In conventi on ovens, noi-sture fromthe.foods eva %FEFS
i nto 1ong searched for the quickest and most efficient approac

cooklng. The problem of deslgning an oven which cooks quickly
~ is exacerbated by the need to accommodate a number of food
types having different sizes, textures, and other
20 characteristics. Even a quick-cooking oven, however, may be
not be satisfactory in many situations. The ultimate measure

of an oven's utility is consumer satisfaction with the taste
‘of food cooked by the oven. Many approaches have been taken
to design ovens which meet the above requirements and which

25 produce quality food items. '

For example; conventional cbnductiVe or radiant
ovens have been found sﬁitable'for a number of. food types.
These ovens use either gas or electricity to heat an oven
chamber containing food. The ovens are simple to design,

30 fabricate and use and achleve good results for a number of
types of foods. However, conductive and radiative ovens are
‘'slow. Efficiency, for individual, restaurant, and

 institutional users, demands that quality food products be
produced more quickly than produced in typical conductive or

35 - radiant heat ovens. Further, these ovens are generally not
able to produce foods with a deep-fried texture. In |
' conventional ovens, moisture from the foods evaperates into
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the oven, taking, e.g., juices fromred-nmeat steaks and ot her ~ g
_f oods wh&¥OPHSMA desirabie to retain those juices. PCT/US95/05278t | s
wel | known that noist air heat cooks faster - than dry air heat;

however, this results in a rrushy rather % than a crisp exterior of

Cory " booc Wl R Lo ) Shione, sobd ANRLHRRLI SRS, SERRE."

many foods T evPh e Phci ng
f ood di recﬁqqﬂ%mn ait is eeienrme rmtretemetl@@sg Juiocsn ing");

however,- the food isrt is w@ﬁﬁ'l&ﬁ’oﬁi‘aﬂi@@ R6iPET AEH WEAL Sobks ! Pastbty
_ copked. ‘I;H,u | tho convent i ona t or conductive ovens are.
sui ted (ﬂlrycepr |’f'P? g@#e?a???“ BRI B pYshy XREReF  (hey
gf ters aetha_n a I@iﬁﬁ)ﬁmmmp of rmerta:tmm\gembslﬁ defeatingbelie goal 6o a
esired c ere
2oqui ok 1 ANSIIRIRHE difep qiiéridr 'WFBAR] Goad . This SREBLLS Hal "o
found to &s |a§f15ﬁ"tilﬂ;t6¢eeq9me"haﬁ (b!:(ﬂil@@fmgmlye fm%imhby ugnder a :
hmoaleo‘é?ve%l Ccr, \Arg:flféﬁﬁtsdgﬁéce (aer'e I B‘E%d f es %ﬁgnﬂgéi reseié%/

v v v | Xt u '
f oods whi && %arqid &?&F q:cﬁe%ﬁn#e ?t ‘F htoPpkedt i cHPUS o cook
~ bakexrb 20 algdwiszh tdaﬂwéntir&idy radighto roﬁle@cmducteﬁvé as¥ens Gdré osdibted
requiring crj na e.
m cr owave ga\?eeﬁaﬁ'& g‘%% l#&fﬁ?’%%‘g&@ %\?1%1( ﬁ%’se l;l-urther » they
unappet i ziaffen require a 1enqthxlﬂarmnqpctiuettpchrﬁngmﬁhe dven ochukiloy
Foods 25 | °N %iﬁ% § aﬁfé) ies or
onion ri ngtsowga?eé%es C00 ﬂ%‘%sﬂlﬁ% a untfor m%% ’f‘%ﬁ%&@%ﬁ%ﬁ '{ﬁ Fryi ng ‘
the foods Situatiang whers, dhFesrsstis requngedsp, ness i'n the food.
r[])ee?]&ﬁt ry COO{“ ng i Slﬁ.d‘wwm oveéms Wfﬁeé&? fRHKd "o léatﬂ\i’sﬁ)h the ?Ted
ig enpraur coQ nedi um (0il_ or reensa ener.a
ol or Peee ook RANIAY, 0 el Were e iGN SO, TREALLe,
causes to hieatoandr conkl dfivods . thmﬂ‘omna:teﬂry,smWéw tﬂmrmms t he

I)?IOdoEOf ;t%% Ia(ilrga)kielg W? ﬂ‘h %Iﬂé%@%ﬁoﬁeﬁ (ﬂs%}%age E)Pe

deep fry Bsokeekeds t For example, it is mpmq@caﬁl 1%9rigqek rkaked
f oo goods, tradit'ierfaQ‘iya'frféd“&Ctdeéi)-cﬁq.l@d‘&dcﬁi@ncof‘efoédg m Of
cooki ng V\/nl ch zis been ysed to sone sut‘t sts | t wel | - known
cr:.sp or crunchy ure w:.thin a microwave. The
microwave leaves these type_s of foods soggy and otherwise
' unappet:.zing.
Another approach to cookJ.ng is fry cook:.ng. Foods
25  which are usually fried or deep-fried, such as french fries or

onion rings, are best cooked using a uniform high-temperature.
Frying the foods in hot oil produces a characteristic
crispiness in the food, Deep-fry cooking is a form of
convective cookin§ in which the high-temperature cooking
30 medium (oil or fat) presents a generally uniform high.
temperature to the'food:surface,, The high temperature causes
the outer_surface~of-the food to crisp and=fﬁrther-causes the
food to cook. quickly.: -However, the'food also absorbs an
amount of the oil or fat which makes the food less healthy.
35 Another disadvantage of deep fry cooking is that it is only
suited for a limited range of foods. _
- Forced-air convective cooking is another form of
cooking which has been used to some success. It is well-known
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3 “Wwioadssbgpiced- ai r convective cooki ng requires | ower PCEIUSOS/O2T8 €S
to achi eve cooking conparable to a conventional oven. This is _
generally attributed to the fact that hoB air is qui ckl'y and uniformy

brought to the food surface:.* “Agai n, however, this;i5 ]églvgee of cooki n I S
not suit edP@F ef-ﬂrq%e%ﬁ@ve%vqemwg requings, 4 LSRRI D o0k

red nmeat o achdidvied UdRinie onipareble to f@@bnventional oven. TiTlis is

deal - N0 SENRAIIY prERESS B A Fpol Shat mer Sk Tt b W,

wi de rang@mifdmﬂty brought to the tfond sxifadey dgaimcliewévet, tthmow de
contrdl 1 @ypRAREE cookirf ¥ FHot ktlé}ﬂ'&f aL PPUdE % 9 didf e&edh %
R ottom t han the

heats (e. % a plzZa nee greater eat on t

top). heyhare Unguited 1 fadleded deats AT sterdbrionakhy cdeepzir edk
15 usi ngoddheal thy greases or oils or reqw re arelatively | engt hy
war m up period.

RY .CF THE |
Accordingly, a convaifreRtHhandah & q‘ﬂ?ﬁ%ﬁtt FRokANg ?g‘fﬁ%ﬁﬁd

whi ch qui delen Méqped,dmomanges diddadod No apgmompmddemtmaquhgkm | s.

A cqopect ig I apgat ed
coo% ng ch%&rl W th rst ang'4 seco ﬁ'&‘dé1q: %o 31 |fo?1ed op 05| te each
ot her. A Farthel.c exdistdng approaghes tﬁa)ﬂed:q rpmtei%mr o emable

itens for aeeeitate cdakeing of Fodt¥ réfiirti Uit f&fert FaD| HESES | el §e,

chanmber to cr.eate i ant hea An -air _circul ating device.for

circul ati fgPizza may él? GrRALET, hept A dhe BAttom;thap on Fhe FoPhe
chanber -~ Othean edtistfiing tapprbachesrire pnmdtisﬁbfaémg:&méé they heodk

charios of FAUEL Py, efediie ¥ Strs 'dr Botfe Mablatyalf ol (e

cooki ng chemngthy yarm-ug @emiddy t h an -oct agonal Cross sect ion to

enhance-air flow wi thin the chanber. . The fan is positioned so that
air. is 35 forced radially outward and agai nst the end of the chanber.
This causes air turbul ence arRHNMARY,OR e e Tt ef fectively

stripping radi ant heaicdrdinglys de\eordfedtivéPpténhanced ora@ianychéadt. The
Comﬁ.dﬂ' ati ¥ e?wf a%ra})IVJ.cieecf1 %icc(ilnvqeucitéﬁ/ley cooks a wide range of food
types without unhealthy oils. :

