7 DECEMBER 2006 HI GH SPEED COOKI NG DEVI CE AND METHOD BACKGROUND OF THE
INVENTION 5 1. Field of the Invention This invention rel ates & REGENBERK 200§
device and nmethod, and, in particular, to a cooking device and nethod t hat
is capable of rapidly cooking bread products, such as pizza, nuffins,
bagel s and the like, such that the cooked bread products exhibit a

crunchi ness. The cooki feypeenlGobki ' 2\ E Hi ng other food
products, such as, neat’s, vegetables and/or garnishes. 2. Description of
the Prior Art In the fast food industry, there is an on going need for
faster cooking 15 times for high quality cooking of bread products, such as
pi zza, nuffins bagels and the like. One-type of prior art toaster used in

the fast foodB DORT! ter. An exanple of a contact
toaster is sha [ Pat ent, Application No. 09/257,149, filed on
February 29, 1999, —@iﬁéﬁ%@ﬂ%ﬁe" same assignee as this application, now
U's. Patent No. 207hicqn R roiciodflodiieislios énd Wi, BikiSirpal ent

di scl oses a contact toaster in ch a gread product is conveyed by a
conveyor bel t paficplassios @ool@md@w@e and meshedithhisccaprable ofgapidly st ati onary

pl aten. Conta n I br ead

pr oduct , such%gﬁ'ﬁﬁe Slff?rggggt% ﬁ;@ +§/p1%$%§éﬁ@§%%a§§fsn§rw {r%clﬁ(ﬁe%¥®d pl at en.
Suclh cont act thmsh?ceokeemmad piéidwtsekmbltaekun&mggsi ‘I'rh‘ectdmk?s];gfdm hi gh
quality t stln of a such as a or muffin. |ncreasing
the speed @f f% SQ GAPRYB0 g@&i‘“%ﬂ%‘eff%r%ﬁglﬂﬂ&% neAts Vﬁgeﬁ%espl aten may
decrease toashhffrigaffshdit could burn the food product or produce product
low in tenperature.” 30 An exanple of a non-contact toaster is the conmon
househol d toaster that uses two electrical heater elenents on either side
of a slot thaty hobgég},pﬁgﬁ He@r”“ Wols- Non-contact toasters of this type
toast the opposed generaily surtaces of a bread product. Such toasters
1 7 DECEMBER 2006 Irgthee‘aaﬂ fopdumduswethare isearsoragoing meed|fot faater abbking

regul ati O?SOf UH?;% for ﬁ'tgﬁ quality cooking of bread products, such as pizza, muffins,

bagels and the like. One type of prior art toaster used in the fast food
industry is a contact toaster. An example of a contact toaster is shown in
U.S. Patent Application No. 09/257,149, filed on February 24, 1999,
assigned to the same assignee as this application, now U.S. Patent No.

20 5,983,785, granted November 16, 1999. This patent discloses a contact
toaster in which a bread product is conveyed by a conveyor belt in pressure
contact with a surface of a heated stationary platen. Contact toasters -
generally toast only one surface of a bread product, such as the surface
that is pressured against the heated platen. Such contact toasters require

25 arelatively long time to achieve high quality toasting of a bread product,
such as a bagel or muffin. Increasing the speed of the conveyor belt and
increasing temperature of the platen may decrease toasting time, but could
burn the food product or produce product low in temperature.

30 An example of a non-contact toaster is the common household
toaster that uses two electrical heater elements on either side of a slot that
~ holds the bread product. Non-contact toasters of this type toast the
opposed generally flat surface§ of a bread product. Such toasters
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el ement tenperature so that the tenperature can be increased or decreased
dependi ng on the product being toasted. For exanple, the tenpepetEMBERRp0OGIE
increased to obtain better and faster toasting for a 5 thick bread product,
such as a nuffin or a bagel. Frequently, the tenperature for a desired
toasting time is so hot that the bread product bums. Tunnel ovens that use

air inpingenent h at,l are known f 0 okln broad r e of food
produg}to s, g n&eOas quea WP%@J&E?B%@' %‘Pt OW%Fﬁ%é'fat hgﬁg%@q,‘m in US.

Pat ent No. 4e§’e?ﬁer¥t%mp€mt§reps9d #at trd téﬁip@ﬁ@ér@carpﬁé incPéasRp@si tely rotating
conveyor belts arranged to forma ga | ong a cooking path. Separate heated

ai r mani f ol délegraaspdsieppadiag onithe tbev@g\I@WedbEpf exampls, thect ed

pressurl zed ohogidhu@lyhfBe YARERSA diMRhote: 818 iRfaTctbad i aza Tt em

conveyed al o c00 tunne his type is
capabl e ob cdinkk bopaal piroddctpsmfuads aamuffin oha bagepeff@guently,the short tinme

Wi t hout burnin wever s..sti.ll .a nee far tunnel ns with even
faster cooki AgMPRAIYe f%%\?sﬁkf?‘ime'%hW&'S 39&9gtheaﬁ]%bfeaﬁ£f88'éﬁy capabi lity
to inpart cruyygid ness to the cooked food 20 product. The tunnel oven of U.S.
Pat ent No. 4,873,107 uses rectangularly cross-sectioned air jet apertures
spaced fromone another and fromthe food items so as to diffuse or plune

D L0 o P SE TS RrVCRE (A AP inind b o R 6 even £ooki ng
sur f aces 10herceoking Ehieroad rangs of Taodampmmun@lud!inwlzzar Ar exarmpleiafg W t hout
spoed. This duiagvelReH ML O PR/ ae By RS RSB T he upper
spee is e upper
pl enum or ai rpgiresf oppBgiasly rcﬁﬁtlﬁgé@mﬁ]dﬂb@l% é@mbedmarmfa &4 ¥long ahei ght s.

That is, a manual verti cal adjustpent 1s needed to acconmodat e food
items of dif COPKIRG Pl §ﬁpgratqheat9§ \Vpghifoldg gre pegitonad witheaeh 3 need for a

tunnel cooki Rgndeydriittbf Girsii6a pfetshifizeFRAKAINEN tHESper and lower
15 surfaces of a pizza item conveyed along the cooking path in the gap. A
tunnel oven of this type is capable of cooking a food product at high
temperature in a short time without burning. However, there is still a need
for tunnel ovens with even faster cooking times. Conventional tunnel ovens
do not have any capability to impart crunchiness to the cooked food
20 product. |

The tunnel oven of U.S. Patent No. 4,873,107 uses rectangularly
cross-sectioned air jet apettures spaced from one another and from the
food items so as to diffuse or plume prior to impingement on the food items.

25 This provides a very even cooking pattern on the food items, thereby
tending to prevent streaking on the surfaces thereof. The air jet
arrangement allows air flow tuning without disturbing lateral imbalance
across the air jet finger by adjustment of fan speed. This tuning, when
used with vertical height adjustment of the Upper plenum or air jet finger,

30 accommodates food items of varying heights. That is, a manual vertical
height adjustment is needed to accommodate food items of different
heights.



There is also a need for a cooking device that can achieve hi%h 5 qualit
and fast toasting w thout burning and still provide the crunchPREE 55320&

t oasted bread product. There is also a need for a tunnel cooking device with
tuning capability to accommodate food itens of varying heights wi thout 10
adj ustnent of the vertical height of the air jet fingers. The present

i nvention provides cooki ng devi t hat ets the . af arenentioned need for
faster toasti ng/cogﬁf]ﬁ’gﬁﬂ%ﬁcﬁjltqe%ﬁ&)ﬁﬁﬁﬁn%%%@l’gId%vﬁeo‘@h?%eg‘*&S chi ness. 15
The present i ryerihg@mgy. ovi des a cooking device that heats food products
and garni shes. SUMMARY OF THE | NVENTI ON 20 A cooki ng devi ce according to one
enbodi nent of the present invention includes a housing having an inlet and

an outlet. A tOaS%a%eﬁﬁgﬁeeagwwndae\ﬁ@éiﬂaﬁ%awach'e%trg@oggutsihgg. A

conveyor assenbly noves products inserted at the 1nlet

t oast i ng/ cBokiouglityaswkigetdapsting wishow dusiing angistit)pravide thesasunthiness ofs
arranged to delj t rface of the food product hot air for heating
t he food prod%cﬂogg{gd\ﬁg?sdgg&ug# browni ng the top surface. An electrical
heater is | ocated bel ow t he passageway for delivering heat and infrared
energy to a botto urface of the food product. After toasting/cooking, the
f ood products aremai'?fe%/@r %P?@e?ﬁé%%tqn@?! C%g"nﬂw‘ée‘ﬂ%?wgﬁﬁuwag a tenperature

that rapidly f&:@ﬁhﬁlify*@ dee8fmii R fdodl i meof Raihh MeidHesMahatiur € in less than
60 seconds. The hot "air provides a tenperature environnent that facilitates
the infrarl@d shisimenpeld ecy@rtwaiaheﬂgnm&\}?@ammdmﬁer%r unchi ness effect of the
bott om and side surfaces of the food product by the end of the rapid

toasting tinme. The conveyor assenbly has a conveyor belt |loop that is spaced

from 5 the heat ed Therpresentrigvemtioh prevWdedd godking dggise thltampaisihgeway i s
aforementioned need for faster toasting/cooking without burning and still
providing crunchiness.

15
The present invention provides a cooking device that heats food
products and garnishes.
SUM Y OF THE INVENTION
20 A cooking device according to one embodiment of the present

invention includes a housing having an inlet and an outlet. A
toasting/cooking passageway is defined within the housing. A conveyor
assembly moves food products inserted at the inlet along the
toasting/cooking passageway. A heated air impingement assembly is

25 arranged to deliver to a top surface of the food product hot air for heating
the food product as well as for browning the top surface. An electrical
heater is located below the passageway for delivering heat and infrared
energy to a bottom surface of the food product. After toasting/cooking, the
food products are delivered to the outlet.

30

The hot air has a temperature that rapidly heats the food product to

a toasting temperature in less than 60 seconds. The hot air provides a
temperature environment that facilitates the infrared heat to produce a
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| ocated in the gap. Preferably, the air inpingenent assenbly is adjustable
by raising and lowering to vary its distance above the food pfBBGEMBERZ%%%us
vary the hot air velocity at the point of inpingenment. 10 Preferably, the
heated air inpingenent assenbly and the electrical heater assenbly can be
structured to provide two or nore toasting/cooking areas along the

Deloctiion caf Bl ERTby LS HRRPaRP Gtk Mhrab ST BORE O BB ey or el ¢
assenbl y has ahgahd of ttie mpitbtoagtisg tidel ower belt | oops that form side by side

passageways with the air inpingenment assenbly. This all ows each passageway
to be set for concurrent toasting/cooking of food products of different

thickness or hei ghthe AInvBjGRIdsERIl had8 cBAFGRY BER YodiPat RAdhaled fof Same so
as to 20 double the toastifr'lg/cooki% cagabi ity of %%arre tﬁé&knggz ?nood

products. 9l n thebeaied alf mepingareertiasse y agapedherpissgedway isair is al so

del i df . | ' : ly i
di sposed el altted I B e BB e AR REY HIMATET Y, o°
25 no subst antbyadaising and ovening tb ebneikndistance mboee ¢ fooegydastantiieus

I mpi ngenent air. Jn still anagther, enboditent of the cooking device of the
present inveﬁ{ai%he fﬁ‘ﬂé'rr?éq%oé?{eaﬁé@/e pgmggfﬁempg?qg@ng “a top and a bottom of a

food 30 product such that the thermal energy delivered to one of the top and
bottom is greater than that delivered to the other. The thermal energy is

del i ver ed 10at | eastPreferpbly:theyreaiedseir impipgergenansembiy and jha elgetripalovi des
upper colum ' i ttom 4 7
DECEMBER 2006%#&%%%FWQ ?/&n%%%gﬁ?@%dceoﬁ%r?ﬁgéswg%ﬁ@{aon@ ‘?%%‘“H’edé?rﬂﬁé the air
t hat forns thersppalongride Ipassagevaysoihabdiffarent doabtiagfcookingheat er di sposed

bet ween t he ans f%;lr heat({'en‘g alnd. .t he bgttom of the food product. 5
Preferably, t EMPPIUHrePR %R YR F‘gfﬁg’é ©Fa ‘the air inpingenent

assenbly and the bottom The first heater preferably includes a heater

el ement that is disposed to weave about the | ower colums of heated air
wi t hout bédng di r edb@p aliermata empodimest thegtaiygyoiohelbassemipy has @ Ralfpi ngement

of side by side lower belt loops that form side by side passageways with
the air impingement assembly. This allows each passageway to be set for
concurrent toasting/cooking of food products of different thickness or
height. Alternatively, the passageway gaps can be the same so as to

20 double the toasting/cooking capability of same thickness food products.

In another alternate embodiment heated impingement air is also
delivered from below the food product. The electrical heating assembly is
disposed relative to columns of the heated impingement air so that there is

25 no substantial interference between the infrared energy and the
impingement air.

In still another embodiment of the cooking device of the present
invention, thermal energy is delivered to a top and a bottom of a food
30 product such that the thermal energy delivered to one of the top and bottom
is greater than that delivered to the other. The thermal energy is delivered
at least in part by an air impingement assembly that provides upper
columns of air to the top and lower columns of air to the bottom.
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assenbly preferably includes a surface with a plurality of apertures through
10 which the | ower columms of heated air are delivered, and tAPECEMBER 2006
el enent does not overlie any of the apertures. In alternate enbodi nents, the
first heater is disposed inside the air inpingenent assenbly. The first
heater el ement may be di sposed to 15 weave about jet apertures that formthe
| ower colums of heated air so as to provide mninmal interference
therewith. Alternatively, the heater elenment nmay be disposed in the | ower
pl enum nearer to Theateliasyanbthanishe comprisgs & meemstfbeheatirigpifierabrthatof t he

present invention the 20 oki ng . device als ri ses.an oven cavity and a
heati ng chantgfms eupg%r,an g‘g%lﬂﬂ'ﬂ g%' 89% %a?qerecgg@o $9grt 1y di sposed

in the oven Gawyvban tmeahéﬁwrmeéﬁﬁ aﬁ@&rferbétﬁmﬁlbﬁms@adwoadt@ heati ng
chanmber. The neans for deliveri ng preferably provides circulating air
i

stream t h& iRefpsablydihefirstheaterds tispgserbelwsentiae @lfr"'@ﬂlfmemﬁjﬂalr streamis
divided into 2 air and into
a second pat ha%tS %h}b r@cﬁﬁ@ cﬁ?)ﬁ;n %ﬁ%ﬂfe\srwg&%uh%%#a? %Edﬁa!# ?égt heat er
boosts the teeiq;meajttha’e:saﬁspdsed tcweauéaboukjhallmwextccﬂms nfhéaeﬁlairst pat h
above the terﬁﬁ{awre of. tﬂf .tg asé air fstr mi.n.the seco‘nd path. 30
Preferably, t SNoRIrgeLy witgint %gf e Alfet (RSEAT IARINGPTENT 1y ngenent
assenbly and gdsembt preferablytifstudeos saiasimith alpmfram@z df eﬁUfes thfsaigRgement
assenbl y or bet ween the air inpingenent assenbly heating nmeans. 5 7

DECEMBER 1800 avhigh theqlewes cptymr@eqflh@amﬂr anestielwer@ss ﬁ@@%h%h%{(ﬁf assenbl y
di sposed int r ?Qﬁh be first heater is disposed in
the fan asse%?gh{%saﬁdﬂ&eﬂ arﬁft eI Ive

neans I'ng al so preferably conprises a
di vider 5 that d| Vi des t he ci rcul ating air streaminto the first and second

aths. The first hea | ose o .the divider,t9Q boost the
P atire of -t o alStals sfbRBRTs.C fietti ot b Werbobt e Pei®s | &1
heater is di Sppir@nidrtkesembly. tThe firkt Isdat@ediement maytbb&judposedetb, i n which

case the divider includes a heat, transfer co ni ca uch as one or
more | ouvier s, WeAveraRQY gt ,Wu%thatfwm%lwqmm@{r ?3% S@i&Sher a gas

heater or an 1gl®&idé FHhinit #t€ference therewith. Alteratively, the heater element
- may be disposed in the lower plenum nearer to a fan assembly.

According to another embodiment of the present invention, the

20  cooking device also comprises an oven cavity and a heating chamber. The
air impingement assembly is at least partly disposed in the oven cavity, and
the first heater is disposed in the heating chamber. The means for
delivering preferably provides a circulating air stream that is heated by the
heating means. The circulating air stream is divided into a first path that

25 includes the lower columns of air and into a second path that includes the
upper columns of air. The first heater boosts the temperature of the
circulating air stream in the first path above the temperature of the
circulating air stream in the second path.

30 Preferably, the first heater is located either between the air
impingement assembly and the bottom of the food product, inside the air
impingement assembly or between the air impingement assembly and the
heating means.