A convectively-enhanced radiant heat oven includes
an elongated cooking chamber with first and second ends
positioned opposite each other. A removable holder is

25 -positioned in the chamber to hold food items for cooking. One
) or more heating devices are placed in the chamber to create
radiant heat. An air circulating device for circulating
- heated air within the chamber is positioned within the chamber
on the first end. A vent, positioned along a wall of the
30 intefnal chamber nearest the second end, is used to adjust
cooking characteristics of the oven.-. o
' In one specific embodiment, the cooking chamber is
formed with an octagonal cross section to enhance air flow
within the chamber. The-fan is positioned so that air is
35 forced radially outward and against the end of the chamber.
This causes airlturbglence around the heating devices,
effectively stripping radiant heat from the devices to create
convective heat. The combination of radiative and convective
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eat operate_s to quickly and eff|C|entIy cook a-wi_de range_ of’
foods. ~ WO9532401 The fan and the heating devices may B&% %?E(ﬁ% "8ual | y
controlled to create specific cooking envjronnents. Control 5 of the
fan and heating devices may be facilitated by entry - through a keypad

posi tiohed, e PAtés i €6 QhicR1PVARA efficiéhtlflcookhs wedeagange b€
coupled to é)?tectronl c cont rqo& _ ¥ circuitry to gl rectly provi deﬁgontrol

signal s tof® B heat i ng el enents and to the fan. Ovens according to
t he present 10 i NVPié | Pan cahdvthe vheat ingodevicésonayt bebindivkdually

L someralied €8] deatl b PLelRIE BERE, NnPh onients. > colbPofy ons |

require no nent al Ver si ons
of the pr &émhm@n and . heaflpiwe@eﬁwes may ket fagiliratednbYePREEY heat

to the foqdge | §
WOWI /] PosiefoRéd! &) e@theﬁ@é‘i-iBﬁ 8f "BhabveROki ng

cont ai ner the foods were C tive heat

enpl oyed tﬁﬁ?ﬁr%ﬁng 'Q‘?le‘&?w Ry _B?_e?mgﬂt sogﬁ ?Rﬁe‘é gonic °°nkfa?‘spness
lo\r/l; htehLOC&iSrh cu:ﬁﬁl.‘ycoflf.‘o I%re&ssly@léoyﬁde byoht ool ngignals wor theaheattﬁngl yh

e rou

experi nment t?f‘q all.’% %’/ %‘R'at 883&3 %%%%?%bng\r,\?écgﬁoél f’ﬁggggonduc'?l on
gr?dnczed zrwémaban allownta dnride range cof t fieods aba bexcqolsedlqumlslut her

eterm ne &ﬁ%ﬁ e fri f was
best obtai iéfélém% anda&'i |%g?{lﬁo%\£%#ﬁ%g§€]é%?|§%efgﬁﬁ ragggntgoglggkl ng
as in 25 remire rmrg,rma*mm %ime;: nstead of oil or fat as the _
convective nmedi um Initial experi!né’ﬂﬁa])vﬁérmns hef etheecprapentedven

loit -~ '
XDl O o Srel S PO A Shh e EabBe B ZRag0 PHCLR coplp Tt 21 {
the {®od vidhdusttenl was achievédd t byt heating calumetahecookingetontainer
conduct i or&&% R %&%& &éf%e;gia&wve%é&gative he’?"Ei‘nbn ag0ds were

pl aced aroun e ood omt e _food

greatly c@MQﬁ&E@l@WGe%mQaﬁéng coil; aver obhenfoodntepddum
di stance feofadhesd opsl mé LOGAS | C%bﬂv&étmﬂ%&énwnﬂevaadby baowing added

t bt t dvant a
Chanber wAlh CARSvErsery ever the heshise eotl 854 Slar FOF 20PRE. ' 1t"°
surfage t ovas detexrmimed thrdughn expenimentationtwithfthiabovent thatood.

yc]:?' / US95/ mﬁ%& %gfﬁlgﬂpally by conduction produced the least authentic

fried taste and texture. It was rather determined that the
authentic texture and taste of fried foods was best obtained
using a combination of convective and radiant cooking as in
25 deep-frying but with air instead of oil or fat as the
convective medium.-' ' : ' - '
" The oven was therefore'improvedito exploit
' convection and radiation and to minimize conduction. A metal
basket was substituted for the soiid'metal food container to
30 surround the food with heated air and substantially reduce the
effect of conduction and enhance the effect of convection.
‘Heating rods were placed around the food basket. Because
distance from the food greatly changes the cooking result as |
in broiling, an optimum distance from the food was empirically
35 determined, and a fan was added to obtain the advantages of
forced-air convection. The shape of " the chamber was also
modified and changed to a g8-sided, reflective surface to
achieve uniform radiative heat transfer about the food. The



‘5, Jesult produced a food cl earl y superl or to previous designs
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and pri O'W(Wﬁ.ﬁim Fan speed was. yet to be opidTAstSMls2780 2
vari abl e-speed fan was introduced to facilitate 5 experinmentation. The

intent was to determ ne an optinum &sonstant fan speed, but it was

di scovered that fan speed and air flow had an:unexpected effect on the
texture ofreswlt mxpduced afpashrelearly Ssypexion tocoreyiapacdesignsag
cooki ng yiZfid ﬁ,r ovendlange in the internal food texture while al so
varying the 1 rispness of the outer surface t ext

anal ysis of the cau n,RPRY Has et ko be oprimy ‘Ey SPtayas surni sed
that the healnidlsldaipean tatliwviis vintroducedktagfacil toavecti ve cooki ng was

or odukr. AHESE ek fony o mHEliong wdl BT REERRENG B GRERER 7T () o

over the constfanid fan lapeed, thut fikh was discoveredecthatl Sanngpesd andn

On

chanber Wa# g 4! Nc@é(&reffécf‘eaﬁ'ﬂﬂeregﬁtﬁfe of tﬁawaae
heat tra et ween t ros and the air.
heat ed ancﬁﬂﬂféoﬂ%tme’ %?‘I‘Fhf%ﬁ %P?eqll‘B\RFQEg cP@’éé:Pgl geiﬂed a

rﬁduceddr &ﬂiaﬁige/emaﬂke nixméwhamfm etlexture CWRY 6! ayeocoagymgg Eﬁasf | nOI
this e, the contri nve n_was maxi m.zed and the foo
surfile t SKITRASER qiggrshe °m¥%rr'|§"br€? ?ﬁ’é&f’éﬁﬁ within nore noist and
flavorful Conven sanalysierof huméatnaupeednd/aeffedtlceﬁ thee bal ance was
rever(gfgi% 1% ef% ts@ﬁﬁf@e&r@l’i’é{:eﬁﬁgdbifﬂﬂgg ﬁé{:wlé’bhhriagatlve
ecomn e

heatlng ro r I n tenperatureé and.1herefore ratin
the food GR9¥KiRg 6ﬁn I‘FEOIHYWV? &@%‘Fh‘ﬂ@r@asWFHtlcal inearhiexingga

t enper at Ur@é).iréd‘ Q:fi)éﬁhéég f g féﬁ?ﬂli‘é‘diﬁt theé footd hﬁtﬁeltﬂﬁaﬁ; E ‘Iﬁuﬁ?oﬂhéaz
nor e r i's | SCOV a 0 e an
o 1 o Taveinavas Sgkher Jalited £8 PorcerTBoReT, Bit| EhoV. ove s

wel | - knownfaddhtbasket ute the t fien cand i ﬂgennr'edbnaehEdV\bll.bng thecbwepe t he
food to a [ . Y L QLr ge t hat
provi ded aélrf%la’%x‘g igxéﬁﬁ?’ff’é&'?lﬁa?# goérmgﬁe hﬁggigér \Ql.g tg requl ate
t he oven tl@mm%rlaetﬁ transten laetween thasredghangeuhmany-al The a:.r

regul ati ngydd @kt fed¥ed 'EndVERe rodsabére cooled wi¥h R24B249% fiow
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resulting in reduced radiative cooking and increased
convective cooking. Thus in this mode, the contribution by
convection was maximized and the food surface texture was less
crisp with the food within more moist and flavorful.
COnverSely, when the fan speed was reduced, the balance was

25 reversed with less heat being transferred to the air with the
heating rods becoming higher in temperature and therefore
radiating to the food surface at the higher temperature. With

. the increased temperature of the food surface from radiative
cooking, the food was more crisp.