In the various enbodi nents, the cooking device may alternatively or
additionally conprise neans for cooling the air that forns the REPEMBER 2006
colums of air. Thus, delivery means conprises neans for altering the 15
tenperature of the | ower or upper colums of air. According to one aspect
of this enbodi nent, the neans for altering either boosts the tenperature of
the I ower columms of air, cools the tenperature of the upper columms of air
or both. 20 The nethod of the present invention cooks a food product by

providing a streamrefmbans &t dliverrtpilso somphbésd fas assumibNisPosbgat ed air to
the top of the f,ooo‘ ﬁé&)duct. Al so, heat is provided to the bottom of the
food productthefhgula ﬁEISt@ﬁB}WWFﬁ&Wﬂ 8 Gispos§pd dheyfght om of the food
product is c i ; bottomis 25
greater thanO%"thS%ﬁ]| bl‘a)gg-f-lﬁ(gg; %é@%tfﬁﬁﬁ?ﬂ(\)%ﬁﬁgrgles]p ?ﬁg%%b,l?ieﬁ grg%%gé.trll\;e?%‘y is al so
appl i ed t & t hibabdividestlod cirdidatingoair siseard o therfitst andisecehd patiws. dtéi ti onal |y,

a portion of the stream. of LI, 18, I f e i rmng the
upper col umsﬁrﬁﬁeaﬁttér. lggjseqogE§g%@ﬂv?toethgdﬁ\ﬂcg%ﬁgga%glsf{hgﬁémpa}téPec ntrolled so
thf(al:tE t he Izg\ggthembman?‘g afr sﬁ‘eagﬁihﬁhaﬁrit@ath.t'hﬁaﬂﬁtfshheampwdiepdf)wd@th het air. 6 7
DECEMBER , urther emhodi npent of the cooking device of the present

i nvention con'ﬁrtﬁ%é@t Baﬁb%’n‘g%?lg{v'd"%c'ﬂma' 234 E‘PéﬁY‘g?r '&Pﬁjd@? aflf@tt ures for
providing  cokaHis @mlRicEEGTRYch s one 6@ 1HisTs Olith I freep@At air forma
bl anket of |n}[)| ngement air for cooking food products of different heights 5
wi t hout dd) ustheeiitst beatehmayia el agaskenien orer) eleckical heates and the food
products. The cooki ng device is capable of cooking the food products of
different heights in substantially identical cooking times. Preferably, the
j et apertures havdnahevadsussembodimdritstthé sosking ddvite mayalternativedy ot f f er ent

BTU delivery rates for cooking the food. product f different heights. The
cross-secti on?‘g#‘wi)éﬁpg‘%'ég rgqar]sefggpmgwg t@? 3Hd§?§8rm?r§?&>l4?p% th one or nore
enl arged port¢divans @falredhak, @éﬁv@ﬂdmean@e@Mﬁﬁs@g me@n§ foraiRAhy #fe t hereof . The
cross section is preferably selected fromthe  group consisting of: dog
bone, jack® angnpesatgle stthe lower or upper columns of air. According to one aspect

of this embodiment, the means for altering either boosts the temperature of

the fower columns of air, cools the temperature of the upper columns of air

or both.

20 The method of the present invention cooks a food product by
providing a stream of heated air that is applied as columns of heated air to
the top of the food product. Also, heat is provided to the bottom of the food
product. The thermal energy applied to the top and bottom of the food
product is controlled so that the thermal energy applied to the bottom is

25  greater than that applied to the top.

Preferably, infrared energy is also applied to the bottom of the food
product. Alternatively, or additionally, a portion of the stream of heated air
is cooled for use in forming the upper columns of air. Preferably, the

30 heated air stream is controlled so that the lower columns of air are warmer
than the upper columns of air.



15 In an alternate enbodi nent, the columms of inpingenent air are directed
toward the food products froma directi on above, bel ow or aboVePEGEMBER2006/
the food products. The inpingenent colums preferably include upper columms
and | ower columms of inpingenent air that are directed 20 toward the food
products from above and bel ow. A conveyor is preferably provided to nove

he food prod h the.bl f i.npi ir. l.n an al
oot nent. & conth S ARSTRsRTd the AOoRRHARRE T InedbErentifydtlic, oy |
applied to a gorphdet @meeint anatdhclldes 4 prfality otetapemired foSroidigpabi I ity of

appl yi ng a bal anced or unbal anced thernmal energy thereto, Preferably, a
greater t her ne®UBREQYIMPIBgamenN; 8 e eplumae of ffaPinggMent BEde®Aof the food

d h ; indl ' .
products t hanyhgrding I@Bf?\g!éme'n?aﬁ”?&l&%km@ifggé E?ﬁc%é@@%ﬁeagﬁ% dggtg?r&e

radi ant heaters are I sposed to pro
of the raddanwitheuitastiustmiest of thp slistanceenieecen thscjcbapartures and the ffiaid om of t he

et eof - At cPRaRPe e P olies ERBRAEEREeSibo B PHEHTIRE, or< ar o
di sposed abovifferen&bigivts i stbEEEMBERe A codltieg timesand bott om si des of the

food products. Preferably, a control neans is provided to selectively
control the on/off states thereof by selecting a state fromthe group

consi sting of 1 bothrdanRoits Bt Apéite®RBVOR AIE-ddtion W45 sRhpedd | N 2
further enbodi ment of the net'hod of the present invention, food products of
di f f er ent 1hei provislesditiercsd BEW dsliveroatas fagceekingithe fopd preguaigiehent air via

j et apertures f _Qf el i L4l of

i mpi ngenent a?%?o%l?g[ﬁé ?%%g}%%rrso%&%ér{s@%?& §Wm§rsgér;[tle%setgggﬁtéi$%%§ma t hout

adj ust ment of mehbetivitheoreeobrebreematged poetiorsdecdtad et aarend; heehtepdr product s.

I e A S B A C
cross-sect i ongidiptcdrsistigReHdgPbonkd jaek @nkddgadifster ent BTU delivery rates for
cooking t 1hse food products of
In an alternate embodiment, the columns of impingement air are
directed toward the food products from a direction above, below or above
and below the food products. The impingement columns preferably include
upper columns and lower columns of impingement air that are directed
20 toward the food products from above and below. A conveyor is preferably
provided to move the food products through the blanket of impingement air.

In an alternate embodiment, a control means is provided to control
the thermal energy applied to a top and a bottom of the food products with
25  a capability of applying a balanced or unbalanced thermal energy thereto.
Preferably, a greater thermal energy is applied to either the top or bottom of
the food products than to the other.

In another alternate embodiment, one or more radiant heaters are
30 disposed to provide heat to the food products. One of the radiant heaters
is disposed above or below a top or a bottom of the food products and the
columns of impingement air are directed to the other thereof. Alternatively,
first and second ones of the radiant heaters are disposed above or below

7



di fferent heights. The cross-section preferably has at |east one el ongated
menber with one or nore enlarged portions |ocated at an end, &7 DECEMBERR006a
conbi nati on thereof. The cross section is preferably selected fromthe
group consisting of: dog bone, jack and starburst. 20 The col ums of

I mpi ngenent air are directed toward the food products froma direction

bove, bel t mbodi t
of the ot nod ey B8 YL SBYol 1R foBA BrodtcRy Bietoratly, o RoRfdi BT Nd o
bott om of t heisfprodded dolselestively bortrol tlaganicffistates therppl lyy sejectingad anced or

Gt hor and. f ur R 1o B Lol GuSaitingad” BT oncBoth L8 OTReNGNIdBR i nvent i on

wi || be under giepdffby reference to the follow ng specification in
conjunction with the acconpanying drawi ngs, in which like reference
charact ers®denote like el enents of structure and: 8 7 DECEMBER 2006 Fig. 1

| s a perspective Vﬂn%‘ﬁrfh%%%dfrﬂ@ﬁ df%ﬁheﬁ‘gﬁlﬁ_oﬂﬁe?r&e%hﬁl@ﬁﬁ& ‘%Q&d‘i ng
devi ce according to the present |nvention; ig. IS a perspécfive view
from t he foodpmductstofdifferent heightskirg codkedimoriaviging coloenskifg. 3 is a

skel etal view_in elevati.on aof, the. conyeyor be S I and heatin
el enments of tW'WTG%%BB'EiJﬁBaWr%%%%%%%Lfaﬁ?ﬂﬁégfgb mant afrew 019 t he
conveyor asserhkhlanket bERidingemehteiEtdcks s fdodeprbilgets b difekerndietipid ce; Fi g.

5 is an enl arged f{a%gmsnt ary, perspective view of one of thw%o&?et 15 curtain

pl at es t hi®ughitapitadindmestof &Ei%@ﬁ%beweﬁ“fth%@ apgHHIRs andiba 099 ens

traversing the.d [ ' ; hge:. Fi ¥

perspective Vﬁgdvg"u%%[ gﬁéanﬁ %tg?ﬁgst gé%%%gf%aﬁﬁbgp gtq ﬁ%@?gc%d:dcgsu?f?i éﬁrem ate; 20
heights in substantially identical cooking times.

Preferably, the jet apertures have a cross-section that is shaped to
15 provide different BTU delivery rates for cooking the food products of
different heights. The cross-section preferably has at least one elongated
member with one or more enlarged portions located at an end, a center or
a combination thereof. The cross section is preferably selected from the
group consisting of: dog bone, jack and starburst.
20
The columns of impingement air are directed toward the food
products from a direction above, below or above and below the food
products.

25 in another embodiment of the method, the thermal energy is
controllably applied to a top and a bottom of the food products with a
capability of applying a balanced or unbalanced thermal energy thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

30 Other and further objects, advantages and features of the present
invention will be understood by reference to the following specification in
conjunction with the accompanying drawings, in which like reference

characters denote like elements of structure and:

8



Fig. 7is a plan view of the jet curtain plate of Fig. 6; Fig. 8 is a plan
view of another alternate enbodi ment of the jet curtain plat e’ DEGEMBER 2006 s
a fragnmentary cross-sectional view of the fan of Fig. 4, Fig. 10 is a
perspective view of an alternate enbodi nent that has tw n conveyor belts;
30 Fig. 11 is a front viewwth front cover renoved of an alternate

enbodi nent of the high speed cooking device of the present invention; 9 7
DECEMBER 2006 Fig. 12 is a view taken along line 12-12 of Fig. 11, Fig 13
is a front view wilig. 1 isoapetypective dawitun tife fandtinlet sidé véamighespemtbodi nent of

t he hi gh spee oking deyi ce. of the present invention; 5 Fig. 14 is a top
vi ew of anoth 90%9(%?\&%? §° %@gitﬂé}?ﬁ D%PS?HBV?‘W%’ speed cooki ng device with
top cover renoved of the present invention; Fig. 15 is a view taken al ong
line 15 of Fig. 14. 10 ,Fig. 16 i.s a view taken al ontg_line 16_of Fig. 14;
Fig. 17 isPa view it !Ssag'srqagp’qlver\gﬁwgun Bie ferd it sifle oF KRt ig- trbodi nent  of
the high speeg, 'é\gcg,evi ce of the present invention; 15 Fig. 18 is a

di agram depi cti1 ng BTU tuning range for sone of the enbodinents of the

cooki ng device of the present invention; Fig. 19 is a cross-section view of

a circular air jetmapgtld yre, Bl . i e | cl.i.ng contours
of enthal py of theFlgi $(‘:%#§fﬁeletoﬁ¥rglﬁwel ez;%%ﬁk) ﬁlpgtl%f Vé{’&itgelfi%%ge%gg is a
cross-sect i onanvd heatirfg elemettooighé Elg.di cogkirly deveg;ure; 25 Fig. 22 is a heat
trace dep%octi ng contours of enthal py of the

Fig. 4 is a partial view of the conveyor assembly and heating

glements for the Fig. 1 cooking device;
Fig. 5 is an enlarged fragmentary perspective view of one of the jet
16 curtain plates through which heated impingement air flows against food

items traversing the interior of the Fig. 1 cooking device;

Fig. 6 is a perspective view of an alternate embodiment of the jet

curtain plate;
20
Fig. 7 is a plan view of the jet curtain plate of Fig. 6;
Fig. 8 is a plan view of another alternate embodiment of the jet
curtain plate;
25

Fig. 9 is a fragmentary cross-sectional view of the fan of Fig. 4;

Fig. 10 is a perspective view of an alternate embodiment that has
twin conveyor belts;
30
Fig. 11 is a front view with front cover removed of an alternate
embodiment of the high speed cooking device of the present invention;



rectangular air jet aperture of Fig. 21; Fig. 23 is a cross s é@g’ﬁ %%?
a cross air jet aperture; 30 Fig. 24 is a heat trace depi ctlné B S of

enthal py of the cross air jet aperture of Fig. 23; 10 7 DECEMBER 2006 Fig.
25 is a cross-section view of a dog bone air jet aperture; Fig. 26 is a heat
trace depicting contours of enthal py of the dog bone air jet aperture of

Fig. 25 5 Fig. 27Fg$ 1@|§é%éﬂ$£@dé18ng’h@é’v19-f12%ﬂ@§kﬁa'r jet aperture; Fig.

28 is a heat trace depicting contours of enthal py of the jack air jet
aperture of Fig. 27; 10 Fig. 29 is a cross-section view of a starburst air

jet aperture; Fig. t py of the
starburst air jet éé ?Sue?tfaljaﬁ?\sﬁ ﬁﬁé&ﬁwﬁg& Wla Og%ni%g?% aﬁ@é'%?’%m of

al ternat e enbethbolithent oftthe h@m@eﬂa@ abekingalevide difhﬁe presseeb inventiemt i on.

DESCRI PTI OF THE I NVENTION 20 Wth reference to Figs. 1 through 3, there

is provided a high speed cooking device 11 according to a preferred

enbodi ment of the pIEE a top VRsW bPanothbrltehRas GnittlinBet SaKb B h’ll I ncl udes
a housing 14, a conveyor assenbly 13, an air inpingenent assenbly 17 and a

heater assensP§ed gooking ﬁieweawtretp@@pvercr&mqv@dtqiﬂh%s@ﬁm ipventiom ai r

i npi ngenent 26 assenbly. By way of exanple, heater assenbly 19 is shown as
an electrical heater assenbly. Housing 14 includes an inlet 26, an outlet
28 and an outl et 2%ig.A5 i§ aodewnaicncalod® limant8iof Figodkj ng device 11 via inlet
26 and is Bonveyed by 30 conveyor assenbly 13 to either outlet 28 or outlet
29 al ong a t oasti ng/ cooki ng passageway 30. Conveyor assenbly 13 includes a

Fig. 16 is a view taken along line 16 of Fig. 14;

Fig. 17 is a view with side wall removed of another alternate
embodiment of the high speed cooking device of the present invention;
15
Fig. 18 is a diagram depicting BTU tuning range for some of the
embodiments of the cooking device of the present invention;

Fig. 19 is a cross-section view of a circular air jet aperture;
20
Fig. 20 is a heat trace depicting contours of enthalpy of the circular
air jet aperture of Fig. 19;

Fig. 21 is a cross-section view of a rectangular air jet aperture;
25
Fig. 22 is a heat trace depicting contours of enthalpy of the
rectangular air jet aperture of Fig. 21;

Fig. 23 is a cross-section view of a cross air jet aperture;
30
Fig. 24 is a heat trace depicting contours of enthalpy of the cross air
jet aperture of Fig. 23;

10



conveyor belt loop 136 that rotates in the direction illustrated by the
arrow in Fig. 3 to convey food products 12 al ong toasti ng/ codQ&fFMBER 2006
passageway 30 11 7 DECEMBER 2006 fromright to left. Food products 12 are
deposited by gravity at the left end of conveyor belt |oop 136 onto either a
pass through chute 40 that |leads to outlet 28 or onto a return chute 42

that | eads to out lﬁ@s&?ﬁ:’ épér%%sts'éﬁf?éig{h ét Mez%lp%q%p@ﬂgg it is desired

to have food produc exit via out edired to exit
food products via outlet 29, pass through chute 40 is either renoved or

noved to a positi t 0 n _chute 41.
Toast i ng/ cooki ng gﬂg's%%l&v%be%\g?&}c cﬁq‘&ﬁ?@@%ﬂﬁf@as §??ﬁtﬁ§@)9fg “i‘%ﬁ%ﬁ’ﬂ'@? cooki ng
area 31 A andaiajet @perndret sfadig. 28yl cooki ng area 31 B. Air inpingenent assenbly
17 is | ocated above conveyor belt |loop 136 and has a first air inpingenent

heater 17A’and a second air inpingenent heater 17B. Conveyor belt | oop 136
and air i npi ngenergiq a?ﬁ%@bbbs&%e@f@h vnéﬁr&ﬁ%%@!@aﬂet%p@ﬁﬂre g

Toast i ng/ cooki ng passagevvay is located i'n gap ’Electrical heater
assenbly 19 has a first el ectrl cal heater el enent 19A and a second

oast] ngi cooki ng ArBaes 512 RSN Bhissfs bt ARV EPokal pr esent
invention is jehapertgedf Fig.r2720 i npi ngenent heating to rapidly heat food

products't , such as bread, to a toasted tenperature that corresponds to a
desired t erature specified by the user of the cooking device 11, while

browni ng an upper ﬁ?ré@%@a @fosfs.%‘é@tlorﬁ)(li@dﬁtﬁtassté%urﬁcﬁ'rjbﬂaééﬂttﬁlﬁ br ead products
the tenperature of the inpingenent air is in the range of about 5002F to

7002F. Most preferably, 25 the terrper ature of the inpingenment air is about

6009F to achieve 0 : j a
crunchiness to fogﬂbpgggéu%?eﬁltzﬁ el e létf%@'sﬁ()hﬁgg?g ﬁ@gﬁ;}ygoﬁc}hg%@%@e oper at ed
at a tenper at air & Epattuper ofdtige29;ianfdr ared radi ation to be 30 incident on the

| ower sur{sce and side surface of food product 12. It has been observed t hat
for the environnent created by the above noted air i npingenent

tenperatures, crungigi 8essa diagearhioteitermbie émbogdirtbrdof tHtecooking device
of the present invention.