30 It was also discovered that the total heat and
moisture in the chamber also made an lmportant contribution --
it is well-known that molsture in the cooklng environment will
change the food to a less crlsp texture, so a bottom vent was

_ introduced that provided an air exchange. _Thus, the fan speed

35 also served to regulate the oven temperature by how much air
was exchanged while also regulating the moisture in the oven
air.
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For a fuller understanding of the nature and advant ages of the

»

I nvention, reference should be made to the ensui ng description taken
in conj ur@9SB24Lt h t he acconpanying - drawings. 5 PCT/US95/05278

BRI EF DESCRI PTI ON OF THE DRAW NGS = Fig. 1 is a front view of one
enbodi nent of an oven according to he present invention;

P9 2 1s 2 tront clicaupveyi fuk dnddfeCiiding & dthdindbure ana Fi 0. 3A s

a side cut-away view t he oven

air wi thin the
chanber ofadvantages of the inventiong F%f%r%%%%nﬂ‘%‘i‘ ‘B%tm%‘a%%%‘én?of
the oven qdnsuin (? Fdbcdiption taken Ai.cdnjunetdbwokith ananaoéomjxamcmlgrol
electronlef use s in an enbodi nent . of the oven according to the present
i nvent i on. ings. : -~ DESCRI PTI ON OF THE PREFERRED EMBCDI MENT
One speC|f|c enbodi ment of an oven-10 according to 20 t he present

invention is shown in Fi ? en 10 |ncludés a
% Oor D?}?l&’ﬁl&@lgo o;g?m‘br? DRAWINGR/

cabi net 12, and an access the access door is
f or med from heaﬂlg-es'i sk front griew 9% %rﬁ‘!‘b ent f MYV itens:

cooki ng i nRgd 'ﬁ? to tﬁgwgkégbnt1iﬁvéﬁgfﬁﬁ door- 14 has at Ieast one
handl e 16 on It renpoval of the do 14 for { he

interior of Figye2 o‘v%na 1 trrfé“%\/%‘(ﬂo"’r%"’c% tm?l %‘ﬂel{} eﬁi%nt%
pgggllo 20 | V!Bie J; Imyis rmlsxtthe acukt<savay Pewnof kﬁypadveuhofmkgeoht roI
P . d S Pel=tg o

s sl A4 LT b Mgkt SENAR cRlni e OV

& SUrT.ace Suc counter by glacihg
feet 26 on thelﬁa;;-e P isea mm sidm@tet-away ‘si@weﬁ the:aeen @<y | |
recogni ze ghat B number of cabi net - - configurations may be enployed,

i ncluding -c i nets which be bui | |n to ex in bi netr r .the
like. SinilarlFignet is a %’cﬁ’ﬁ]f'o‘? %% ‘i% ﬁ'gﬁcgﬁﬂgfg?y ge%ny
of agumbem Cﬁn ?énbo&ménﬂwﬁttMSove:Dl gu:d:atdimgahal‘blgedpsesm may be :

used. . ] e knob controls may al so be used. ‘Those skilled in the
art, uponﬁQﬁﬁﬂ Ri s speC|f|cat|on will be able to adapt WO
95/32401 . N PCT/ US95/ 05278
/ : o DESCRIPTION OF THE: PREFERRED EMBODIMENT
' One specific embodiment-of an oven 10 according to
20 the present invention'is shown in Fig. 1. The exterior of the

oven 10 includes a cabinet 12, and an access door 14.
Préeferably, the access door is formed from heat resistant
glass to permit viewing of the food items cooking inside the
oven 10. The access door 14 has at least one handle 16 on it
25 - to permit removal of the door 14 for access to the 1nterior of
the oven 10. The oven 10 is controlled via a control panel 20
which may include a display 22 and keypad 24. The contrél '
panel, as will be discussed; permits operator control of the
oven. The cabinet may be“raissd from a surface such as a '
30 counter by placing ‘feet 26 on the base of the cabinet. Those
gkilled in the art will récognize that a number of cabinet
configurations may be employed, includiﬁg'cabinets'which'ﬁay
be built-in to existing cabinetry or the like. Similarly, the
“control panel of the oven 10 may consist of any of a number of
35 configurations. Digital or analog displays may be used.
' Simple knob controls may also be used:. Those skilled in the
art, upon reading this specification, will be able to adapt



the present invention to a nunber of install ations and control panel

conf i gur Wi ¢3RS%401 Throughout t hi.s descri pti opcrAsefesRssner’
enbodi ment and a "commercial " enbodinment will be referred to. The 5
consuner enbodi nent is envisioned for ho®e use with 110 Volt

electricity service while the conmercial enbodinent is designed for
use in esthel prasentsinventicp tol 8 sumbere of instpddationst anskentiel
specific Eg‘ggdl Egﬁtfg_g%hluggsgl ven. Those skilled in the art, upon
reading t

is disclos e eqyi pped to qulf hq seC|f|c
enbodi nents by scal °“9¥'\‘A°“Fh<§9‘&§s ﬂ%i sct%%ﬂﬁre'v@
results i and a "comhmereinld¥ epmbodiment will be referre'me:o.nt emeal

conpgnent 3o0L,h3¢ @EBatRRES 131EHY dloned i wﬁes a

cooking ¢ S I'S os |oned
current | yepeetricdsy Ser"éﬁﬁo@mﬁéﬁt thﬁwé’%ﬂ%k mﬁ%ilm%a?ﬁ an

oct agonal desqgaea forsﬁ‘éb' aa ebltab3 dhaimtdwatH hilo Wit SERaLad. chanber

provides

bel i ev ue to the air
charact er P§§ isont ?rgeéﬁaﬁﬂé’r %éﬁamdf@qrﬁtscm%et% PEN. cont ai ned
wi thin t hghoski Bkiilleédofint theoust, uponhrading’&his distldsumd aceill

cabiiot . RcSARTHBRATRD, RO TS i Dokl G, enpodliltndd BV 'Fadind '3,
wal | 32. the Beskribed: tpachings tchachimveedemirdldd aremilts cina single

pi ece of pgRrebraht 23zedlBSengltom of the chanber is fornmed froma separate
sheet of mat erlgalzet forma drip tray 35. The drip tray 35 may be

renoved from-the chghﬁeﬂnfﬁrpﬁﬂomm%@sfs theoroven i3 are srl‘?‘é"&n’rlhg
I'n-a pref giged2enbedereven e ihm@a@sars)@odﬁng cnafmﬁéiedlé rofeoraieich

sheeti ng which I3 %F%eg on _all ter| & surface refI ctive
mat €7 al §u§ﬁ°gs BB 804F; R&s tien *he rb@dﬁ"ffd's,e‘b fl?"?‘ﬁ y be
used whi cembofiimenthethe cookingaichamber:s |hasa¢m|ocﬁamahrmtqs§mt easy
cl eani ng EXRRS R &S 3C Sound’ tHAY rg}pﬂ%%p heat '
absor bent ggrrgﬁéﬂnél Eg'yﬁ%g Es%'e to cg;t SZ% surfaces -of the
chanber 9r°VP§eﬁa§e§é€ﬂbﬂ@J#G5M4&5:blhﬁ§@Q\§q shie to theytairy FrMuces

- sati sfact ehurae&\éhc&%tm%%\fethet f&aﬁm&l Ng The cHanBer A §é | i et

f t foo ct e rface e
gg; 3?/30281 con Sa:.ne w\ﬂ:iln the cah?l.ne IV fs%m Is ;Jg'gﬁ.glatlon 28

- may be plated batiWeetythe dlim#r arid he Tdlineth tpamimbnize
for med thEeGk"¢rAnREel totithel 'RV 2 Mid'lect cidhier 18 has a left
side wall 30 and a right side wall 32. The back and top of
the chamber may be formed from a single piece of material.