DESCRIPTION OF THE INVENTION

20 With reference to Figs. 1 through 3, there is provided a high speed
cooking device 11 according to a preferred embodiment of the present
invention. High speed cooking device 11 includes a housing 14, a
conveyor assembly 13, an air impingement assembly 17 and a heater
assembly 19, such as an electrical heater assembly or an air impingement

25 assembly. By way of example, heater assembly 19 is shown as an
electrical heater assembly.

Housing 14 includes an inlet 26, an outlet 28 and an outlet 29. A
food product 12 enters cooking device 11 via inlet 26 and is conveyed by
30 conveyor assembly 13 to either outlet 28 or outlet 29 along a
toasting/cooking passageway 30. Conveyor assembly 13 includes a
conveyor belt loop 136 that rotates in the direction illustrated by the arrow
in Fig. 3to 'convey food products 12 along toasting/cooking passageway 30

11



12 7 DECEMBER 2006 toasting tine with infrared heating tenperatures in the
range of about 1,000F to 1,8002F. The division of toasting/ codKIEGEMBER 2006
passageway 30 into separate 5 toasting/cooking areas allows the flexibility
of using the sanme or different toasting/cooking tenperatures in

t oasti ng/ cooking areas 31 A and 31 B. For exanple, if food product 12 is
frozen or cool ed, rme tenperature of = toasting/cooking, area 31 A can be set

high to rapi dfr9mt te it Jrqashprogbets 1558 depodited: by gravily at thgtleiend: oast ed
tenperature dgf éd?ﬁ/eybrsbélf %\'SEW%% cSH(to %ﬁh&%‘ﬁa&]ihﬁ)ugﬂ%dté %Eiﬁﬁtlé‘ér?s @f zone 31

B can be set somewhat | ower finish heating food product . On the other
hand, sone appuﬁleia’d&@wtmyetu!e@hs@b%&ﬂmt leatis yo @lqﬂ%t|29t d?mthmugéls in zones

L O

framng 15 s?r uct ur a orresponds
to toastifg/ QB.OIWH@ i isedesirel. to lexitéoathprotiuetsiviegostiet @9t pass tiGougic! udes upper

and | ower hor| ont al xt endi ng, rect angul ar fra t|o s 18 20 t hat
ore verti catl sh@Bls bifsl BRI Dhesidl Met Al e fidarefids 55, ' Dg.
30 and 32. A verd ARy retufh siR@eed . rect angul ar frame portion 36 i's located 20

Wi thin and secured at its corners to upper and |ower rectangular frane
portions 18 and 20. An internediate vertically extending frame el ement 38

| dt f ' t t
'l Sosecured Coroa ity ARl P lbegib B 10 10 ST ucture
Alhl’ i npi ng@rremashgglbleoklﬁg larealgmdms! Tsmmpggqaséngtcoakmgrdma 30B. Ait enum 70
that is positioned slight e out|e u
i ncl udespan i Fﬂ"&f‘ %WeBg%%S%@Y%S %ga*qgé‘qbqvg CBBQ%#' ;ﬁoc’%ié\éﬁga R//asbet ween

the housing verifriGa nnip"ﬁ@@né»ﬁtrﬁéa@érﬁﬁxa;m(ﬂa%ewd amhpm et RGAtbt on 35 of
the rectangul ar _frane forned frame portions 18 and 30 20. Base portion 78

extends paral f1éB. tQPrtVﬁ&éo'tfé%{Ehoﬁd QQ'WWSQMNW%UM assenbl y
70 also inclu dlrgagg
portion 78 fogggﬁ%ﬁoﬁgygilq%s pplie n IiEgb a%ébp §%708|lsq lJﬁa}"‘lgéejdtp%rtion 78
and jet fihgeld Sedicat hgatescabémblyetd basa ficat etacvml bezler element JOA
and a second electrical heater element 19B located below belt loop 136 in
toasting/cooking areas 31A and 31B.

An important feature of the present invention is the use of air
20 impingement heating to rapidly heat food products 12, such as bread, to a
toasted femperature that corresponds to a desired temperature specified by
the user of the cooking device 11, while browning an upper surface of food
products 12. For toasting bread products, the temperature of the
impingement air is in the range of about 500°F to 700°F. Most preferably,
25 the temperature of the impingement air is about 600%F to achieve a toasting
time of less than 60 seconds.

To give a crunchiness to food product 12, electrical heaters 19A and
19B are operated at a temperature that produces infrared radiation to be
30 incident on the lower surface and side surface of food product 12. It has
been observed that for the environment created by the above noted air
impingement temperatures, crunchiness is achieved by the end of the

12



7 DECEMBER 2006 Referring to Fig. 5, each of the jet fingers 80 has a
bottom surface 82 that faces passageway 28. Each of the bott orh REGEMRER2095
has, along its length, a corrugated cross-section defined by alternating
series of 5 generally V-shaped ridges 84 and 86 that extend parallel to the
| engths of jet fingers 80. Ridges 84 project downwardly toward passageway

28. A plural idasi@d 1 ,%?% | I ngs 88 are
formed in th{eéa)aéB@ét‘@‘%@é’ﬂ?‘"ﬁ%@%@g%@bﬁe er?ﬁ?%rgﬁ lblgté)égagmand 7, each of
the jet finged®08Y tn1,880H .t ernate enbodi nent has a generally flat bottom
surface 182 with a plurality of side wall tabs 183 for attachnment to a jet
finger 80. A plurality of generally <circular apertures 188 is fornmed in

bot'éI om surfaz:e 182':‘1h@di3ﬁ§!@cbft@iastiﬁw@;ﬂmg pagsageear 80 imbrscpamste d f ood .
products 1 not ,shown in Figs. 6 7)., .15 Apertures 188 are arranged in
P array hat KasiRGl0aaKed afRaAlonsaES dpkbifc (SR Megarmear dfeieRb {o Fig. s,
bot t om surf ac ﬁaa%ﬁﬁg?]lbéékiﬁ%Eéﬁﬁeuﬁﬂﬁé@tﬂoﬁsﬁ?{gﬁdﬁki@areﬁé W dddesfB.PPoNt  shaped

aperturesl198 that have three or nore points 20 according to another
al ter nat e enbe¥amplat if ivod pdual Bhisifmzenpr epeledbing tempprit@ efs 198 have four

Ot OF 2 CYEAEANARIRFS1 RHRN o st Flolo Panigf1RAF BBlopmaRRss L Ur €9 198

are forned, as operation, suc e crucrformpolnts extend
general |y dowpmaiudt 12 tora hermommtswi feastedligthpetaiweser duringpits pavatsebs 12. Thi s

fi i on_h fqQund tQ give 25.i d air imi t flow Duct
nesently 19 i 0% AEAy s Paldufal 2ohs SIFES e kBRI a  novenen
rel ative ther ghigh BgafingRidd gbdagcle. e iRy Gth8Zharih GemdBppiRaSor’maye secured

to the outer jet finger 80a and a pair of 30 cooperating pinion gears 94
that are oper H6¢ vepsianiriviasyabiemparaiuen inzoaae 318|1andeht’d 22, 30, 36 and 38
by suitable support brackets 96. Pinion gears 94 for each jet finger 80a
are operatively connected by elongated drive shafts 98 that extend parall el
to jet fingers 80aRefariingtahigt #sh@sing ¥4 alsbancdasiary inbEOEMBERINGO06 t o

sel ectively ral§&u 18 SYRhichUthy S3BRITA ¥ stiwh that MBHEBNoms oCt ' Vel v change
toasting/cooking area 31B. Internal framing structure 16 includes upper
and lower horizontally extending rectangular frame portions 18 and 20 that
are vertically spaced apart by vertically extending frame elements 22, 24,
30 and 32, A vertically disposed rectangular frame portion 36 is located
20 within and secured at its corners to upper and lower rectangular frame
portions 18 and 20. An intermediate vertically extending frame element 38
is also secured to rectangular frame portion 36. internal framing structure
is secured to the exterior walls of housing 14 in any suitable manner.,

25 Air impingement heater 17B includes a supply duct assembly or
plenum 70 that is positioned slightly above outlet 28. Supply duct
assembly 70 includes an inlet or base portion 78 that is positioned
generally between the housing vertical frame portion 36 and a veriical
frame portion 35 of the rectangular frame formed by frame portions 18 and

30 20. Base portion 78 extends parallel to the toasting/cooking passageway.
Supply duct assembly 70 also includes three supply ducts or jet fingers 80
joined to base portion 78 for ducting air supplied via base portion 78. Base
portion 78 and jet fingers 80 have generally rectangular cross-sections.

13



the gap 'g'. Alternatively, conveyor belt assenbly 13 can be raised or

| onered to change the gap 'g'. 5 Referring to Figs. 4 and 9, HOECGEMEEFAI0Bg
air fromwithin housing 14 is supplied to plenumduct assenbly 70 by a fan
106 nounted within housing 14. Fan 106 has an opening 114 that faces the
interior of housing 14, an electrical heating coil 116, a drive shaft 118
extendi ng outwardly through an adjacent wall 119 of housing 14 and a notor
120, suitably 10 secured to wall 119. An outlet duct 126 extends vertically
fromfan 106 and RsfestinglibFig. 8 nehdhedfaise @b fingds\B0r lexxea Bottomrsurfaseppl y duct

section 130 t i turn i s _sec S rtion duc 8 by nounting
bracker 132, faet e bdssadpRay 2Bt Sachaf e bt sifaces 82 s 098 move
vertically V‘*‘ﬁé‘leﬁbtﬁ’% co‘? aftéd &BsaleBolicH ddfRedd H?éiférﬁatﬁ'@sé‘r%%tdfng coil 116
serves to heat air Heating coil 116 be | ocat ed downstream of fan

openi ng 114 agewallmv-shapsﬂgldggs&éi ang ?aﬁwt;nabeﬁ@nd pekliel tmtherl@mgth%ats air 156.

Chat extend + PGP 28 REGET 83 rpoRB douhiyerARABRE b0 BN AR 2° orti one

of conveyor bpllutahlt;oopgén%awmctanmﬂaitslhupswaperdt@ﬁeahgs@srwef@méd ians t her eof
by suitable s rocket§ 145 %@at peratively engage roller chains 138 and
140. Sprocket £38ad o housing 14 by nounting brackets 144. 25
Lateral |y opposed sprockets 142 are interconnected by suitable connecting
rods 146. At |east_one connecting rod 146 is rearwardl extended to define
a drive shdft 146aRefariingtohigs:6 andd, pagh elihe gl fingees Bém ae plienatey

conventi onal Iy t t P&l ] ection

i ndi cat ed by ?@e}ﬂgw%ﬁvt}%%@%ﬁe{%& ﬂ%t@@onveﬁf&ﬁo@g pro% F{:nfrbqu Ofg@real ong
passagewayf 30w§FFr[aj)ds ‘B?S Iol&ﬁécﬁ)ﬁéﬁt@lﬁ%eﬂﬂ@g‘er &Dénkpygahﬁoef teherafly 13|6 i ncl udez
a series of in ual  transyer Lops per vely secure
bet ween rol | eP" q&er%%séﬁ% fi) 5@? ﬂquf@ frEHAC ﬁ?Zﬁ’/ﬁFﬁ Eéﬁ%%l’l ng to
Ei gs. 3 a Qrou?ﬂosﬁgemunpéwlﬁmdm@d ﬂi;]o’ﬂ&:[étsaw(nlb'ﬁﬁhé\{ﬁhg'lll;@b 6fahGlT\)Wl thin

ousi ng 15I nAger?Breegl 1n are ar?acx{g%%sm axe'laanlarﬂhaet iﬁcr:rlﬁges diagonal rows of

apertures 188.

Referring to Fig. 8, bottom surface 182 has formed therein a plurality

of multiple point shaped apertures198 that have three or more points

20 according to another alternate embodiment of the invention. Preferably,
apertures 198 have four points or a cruciform shape as shown in Fig. 8.
Preferably, apertures 198 are formed, as by a punch operation, such that
the cruciform points extend generally downward from bottom surface 182
toward food products 12. This configuration has been found to give

25 improved air impingement flow.

Duct assembly 70 is supported within housing 14 for selective
vertical movement relative thereto by a pair of rack members 92. Rack
members 92 are secured to the outer jet finger 80a and a pair of

30 cooperating pinion gears 94 that are operatively mounted on vertical frame
elements 22, 30, 36 and 38 by suitable support brackets 96. Pinion gears
94 for each jet finger 80a are operatively connected by elongated drive
shafts 98 that extend parallel to jet fingers 80a. Drive shafts 98 are rotated

14



Heated air entering fan 106 is forced upwardly into base duct portion 78

and through jet fingers 80 and 80a and then exits via air sl ot$DEGEMBER 2006
downwardly toward passageway 30. The rectangularly cross-sectioned 10 jets
of hot air inpinge upon conveyor belt |oop 136 and upon food products 12 in
passageway 30 to thereby heat food product 12 and brown its upper surface.

Af ter i i NG 9 oBBGARAALOBUBH Buct diBefinly A0 iBHAY, ddledtivelydahl! at i Ng

path to fan opening 1 via heating ele t ectric ter 19B i s
shown in Fig. tde gap &) Alteuatively) corvayomielicassemtin 48 candedaisedment i ne coi |

pattern, alt hq(gg&eaqﬁcﬁ%ﬁeem%g%@ﬁe of infrared heating el enent capabl e of
C S

i nparting the sI're to the food product is also contenplated
by the present invention. Electrical heaters 19A and 19B may be separate
coils with_separat enperature regul ators 20 or may be g .conbined coil that
extends acPoss bot E*e%%’gggit?\ 7%98@”%&!2‘?@?9 cogking aif, Ot Bﬁuﬂﬂ%%
tenperature I eguhiHieH 1o HerRhPMLQURSYMEE B8 %an 166 fsduriisdlvithiat ers_19A and

19B are heated to a teg_perature that produces infrared radiation. The
infrared radi dousingdd: S-am1ehbaseaopanisgvilddhaldaces fedatesion obousing ai r

i ngenent. aspegblotectiod RebiAShol I BUGRTAR ¥ dReddng Hikagas o T 00

product 12 to the desired cCr erring to alternate
enbodi ment of thioegipreseijdcent wadiritldari hbasing 1daind fmotamA0y goitdtsly t | oops 134A

d 1348. h | belt. | 1 346 i . uat ed h bel t
foop 136 15 SPRS ‘el Hiek FB sl e CeapHanpS EisEeemaR Ohandbhvey ance
of food prodigtiabl ar Eidtopicagptaeivediih alddiPpiysdutt edclict 130that lnower bel t
| oops 134A and 1346. The each passageway may be separately

adj usted so &S ﬁ@%eﬁﬂgg’gg? §%Hi’°%tq%‘t £k ropuriingrspelft 188 dibfess can be
concurrently Jc@n%tr%'ﬁ%ﬁs%@ as%gqo% fﬂe@?ﬁrhg\geu gF@E?mﬁﬁﬁmrivé’Ot h

passageways can be set to the sanme gap so as er of food
itens of the shafis BBiark natated. tHlactricalrhdading ool 846 servesdsthed! aiAlbér nat i vel vy,

Ut 1 o andot niiAg ol 16 mapo8 16ERed ool Ranh e RSN RE A Boran & i .
Addi tional |y, i®Fig. Onarinaayeitier fosionlhat hbatsain 166, ext ended to cover both
passageways in each
Conveyor belt loop 136 includes a pair of looped roller chains 138
and 140 that extend transversely to jet fingers 80 and 80a. Outer end
20 portions of conveyor belt loop 136 are rotatably supported at corner

portions thereof by suitable sprockets 142 that operatively engage roller

chains 138 and 140. Sprockets 142 are secured o housing 14 by

mounting brackets 144.