25  The bottom of the chamber is formed from a separate sheet of
material to form a drip tray 35. The drip tray 35 may be
removed from the chamber 18 through the access door 14 for
cleaning. In a preferred embodiment, the food chamber is
formed from metal sheeting which is coated on all interior

30 surfaces with a reflective material such as teflon coating.
Other coatings and finishes may be ‘used whigh-reflect heat,
enable unrestricted air flow, and permit easy cleaning of
exposed surfaces. In another specific embodiment, heat:

- absorbent material may be used to coat the interior surfaces
- 35 | of the chamber 18. It has been found that black teflon
coating produdeS-satisfactory results; however, the cooking
“times are slightly slower for most foods than when a
reflective surface is used.



preferred enbodi nent the vent 56 is positioned at the opposite . end of
the chanber 18 froma fan 40. The vent 56 may be 5 adj ustabl e and, - '

pr ef er abl YWOP¥2Ph oxi mately 1/3 of the length of t hdPHUIBEr278 A |
nunber of vent sizes .have been experi nent egl .wth. It has been found
that the vent 56 is preferably placed al ong the bottom edge of the

chanber 18 at the endrharphert edge off tAd Biepf 8Rag03s Ahkhanobpeaingdl e

vents may bg used, . jt_has 10 beepn found.tha for one specific enbodi nent
o oven ) o EorRES; therplh £8 PoEBLR: AAT| LLEV 6LPORCYSRL RBrgnin & !
Exper i ment gprefeired sembodinentvthei vehtadguisnpositioneleat thevepposite

opening affgch & Oki Dk Lenper . e as Wbl asmibBeyane skl ryand

noi st ure cd%@%n%gg$ﬁ€oéggggg_g§§i%Lgﬁeagggﬁ?hk5 ;?EPaXFHE Pﬁeﬂégnpgaway
fromthe foaadinstaklecand; cprefesablywr és appreyimatedyi Ag3wethither Aength
chanber 18.oftthésch&fPet OUNH htilber of Peft! 528eBJnhve ¥eeh ekpetdmentear

h in Fi 1 S L. ' ki lts. _Vent t h
vort!cal atthe- " € 5R% besn Fount Ebat ERE.RaRE B8, R prateranly, Biacea
Further, 20alomprtheéHHootboe edge ofythe chambér 38patyther ehd faethestber

- -18. | The, f ped ba | S POSiLi _i 0.t he _cagking
chanber "18 Ep%l%%?ng hgeacgggéﬁ %gﬁ kﬁ;ﬂgﬁ%é gggggtﬂgg ?S ngh'négehgf,
e.g.,1@ wi rkeemsfound thatsi for vonesspadifigoenbadinent pEsavien,used to
Chanber - | (PRELUrHEd Neht Copenthy £610 R0 Lhones 1h RGRES OO [N°
wire mesh. ERenhmeutationdaas ghowh tmtdvmagc%raemmnﬁﬁt fpnthge
oven. The sveitt vopéninmg cafhéct thefeookingrtenperaturgpasowell abethesket

whil e the basket is 30 .. handle 0 ) i pent, the food (
basket 38 i a\Vor i%‘i?ﬂ%*?hagg%agﬂﬁﬁé& $ﬁefg§§e§g&a§§?2%4€§8 ?Héf"rérmval _
of thk5 Plagcing thervent avayifromnthel fan 40chasskeen3goundi kovnepsure
when the d , L She ' 1 . oyen, ¢ a - b _
roperly panel ook PitiLs O€ chinbof PYFN, I BaBlBLeh Houna ehpt
door and bRQEItiRRANG EhepYeRt:bniHhe wanney shown ingFigr hapEOdUCRE| | .

For exa_rr}o.l mesi?m l@éoﬁ%}g b.feélhiﬂﬂm YVents 3ﬁ9$lﬁ|'¢grtﬂc':iheaﬁ?{eérﬁn on?hor
nore ralls 0S4 11 on e e . er. [ ay,a C 0 e
foce of t ndigiApRiRy 4 dithent copanfl S0y Chey 'Wfed Bl dBLal ! Fibchr,

PCT/ U895/ 05&%% than one vent may be used to supply &ir to thegecbamber -

However, i g he specific enbodi ment shown, the door . 14 is coupled to
t he basket 38 so they may be donplete%g : renoved fromthe oven 10 for
cl eani ng. - 'The fiord JRasked 38 sisipesikiened ninpthe opopkingng

chamber 18 by closing the access door 14. The basket 38 is
made of, e.g., a wire mesh and has side walls and a bottom.

25  Mesh is used to allow relati?ély unrestricted convective air
flow throughout the chamber. In one specific embodiment, the
basket is made of 1/4 inch wire mesh. The basket is used to
Hold food for cooking within the oven. The side walls prevent
food items from slipping off the basket while the basket is

30 handled. In one specific embodiment, the food basket 38 is
securely attached to the access door 14 so that removal of the
access door resulté'in-remoyal'of the basket 38. Likewise,
whenrthe'door 14fisfproper1y closed on the oven, the basket 38

- is properly positioned within the cooking chamber 18 of the

35 oven 10. The door-énd'baskét:may-be-coupled'to the oven 10 in-
other ways as-well."Fcr-example, the basket may be slidably
coupled to the oven on one or more rails positioned within the
chamber. The door may attach to the face of the oven 10 via



'5 ~elenments 58. In one speC|f|e eﬁbodl rfent four heating rods 58a-d

are usedw $sakove the basket 38 ‘and two betow it . Pearesobpshg ng rods
. 38 are used to supply a source of both radi ative and convective heat
to the food. The rods 38 are anchoeed at both ends 30, 32 of the

cooki ng chamber 18. The 10 right hand end 32 of the cooking chanber 18
“includeshingest Howeyers drodhshisRecidia anbkedinenth Fheam i (e @RRY of

circuitryg js dawlféd/v'ad tie dauKdthed dPWey may i icshpretdnh of the
rods 58 throu WI r| ng connect ed to thel heat Syhl eéfyg end ofﬂthe rods. A

number of MY oVl 1% FLeHMi ng 15  upon the application
for which the oven 'mud loviem umedllsd:arncludesamrmimbet rbf)rtwaslpﬂmgf iC

nb
con .'r'rergﬁ% egxt%:%ah 813131916” sﬁﬂﬁc eep ﬂgeq&m negci'hplﬁﬁ ‘lwn;e‘t erz
9[err] Bisgird atjeciusied, diwp aliove [the baskrt:8 mm\hmuﬂg- rods 58
are pl acqﬂe%leolﬂeafa% 'fHH’sefsaZQre e tdSsdgPdy @s&a&ré@ aﬁobafxe spaced

appr oxi rrately hr ee hes apart, while tw 350Wrods are é) aced
appr oxi n¥adiatiye and qqm?é-'stlﬂ’é m%%@%a%lk%tf%ﬁ‘ﬁi sp'%k% w8 13ERr ] "
apart. | anchored atlBotheirlss 309N\3 st i tige resbiing behamesh Wis ch Tiper at es

QA8 faeHt BN End o7 o e o A S Indhudes e Heat,
nunber ofshieds \&ds wlﬁ@lersanarmms dihe ohamber tfrom controhdtireuitigating
on the f%‘iéﬂ‘#iﬁ.l”?&a’aéddﬂﬁéhe r%wer 1% %ﬁé&? G &K dPechéni ts of

energy that ca from househ t power outlet. More

rods woukPdeef§ thnowghwiringgonnacted) o the rheak shigtd M@ﬁoﬂ‘
reduce theas. a2 ¢ider W Hatthitd éXshents may be used, |depeh@ihgents for
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be 15" | example®,5'ir3'one lEpEci fivl ddnisuneie mttctnaﬂotirtheat:tmgl mds areby

| 12 > 1%lb mcreasedgoy usi r{%w :n%‘aﬁo }:@f g’t‘rrp%c aC|ty

i nch Cal deep rispri@inad) withigha net b?wtﬂiﬁ‘f nbmh. the ¥ long, 9%"
95/32401dee p) . Two 400W heating rods 58 are ﬁiﬂéé&ﬁ§$@§€7§our inches
heat| pl aced i nches_above ap e om1the f ood
pad®t 3BPORE e RN RPSkAR 18 A ATR FHRreh RRPEPLUIATELY EhTeR; oro:
out put rddﬂ:lﬁs:hp&t,odghﬂwetvid @500 aréds are placed approiimatelpttwe
posi t1 onispgaly Whe BPANd DAY Fha 'dffacds aB80E PEFkEharE: 2 the vent
consumer models, any heating rod may be used which operates on

- house current (110 Volts at under 14 amps) may be used. _

25 Quartz, metal, halogen or infrared or other rods may be used.
The number of rods was chosen to maintain uniformity of
radiative heating on the food while maximizing the rod
temperature within the limits of energy that can be drawn from
household 120 volt power outlet. More rods would require the

.30 power per rod to be reduced and hence would reduce the
temperature of each rod. |

In embodiments for use in commercial settings (i.e.,
| having access to 220 volts), a larger cooking chamber 18 may
- be used. For example, thie chamber 18 may be 15" long, 10.5"

35 '.high,_and 11" wide and may fit within a 21.5" by 12" by 12"
cabinet 12. 1In such an application, the heating capacity may
be increased by using larger heating rods. For example, 0.44

' inch Calrods may be used. In one specific embodiment, the



in Figs. 3A and 3B. The vent 56 may include a filter 57 which is |
pl aced on terlor of the oven cabinet 12. The filter 57 may ‘be .’

r enovabl ev‘;{;]o’%’:‘gf

may al so include a danper for adjustinggdhe 10 ai rflow through the vent
56. Figs. 3A and 3B al so show t hat t he upper and rear portions of the

'(I)'(k:lt agonahe!altﬂ.ﬁigelroaé 5By are placefdJ]chr@ i]‘rfdl#ésa abov %rfdf&f&l&f 1?% efocH -
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may rest hisherdpn@wﬂ:yrmst isachl as noidst made dirct quartmt ch is forned in
the rear portion o h # i, t er
rhle E»e(ia‘tfivter ?%f}ig iy 852 SR hedtin mﬂT 58, 'E’HH?