25 Laterally opposed sprockets 142 are interconnected by suitable
connecting rods 146. At least one connecting rod 146 is rearwardly
extended to define a drive shaft 146a. Drive shaft 146a may suitably be
driven (by a conventional drive, not shown) to rotate belt loop 136 in the
direction indicated by the arrow to horizontally convey food product 12

30 along passageway 30 (Fig. 3).
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toasti ngl cooking area. Alternatively, separate air inpi ngerrent.,_r@é&__gﬁ)‘%é 5506
can be used for each passageway and toasting/cooking area. 10 I'stance

bet ween el ectrical heating assenbly 19 and conveyor belt |oop 136 may be
adjustable to vary the intensity of the heat and infrared energy incident
on the food products 12. In sone enbodi nents, heating assenbly 19 nmay be

| ocated within: cor&@ﬁ\ﬁyyobeénldo@om%aaudééalsenéé of indiiden nenbm‘seents of the
pr esent inventi on, al.lr npil ng errent assenb|

be | th
posi ti ons t hateGtiRRs déplﬂi}%trarﬁr?BPF?é'é‘ﬁ@rﬁecufﬂdrB/qt‘Ue? %I%Bag‘%ﬁ§% angr °

exanple, air quﬁmﬁeﬁ@@mm 17 can be |ocated anywhere in housing 14
wi th an inpingenent air l'tvery ductwork that provides inpingenent air to

food products 12. 20 In sone enbodi nents, conveyor belt assenbly 13 may be
vertical ly- adjust v, " [ and 12, an
alternate 5errbodl rre%?‘legriﬂgﬁ? ﬁ%%/ Qﬁ?&?’g% sqﬁ‘?%ﬁ? 9% d;gw%%mﬁ%:(@ql% gh speed
cooki ng devi Cﬁomthniﬂlhghs:ageadntomhlngm eadross B@éhngl@lbudeGhoiJSI ng 20|2 a
conveyor asse nt a 206 and an ectrica
heater assenb 9aé§8alr efﬁ@ﬂ%@?ﬂj‘ MPSJ%&P dpwar '%é@?l%?@b‘&kp?@ ggsageway 203
| ocat ed abovean&ﬂﬂ&@dﬁfet%ﬁﬁ@r@"ﬂ@’arﬁ%ba SR VRLAPSIbt# R rotates to

convey food 30 producCts (not shown) on one or nore conveyor belts (not
shown) al ong dewawaidiylowesdipagsgaeway BB The fectanﬁuwtvmassee@msﬂy 206

i ncl udes 4, air
heat ers Zi(g n%sg}\&aalﬁ rr;m&%&gnn@g%prﬁsk eré'talla?‘5 1?5%%%6@03 pfr ri bution
ranp 222, 17 72 bheeaddigRwag@d toahérebyhea’sﬁmoﬂ@cm&mzm taowhmsaipuey of
apertures 224 fornmed jn .bottom su e wer, air._plenum 226 that has a
st ributi on PURS AT ITRIgE o Foeiprodasta2u HE g EpatiTlie T8 aper t ures 230
formed in tOpr&ﬁ%ﬁlﬁﬁﬁ% ?)aﬁ'l to&aﬁ%ﬁénﬁéﬂﬂlﬁa heAtieslemant §16f | ow i s gener at ed
in air plenum 218 tha heated by air heaters 216. The heated air flows

fromair plenum 218 via a slot 232 into upper air plenum 220 and a slot 234

into | oweygair pl eété%{rlc%?ﬁeékér'tﬁ'gnsca%o%ﬂ\ RYFiGr 4 Q¥8inet0:tAGY Hedfing EEFPECt i Vel y.
The heat ed airflo

that has a serpentine coil pattern, although any shape or type of infrared
heating element capabie of imparting the desired crunchiness to the food
product is also contemplated by the present invention. Electrical heaters
19A and 19B may be separate coils with separate temperature regulators
20 or may be a combined coil that extends across both toasting/cooking areas
31A and 31B with one temperature regulator. As previously mentioned,
electrical heaters 19A and 198 are heated to a temperature that produces
infrared radiation. The infrared radiation acts in the heated environment
produced by hot air impingement assembly 17 to toast the bottom and side
25 surfaces of food product 12 to the desired crunchiness.

Referring to Fig. 10, an alternate embodiment of the present
invention has a pair of conveyor belt loops 134A and 134B. Each lower
belt loop 134A and 134B is situated beneath upper belt loop 136 to form

30 separate toasting/cooking passageways for the conveyance of food
products 12. A single heater coil 199 is used for both lower belt loops 134A
and 134B. The gap ‘g’ of each passageway mey be separately adjusted so
that food products of the same or different thickness can be concurrently
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in upper air plenum 218 is deflected by ranp 222 to fl ow downwardly 10

t hrough apertures 224 as indicated by arrows 240 toward the t oppeCEMBER26060"
assenbly 204 and into toasting/cooking passageway 203. The heated airflow
in lower air plenum 226 is deflected upwardly by ranp 228 through apertures
230 as indicated by arrows 242 toward the bottom of and through conveyor

assenbly 204 into toasting/ cookin assageway 203. 15 Uppe Lr plenum 218
may suitably Bgoléecgpr F"éteﬁet%o qieﬁ@'%'PPee ﬁgﬁ‘gﬁ’ﬁggew?%ﬁmbgﬁﬁépgh?i al ly al ong
toasti ng/ cookisageRppSRUSNRY d@ible tH MGhHBE! ofE8bY itemb P e Sdrhe MiGkHEEE218 may be
a plurality of jet fingers. Preferabl apertures 224 have a cruciform

shape. 20 Ref #talicag begcaokgd Olﬂasﬁw%gﬁﬂaﬁ‘fﬂ'\é PO PEsgagRaycabe sehger 244
| ted at 3 ' ' | et
tPnger 246 ol daPay hABKoRENSEA B AT BRI ANd R GuRR S Dke) 1)

Apertures 230 ‘@tieatdiccpmeentistes theerowpsf aimyfin. Addiienslly? 4t impthgee@nand 25
preferably have ectrical heater 208 includes a heater

i f h . El
el enent 248 diagf)‘%gggﬁb?ﬁ%% fsaétgﬁg?%gfé?ovfﬁﬁ’? EFPRYAEY 250 di sposed

above jet fingeistindRoskitlgaredleAl@hatiValyiarbarfta aftiitpigethetia¥serabiggace 254
| ocat ed between jet 30 fingers 244 and 246. Heater elenents 248, 250 and 252

are infrared CABREdISedifaneac) RassagpwayARE oasting/coakipgMede pattern. The
serpentine patterns of heater elenents 248 and 250 are arranged to w nd
about apertures 230, but to avoid overlying apertures 230. This arrangenent
18 7 DECENBER 2006 Theelisthmnce betivean eleaical hgating assembly 18eadoonedyarent s 248

From apertur S8tishy 95 RREadsbe hBHABEERRho B onPERet A er " That s,
the heater -eligrest endmyiatidenpsrtihetibed piddulctsol2. amdsdnieembodimens,does not
reduce 5 the infrared em ssions py, cool the heating el enents. Cooking

n
devi ce 200 pr ¢RHRG 285IBRK 19y OB Wﬁlﬂ'ﬁé’Pnygyor A@AR1¥5hot from above

and bel ow t oasti ng/ cooki ng passageway 203,

15 In still other embodiments of the present invention, air impingement
assembly 17 can be located in other positions that can deliver impingement
air to food products 12. For example, air impingement assembly 17 can be
located anywhere in housing 14 with an impingement air delivery ductwork
that provides impingement air to food products 12.

20

‘ In some embodiments, conveyor belt assembly 13 may be vertically
adjustable to vary the gap “g".

Referring to Figs. 11 and 12, an alternate embodiment of the present
25 invention is shown as a high speed cooking device 200. High speed
cooking device 200 includes a housing 202, a conveyor assembly 204, an
air impingement assembly 206 and an electrical heater assembly 208.
Housing 202 defines a toasting/cooking passageway 203 located above
conveyor assembly 204. Conveyor assembly 204 rotates to convey food
380 products (not shown) on one or more conveyor belts (not shown) along
toasting/cooking path 203. Air impingement assembly 206 includes an
upper air plenum 220, a lower air plenum 226, a fan 214, air heaters 216
and an air plenum 218. Upper air plenum 220 has a distribution ramp 222,
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whil e gaining the benefit of added crunchiness afforded by infrared heating
10 assenbly 208. By using three different heater el enents 248,7 REOEMBER 2606
and spaced | ower jet fingers 244 and 246, three distinct cooking zones are
defined that can be controlled for heating tenperatures and food product
resident times within each zone. This affords great flexibility in the
toasting/cookingoﬁrocess. 15 Referrlqﬁ to Fig. 13, _an alternate enbodi nent

of the inventi®ROHAM SUkiEGA 223 andHBlr @’@&9%@‘%824@5819(#15 flte 260 is
simar, to Cookintie siml U SbpingSeihenish dAsaiibhHangomIRRAGES | her o

bear like reference characters. Cookin evice 260 differs from cooki ng
devi ce 200 20 surfaonaazQeazm:tarpluraﬂitynéap@ﬁurgegsosform@bmsieg swifene @28ower air

pl enum 226. Thus, heater elenent 250 is disposed in jet finger 246 as shown
in Fig. 13. Though not shown in Fig. 13, heater elenent 248 is disposed in
jet finger 5244 (sefhBndan 224 rotates\veh laifiew apgeraraticed diyplbhome2 1& that di nary

skill in the art that cookin Oad ooki n d,ev ce2 may or
not need to 25‘%@@9@@(@“‘@?@%&%52%&%@ 0\@:2)?0 288 ¥Baci ng

between jet fjagepssifd L@Pera%le QZ@Qﬁ&b%tcﬁ%\ﬂhﬁﬁﬁo%rﬁﬂgﬁégﬂn cooki ng
device 260 provides heat to the t% and the bottomof a food product such

that the heat 22pas insicated by@riows25i and %?Saae@eqtmelb'hahedmeaée@ag@ow hot t er)

t k 08, 248 t
ZBoms 10 200K hlposkRHENGE AT, IRRGIETH ko 280% By IEYCOS, 200 (Mo
boost s the1tG enheowghuamerhires Bé4laewwdlcatafﬂlb?wml 24ii’{owméggmet@mfg t he upper
i Mpi ngenen air ea er e nen s an
|rr1r1Pra?ed heat %?nVéNéh%%%“%‘igég%dﬁﬂg ﬁ@f%ﬁsﬁﬁﬂﬁwﬁ)ﬂgpg 2”‘914 16, an

al ternate e”boﬁééféﬂtalrﬂéwtlﬁR)v%reaﬁﬁﬂénurﬁ\@'ﬁtlé GBﬂéc&eé fﬁgW‘&réﬂ? by raRplodeg devi ce
300. Cooki ng device 300 includes an oven CaVIté heatlng chanber

304 di sposed i threugivarshies@80 asingicaled\nyyasrovss warddie pettemsiesdd in
Chrcs tob anciiaiih ey TR AABY cOR e TS ibolDptfaRangiapstsly L1, e"
| ocat ed abtive
Upper air plenum 218 may suitably be a single jet finger that has a
length substantially along foasting/cooking passageway 203. Alternatively,
upper air plenum 218 may be a plurality of jet fingers. Preferably,
apertures 224 have a cruciform shape.
20
Referring to Fig. 12, lower ajr plenum 226 has a jet finger 244
located at one end of toasting/cooking passageway 203 and ancther jet
finger 246 located at the other end of toasting/cooking passageway 203.
Apertures 230 are disposed in the ops of jet fingers 244 and 246 and
25 preferably have a cruciform shape.

Electrical heater 208 includes a heater element 248 disposed above
jet finger 244, a heater element 250 disposed above jet finger 246 and a
heater element 252 disposed above a space 254 located between jet
30 fingers 244 and 246. Heater elements 248, 250 and 252 are infrared
heaters that are each formed in a serpentine pattern. The serpentine
paiterns of heater elements 248 and 250 are arranged to wind about
apertures 230, but to avoid overlying apertures 230. This arrangement
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conveyor assenbly 308. Conveyor assenbly 308 rotates to conve;g fc%ﬂbe 006
products (not shown) on one or nore conveyor belts (not shown) Cf ERy?
cooki ng passageway 314. Air inpingenent assenbly 310 includes a pair of
upper air plenuns 316 and 318, a pair of |ower air plenuns 320 and 322, a
fan assenbly 324, an air heater assenbly 326 and an air plenum 318. Upper
air plenuns 31petbitsinfladstBerargy enitécdby hadteyelednits 24t andr@s0@xnanpl e, upper
air plenum 316 has _.a distribution. ra 322, a bpttom surface 323 and a
plurality of afefaghes engmqf@r@wlm%%t@emff%@g gpwar ?’ﬁﬁhgh only
three aperture%gé%?reg@%o t8/MR8 rhiRinkl Shtert&rentd withl dnehodi! aiaklSthe hat there
are many nore apertures 332 distributed across nost of bottom surface 330.
20 Lower air pheaenslesrmiadg netimpede belaitiiow aad the aiglew idoes nofeducexanypl e,

| ower air pken LSty . op surface 336 and a
plurality o agrgarﬁﬁ%@ﬁggsﬁhggﬁﬁ{hg@é@éﬁpgc%ierag@ts Al t hough only three
apertures 338 are showmn in Fig. 16, it wll be appreciated that 25 there are
many nore apertures, 338 distrihuted across npst of . top surface 336.

A Lornatively. a o fgpeng siuicedtoHpRieR A oePRREIRY ramBAEt PRER ength o
passagevay 314 gg@athlylMot AopflaboveParas Beldlv tuwﬁ{géwgkir@ dagewdpo68d 318

and/or a single a single lower air plenumcou e used in place of |ower
air plenuns 3Mll@galmthest@eneahota@&aﬂﬂryn@mewcaded b fared bealing y 326

are di spos NNl ti 4o} a pair
of centri fﬁga%%%n@bly%' a%u%ﬁ@%%@%ﬁergﬁ%%}\&ﬁ?ﬁ@@%ﬁ éh?j‘k’@%’ég%g’gd I n
separ at e fan 2@nd specMaR MiGihgetsoddt and 286,GhoaeddiSitRt cdoking 2ddes arepar al | el
to the directign.of, travel  of the food product al ong con r assenbly 308.
Fan' houst ng. 485N e ¥en b8 ol BanBER e R Ai SRS A | oner
pl enum 320. Faresiduii sined @iliiin iesich 2ohé U THiscHoM §oat fiexbiytif thepper pl enum 318
and lower 5 plenum 322. An air streamdivider 345 penetrates into fan

housi ng 346 t otoaHiNg/igROKINGFREASEt i ng air stream devel oped by fans 340 and
342. 15 :

Referring to Fig. 13, an alternate embodiment of the invention is /
shown as a cooking device 260. Cooking device 260 is similar to cooking
device 200 of Figs.11 and 12 and like components thereof bear like
reference characters. Cooking device 260 differs from cooking device 200

20 in that electrical heater 208 is disposed within lower air plenum 226. Thus,
heater element 250 is disposed in jet finger 246 as shown in Fig. 13.
Though not shown in Fig. 13, heater element 248 is disposed in jet finger
244 (see Fig. 12). It will be appreciated by those of ordinary skill in the art
that cooking device 200 and cooking device 260 may or may not need to

25 use heater element 252 (see Fig. 12) based on the spacing between jet
fingers 244 and 246. Like cooking devices 11 and 200, cooking device 260
provides heat to the top and the bottom of a food product such that the heat
applied to the bottom is greater in thermal energy (hotter) so as to cook the
food products more rapidly. Heater elements 208, 248 (not shown in Fig.