.37 is separated fromt cabi ne ulatin

~ flo8r of fPRE baskels3fay apds $hee vent 5 i&hi & aven riﬂjl?étﬁ o erial
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sensor e el er Oou e e Cha or | de e
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and is u§Edmay beteemowthEetpersﬂaaaing onwiriepladementhanife dxterxnr

f h '
Wi toh WRECHAG,EaPaner; 12° B8y 1S, Thc1ufesa Mikee ¥ele Fpfbaiihed g,

eléﬁentsasgf&ﬁﬂntFHQUQh thﬁeﬁ&@ﬁaﬁéﬁ @RG@ed§Aaﬁﬂ§w%§|¢lﬂ91ﬁ9QR3§Pat
450[ err] the uppee Afal rear pbir¥ibnERbebehetoctagittialdchfider FUMdiEbe t he

sensor 6

t her ost t,0 set nd nalnt I.n arget 30
tenperatgPEméFtﬁfﬂmtﬁe8398ﬁecﬁ§ﬁ5§r°%Dma%ﬁﬁléﬂoth lﬁﬁiﬁiﬁﬁﬁ the
sensor 6fray pbatisdfoimedgifrom b 82patratikc sheet @EaMQtariuhitbdp!rhat

Lo ok BBoyER, o8l Eidailing of the, srav;, Tt Y 0 Gl Godk: 2 fon

cedbr al | §ivechdy| opsthe3floprt b thenbwen 33he RamotThs mmimaﬂ $i ndl e
d“ ven b’éﬂé rear b Si‘tEBhoE»fA'éhW“hﬂ I %rsgolsgdt%v £oraP @ Waht % 42 nfipl ed

. drive sgﬁe . For .a_consunmel uni,t 75" fan_.b %.e may
| be used, ShARPET 3320 FSP&FaEﬁﬁthR? Ehe Gab &nﬁ§r§@r by, inful@ting VO
'95/3240Lmater1a1 28. The floor of the oven ZBCihyS%5@ﬁ52ﬁ8formed from

may be dpPEniAPuin€igs nhakin £ BREYARE Hen %??*&%é‘%ﬁyﬁ%hf e

: adPQstabfeetnEGnuﬁ thecowvenel |'ed via the control el ectronics © 48. The

si ze of the-notor ﬁ4sé§soﬁf Gﬁoﬂﬁgebedb‘ihéhad e1¥hel€ cutside’ the chambedr” 40
t he speed required, ~current avallable for a s eC|f|c

use. A s3f7c®E ggs§g9 bhe chamber 37. 'The sensor may be coupled to the
control electronics 48 and is used to detect the temperature
within the chamber. In one specific embodiment, the sensor is
25 designed to act as a safety kill switch which ensures that no
further power is applied to the heating elements 58 when the
temperature exceeds a certain value (e.g.;-450° F). The heat
limit may be set higher as well. Further, the sensor 60 may
be used as a thermostat to set and malntaln a target
30 temperature within the oven chamber 18. In another
embodiment, the sensor 60 is placed through wall 32 of the.
chamber, and extends through the heat shield 50. -
- Referring again to Fig. 2, a.fan blade 40 is mounted 
inside chaﬁber_ls. The fan 40 is positioned centrally on wall
35 32 of the chamber. -The fan 40 spins .on a spindle driven by a
fan motor 44 which is cooled by a cooling fan 42 coupled to
the drive spindle. For a consumer unit, a 4.75" fan blade may
be used, while a commercial unit may employ a larger fan blade

Aani ng or replacenent. The exterior SCTUSASRIPR et 12'



; screen 5

posi.tioned between the fan and the food basket . 38 to prevent user

injury f fan. As shown by brleflyreferrlngto | t he
%%é i 3 in S? issindins

a wre nmesh screen and is 10 positione ront of the
fan 40 by a nounting bracket 55 ajjached to wall 32 of the chanber.
The bracket 55 may be - easily renoved if a single release screw 54 is
used andgudh as. a tezs5bPladdb I omtqadeﬂfidaremgdadihenthatherfaal he.
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This, i rcaréntcavailablé for atépecifigousé.shapscpéenhs2chagbbe 18,

causes tu c fect t he
f ood. Hep #f&eé lgetxlveseréx ausféé ?romwf‘éefggﬁtxﬁéﬂ ? ? E %§ PQ. ﬂgf t he
25 chameyr injuryefromothe Tfan. swAs| shgwn| by bneﬂywegss'nng toadi ant
heat to. transp?%i $6PER25D Rhy i BE Q%iﬁ&%&éﬁ”ﬁ&%&en and5§s cooling the

rods whi heat throu hout t gerl rrent atlon

ha%oshovﬁpﬁh‘é’fml‘% -E% %'Fl%f‘l e fan 4Q.Rycn wAUptingchrasket| 8%

pos:j ti oraﬂgacw%ui wrwiipvwémof aﬁaseﬂa:thuei-hﬁ w{;eeai-abke? 66 mag ben oul ent
roduces_consi der onvection heat a e f;anamaves ;teur bul en
gl r dowq r ?‘é%%t#\fo? #@g ﬁaf?ﬁﬁa?ﬁd?’r?ﬂeg?agFaﬂfeﬁngp tl%l pped
from tabsleSQa)dsSle avevextended throughdtber chambercwaldsti ofhisat .

The resulfy @p%ﬁg%&f GEOK e2e¥A’ ehdefll 5202ME Bh‘.leSh ¥1q3?r and

uni quel y. ntation has shown that variations si ze and
spt2d, HeeRraig- el enent terrperature and vent size produce a number of

di ﬁtl nfct cooki ng Cﬁéréﬁgﬁﬁliﬁlﬁig. 2, tn&xaahl BE&H& B3V poslitd oneavint hat
g&?bsgg@g%genﬁtaéggg ogposg.te to typ:.caY\O fan g%agelgrlentatlﬁpg\,l de
si m | ar | Pheldsladés efunstiion. toFﬁoreeaamteagahasErmau.l 32 andf swielf dm bl ade

out si de gf%%bf%ﬁg%?g EthQféehﬁﬁ BﬁSP fo‘l‘ﬂgt is, téﬁrxmi%hm'o

effective neede SW'T oneé ty
praQi dedso ehat air is dravnmﬁson\o e vnat- 5ﬁowlﬂh§hﬁaﬁhém éﬂdor}sshO\Nn

in dfé@rlgutéénr&&f&ﬂl{iaﬂyatﬁérSEBdéEPaC'ThQE thR evhdunttiloiC it

otexture g the ggtaggﬁg gﬁgpg o%ntne chagbgragg?rc%éSeéstLr ulent air
flow with a swirling cyclone effect around the food. Heated
air is exhausted from the vent 56 at the far'end of the

25 chamber near wall 30. This swirling flow of air causes
‘radiant heat to be stripped from each of the heating elements
58, coollng the rods while transferring heat throughout the
chamber. Experlmentation has shown that the combination of
chamber shape, heating element positioning, and air flow

30 caused by the orientation of the fan préduces considerably
more convection heat as the fan moves turbulent air down the
length of the héating rods. The radiant heat stripped from
the rods is converted to evenly-distributed convection heat.
‘The result is an oven which cooks a variety of foods quickly

35 and uniquely; Experimentation has shown that variations in
fan size and speed, heating element temperature, and vent size
produce a number of distinct cooking characteristics.