30 13) and 250 may be any suitable heating element that boosts the
temperature of the lower impingement air relative to the upper impingement .
air. By way of example, heater elements 248 and 250 may be infrared

heater elements.
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Air heater assenbly 326 may include any suitable heating ele R 2006
el ements, such as gas or electric elenments, and is positioned E %F
suitable | ocation in heating chanber 304 to heat the circulating air stream
When fans 340 and 342 rotate, a heated air streamis developed in fan

housi ngs 346 and 348. The heated air streamis divided by divider 345 into
upper air plenuns 316 and 318 and into lower air plenuns 320 and 15 322. In
Fig. 16, this air streamis indicated by arrows 350 and 352 for upper

pl enum 316 and | oweRefgrdngito B, 14-d6pan alterakie emhedinert of thd presentr eam i n

upper air plenym 3 Ls_def | ed by _dj It | 4 |

downwar dl y thr&Yﬁ%gﬁﬁ?mmg§§§%gg%g$&?’%ét Q b§&§%ﬁ§§§bﬁm¢‘@st he top
ﬁf cogve_yor as apnven olwayaog_ahdtaﬂnéamgtgizwgmbeog@?Fpraedaga\lv@g?iaggoszo The334
eated air streamin |lower a enur; js de ectg? upwar dly by ranp

t hr ough apegtu%@@‘é@%@?%b&a{) Sﬁgpé?ﬁ?q){ﬁso%‘_’%" g e ot t om of and

t hrough COW?Y%piﬁ@éﬁi@ﬂngé?ﬁblg@HQié@%ﬁééé@ﬂﬁé}ﬂ?'ﬁi S¢n CARRASREN gty 25
Housi ng 306 includés a wall 358 that separates” oven cavity 302 Tfrom heating
chamber 304. Alpheaiing ehandvera304. rAcoekingipassages@y 336ds i@wied ab®® and 368 are

connected with I ' | ' | e sageway
314 and fan hoSgﬁ\ﬁégyog%%?éﬁ&w;éqgé?@?é\ée&hg?%%%?bggibt%%sdgﬁﬁggg&?sposed
above conveyor pasdeid(not3A6wn) dione pasmng eoayeydd baltd (rotdhaivn) alkhyr n duct s
366 and 368 are djsposed bel ow conveyor assenbly 308 within passageway 314.
Each of thdQai POP@PEWSHW"!QG% + 362, 364, 366 and 368 includes a
plurality of openings for the circulating air streamto return to fan

housi ng 346. For exanple, air return duct 362 21 7 DECEMBER 2006 i ncludes
openi ngs 370 di sposéd iBIpingamnantassemplyatld inelddesr pelraf uppee air planieifor

STV, BO8  AiEEind AP ARG clopy RRERRONRLUSS, d BifancthiBifld 1 0%,
ducts 360, 362 an3fdhesi6bassemiig 326 rmdrantdicplencmi 3i8. ddppemaioplensms&i6 340 and
2 0 o SBY IRR PRI B SN A, 0"
a distribution ramp 322, a bottom surface 323 and a plurality of apertures
324 formed in bottom surface 323. Although only three apertures 332 are
shown in Fig. 16, it will be appreciated that there are many more apertures
332 distributed across most of bottom surface 330.
20
Lower air plenums 320 and 322 are substantially identical. For
example, lower air plenum 320 has a distribution ramp 334, a top surface
336 and a plurality of apertures 338 formed in top surface 336. Although
only three apertures 338 are shown in Fig. 16, it will be appreciated that |
25 there are many more apertures 338 distributed across most of top surface
336. Alternatively, a single upper air plenum extending along the length of
passageway 314 could be used in place of upper air plenums 316 and 318
and/or a single a single lower air plenum could be used in place of lower air
plenums 320 and 322.
30
Fan assembly 324 and air heater assembly 326 are disposed within
heating chambet 304. Fan assembly 324 includes a pair of centrifugal fans
340 and 342 mounied on an axis 344 and disposed in separate fan

20



| engt h substantially al ong toasting/cooking passageway 314. Alternatively,
10 any of upper air plenuns 316 or 318 or lower air plenuns 32DDECEMBER 26a6
be a plurality of jet fingers. Apertures 332 and/or apertures 338 may have
any suitabl e shape depending on the type of cooking to be done. Electrical
heat er assenbly 312 includes at |east one heater elenent 15 372 disposed in

each | ower fold. Far e | g,. heat 3 di sposed
bel ow di vi der Jt'§migﬁ %%&ndi:%{?@ﬁ g\fwéﬁ @f‘?@ '§°§"f‘2 lrecijgp oﬁr coéﬁ?t abl e

el ectrical hegbed gtdd@bt Hleag kbnid\pr besaabigtaose Fah Hdmew@ 346 Btindaid t o | ower

pl enuns 320 and 322 relative to the te31grature of the air _streamto the

upper pl enuns COPUNENEEOWItEYPPRRIAMIT 318/andlewerpleRR 30 F/N 372 nay be
infrared or Otfgik; |ﬁ%ti’s'u‘F%ld%ﬂ{rﬁurﬁeat%ne\ﬁlﬁﬂﬁ‘ﬁﬁer?ﬂerﬁlrﬁ@ﬁB'aﬁﬁlIow@neaters 372

bel ow di vi der 345 augnents th eat or thermal energy of alr stream so
that the tBer rienum@eregy Amedir visear dt\ﬂﬁerraéSfp@@etrpte@dm@tfamh@using\wﬁ tai r pl enuns
320 and 322 i t e r | enuns 316 and
318. This decfde“g{sjgg %gk@ﬁ@@lr%ﬁe{a ﬁ]n%é%?épge% c%‘ﬂ%ggg ag'g Séle%i ce 300, like
cooki ng devi ces 11 200 and 260, have faster cooking tines than

conventional air I hgenment o Al sq, ater el ts 372 inpart
crunchi ness to bre %@ﬁ%ﬁ‘;@m@é§3§m%/dn?lﬁg%?5y S‘:‘L'ﬁaequgﬁ'@Wég elemeft nat e

embodi ment  of drhgaRERSERICch éﬁ)géé‘&leélbbtﬁﬂ Slem&ite hdAs p%sﬁi%%ti'&gadev' ce 380.
Cooking device 380 is substantially simlar to cooking device 300, except

t hat cookilfg dwitrble lgsgiondn &eatiag chambercdGctorhegh ihereieuiatingsaiiesteam.312.

I nstead, a gas burner 382 is disposed in divider 345 in a nmanner to direct
more thermal heat toward 22 7 DECEMBER 2006 | ower air pl enuns 320 and 322
than to upper air Mbmf&nsi&‘m mu:dS&ﬁ:tafépahleiaﬁedmldstr@rpr&daskéltbped]h apertures

a1 1 ow the comIBGRRBANGE 38 2 HEa ARy aF elfeafis A<l B 4BV er tea 1o

| ower pl enuns .ﬁ%%@@#aﬁ%ﬁen&né B18and /3t erandtigtodoRethirBRiuniasedaridier 382 can
be relocated to heat the air streamin the |ower part of fan housing 346

and di vi dé¥® 34322.rlaiug; ‘ta dhis @irstwaneisdpgirated Mtaéﬁqwﬁﬁm@n%aﬁaﬁor .
count er cl ockw geyeh el #h 346 hinbiSower plenum 320, respectively. The heated air

stream in upper air plenum 3186 is deflected by distribution ramp 328 to flow
downwardly through apertures 330 as indicated by arrows 354 toward the
top of conveyor assembly 308 and into toasting/cooking passageway 314.

20 The heated air stream in lower air plenum 320 is deflected upwardly by
ramp 334 through apertures 338 as indicated by arrows 356 toward the
bottom of and through conveyar assembly 308 into toasting/cooking
passageway 314.

25 Housing 306 includes a wall 358 that separates oven cavity 302
from heating chambér 304. A plurality of air return ducts 360, 362, 364,
366 and 368 are connected with wall 358 to provide fluid communication
between passageway 314 and fan housing 346. ‘Air return ducts 360, 362
and 364 are disposed above canveyor assembly 308 within passageway

30 314 and air return ducts 366 and 368 are disposed below conveyor
assembly 308 within passageway 314. Each of the air return ducts 360,
362, 364, 366 and 368 includes a plurality of openings for the circulating air
stream to return to fan housing 346. For example, air return duct 362
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assure that this boosted heated air be diverted below the divider to ove!

10 air plenuns 320 and 322. In an alternate enbodi nent of cook?ﬂﬁcﬁﬂgF%@‘§b0
or 360, the air in the part of fan housing 346 above divider 345 can be
cooled relative to the air streamto |lower air plenuns 320 and 322. In this
enbodi nent, for 15 exanple, the upper air strean1can be cool ed by addi ng
cooler air into the

ea o hi s can augnent
or replace théndweést?ﬁ?'}!%s ﬁ%@@éﬁp"ﬁ% Iti?%? qﬁﬁﬁﬁg}%&a&t}?@e“ 300 or the
gas burner 382:on0éycﬂ'fa3§eﬁﬂal)d8®8 CAftéBﬁ'npl@Eﬁ'\érﬁQbeh tiae food prodaxtapt €, can be
dilution air that SF di ver d from ﬁg‘?’d’ﬁ 314 20. Ref erri n%pto Fig. 18,

a thick food piro¥ndp Figs atnerher?t 7S tospating ehagter $04nt

hei ghts. Thi ckif QIP@'etQFrPQH&B 3%@23e@dm4h B86 Bﬁ&@sﬂm‘ééﬁhe é&g.oﬁ%uéﬁoﬁny food
products that have different heights, such as bakery products, pizzas,

meat, poul ry fans B4@angdi3d@uct s, veget abl es, and the like. 25 Thick food
product 402 and thin food product 404 are shomn, by way of exanple, as a
thick pizza 402 and a thin pizza 404. The difference between the two

hei ghts is represem ademt@éhibédirﬂ'érﬁstmpeoélrtplémims)staandma and/gthown as

| ocated a di stance L om air, |j 06... The a 404 is
bt ow the top IBWSL AT elenoim, 320 308 32 masiiiebbihe. 8 SiFHP & TBgelErRaTR di ot ance
L has been 5et!eh@h%bﬁgﬂahtlaﬂ@éloﬁﬁ%ﬁstmb)%b@hn?'pééé’aagéw&91141 A%rﬂaﬁs&e@?a 404

coul d be cooked only by maki ng a change in stance L, 1.e., a vertical
change in e 3RyseftuPpAT air Plerinp B4 of 18 oF loper i EeRRER20 00822 s ey or .

Th | t ed
(her eby meki ng 5 BiAG ey Apb S URrthés 182t ol SEb R eS8 MRy b, e
di scovered t haanyasul’tabteee;hecp‘e dependirgy druthedypeaul capkingotarite doher cross-section

shapes and spaced to provide overlapping jets can diffuse or plune to form
a bl anket of heated air at the food surface of the higher food product

(thick pizza 402). Hibgribhiaittér femblp31Ningludeb 22 atPdne Medticr Bigméttzza 404
to be cooked when pl aced adjacent one_another on the
15 372 disposed in each lower manifold. For example, two heater elements
372 are so disposed below divider 345 in Fig. 16. Heater elements 372,
may be any suitable electrical heater that boosts the temperature of the air
stream to lower plenums 320 and 322 relative to the temperature of the air
siream to the upper plenums 320 and 322. For example, electrical heaters
20 372 may be infrared or other electrical heaters. Placement of electrical
heaters 372 below divider 345 augments the heat or thermal energy of the
air stream so that the thermal energy delivered to the food product via |
lower air plenums 320 and 322 is greater than that delivered by upper air
plenums 316 and 318. This decreases the cooking time, i.e., cooking
25 device 300, like cooking devices 11, 200 and 260, have faster cooking
times than conventional air impingement ovens. Also, heater elements 372

impart crunchiness 1o bread products.

Referring to Fig. 17, another alternate embodiment of the present
30 invention is shown as a cooking device 380. Cooking device 380 is
substantially similar to cooking device 300, except that cooking device 380
does not have electrical heater assembly 312. Instead, a gas burner 382 is
disposed in divider 345 in a manner to direct more thermal heat toward

22



conveyor wi thout adjusting the distance L. 10 The particul ar cross-sectiona
shapes provide a range of BTU delivery rates over the di stané®ESEMBERZQP6 5
predeterm ned value of L. This range of BTU delivery rates assures that a
hi gher BTU rate will conpletely cook thick pizza 402 w thout bl ow ng
toppings and that a lower BTU rate 15 w || cook thin pizza 404 w thout

burni n The gé}gl | eer heat ed
air at gabout @%ng erbrgé?gtaﬁggz?%é% q{Pb?:I pﬂﬂz&}éész%?h ggt Wn pi zza
404. The BTU tﬂ\ﬁenmwplusahasompd«rtumacbrdouvqa§84@ae1dba@oaelqi irsthedbaftiom pr oduct

fan speed) i THEGE S 4B BT Ak oo the BB FrBa % neSFE Al ng "l | ove
tuning to del siverry thattieseing di\bt&tdd&b@tﬂmét’r‘[ﬂénum BR0 @@dk322hi ck pizza 402

conpletely. and thin pizza 404 wi thout burning. Preferably, the
cross- sect? onal shape includes at | east one web Iike menber that has at

| east one_enl ar gedyaiieacthatrhRii8fg o bR eEp ML rekdaiepicer abl y,  th

enlarged area is |located at an en he we ven nore
preferably, theatdhari steanr getie pawver panisofaan ba@mngﬁéG@fndtddeeMS | i ke menber,

so as to for t duce

vel ocity grad eg’ﬁ’g 2%8?‘32@ ? 2%‘@ ﬁtlﬁqh? r?%?”q c@ﬁflfekggﬁg@géﬁ?ﬁgo?a

preferred cr oasewematdhlalbo@bmmdmatmbmde divepied below Yheodlivideb td lolwer rrenber S
with enl a_L(?e Eoglons ﬁ] e&;@ end that intersect with one another to form
a starbur NUEY: 329and 268 where the nunber of web menbers is two, the
shape is a jack. Mre preferably, the starburst and 24 7 DECEMBER 2006 jack
al so include an additional enlarged portion at the mdpoints of the web |ike

nenbers, i.e., at RN aligypaiagmpeniment ahgopkingsdayics 00T 6B dheiakér i bed wi t h

(eference ¢ o, e 4P o Ringdd Ui oRiig 82N, brbibad, e o, o0

19- 24, three pestrapariblowsr dit plendd 30cantii3P2ar la thisepnioodicheas fcb1aV| ng
- I t hat i | d.
Feapoct viAy. SRR Hiesyiies at oreamy e B5 cofie sg R ageler ot f2°

area of fan housing above divider 345. This can augment or replace the

electrical heater assembly 312 of cooking device 300 or the gas burner 382
of cooking device 380. The cooler air, for example, can be dilution air that
is diverted from passageway 314.
20
Referring to Fig. 18, a thick food product 402 and a thin food product
404 have different heights. Thick food product 402 and thin food product
404 may be any food products that have different heights, such as bakery
products, pizzas, meat, poutiry or fish products, vegetables, and the like.
25  Thick food product 402 and thin food product 404 are shown, by way of
example, as a thick pizza 402 and a thin pizza 404. The difierence
between the fwo heights is represented as BTU A. The top of thick pizza
402 is shown as located a distance L from an air jet 406. The top of thin
pizza 404 is below the top of thick pizza 402 by the distance BTU A.
30
When the distance L has been set in traditional ovens, thick pizza
402 and thin pizza 404 could be cooked only by making a change in the
distance L, i.e., a vertical change in the position of the upper jet or

23



jet aperture 410 shows a very narrow range of BTU delivery rates to the
tops of both thick pizza 402 and thin pizza 404 of about 24 tof PECEMBER 2006
BTU | bm These delivery rates are so close together that tuning requires a
conbi nati on of changing fan speed, jet fingers, finger aperture plates, 15
adding air straighteners in the fingers or block off plates to increase

S ust ment or - CawaelT ot testiRell i HichaRbf KRRl et ARPEBa g6 505 and
thin pizza 404times, thébyynalinga changéows iimevempundag and complicanéd.about 35 to

36 20 BTU I bm for rectangul arly shaped jet aperture 412 of Fig. 23. Al so,
Fig. 24 shows a very narrow range of about 23 to about 25 BTU Ibm for cross

shaped j et apertwenﬁé&beéﬁagseaﬁérbartﬁétﬁﬂ&rawéﬁe@éwerﬂﬁés Ragig have a

noticeable drop in air velocity fromthe center toward ci rcygn‘.erence or the
ends theredf. Mafticulakeesssraiionshanes ansapaged fuprovideavariapathadgets aahe 25

aperture, the f; t | t (i.e.,

BTU del i very réllﬁlg%je B{A'I?@g% EO\(]@H'}‘%[H%@%&#&&%E Séﬂjrat?ﬂé??tfc{e&mﬁétqgﬁies 412 and

414 ar e r at herhighsrfood qnodwbit {thiokwitzd 402)s @ hbdldrdetperrhiisitiied piata 480t ed air

at the top of the. higher, fqod product (i.e., thjck pizza 402). 30 Referring

fo Fig 25, a B Dineih40ed0 peltoBfed ik sl atlicanb ona anglehionideP merber

%8 that has epdriveg&owRRGtieFstiAg InaBRiHes Ldi sposed at  either end thereof.
e enlarged portions may have any suitable shape, including, but not

limted tol0 circular, square, rectangle and pol ygonal . 25 7 DECEMBER 2006

Enl arged portions %ﬁﬁcﬁ%ﬁC@%EY%CEQT%EH?Q&GI@%%%Pé“ eofagr?iq_?]ge al ong the

| ength of web |ike nme sure a orm air
vel ocity in thdelivety mabésioverdhe isihmeb BTYU X for egdetgtermmedomivzorfd.. | Biis

aperture 416. 5 Ref | to Fiqg. 26, the heat tr for dpg bo | et
aperture 416 RGO BT ey ies aRsured gt Adioher R rale valf Fom@ieelhy um over
a wide range edokRhldkqsiria 403 withb@shibRinguabisings Ahe thatd 16wei BTanae Thus, the
BTU delivery rate range . is abo 26 to about 36 BTU/ Ibm This assures a

large 10 ehbughilicardhindizz 444 ‘l’JVEthﬂ‘i‘trﬁ"@f‘g-t Heedughesang lpweeBhY sinpl e
adj ust ment  of gefivery rates will still deliver heated air at about the same temperature to
both thick pizza 402 and thin pizza 404. The BTU delivery rates within the
range can be adjusted for product height variations by adjustment of air
pressure (e.g., mere adjustment of fan speed) without any adjustment to
20 the distance L. This tuning allows tuning to delivery rates in the range that
will cook thick pizza 402 completely and thin pizza 404 without burning.