Experiments have also shown that other fan orientations do not



speed is increased, the turbulent air forced down the |ength of the
chanber %Bﬁﬁﬁ heat fromthe heating el enents 58 and 10 _. transfers it
to the foo he fan speed i s decreased, the -~ anountPOFU$F 2Rt heat
emtted to the food surface is incrfgsed. Different food types
require different amounts of - convective and radi ant heating. Thus,
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Ref er ri ng speed dsFiimcreased; dhe chtag:mrdernm ifarced dawre tpecidngth |

enbodi nent, 0 tr r [ on
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or @ilrocsransfers d&upockheo food. g Ametihey m spredisimdegrgased arthe
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informatiqgn i s staqred 64to aIIo pr e- progranmin

control 1NCrEAEEAmmt P&FWF%%&? %P %ﬂﬁ‘ﬂ&% ctéed

in ads p\iﬁ chnveetiivd and radiantokeatdmgini t'rmsa,s ddn'mfl elechronide 4adan ‘

speeds 3t ele 0 pad . 20.
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~proddced &ppdsti ng‘htehempelr &fothe far matmé:qomqmaliae antmlleq/sp:(e g.,

two m nut &ie@t&ﬁn&bﬁﬁl&a&ontroﬂl&%e(ié U raerd die it ifedts | friyf
speed). The processor ° 95/,32401

PCT/ US95/ 699%ing. - For example, if the speed is redupged at the ;g coupl ed
to recei Vbegﬁmﬁngomltﬁ& i:bmmgk@tms%él #thistitentuaties tHu Rffbcte of ., on:

e xS SRRk ARk, 3he” o Blver ayrtibe Ui ot Y i * © >
i nf @0mat i choBedn usefsl forcretadndngomadiralljamidies|iny mmy be an LCD
0P bsmprarhl, L EnelMpekly U it ORI F iy Ly
. oven 10. BEQEPEF., bSS'Fc B&ﬁaﬁ%@@%ﬂ?@%m Icé'd*sﬂyo&g
' desired internal food texture is achieved, useful for extra
crispy french -fries or other foods with ‘a deep fry texture.
25 : :Referring.:ho__w to Fig. 6, a block diagram depicting
one. specific embodiment of control .electronics 48 for use in
the present. invention is shown. The control electronics 48
may include a microprocessor 62 or microcontroller coupled to
a memory 64. The memory may be an EEPROM, ROM, or other
30 memory. In the commercial embodiment, information is stored
in the memory 64 to allow pre-programming of control -
information-for--_specific food types. A simpler approach used

in.a'specific-embodiment'ofja;c°hsumer unit uses three
discrete fan speeds which may be selected from the keypad 24
35 of the control pad 20. This permits operator selection of
cooking modes. Recipes may be produced directing the operator
in the proper use of the keys (e;g.,'two minutes with high fan
speed followed by one minute at low fan speed). The processor
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time; fan speed; heat of each heating elenment; and the overall 10
t enper at weeosphadihe chanber. Not all of these :paraneters mpearhsesns27®e

controlled for an oven. For exanple, in one specific enbodi nment
designed for use by a residential consd®er, the i ndi vi dual heating
el ements 58 are not separately controll ed. Instead adj u tnent
made by @l }Fn&°§&llépy%8 recelyge ARput) sommands Hrom G
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PCT/ US95 5%38cooki géb cle with cooking completely ddhtrolledfkyh pre-set

conput er Qntrol ere ar ters o ove 10 al l.ows easy
si 3 of (o {§iEtaRd Of {nty erengily JnRAERE bo abi o

contr ol
t 0 cust ospwmim emhddimtaxﬁqy all paraxetery m@vmrmmnémrbther ent

d
colh | | micriEr By, 32, Wi duithd PINE ddhtrol over inatviadghl ToS An

understoQQQ&}nQNGhQﬂaﬂ}Qﬂ;SRﬂﬁﬁe wher e sanple control settings for
a'variety of food ifeBne?'specitic comnerc:l.al embodiment, a number of

cooking parameters are stored in the memory 64. A user intent
on cooking a specific item, e.g., a twelve-inch frozen pizza,

25 may look up the cooking code for the pizza in a users manual,

_and enter a code (e.g., a four-digit code) into the control

electronics 48 via the keypad 24. The microprocessor 62 will
retrieve the required record from the memory 64 and perform
the steps prescribed to cook a twelve-inch frozen pizza. The

30 steps may include setting an initial heat for each of the
heating elements (e.g., 40% of maximum for the top elements
and 60% of capacity for the bottom elements), setting an
initial fan speed, and setting an internal timer for an
initial cooking period. - Upon cqmplétion.oﬁ the initial

35 cooking period, the steps stored in ﬁemory'é4 may then
prescribe that the heat from the heating elements be increased
for a certain period or that the fan speed be reduced to
increase the amount of radiative heat applied to the pizza.



shown. For the consuner enbodi ment, the settings will be 10 entered via

the keypad nanually for each item The comrerci al enbodi ment  wi'l 1
include pM® i nstructions which are activated BETARPUPRY a key
several digits long into the keyp The Tabl e al so conpares the
overal |l cooking tine of each food 1temto the tinme required to cook

Si mi(! ar i Gath pledskt complitRH mgavqfam%féﬁquﬁaﬁt%‘ﬁe df Ehd or

cooking in a .. _gicrowave:oven. .Repeated experinmentati,on has shown tha

cvons ' B 10 al1ouEn BARY, SRRtER LRl H08 MDE A HEkSR, O 1R or

taste, testene aleetsamalyyalser b|er ableutoochustomibes oven comtlal ibye

cooking Lea-9hq! NEwCpaIaRbdS Hosd Mirrddbesit! 'R0 1ntd S QiR Ur ther

as conpared. {0 Conventlonal  ovens Decause -~ ‘the oven 10 doeés no .

requifre aviar khépkevppdeRdat peri od. " Further, oven 10 does not require

a pelr IN %d-T} 0 thﬁtﬂw, SFGatnres'alﬁi?EﬁiﬁébitJﬂ%ﬂé_é(%f oOv%'i‘iNs 1&@@3%de to

~ CONVECTI cRbft éﬁ@%ﬁs )'i*‘,"'enfi?“' are ynderstgods by Peferzing to Taple 1,

. Pl ZZA dwheﬁﬂlEHmplaléohtt512§ettings Torla varidy 3F fodd NBems are

- Recommen - @lATER, - A-5 . 15-95 .. . 1017 _ .. :Not Ly 4 JOTS
Recommend gown. F; TEER-éégggpg}zagggdlmgnt,'%g%ifettfﬂg§:wi;llﬁg

Recdfnmendentered vipl theNkeyped mangally for eacky item.5. Thes commeasial

3-5 15 gfinodimentOwil1l incll@e pre-st8rleldSinstructions which are

Recommended. | . o TABLE_1

95/ 32401 activated by entering a key several digitspdengsdntes the

15 keypad. RTRearaB1exatsoeompaires the dveralihaookitks tdaroiod ng

A ey A

di f .61 enceenbentibonatookengandar €t possibde, the time for cooking in a
microwave oven. “Repeated'éxpé:iméntétioﬁ has shown that ovens
of the present”inventibn'produce'cbokéd_food having superior
taste, texture and quality over previous ovens. The

 comparative cooking times of the oven of the present invention
20 . is reduced furthér as compared to conventional ovens becausé
the oven 10 does not require a warm up or preheat period.
Further, oven 10 does not require a period to thaw, e.q.,
 meats or the like. - |

25 FOOD | COOKING TIME (Minutes)
- | oveN | conveNTIONAL | CONVECTION | MICROWAVE
122 |3-5 Jis-25° . |e-15 | 3-a
PIZZA | 17" -
oNION |3-¢ |1s-20 = |10-15 [ Mot
30 RING : A F Recommended
TATER | 4-5 [ 15-25- 1027 Mot
TOTS o . _ .| Recommended
STEAK | 6-9 | 20-30 15-22 | Not.
' N Coe " | Recommended
CHICKEN |6-9 |20-30 -  |1s-22  |s:7 °
35 PASTRY |3-5 |15-20 10-15 | Mot
ROLLS. : : ' ' : Recommended