Preferably, the cross-sectional shape includes at least one web like
member that has at least one enlarged area along the length thereof. More
25  preferably, the enlarged area is located at an end of the web like member.
Even more preferably, there are enlarged portions at each end of the web
like member, so as to form a dog bone shape. The enlarged portions serve
to reduce velocity gradients along the length of the web like member.

30 Other preferred cross-sectional shapes include a plurality of web like
members with enlarged portions at each end that intersect with one another
to form a starburst shape. For the case where the number of web
members is two, the shape is a jack. More preferably, the starburst and
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the air speed or fan speed so as to cook both thick pizza 402 and thin pizza
404 without adjustment of the distance L. That is, the BTU deI7i'?ﬁ§§M5%ﬁ£°°6
can be tuned to a pair of values in the wide range that will cook both thick
pi zza 402 and thin pizza 404 without adjusting the distance L. 15 Referring
to Fig 27, a jack shaped jet aperture 424 includes a pair of web |ike

nenbers 416 ajicRRURMANCINde PSEidrbriaféMbigedsitrion Aethe Phidpsingnéttherwetenl. ar ged
portion 426 | gcated at the crossing point or the md points of the two web

|i ke nenber s. lig} members.d-ceAtdhe tpspgRHs 420 and 422, enl arged 20 portion
426 may have any suitable shape including, but not limted to, «circular,
square, rectangle and pol ygonal. Enlarged portions 420, 422 and 426 serve
to reduce the vel othisydisdoxagewill lbendpscribed withréfecsnordd Rigkd 9-3tbfdser 418. This

For ed by ne feicRoza 08 B R JOLRF bh kbRl ifodsibh L8087 odler 02 1 Sce
for jack shapaddjpaty aApesR8griechi24 shows a rat her constant tenperature of the

air jet columm over a wide range of BTU delivery rates throughout the BTU A
di stance. Thus, the BTU delivery rate range is about 25 to about 33

BTU 1bm This aSSUR@%rﬁng?ds 3.399-9@9@9&1% e@&ﬁ@wr@smg@rz fbggim b the

delivery rate by sinple adjustnment o e alr spee speed so as to
cook bot h t hi drpiotetizas having awssisiestignal shapemihahreneimulaidrastangsiar of t he

di st T ' b R be t d
fo o pat v 18 of ghds, IheERI i TRlert fcolod. 1R R R P et8 e oo
and Lhi nt pi ﬁz@taﬂpér‘t?td@wlfh@n& a%M@aﬂm;a;:IigetcfrE'ﬂJ Uleﬁitdryn'afesg?jthe Fi ? 29, 4;214
st arburst shape aperture is. simlar to S aperture ,
but i ncl udes fﬁ}%'?\ﬁgcﬁ)él'ﬁagggéaéﬂ?iﬂrﬁ’ézzas‘}%p%f@%é’ﬁig%@2@-%16 Fhat are
arranged in apigbil."Ohést AivERARitds Meldd dose Rkl tiedthaniag feduardsi £n 426.

This helps to assure a nore uniformair velocity in the jet colum of
heated air foca@@inafionis chargingfrrxepgest jed Hegerss Bnger epertuee plates,

15 adding air straighteners in the fingers or block off plates to increase static
pressure or modifying return air paths. For example, vertical adjustment of
the distance L would be needed to cook thick pizza 402 and thin pizza 404.

Similarly, Fig. 22 shows a very narrow range of about 35 to 36

20 BTU/Ibm for rectangularly shaped jet aperture 412 of Fig. 23. Also, Fig. 24
shows a very narrow range of about 23 to about 25 BTU/Ibm for cross
shaped jet aperture 412. Jet apertures 410, 412 and 414 each have a
noticeable drop in air velocity from the center toward circumference or the
ends thereof. This means that as the food product travels across the

25 aperture, the food product would receive unequal treatment of heat (i.e.,
BTU delivery rate). Also, the jet columns of air for jet apertures 412 and
414 are rather narrow and difficult to use to form a blanket of heated air at
the top of the higher food product (i.e., thick pizza 402).

30 Referring to Fig 25, a dog bone shaped jet aperture 416 includes a
web like member 418 that has enlarged portions 420 and 422 disposed at
either end thereof. The enlarged portions may have any suitable shape,
including, but not limited to, circular, square, rectangle and polygonal.
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Referring to Fig. 30, the heat trace for star burst jet aperture 416 sh

a rather constant tenperature of the air jet columm over a w del ?%MBER&”S
BTU delivery rates throughout the BTU A di stance. Thus, the BTU delivery
rate range is about 46 to about 62 BTU Ibm This assures a | arge 15 enough
range to permt tuning of the delivery rate by sinple adjustnent of the air

speed or fan (o) | za 404
wi t hout adj usfﬁngégea% o?ﬁ)eﬁs dﬁég)%c?%gerﬁlﬁwF‘:ng{Céztﬁ%%%%lﬁﬂgeré&r?/lelr“ te can be
tuned to a pauthelﬁngﬂ’abiwabmhe tiemnberdd 8r diniehelhato assurecomiordoniforohi ck  pi zza
402 and thin p|z 404 w t hout, ad] di_st,an th the same 20
cooking tine ei%‘%f%{é%i}gée ﬁc?l‘ff@r{)@jﬁa?% é’B?ong tﬁ'eﬁ'? 4\(}9\,{3 F Figs. 26, 28
and 30 show tr@ermrgm]@t colums of heated air are w de enough to all ow

flexibility to design a systemthat will forma blanket of heated air above
thick pizza& 402. 25 Referring to Fig. 31, a cooking device 440 includes a

conveyor 442, an lgbqgrrrm q@g@g@a %@%N'Oﬁﬂﬁg PRI8 eﬁ%v,ﬁigonveyor 442

and a | ower inpingenent~as Eose ow con eyor Conveyor
442 is oper ablshows ac@ﬂwwmemtmmatwep the aihjishadlumrooertanwideo passageway

ot ngenent - adelgs PPETB RSN aERntenB ] ne B A ASBngE TR0 BF FAT . o
for cooking t hielifegydaty @egetisabeutrgd tocabwesemb.ylbcmnvmxmssmfb%albm ngenment

assenbl i es 444 and 448 na be .27 R 200 [ e ed in any of the
cooki ng dé¥i céfobgh rangrt aerg)'f tume%%%@ﬁw% efy)g?méggaciuﬁt@enigsy 300

(Figs. 14-17) Otﬁ@‘élr%%u efilor %an dfdeSo ¥&1d cdtk hdth Mk pizZRi4 Qrp%gihfor

cooking of fo cts. 5 An electric heater 448 'S dIS ose ove
conveyor 442 aAﬂﬂ\wﬂwonéladmstmenh@‘ah@dlmeds 'EI!‘Iaip%)sIbG Bdf dah\@ov\rmgor 442,

r et er abl v artey tefinef 6 a1ogh SRR i o Ride ARGE RSl tbB BBBT T, oy o
448 and 450 prpitzr 402 gnd Hﬁnbizlzamzlamﬂmm adjuetmgrﬂfretdmtlaabe\heaves anong t he

col ums of1510 I npi ngenent air in a manner that mnimzes interference
t herew t h,

Referring to Fig 27, a jack shaped jet aperture 424 includes a pair of
web like members 416 arranged in crossing relationship that share another
enlarged portion 426 located at the crossing point or the mid poinis of the
two web like members. Similar to eniarged portions 420 and 422,enlarged

20  portion 426 may have any suitable shape including, but not limited to,
circular, square, rectangle and polygonal. Enlarged portions 420, 422 and
426 serve to reduce the velocity change along the length of web like
member 418. This helps to assure a more uniform air velocity in the jet
column of heated air formed by the jack jet aperiure 416.

25

Referring to Fig. 28, the heat trace for jack shaped jet aperture 424
shows a rather constant temperaiure of the air jet column over a wide
range of BTU delivery rates throughout the BTU A distance. Thus, the BTU
delivery rate range is about 25 to about 33 BTU/Ibm. This assures a large

30  enough range to permit tuning of the delivery rate by simple adjustment of
the air speed or fan speed so as to cook both thick pizza 402 and thin pizza
404 without adjustment of the distance L. That is, the BTU delivery rate
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shown, for exanple, in cooking device 200 of Fig. 12. Electric heaters 448
and 450 are shown as | ocated between conveyor 442 and i npi ngefddECEMBER 2006
assenblies 444 and 446. It will be apparent to those skilled in the art that
electric heaters 448 and 450 may alternatively be located within 15

| npi ngenent assenblies 444 and 446, respectively, as shown, for exanple, In

neaters asg avn BefRRIRa MY o vaRions o WilsupBp WargMERG BbmaRiek, T °°
heaters 448 t opikgd 402 2Ad litein piAza 40dtvitiueit adjustiig theadisthhc@d one on. For

exanple, if electric heaters 448 and 450 are on and off, respectively,
additional thermal energy is applied to the top of the food products,

thereby inparting qremafHgETg gg,hﬁéﬁtr&jrsghatp% j?ﬁa&?értu?é‘ﬁé@ id Sinflpeg ri

heaters 448 and 450 are off and on, respectively, additional thermal energy

i s apE! ied& ohiﬁﬁb shapabapasiure Ha4f bddncledes matethen a pair ebgog bpae ting
Cparted to boniienanenuel MEEr atd &fnddh 8 GosdhE iliafhitith APy ' ©

apparent to thosrasknlarged portiohd26ér Thistetipclordssate amdredb®ormamir 30 be gi ven
additional functiqpality, to contrgl the ener S lied to .e] ectrical
heaters 448 antFa¥ 'T‘@%J%PBIQMT‘PF&E?#%Wgﬁ”‘%ﬁrby&ggisiﬁ@’%ﬁtdﬁé?‘%e Bcedur es.
This gives cookigg device 440 a great amount of flexibility. It wll be

further apparent to those skilled in the art that the principles of 28 7
DECEMBER 2006 cooki ng device 440 may be inplenented in any of the

enbodi nents shown i | ] illed in the
art that the bl ankeltﬂefgh toﬁﬁ'i%nog lﬂ?eeﬁ%%l]rtre%%g@p?%éSpgﬁsfggtakgﬁa%an e used in
any of the cooghows aeatheresonstdnt(Eingsratdredf the28id jdt Eotysnl dvenaiwkdy) , 260 (Fi g.
13), 300 (Figs, 14- QJ nd. 380 (fig. ﬁ?{ S N in_a L Npi ment oven
for cooking of rqng&?% .’%&%&’Fg‘/ ‘Eﬂé%ﬁ}% F‘u@]eg%\fg %ﬁi%?ngﬁn I é’sg@ﬁ r. 10 It
will also be ag@pepniaté earigeds abski 46 edabdut BRETUAbrh N Thistdwsumentargé t he
present invention %&hi eve ralpi_d cookifnﬂ ti ges lr% elivering different
anmount s of 18 hePRMINIRBBE {0 PeIikhRINING,0LAEG dgtary ArigoY fmprRRAusmanist to

the air speed or fan speed so as to cook both thick pizza 402 and thin pizza

404 without adjustment of the distance L. That is, the BTU delivery rate

can be tuned to a pair of values in the wide range that will cook both thick

pizza 402 and thin pizza 404 without adjusting the distance L with the same

20 cooking time or residence in the oven.

Also, the heat traces of Figs. 26, 28 and 30 show that the jet
columns of heated air are wide enough to allow flexibility fo design a
system that will form a blanket of heated air above thick pizza 402.
25
Referring to Fig. 31, a cooking device 440 includes a conveyor 442,
an upper impingement assembly 444 disposed above conveyor 442 and a
lower impingement assembly 446 disposed below conveyor 442, Conveyor
442 is operable to convey food products (not shown) along the
30 passageway between upper impingement assembly 442 and lower
impingement assembly 446. Impingement assemblies 444 and 446 are
operable to provide impingement air for cooking the food products being
conveyed by conveyor 442. impingement assemblies 444 and 448 may be
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mat ch the maxi mum thernal absorption rate of the product bei ng7 cooked. _Air
vol unes, velocities, tenperature and radi ant em ssions are sel e'&'f%'ﬂ“?%ﬁi@?s
optim ze thermal transfer to different thickness of product being cooked on
t he sane conveyor belt set to the same cooking time. The present invention
havi ng been thus described with particular reference to the preferred forns

thereof, it wij 4 iR 4fy oR e KRR o RRsCaRS 120)do09 b A3ehans my be

made therein wi tphout epart rom |r|t and scope of "t he present
i nvention as d&?)i 86Q (fFig. 1$1)e3a8155|gaeﬂ4 dV)aa 380 (ig. 17DECARBER 2608 WHAT 1S

CLAI MED | S 1n@p§rgqc1é§|bg q,(awf&ec é@oﬁgg@)@ o%%ﬁt a heating assenbly that

provi des ther "4 t 0p om 6f one or rmore food products
such that said thermal energy delivered to said bottomis greater than said

thermal energy deliyvered t , .sai d heating assenbly .conprising a
first air iE;‘{Tpl ngenet §§ k}ﬂ?ﬁfﬁe ﬁg%ﬁ'%ﬂ%@?%ﬁ}ﬁ%@ "Wpﬁ%é Wil r to said
top, a second @bétrib MekfGemens diposEl blloWidntephradd X asicbPivtieatst 4gms of air
to said bottomand an infrared heater that provides infrared heat directly

to said bottoid dhRmavbeanyisuihleelegtiedgatar ang, ﬂiei@'ébb’daf%taﬁ@é’ﬁ sai d
cFarm winer SRS 25 TR nBRrS Lo kalB esThe SRsbRRafiy o0

claiml1l, wherein sa i NC
di sposed so asedch hnava habigoteleaent thaiv\maveelamang thé calumrvs dthout being

directly wthin a path of f Th king d
of o1 ai m 210 wiBnfidFTochti BE Rander hekfiniEERe reAetnmigoriiB Brics a. sur face

with a pluraligpo, fePekdnuieSint doRinghieWbe0SHi Fig.| PIeEiceRicUiBatersalygai r are
del i vered, and wherei n said heater elenent does not overlie any of said

apertures. ambdedare flowe apdecaied betuean sonvpyar ddg and impingestetind second
air inpi ”ge”enéssem%@fQiM%q:@E@rL%ﬁ!Fbé‘a BR{ toﬁh@é’é‘&iﬁé@ﬁﬁtﬁ{a%ﬁqﬂ g a | over

pl enum assenbly,  respective e sal d upper a ower col ums of
air, respecti velleytnc&eazbersdé&argi Mmay abthlinahveiwaprld)@ied withfreat i ng assenbl y

(et 2oV EGOBhe Bl R0 ReBBhAR % Rl € o

example, in Figs. 13 and 16.

A control unit 452 is electrically connected to electrical heaters 448

and 450. Control unit 452 is operable to control electric heaters 448 to both

20 be off, both be on, or one off and one on. For example, if electric heaters
448 and 450 are on and off, respectively, additional thermal energy is
applied to the top of the food products, thereby imparting crunchiness
thereto. On the other hand, if electric heaters 448 and 450 are off and on,
respectively, additional thermal energy is applied to the bottom of the food

25  products, thereby imparting crunchiness thereto. If both electrical heaters
are on, crunchiness is imparted to both the top and bottom of the food
products.