TABLE 1
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ces between cooki

M CROMNAVE

& & no

i nsi de &jing. 4t ext fiGen 10 - convenTIoRAL SP céinARePon de HuEﬁbﬁHrs deep
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owni n%‘;.ngs rtht Lﬁ fl vor JE§§§ﬂfq r
taste, ins:.de ﬁéﬁ)r side 88S | kAy¥de & ncéSS
and. t enddr meat | Botleers friexbjtdeept fixed appdeemifeded
noi st MDi s{ texEuRe i JridBWEe Br ownpdexturet ess
No br ownijing ouggide. luop  nyist tbro
soggy, Tater Moist &/€rY | Dried oUt€§s bﬁilé& out | £Sq Musay & sSogdeS Y
f1avorfull Totsnot aflpverfel not Jaee;Spf r appess £Aevor, | no deep fried
or noi st or gggide, séee & no inside & no texture
TABLE 2 op & aedd | WaR £ Sppr pEPER i1 i
fried 0 ppr g ed_ by _tkose fam | i ar wi
t he art, thetexemsnt inyention may bp enmbodied i} other specific
forms wt hout deproukatde rom tlhe spirit or|essenti al characteri sji
t her eof . "o SEA drowdied OB S INICLYGHIEA " R: browned 3N brifihg Ve
be EQnSt ugd. bbétdhﬂa qredpl & - top and poor taste,
jJuicy, bottom, bottom, texture &
flavorful & dried out & dried out & appearance
tender tough tough
Chicken Browned, Less Less No browning,
Parts juicy, browning, browning, poor taste,
flavorful less flavor, less flavor, texture &

and tender

meat ‘not as
moist

meat not as
moist

appearance

Browned,
plump, moist
very

flavorful

Less
browning,
less flavor,
not as plump

or moist

Less
browning,
less flavor,
not as plump

or moist

No browning,
dough soggy.
very poor

appearance &

As will be abprecia{ted by those familiar with the
art, the present invention may be embodied in other specific

forms without departing from the sp1r1t or essential
characteristics thereof.

radiant heat oven may be constructed which is smaller or
larger than the ovens described-in this specification.

Further, other shapes of the cooking chamber may be employed
which preserve the essential air-flow characteristics of the

Cinnamon
Rolls
20
25
30

Item

OVEN 5132%45 - OVEN . = - 12" Done on g@RysoRlagHson top

Done on top ne on top, Pi.zza t oasted on but not but

not - soggy crust and 15 bottom t oasted on

toasted on not toasted on bottom

bott om bottom 10 -  Onion Moi st & Dried out & Dried out

& Linp & soG@pedied experﬂé}%atiotfx R&Qrél%wn tﬁ@éso@éﬁoécco’rﬁiﬁgf I avor
deep fried I nsi ecrlsg inside &n | nSi s no_ _texture
‘& deep fr?%&h%&ﬁﬁﬁ?ﬂ%d’-m’ B 3%g capable of °°°kin9e§t\'5 ge ranggq,; yre

Tableed out &

For example, a convectively~-enhanced



| arger than the ovens described in this specfflcation Further, other
shapes of the cooking chanber may be enpl oyed 30 whi ch preserve the

essenti al WOOSPROW characteristics of the WO 95/ BOW$95/05278
PCT/ US95/ 05278 16 oct agonal
shape. Partially circular, pentagonal, h&)‘?agonal or ot her shapes nmay

- also prOV'&&Q?éﬁéfbﬁﬁagésm f’?rti&ll? Elﬁmlgfl 'ﬁ&ﬁ@a?gﬂahbﬁéﬁg Hﬂﬁgrt he

f oregoi ng di sclosure ose 0 now
produce ciPicRtheE| ghapes mayakeRPravidn:dasirablenteruitay dftfdsent

per f or mangsel ieved hehat| chaséd capby thédi fyregoing disenesape,atHoseabEng of

bl ade may BELhbci? | ERe AP FbAthenaY B8 R1S aFa RAPRUGE PnPRELLvelVReati ng
rods. 5 Fur térhanded | xadjqant cheat havensichpaving nditﬂerenbvperfomaaszebe
utilized tgyg &ﬂé&%@%%&&iﬂ?ﬂ’ﬂg' gﬁdim ?ﬂHhEKLXdaQQaEE #benﬂﬁé

Control electronics nay ust om %he or specifrc applications.
Accor di nglspecitic) embediments 4%%‘##?%@! i ofhesshape andcfiizg of the fan

i1l ustrat 'Hﬁd@%aﬁ%e'ﬁéﬁifi@d &5 AP aﬁepﬁwée&ént a&he #Q‘!ﬁ&ééoaf\/\'ﬁhéh i s

set forthlnthefol Ia|
PCT/ US95/ dieatsing & It is apparentvgxaé l%e present, 1 | g

CLAIMED | Sinve:ition may be uti]lizedﬁtnaq:q:akaa usiderrangéi of fbolecitems
first foo 16¥ féﬂfrgff:gg{)éﬁéif’.g Cg’ntrol e]dectro i&g ﬁ&gngét s Qﬂk' ng

chanber ha AT I Sposet -opposite each

- other: 5 designed for sBP%%ftFéraPPbmﬁfbﬂWpom ti oned W thin said chanber,

6 for hol di ng saisbataingey, fEhétaisotomirg of7the invention is

Dol vy sl o S5 EiTorereie SR e alicing, 0 ERL35Lap) %e

ci rc18 at i itheleMiivention cwh:‘m:th ats ngetieporth ain - the follow_in_g claims.

-



* 10 wi thin said chanber around said at |east first food item said 11

air ci rcw(ggmldew ce positioned.within said chanber W%g,o? first

. end; and a vent, positioned along a flrs said 14
* internal chanber nearest said second enxlz for adjustlng 15 cooki ng
characteristics of said apparatus. 1 fe apﬁaratus of

cralm i shoroin Sudvert 152 7 o ‘ao vt g 1o

directions. 4. The apparatus 6f &l afmsl wherein said

air 2 circulating device is an adjustable fan oriented to force air 3

rapli ally outward angd agaimdppeatabds rsor advbXingsat reaktng filrst febamber .
Aapparatus of claim 1 wherein sai-d cooking 2

cﬁﬁnber %?eqStéFFggﬁéﬁaun a cabinet, said cabinet having a 3 - contro
pahel and an accessardtﬁirotmnﬁdalqotzkimrmb.mbesahwim a fhosteend and

6.4 The aa%%&ﬂ&‘%rf& éﬁ%&ge‘%f 1?36%fm 2 el ectronic

control system coup sal d ontr pan sal d WO 95/ 32401

PI/ USO5/ 05278 B holdgr, emqNaRl¥ Pombt bensd vishin said) Fhymber,

hegit i ng Cbaﬁmafhg said)ratsomdsailfngsﬁ%dlgiﬁém acteristics of said
erei n, each of said

2™ piurality of hERHTREHY TESGRELRS Fefieke  FRarRen FPARE EERR 3

seB d el ectarichiholstent r o patadncing Iradiative heat @ithin hsai@pehamheref
cl@im6 wherein saig, air circulating device for circulating heated air

10 within said chamber around said at least first food item, said
21 air circulating device positioned within said chamber on said
12 . first end; and
13 "a vent, positioned along a first wall of. said
14 internal chamber nearest said second end, for adjusting

15 = cooking characteristi¢s of said apparatus.

1 ' 2. The apparatus of claim 1 wherein said vent is
2 an adjustable vent.

1 3. The apparatus of claim 2 wherein said vent is

2 adjustable in two directions. |

. 4. The apparatus of claim 1 wherein said air
circulating device is an adjustable fan oriented to force air
radially outward and against said first end of said cooking

chamber.
1 5. Thé*apparatus-of claim 1 wherein said cooking
2 chamber is installed within'a_dabinet, said cabinet having a
3 control panel and an access door securely attached to said
4 holder. '
1 6. The apparatus of claim 5 further comprising an

2 electronic control system coupled to said control panel, said



4 nformati on and

2 el ectroni c cantrol svstemfurther conpri ses 3. a

m croprocessor cou panel for recei vin ut” and
coupl ed t g¥ 9} ”mml "ﬂ M[ panel 5 for di splRGAVRY _

§ device for storing control
information to control cook| ng of speC|f|ed food itens.

9. 3 The appy %iii&:tﬁfaﬁ-‘irﬁj Rdvide HMd S d ﬁﬂ%fﬁ? 2of nea‘afﬂ&eae féeém

OCtagonal Cross SeCtl coo Ing at
ool Oa’t i85 SUBFIIAHS £ooking, CHATARYRTATRIGR PBERMRYS NG t ho st eps

of: 3 pl aci ng said at Ieast first food itemon a basket 4

posj tioned .in a cod ng K

I e?llgt hwith a first k7Iand a secgir%i #%k%r%gé’f% %é’cﬁ °P sabd said

| eyt h; Pplurality of headqamqudeymeerane) i;xdi%ahlyuomtrehlahbeelbxerrent
8 3 to SAY ecrdmld \oitadd1 &yt atively heat said first food 9 .

item said at least first heating . el ement p03|t|oned between 10 = said
first and second ends of said cooklng chanber; 11 forcing

air through said cogking 'mimrdppaﬁatuslibf clqumaﬂyn hegid sai d at | east

first food,it hy a fan, bl ade positioned at said -
first ende&ch:?%ﬁﬁ%"%ér@ ﬂYﬁ&e&M%o"‘m %% ‘to direct air
rad ally outward 15a mimmmr s:puplfed dto esmlld)fcm:bbcpmwﬂg fomnber .

radj‘lustabl e alerlv\'}e t p S|t|one %necd il(h ltiycf’ Cg%dn;é@&% éal?‘r%l

ned est sfiox ddeplaving rl4‘-03:"1‘3"'-'-1-‘”17\/\@‘3‘5/ 32401

PCH US95/ 05278 ' 2 memory devikt fbor storing contral ﬂﬁﬁ)iﬁﬁmﬁh oo cl ai m

10 _wher ei n s d 1622 ch er ated al ong a horizontal axis,
sai’d cookf® 8#3%@«9?% %ﬂfﬂ% adJ ustabl e air vent

p03|t|oned al ong said horizontal axis nearest said second end. 1

13, The nethod of gl ai mpl2 whereln Sait AU %,hereﬁ{‘aég]fd ct@oﬁcﬁfb

octagonal cross SECtIOn

2 chamber has an octagonal cross section.
1 10. A method for cooking at least a first food item
2 in an oven, the method comprising the: steps of:
3 ' placzng said at least first food item on a basket
4 poeitioned in a cooking chamber, said cooking chamber having a
5 length with a first and a second end placed on opposite ends
6 . of said length;. _ ' '
7 applying-power to at 1east a first heating element
8 to generate radiative heat to radiatively heat said first food
9 " item, said at least first heating element positioned between
10 said first and second ends of said cooking chamber:

11 forcing air through said cooking chamber to
12 convectively heat said at least first food item, said air
13 forced by a fan blade positioned at said first end of said
14 ‘cooking chamber and oriented to direct air radially outward
15 and against said first end of said cooking chamber.

"11. The method of claim ‘10 further comprising an
2 -adjustable air vent pos:.tioned along a wall of said cooklng
3 chamber nearest said second end.



“1 14 —Fhe—+ethed—of—lai m 10 wherein said fan is an 2

e I * "

desired cooking 4 *cltaract éristics; A9 receiving said
desired cooking characteristics in a 6 m croprocessor in salq oven; 7
coAtrol ling, based &gen FThedmesbedegfccdriimgl® whereim satish isioking t he
spged of éﬁbﬂbé?n1§ndlbhgaﬁﬂaualoﬁB EOH%&i%onta%SH&mé %é&% ok iy | €ast

first heat a|m

whérein s§ *ﬂgeﬁﬁnggriherlﬁBPBH§§iP€uPnhéaﬂPﬁ§a9L9n§¥ Resdtdanedipove
sakd baskalofig saldnﬂormcodtamoa&dsbnbawesaldaﬁﬂﬁ&@bond end. . 17.
~The nmethod of claim 16 wherein each of said 2 heating el enents is

i ndi vi dual |y adj ust abl e. 1 18. An apparat us fon cooki ng
at 1l east a first fodd.2 The methpdcofpeilaimgl23wherein said comkiogki ng
chamber | epaugbrOnds hAGsEtagbAll Eréss sebfib first and second ends, a
front section and a back 5 section couple together to forma body; 6
a basket, positioned wthin said chanber, for 7 hol di ng said at | east

fiast food item 8-14. The method bifr &laﬁ.&i 1 00whizeRliin &aied FasP3eeGrapart

- frgmsaid I first food itemand along said top of said
chgnber agjustaﬁie S%é%ﬁS?ééAOl

PCT/ US95/ 05278 _ 20 10 - and a second pair
of yheating rods Spa?gsa?gﬁétme %;dciEiﬁllg ﬁu&@igr Ekﬁ@ﬁ?bﬁQ%h %g1and

al ong said bottomo chanber eat1ng ro uci ng
raalatlvesF%B§ @Fthin said 13 _ chanber

3 1nputting, via a keypad, desired cooklng

4 characteristics; .

5 ' receiving said desired cooking characteristics in a

6  microprocessor in said oven; -

7 | controlling, based upon sald desired cooking

8 characteristics, the speed of said fan and the amount of power

9 supplied to said at least first heating element. '

16. The method of claim 10 wherein said oven
includes four heating elements, two disposed above said basket
and two disposed below said basket.

" 17. The method of claim 16 wherein each of said

2 heating elements is individually adjustable.
1 18. An apparatus for cooklng at least a first food
2 item, comprising: : ,
3 . a cooking chamber includ;ng at least a top, a
4 bottom, first and second ends, a front section and a back
5 section coupled together to form a body: _
6 a basket, positioned within said chamber, for
7 holding said at least first food item;
8 a first pair of heating rods spaced apart from said
9 at least first food item and along said top of said chamber,



14 ' an_air curculatlnq devi ce mounted on said first end 15

for circul ating hea sai d chanber, said air 16 C|rculat|ng
devi ce fJVe® br :‘ E ‘l m "F nst said first 17 RCHUSYS/05278at e a.
leng 18 chanmber; and 19

turbul ent flow al ong+
an adj ustabl e vent, p05|t|oned along sal'd back 20 section of said body

Nggrest Sghdl §%%&%1i%faﬂé£€ih89r3&§ VPaEQ§khBQrEh§£8ﬁt Eééat hgs of

sai d appar at us or” cooki n I.n an

ottagonalleast fiﬁﬁﬁﬁﬁ?°%a¥?ﬂ@ andselgng §éé€n€°§ﬁ€§ BSSFPF@ﬂ@GaBBﬁ§$|te
eszh 3 said lissatihme feds Cﬂof@?ﬁdﬁtﬂﬂg fadiative heat whtRihngaggans for
fg]l ati Ve:%ﬁ’at{ﬂ?&l ng.food held in 5 sai d chanber, said heating neans
poSi tione ong’ a top and a 6 bott om si de of said chanber; 7

al4 circul ating nean dir circulating dewiece mounted onteamdgﬁlsetdenﬂarrber
tps coOnve AePd %&i u me tioned on
sg?d fi r?tdféndi&l nsi d%ﬁ?%%é éﬂdw%%%%na%%i§o%§i&%ggﬁf rQQE ? y outward
aHll agai rskrautating devige cfoxgpingraiy; nadiakdyrandagainst Sald firsht r ol

NEANS f OlerfItd Widdle @i ChARléNE FENSaiohg 18 lengh! 68! 34180cbEKEAGK
@?d anqn}4 venting neans, disposed along a bottom edge of
sald 15 “Eﬁﬂﬁbé?“%ear said second end of said chanber, for regulating 16
algflow within sm(hnﬁadﬂnstable_vent, positlon&@ aldhg daidchaok claim 19
rein 0, Sefaf ality
b1 adesuok r o maidf By Hadted® WaLE WRERAR efia) Phol! b1 GePUNGT S0

21 pogqql@mj mersieﬁ qs r%f %m%noapm@t%anber

1 19. A device ‘for cooking food in an octagonal
2 chamber having first and second ends pos;tzoned opposite each
3 other, the device comprising: o
4 heating means for radiatively heating food held in
5 - said chamber, said heating means positioned along a top and a
6 ' bottom side of said chamber; '
7 air circulating means for circulating “heated air
8 through said chamber to convectively heat said food, said
9 circulating means positioned on said first end inside said
10 chamber and forcing air'radially outward and against said
11 f1rst end of said chamber; |
12 ' control means for controlllng said heating means for
13 circulating to cook food; and ' . -
14 venting means, disposed along a bottom edge of said
15 chamber near said second end of said chamber, for regulating
16 airflow within said chamber.
1 20. The device of claim 19 wherein said air
2 circulating means comprises a fan with a plurality of blades,
3 said blades extending outward from a body of said fan and
4 positioned nearest said first end of said chamber.