It will be apparent to those skilled in the art that control unit 452 can
30 be given additional functionality to control the energy supplied to electrical
heaters 448 and 450 in a programmed fashion for various cooking
procedures. This gives cooking device 440 a great amount of flexibility. |t
will be further apparent to those skilled in the art that the principles of
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greater than said thermal energy delivered to said top, said heatin
assenbly conprising a first air inpingenent assenbly that prc7v'? #qoe
colums of air to said top, a second air inpingenent assenmbly which

provi des | ower colums of air to said bottomand an infrared heater that
provides infrared heat directly to said bottom wherein said infrared
heater is di Spag@Hgida%icd@4dahdy BBGARMNRrfted inBHy IIEAB BmttARERSShobn The
cooki ng devi ce of cI aimb5, wherein said infrared heater conprises a heater
el ement that iRFigSspded to weave about said |ower colums of air without
being directly within said | ower colums of air. 7. The cooki ng device of
claim6, wherein said first air inpingenent assenbly conprises an upper
pl enum that is di spositthetappprentitoléhosaisiilled prethecart ﬂTatskhe)blaaket arahd sai d

d ai t nbl hat d d
Pecors ot RS RS R PR A Ry L RlBifen 02
di sposed in Sa!'ﬂ(théW@fQ)P?m\(FTgs 39 aﬁdDWl%Q@ﬁ S(ﬁ) (Figs:aaki Nandevi ce whi ch

conpri ses: eatl ng _assenbly that provides thernal energy to a top and a

bot t om of one 3@\0 figol @ asgue! ﬁm@%’wﬁﬁn?mﬁ’e@i\?@qu] fogdher gy del i vered
t d bott t del dt d top,
0 sali otto sse gbp@élﬁrg H@@\tg%c&fé,ﬁ E’Z,%hvé‘jb‘?r gy delivere 0 sai op

sai d heating t alr 71 npi ngement assenbly that
provi des upper col ums of air to said top, a second air inpingenent

neater thad heat s 1T Rso YR apPRSHTR Yulre b R Al Warf frier o7

and an i nfrar quleswatit/entibatchicoyiralsia coalhnglumésrmfadememgtﬂfﬂerém said bottom
and that is disposed with reslggct tglsald %gﬁr colums of air so that said
OVt

i nfrared heat nds phthegmel e edPP &nd beftampidoe BERdbigt ¥nsi vel y to
sai d Dot oM aRlcHRS Rikiidindn A dBloRRBRTRL NI ARE: BolbicBikal 1 N0 ai 1

stream that is heated by said additio heat er and divided 1nto a first
pat h t hat i nclAitegdumes; elogiies, temparﬁitsrecﬁndarﬁdlaahamlsm@%argaedmeq)m h t hat

i ncl udes i er boosts
t he tenper aturdequﬁ{ @%&Mgﬁ? ﬁé?ﬁn%ﬁe%ﬂ&hg%ﬁégémgﬁ ﬁ%ggd "[' § (9( above
t he tenper at urthe sghmeaiathveyorchalbsaetig it sammé cesking timesai d f| rst pat h. 9. The
cooki ng device of claim8, wherein a location of said infrared heater is
The present invention having been thus described with particular
reference to the preferred forms thereof, it will be obvious that various

20 changes and modifications may be made therein without departing from the
spirit and scope of the present invention as defined in the appended claims.
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selected fromthe group consisting of. between said second air inpingenent
assenbly and said bottom inside said second air inpingenent asbECBEMBERI2406
bet ween said second air inpingenent assenbly and said additional heater. 10.
The cooking device of claim8, wherein said heating assenbly further
conprises a fan assenbly disposed in said circulating air stream and
wherein sa er is disposed in said fan assenbly. It. The
cooki ng degﬁ{ géei’alﬁﬁgﬁ$mhereln sai d means for delivering further

conpri ses di vi der th t .divj des sal.d circulating air streaminto said first
and second pat HEOOKIRY ?ﬁﬁﬁ?ﬁ‘ fi" SUMR'S°Hif r ared heater is disposed relative to
said divider to boost said tenperature of said circulating air streamin
sai d second path! %T@ga$ﬁ€mbb6%FW@VH@%ﬂEGmﬂﬁn@B&ﬂﬁﬁiqpaMkéP@FW“§éPHethrared
heater is di sposer foed qupdnctsseuch rthatpwich theyrgal engegycdriivered t@esaicdc Botem ds aj m 11,
wher ei n sai d i ndreaterethahesaidethermaldénergys delivaked o rsaids &ipd sdidvieating assechblsher ei n
sai d divider i ncmpsmga fivstdir impngsirent gssembipitied provides wppdr celunhs ®€eiod pat h.
14. The cooki ngsaitetopceseadbndiinimpidgmenh essanblysdiich preaided loars tdomaoafaini cat i on
i ncl udes one ortorsaidebdtuy aidsan difaredpigiatet Chsd pebvidis dnfeared heht adebly dbsaidlhe
cooki ng devi ce Kitofd, aivAerdth saibeinBiaredsRédleri if HRpORdhBAWEEN isSida s@dRd haat er .

16. A cooki ng dgyigRmeht 48R §88 bottoln./ DECEMBER 2006 a heating assenbly
that provides thernmal energy to a top and a bottom of one or nore food

product s sych tfial okl & BhRenI%ndeRl] ¥£Ji‘?ﬁif§9d?x byl mrutdgw cfreater
than said ther ﬂ@gﬂ%ﬁ%ﬁ g, @?ftoo“é@b b ﬁtﬁsa%ér Rl 3RSGHRLY

conprising a f| s rOvVi des upper col'ums of
air to said to?)em (%ge&l%nd hgf’?pa} ﬁﬁf??é‘groﬂ‘avﬁf Olg?g%ﬁoa&r whi ch provides | ower
columms of _air _to said botto an nfrared eater t.hat provides i nﬁrared
heat directly tbhesepafnedavicsmlglam, 2. WRATFIR @)r FRBREEREY SSIMBIA 1 t hat
forns said uppe‘t"“’]@é‘?%’éfaﬁ Wlth@rplurﬂ ty ok ap r%‘éb/l l\/ﬁ?idclﬁwéb?ﬁﬂ‘mg%s a
heati ng assenbl §f aihzie dgkivay¢dy @ad whéwemaubh@ﬁwlwnadwpwaﬁwrhe pax ebseidbf one
or nore food pasdusss such that said thermal energy delivered to said
bottomis greater than said thermal energy delivered to said top, said
heati ng asgenbl The cooking device of claim 3, wherein said first and second air impingement
assemblies comprises an upper plenum assembly and a lower plenum assembly,
respectively, that provide said upper and lower columns of air, respectively.

('9’

5. A cooking device which comprises:

a heating assembly that provides thermal energy to a top and a bottom of one or
more food products such that said thermal energy delivered to said bottom is
greater than said thermal energy delivered to said top, said heating assembly
comprising a first air impingement assembly that provides upper columns of air to
said top, a second air impingement assembly which provides lower columns of air
to said bottom and an infrared heater that provides infrared heat directly to said
bottom, wherein said infrared heater is disposed inside said second air
impingement assembly.

6. The cooking device of claim 5, wherein said infrared heater comprises a heater
element that is disposed to weave about said lower columns of air without being
directly within said lower columns of air.

7. The cooking device of claim 6, wherein said first air impingement assembly
comprises an upper plenum that is disposed to provide said upper columns of air
and said second air impingement assembly comprises a lower plenum that is
disposed to provide said lower columns of air, and wherein said heater element is
disposed in said lower plenum.
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conprising a first air inpingement assembly that provides upper colums of
air to said top, a second air inpingenent assembly which provl BESEMBRR 2006
colums of air to said bottomand an infrared heater that provides infrared
heat directly to said bottom and wherein said heating assenbly further
conprises a tenperature adjuster that alters the tenperature of one of said
upper and gai d AQWEKing @videwhieh coprises:18. The cooking device of claim17,
wherein said tenperature adjuster 1s selected fromthe group consisting of.
boosting the tem&m YknBly 2 M%o'vfa\ese{heﬁeéueﬂsgy% a t ind Qeaedtémfbn@or
tenperature of gl g %du%& Sth% safl [neffll FefOMMIRAIHON oo 8&?0
cooki ng devi ce Atg tha [d 385parnll taapve%as o t gsldpﬁe%vlh ea§
energy to a to 0 oy O ald
thernal energy %i’ R’\?E‘ﬁea "P a‘%Q?pd“%fB”teP ?FF‘?"% yQ‘f H er§8 ‘1 ener gy
del i vered to sa% E"Bpase§8‘? a‘ﬁB%R‘P%F@;;g Lasseipbly PY an WérF‘i’ P’?PS ar"

i npi ngenent ass nSB Eél‘haé(B‘F?}?rﬂ? Hr thef formg saidunpes gyl 4
second air i npileyened klma%@ A gthindRred hedteribiat provides widrrdsatpdiresily 1o t o sai d
bott om and an i $#d betn wbb@mewls@mpsqdmm warect tof saisk loweneelumas bt by thab saj d
bottom wher ei nsait infragest haah end paid dpwergopunnscef] aimars proddédegextentivaingo of air
di f fuse to fornsaid bétemkeind o¥heramp said) beatimg assembiynpoaidds regpdating/a@r stogamor
bottom  wher ei thatat heaabhy saidadafitieal kkatar asd isalivddskiandfiat path that inghdent
assenblies congid ser olpitis af dit ¥ndothtoPREdnd gash thasipelldésal wietleolaihs

bl anket of i npi s8Rl whetein said thiWhRY Rhier BSdsts tAE @mhpekRGreNABIdIrGHIRE sect i on

shape whi ch proyj g?eﬁm idishidaeeind pahlhuded th\é%rﬁpefrﬁhl%%f%ﬁldcylIfcfll%ﬁ@@{urE
within said bl agkety i p apm)l ngement air. 20.  The cooking device of cl al m 19,

wherein said plurality of apertures has a shape that is selected fromthe

group conspsti "'ﬂhe"cook“r‘C E\%‘é o @5}9 i?r\Hl?eréCE glocé& nTQF %ﬁ%h&%d%%l(%e?‘?s of

claim 19, V\/nerel ss secC consi sting
of : dog bone, éq 51 ’865“3 a*fh‘@%%f devi ce
of claim 21, V\haé‘Feé? O'E’eB‘ﬂdSnsa SCCOHE 2B ! %"’@H AGEG 8 i ons
| ocated at a po‘%ﬁt‘f’?"é‘r? e%‘&de’dlr impygemeRt a5s anshwids center

and a conbi nati on thereof. ) L i )
The cooking device of claim 8, wherein said heating assembly further comprises a

fan assembly disposed in said circulating air stream, and wherein said infrared
heater is disposed in said fan assembly.

11.  The cooking device of claim §, wherein said means for delivering further
comprises a divider that divides said circulating air stream into said first and
second paths, and wherein said infrared heater is disposed relative to said divider
to boost said temperature of said circulating air stream in said second path.

12.  The cooking device of claim 11, wherein said infrared heater is disposed in said
second path.

13.  The cooking device of claim 11, wherein said infrared heater is disposed within
said divider, and wherein said divider includes a heat transfer communication

with said second path.

14.  The cooking device of claim 13, wherein said heat transfer communication
includes one or more louvers that open toward said second path.

15.  The cooking device of claim 14, wherein said infrared heater is a gas heater.

16. A cooking device which comprises:
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23. The cooking device of claim22, wherein said enlarged portion is
generally circular. 24. A cooking device which conprises: a hezBECEMBER 2006
assenbly that provides thernal energy to a top and a bottom of one or nore
food products such that said thermal energy delivered to said bottomis
greater than said thermal energy delivered to said top, sai d heating

assenbl y corrprl afir % nt asze % lgrow des upper
col utms of air ? cati aiagpe ﬁﬁ TE&% g&?’ pa fm BEPLO 05? P’ t hat
forms said uppef©%n ij ts ?Hcﬂ ‘??Grgé’n fYere rté?osa t"hat

provi des i nf r ar §6atee fen i therm) at%‘eé%‘(l deliveted: ignsaich topy 15aid li‘"é‘t‘ﬂg & wi t h

respect to sai dcqnamzémg@oﬁrawélmﬁmwnwsm@v t@apwwdewmﬁréalumw alﬁéP sai d
| ower col unms  ofaidiiop, asesonst @y impingasmenbssembly wdlish prevides lwweberltmns ofdier ei n
sai d upper col utensaicdbotadm, aik fiifoared theatérothat ardyides kiefrared hepfpdirectlyntoi sagrbment
air on said tophotieheans axcelingl agsembly thatrcoolaphermgetetforras sadrbpper celomps bfes a
plurality of apar.tures shaped to provide said bl anket of inpingenent air,
and wherein said apertures have a cross-section shape which provides

different BfU dglcbylaﬁ%:dé@@ee@hlaﬁ céthpris:ent level s within said blanket of
| Mpi ngenent air he cooking device of claim 24, wherein said plurality

of apertures hagpas qps%mbimtat ,%v@%é f'rﬁag Qéﬁf‘t& 'affg : a@bﬁf?&}ﬁ'o%fohé'er of
11v

rect angul ar an suc ﬁatcéﬁ | n said
Cross- sectlon [ agfoﬁl% ? Qm élheeh ém 1% g § o g] g nemb’l ck and
st ar burst. é‘ﬁ cil Vi ? ebl 4}1 al n$ ¥ ;tlon

has one or m)reij“ 15%%“33@2?;63%6"168 gstzg%wé%‘%p gﬁv]t;u é}ggt’o m t he

roup consistin | ' cookin
devi e of ol ai nozpid bgtiomsppd %rfg 3 abafqva "i‘féar éiilqe Ytﬂ?at‘hl ars 0
29. A method f obotioBbKANdgWHsEIN paiddicating gesemb her comprises ﬁgtemayrawr%w di ng

a stream of ai radjustar tha ah?fpmeéﬂma@a@& ofrang otiw%emee@mhwd faves celgpins of  sai d
f ood product an@r.providing infrared heat directly to a bottomof said food
product; and b) controlling the thermal energy applied to said top and
bott om of $&i d Tigocbokinigodvite sfOclhinatl 71 Wwhertinegaihtengreedtay ajppter dsl s¢lectedi d
bottomis greatgémttheproup haﬁslamgldfelsbotsmgsanbderhmatquaimlo%eaolﬁms 6pol s at
| east a portiomipfcodBhd the temperature of said upper columns of air and a combination

thereof.

19. A cooking device which comprises:

a heating assembly that provides thermal energy to a top and a bottom of one or
more food products such that said thermal energy delivered to said bottom is
greater than said thermal energy delivered to said top, said heating assembly
comprising a first air impingement assembly that provides upper columns of air to
said top, a second air impingement assembly which provides lower columns of air
to said bottom and an infrared heater that provides infrared heat directly to said
bottom, wherein at least one of said upper columns and lower columns of air
diffuse to form a blanket of impingement air on said respective top or bottom,
wherein at least one of said first and second air impingement assemblies
comprises a plurality of apertures shaped to provide said blanket of impingement
air, and wherein said apertures have a cross-section shape which provides
different BTU delivery rates at different levels within said blanket of
impingement air.

20.  The cooking device of claim 19, wherein said plurality of apertures has a shape
that is selected from the group consisting of rectangular and cruciform.

21 The cooking device of claim 19, wherein said cross-section is selected from the
group consisting of: dog bone, jack and starburst.
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stream of heated air. 33 7 DECEMBER 2006 30. The nethod of claim 29,
wherein step (a) applies said streamof air as upper and | ower? BEFEMBRER gpoé
heated air to said top and bottom of said food product, respectively, and
wherein said infrared heat and said | ower columms of air are provided
co-extensively to said bottom 31. The nethod of claim 30, wherein step (b)

control s sgid hﬁ?ete&ok%g dé&lé@@ﬁ‘cﬁlﬂntﬂatwheﬁé?ﬁ aili QEYs-CALIHRS BiEoMRIREr t han
sai d upper col umﬁrée@ m oea%émg? &fsﬁﬁh%elga@@fm»m ¢ BldipIBhSSiHHBRAY epd0! UM
Cnte

of heated air d I npi ngenént air tosaid top o
said food pr odué g'gda%ﬁeﬁh “claim 29, wherein said colums of ai r

are provid Iurallt f ape eac er.tures having a
c osb- sect Pon ' s E?;é%nw BYitE 198 Cé"r‘%‘uz MY BfitinoRia shsre by RS e Eepdel ang
starburst 34. T‘H@“ thod of claim29, wherein said colums of air are
provided via a plurality of apertures mutually spaced and shaped to provide
a bl anket & i n&ca@@n&ﬁwlfeﬂwhwl@@@mwtop of said food product. 35. A method
for cooking one or nore food products conprising: a) providing a stream of
air that is appdhetingiassembiy thatpiovidesfhezmpal renengi $0 asop end abndornfof heaved air
to a top of saiuofeofodd prodiwtst swwhdhgr ad tiengalhanatgyt deleveredotbt said béttmiicl f ood
product; and b)grestat tahl saithtHehmalt diergyadelzeeday sajibkdpedaidoheating akembiynd
bottom of sai d eqtisingraofitsCiir Bpihgbatent dserh bl kiERbrovitizs @ppariepluntd of air sai d
bottom is greatgid topahn alididbnaapeAtethat Reabsihd airORat FYARE €hiD -?b:darﬂpl@wew es
have a cross- segihfifs S@Rand Whiiffard RMt&FaRat Prévi@dsGRfrarBd Heallide¥ @Y Yo {2 €S at
different |evelga¥ Mdh ls'H Gé‘eﬁtwﬂi eSfBR1 B39GB ve AL dlurh i OBS: Q}’thétaéa col umms
of air. 36. The, g to n Eﬂfrlursaﬂ- r&ru(t?e?is o8& ]?,&)T%$ ected
B e met hod

fromthe group bo%onm one

As
of claim 35, wher el n "% eéel ?;i ;g’(élgcgumn 3“ % Uimns, Of"nhaejagge% of, ug%}? said
f ood product i nMPRES raﬁ %DVHE %‘Pns Hs Yto a

G

Bﬁkl?‘?qugf at 8
pr edet er mi ned t‘ém%‘rsgﬁ %P §¥§°f¢PeEQiEﬂ§| %"edéﬂ’/?@é“d(? {Reement
i ncl udes a pl ur@lj ayl stherein saideppesiuess a fTORrSErtiag é%qPGnWQICBfPrPMHFﬁgerrent

air that form adifesakeBT fdplrxmqr)ﬁg@ﬁﬁgmat «ifferent levels “within said blanket of
impingement air.

25.  The cooking device of claim 24, wherein said plurality of apertures has a shape
that is selected from the group consisting of rectangular and cruciform.

26.  The cooking device of claim 24, wherein said cross-section is selected from the
group consisting of: dog bone, jack and starburst.

27.  The cooking device of claim 24, wherein said cross-section has one or more
enlarged portions located at a position selected from the group consisting of: end,
center and a combination thereof.

28.  The cooking device of claim 27, wherein said enlarged portion is generally
circular.

29. A method for cooking one or more food products comprising:

a) providing a stream of air that is applied as columns of heated air to a top
of said food product and providing infrared heat directly to a bottom of
said food product; and

b) controlling the thermal energy applied to said top and bottom of said food
product so that the thermal energy applied to said bottom is greater than
that applied to said top, wherein step (b) cools at least a portion of said
stream of heated air.
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cooki ng food products of different heights w thout adjustnent of the

di stance between said jet apertures and said food products, anDEQEMBER Q006
said jet apertures have a cross-section shape which provides different BTU
delivery rates at different levels within said blanket of inpingenent air.
39. The devi ce of cl aim 38, wherei n said food products of different heights

are cookeg ubst né l cal k| n f(z, DECENBE R 006

40. The codki ng e'Q}f:tg 8?05!"% fe‘m&e apf %bag;fgtgesanbg} %urfpgr ected
from the group logis icg a‘do sai iﬁg}@ agq B 00ki ng
devi ce of clai nﬁewctlmr%ﬁdnwfg%{m g@ra b An ae ?W?re%&lt‘m%8 a'élal%gat ed

member with onePrayidgdheaexipnsiyele E’Sﬁ hotteMs | ocated at a position selected
fromthe group consisting of. end, center and a conbination thereof. 42. The
cooki ng ded¥l.ce Dlie methpgnoBglaim3éy whereinasitap Gdcontrds sshd hegtéchagje stegam s thatir e

di rect ed t owar dsaghlowvef cidumps ord matmserf thamsaad whipeeatlirons.sel ect ed from t he group
consi sting of. above, bel ow and above and bel ow. 43. The cooki ng device of
cl ai m 38, B82rt hEhe methpd bBélnign 29, tvetieredr sdidiagbendplumhesf hidagdd aircdiffigeab Sorihe
thermal energy @ﬂﬁhke@dfﬁplﬁ%eﬁ&ﬂtﬂﬁ% Ridrep b dfood prediutood products with a
capability of applying a balanced or unbal anced thermal energy thereto. 44.

The cooki ngy dev ster
Chat - oont §3O| < ﬁ&‘fm%o&bﬁblﬁ?&% \f«l‘n’errélh%é %Bf,"%gf Ef‘g@ b &H%H%ia‘%%hﬁluﬁﬂ:gﬁat A
greater thernal ongls gfli %ﬂﬁg&m@ tomthan to a top t hereo

The cooki ng deV| ce cral or corrprl sing a tenperature adj uster

that cont he t er a o sai.d. f ood ro ucts so . that a
ront o e hee‘ﬁ% ”szé% fl g syde f? wgatr ROPIGB AN+ ERel 46
The cooki ng dev‘i’ faperpres myt ggpa &pé shaped fogprp At ofIBIPRBSDENRIT ude
upper col ums aRdaiddoref sai o gt npi ngenent air that are directed toward
said food products from above and bel ow said food products, respectively.
47. The codki ngA desthasifon¢oaking ane 38 mowhisod produets dompisingir oduct s of di ff erent
hei ghts are cooked in substantially identical cooking tines. 48. The
cooki ng devi ce @f clmovididg, a wineaneof) agahat israppliedseiatd phurdiag ofitaptraaed apne
el ongat ed nenber wi tdolhine ditheared eir &bk &dpdFdaiddodd produdt asdpedidiiig Reap@sd ti on
sel ected fromthe gripyemcsmaidsbodgrodict; #ad, center and a conbination
t her eof .
b) controlling the thermal energy applied to said top and bottom of said food

product so that the thermal energy applied to said bottom is greater than

that applied to said top, wherein said apertures have a cross-section shape

which provides different BTU delivery rates at different levels within a

blanket of impingement air formed by said columns of air.

36.  The method of claim 35, wherein said cross-section is selected from the group
consisting of: dog bone, jack and starburst.

37.  The method of claim 35, wherein step (a) provides said columns of heated air to
said food product in a cooking zone, and wherein said cooking zone is set to a
predetermined temperature.

38. A cooking device comprising means that includes a plurality of jet apertures for
providing columns of impingement air that form a blanket of impingement air for
cooking food products of different heights without adjustment of the distance
between said jet apertures and said food products, and wherein said jet apertures
have a cross-section shape which provides different BTU delivery rates at
different levels within said blanket of impingement air.

39.  The device of claim 38, wherein said food products of different heights are
cooked in substantially identical cooking times.
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49. The cooking device of claim46, further conprising a conveyor for noving
said food products through said blanket of inpingenent air. SODEGEMBERQ&dENg
device of claim 38, further conprising one or nore radi ant heaters disposed
to provide heat to said food products. 51. The cooki ng device of claim 50,
wherein at | east one of said radi ant heat ers is disposed on one side of

sai d food odutsad5|dc nm ment ai.r to the
opposi v st fieefihied il oGl SR i 85l BiR T 11 an
second ones of %fawacmt? ng,p ﬂ% Py 4ac F“e Br(%ed on opposite sides of said
f ood products and further 35 7 DECEMBER 2006 onprising for a control that
sel ecti vel §1 .conf #oreokig SFch%f’gtcé?émt%r‘@'@ﬁelbysasdeFré’ést‘F‘?‘i oty has 2t deast GRS t he
group consi st i ngjorgatedpmemben Withopne 8 fnaie gnilsrgedopertipes fqsatedtdicd pogtin 53,

The cooking devselestedffran tierar®m, conpisting of: end, pantesandpcowbingtionithersaf. ant heat er s
is located so as to have mninmal interference with said colums of

i mpi ngeneng2.ai r The &bking dmideoat ¢laim 88 okhangin fseiddcabrmuiuct snmfgakidnt eir eund

hei ghts conpri sdirgtedptoontdlisaid food predicrf frompd directivnt seddctedviramj the g@pey t ur es
that form a bl agdaeikstind of: htsave/lsEbsve Biid sove bed bet@oki ng sai d food products of
different heights without adjustnent of the distance between said jet

apertures gnd Sﬂhéjccfoq{i}fé RVRAUSH SainP B8 fuMe Rhiprisial & ieﬁltper%lﬂﬁé LHfuSEr fAve a
ross-section shaRs : é?ﬂ%nﬂél }ﬂ ng(s gghéi &1 £1p wHTLEtAR B gt o
cl ai m 54, V\/ner e?lrgx\%aimc?ﬂ lﬁgé c?au% 13 Ceggﬂf'er eﬁ?‘% nLatl agy cooked in
substanti aI entical 54 erein
said cross? ect ehcifg( ﬁ?eé’é‘ieecgkgcfl?lgﬁei lgjj’ “8'(5‘ sa|t§fqp &5‘? aH}HB”B‘S e, jack
and starburst. £Pa) §ngrey epri] rpé? °§aﬁ°d PRI AEHM3h has at
| east one el ongHEEY is rtOQ\AthI‘P‘BH@né?aFHPrtEeré targed portions |ocated at a
position sel ected from the group consisting of end, center and a
conbi nat i oftS.t heFleogooking, derics afeqlding3®fughesicomprisingtictesiparant adisseutha of
i mpi ngenent ai rcaatrelsdhe thetreal en¢rgwapplied 49 chid favd prodigtscoghitraggreaerdheraat i on
sel ected from térergyrioappliedns a sip than ofa bottaimahegotbel ow and above and bel ow.
59. The nethod of claimb54, further conprising the step of controlling the
t her mal 46.  The cooking device of claim 38, wherein said impingement columns include

upper columns and lower columns of impingement air that are directed toward

said food products from above and below said food products, respectively.

J-U'D

47.  The cooking device of claim 38, wherein said food products of different heights
are cooked in substantially identical cooking times.

48.  The cooking device of claim 38, wherein said cross-section has at least one
elongated member with one or more enlarged portions located at a position
selected from the group consisting of: end, center and a combination thereof.

49.  The cooking device of claim 46, further comprising a conveyor for moving said
food products through said blanket of impingement air.

50.  The cooking device of claim 38, further comprising one or more radiant heaters
disposed to provide heat to said food products.

51. The cooking device of claim 50, wherein at least one of said radiant heaters is
disposed on one side of said food products and said columns of impingement air

are directed to the opposite side thereof.

52.  The cooking device of claim 50, wherein first and second ones of said radiant
heaters are disposed on opposite sides of said food products, and further
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energy applied to a top and a bottom of said food products w gg%ﬁ:r:jm Lty
of applying a balanced or unbal anced thermal energy thereto. : c00 40'89

devi ce conprising: a conveyor for conveying food products to be cooked; an
upper air inpingenent assenbly di sposed above said conveyor and having a
plurality of jet apertures that form upper colums of heated inpingenent air
to cook said fammismgddua centroh thapseectizely contpols ge/ntistatesstherndl by stlespiased bel ow
sai d conveyor astdteHavn nige grouplcomsadting yof:dfoth e, tayple offiandsonehat anddathenothemer
colums of heaéf€d i npi ngenent air to cook said food products; an upper

radi ant heater and a | ower radiant heater disposed above and bel ow said
conveyor, 53.espegd tooRing devivd ¥ocldimDESEMRIRE 20 Rfst eheCOMdaiPtadidhdhesi@bact i vel y
control s on/ of focsibfiess 10havAhthiMPNAlerfaRAcd WHESaid 85liARé ofi@fifietent L. The
oooki ng device of claim60, wherein said on/off states are selected fromthe

group congj sti : lxﬂ{;ﬁ ther off. 62. The
cooki ng dgj\‘/'i ceﬂg?&liqdaéa%%o, ogggfbggég?gd]ﬁgﬁﬂgbeg tturesr;rgs?‘gcé)ai d upper
i npi ngenent assep ne. di t i I
i npi ngenent ai rggltéhéa?o “?‘ggpgpﬁ‘? lg%eg'lt;leg’.t %E%\BE tea%ggﬁr%¥ tga? e |.agtno .etc ¥i m 60,
wherern sa d | BERIER AR oodh SERC prlv SRty SR Spose
and shaped to BPEVPEY o4 s difgase dsfwean raidgiApsrires ap F‘?d PEPIAULP PO
products that WASEINGTIG S SRETIWES GRYesa wfashraertion shFRFsVRIGY PIoYHek dibEenhet ween
sai d food prodBEVdlehyaty satpsptdifferey develsdthinsaid hlankgs 96 FIPIngRIASHE alFent
assenbly. 64. A cooking device which conprises: a heating assenbly that
provi des bher nkhe msthodyofi daim 54 p whertina said tfeeshpraidugs eof adiffergnt beigfo dirgyr oduct s
such that sai dedoked mesubsmeial)y idtaticalepaking dmesai d bottomis greater than said
thermal energy delivered to said top, said heating assenbly conprising an
upper pl essim afkt methodmf gidienisnwHesdin paid\drabe-seqjoaris Gelectath Sroad theagroumnd | ower
col ums of ai rcdneistind 6f: Hepbaiediablobidsnarbigspectively, and a first heater
di sposed in said |lower plenumto provide heat to said bottom
57.  The method of claim 54, wherein said cross-section has at least one elongated
member with one or more enlarged portions located at a position selected from
the group consisting of: end, center and a combination thereof.

58.  The method of claim 54, wherein said columns of impingement air are directed
toward said food products from a direction selected from the group consisting of:
above, below and above and below.

59.  The method of claim 54, further comprising the step of controlling the thermal
energy applied to a top and a bottom of said food products with a capability of
applying a balanced or unbalanced thermal energy thereto.

60. A cooking device comprising:

a conveyor for conveying food products to be cooked;

an upper air impingement assembly disposed above said conveyor and having a
plurality of jet apertures that form upper columns of heated impingement air to
cook said food products;

a lower air impingement assembly disposed below said conveyor and having a
plurality of jet apertures that form lower columns of heated impingement air to

cook said food products;

an upper radiant heater and a lower radiant heater disposed above and below said
conveyor, respectively; and
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an oven cavity and a fan chanber that is in fluid communication with said
oven cavity and said upper and | ower plenuns; a fan di sposed 7 DEGEMBER 2006
chanber to circulate an airflowin said fan chanber, said oven cavity and
sai d upper and | ower plenuns; and a second heater disposed in said fan
chanber to heat said airfIOM/ 65 The cooki ng device of claim64, wherein

said first heater d heate 6. The. copkin vi ce of., c] ai m 64,
wherein said | oh&M™ ‘iﬂlZ}Pﬂﬁ 3( §%‘§r°§f 4 H&eﬂtqt‘?sy(’f ??1“?35%‘3 taﬂﬁelgwfrh?fhaﬂ? ovi de
sai d | ower col MAETOF air, and wher ei n said first heater includes a heater
el ement that is di sposed to weave about said apertures without directly
overlying €hi d Hiseeqokingsdevie of Thim forhergingeid erdofd tads arqrpedepted fiomikg
conprising a cogroeyemsisting of: boti anpbeth dfftand oneoawend thepthef ofd products al ong a
path | ocat ed between said upper and | ower plenuns. 68. The cooki ng device
of cl aim 642. whEheekooldag dietice sif blemt ed0, ivehesein asnidh gt gpertures 7of7 sEGHPBER 2006
69. The cooki nginfpéngenofassenttilyn £1d, digpsediandathdpedisto priwidef asdladketpper

col ums and | owgf; 1@h1¢mwr(@fsamlfbodjplfoﬂu@§ to forma bl anket of inpingenent
air on said respectlve top or bottom 70. The cooking device of claim 69,
wherein saggl | MINYEHR d%{nce ac?ﬁ@l'ﬁi?ﬁ Y60, GOHERE H S&Rl e tp%déhﬁfe'sté(f Qﬁldatﬂfpélt ures
shaped to provi/{ |§;pﬂdg&pr5%gt shaBbd - to ! drovid€ aC Bk A fevi ce
of clai m70, wh adjﬁ%ﬂg}n ﬁétcoixmm fo HaRg al nRRY i A3 heihidGiilony Nave
&

di ff t h t
haped 1o pr ovi SBTE A8 el tﬁewail T i G T e
products of di f e eA ‘?Séfﬁ? * 72. The cooki ng device of claim 71, wherein

said cross-section is selected fromthe group consisting of. dog bone, jack
and st ar bufbt . Agooking device which comprises:

a heating assembly that provides thermal energy to a top and a bottom of one or
more food products such that said thermal energy delivered to said bottom is
greater than said thermal energy delivered to said top, said heating assembly
comprising an upper plenum and a lower plenum that provide upper columns of
air and lower columns of air to said top and bottom, respectively, and a first
heater disposed in said lower plenum to provide heat to said bottom;

an oven cavity and a fan chamber that is in fluid communication with said oven
cavity and said upper and lower plenums;

a fan disposed in said fan chamber to circulate an airflow in said fan chamber,
said oven cavity and said upper and lower plenums; and

a second heater disposed in said fan chamber to heat said airflow.

65.  The cooking device of claim 64, wherein said first heater is an infrared heater.

66.  The cooking device of claim 64, wherein said lower plenum comprises a plurality
of apertures that provide said lower columns of air, and wherein said first heater
includes a heater element that is disposed to weave about said apertures without
directly overlying said apertures.

67.  The cooking device of claim 64, further comprising a conveyor that is disposed to
convey said food products along a path located between said upper and lower

plenums.

68.  The cooking device of claim 64, wherein said first heater is a gas heater.
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69.

70.

71.

72.

7 DECEMBER 2006

The cooking device of claim 64, wherein at least one of said upper columns and
lower columns of air diffuse to form a blanket of impingement air on said
respective top or bottom.

The cooking device of claim 69, wherein said impingement air assembly
comprises a plurality of apertures shaped to provide said blanket of impingement
air.

The cooking device of claim 70, wherein at least two of said one or more food
products have different heights, and wherein each of said apertures has a cross-
section shaped to provide different BTU delivery rates for cooking said two food
products of different heights.

The cooking device of claim 71, wherein said cross-section is selected from the
group consisting of: dog bone, jack and starburst.
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