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INVENTION 5 1. Sunmary of the Invention The present

di sclosure relates to inpinging jet air flow ovens. Mire
particularly, the present disclosure relates to inpinging jet ovens
using larger to orifices to carry a high mass flow of air to a food

product. 2. Description of the Related Art | npi ngenent ovens
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food being cooked. Al jets wthin an oven typically have the 20 sane

di amet er . BARKGRGKND @ff THE INVYRNEIQGM air handling system to supply

and digtribute the heated air to the jets and thus the food, and a

heating space in which the food is actually cooked. The food
i s typicaﬁl§UBH§§%H“ﬁh?dnﬂﬁHmﬂhrough the heating space by one 25 or
nore conveyors per oven. These conveyors can be all in the sane
vertical plane_or can be in nultiple planes vertically. Heat ed

air jets are prRBMsNt discianere slatesiodupinaing iehair fioweowsns. | Mows
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energilﬂiso sour ce and ‘an air rnoying source supply air to a duct.> The
duct Has YMGEEARCATY Bhioh raaesflewbairde afoadpredusti ty of orifices.
The air jets are fornmed by air flow ng through these orifices. The

plates, often referred t s. columating plates, formthe jets into a
col um t 'b@#@é@%ﬂ?&ﬁ?&%@@%ﬁto the food product. As the demand
. for reduced cooking and serving tinmes has becone

Impingement ovens are primarily used in quick service restaurants for
15 rapid cooking of foods such as pizzas, finish heating of plated meals, pre-
cooked meals, cookies, protein foods and the like.

Such ovens have jets of heated air which impinge directly upon the
surface of the food being cooked. All jets within an oven typically have the
20 same diameter. The ovens typically have an air handling system, to supply
and distribute the heated air to the jets and thus the food, and a heating space
in which the food is actually cooked.

The food is typically passed into and through the heating space by one
25  or more conveyors per oven. These conveyors can be all in the same vertical
plane or can be in multiple planes vertically.

Heated air jets are presented to the food product so that the air jets
impinge directly on both the top and bottom of the food product. An energy
30 source and an air moving source supply air to a duct. The duct has a plurality
of plates comprising a piurality of orifices. The air jets are formed by air
flowing through these orifices. The plates, often referred to as columnating
plates, form the jets into a column to be focused/directed onto the food
product,



greater in cooking applications, it has beconme necessary to inprove

t he i npi ngenent energy application, and to operate in less tine than
conventional 5 inpingenent heating equi pnent, thereby increasing the
speed at which the foods can be cooked. In addition, since the anpount
of floor space taken up by inpingenent ovens is of concern in
commercial kitchens, it is inportant to process higher 10 vol unes of
food product in the sanme anount of floor space, thus optimzing the

ef fective cookjng area w.thin the oven. .Conventi onal i npinging
jets can oper A%Seﬁm ?W“BP?’%WJ@‘*’EF%QOW'“@PQG Sesving tigves hgspbesamat el y
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as possi Lch accel.erates the transfer of heat. However, with
this net ﬁé@?sggngﬁﬁecroog(gpfices ina 3" to 4" proximty to a food

product cause overheating of the food 20 product surface very

qui ckly. This,j to. the vel oci f the heat being transferred
via the small ivé?agd%{{%&, gl&ceft'ﬂ% aEI?HPﬁfﬁ%‘?fe%Pﬁ&&ﬁa%w Hp &Y ImRiRgeRRtng
t hrough tdvensimbf esncerifin cesimeraiabkitchehshit @hinvsdreit by pRiteds Hither

surface t. esulting in rapid renoval of surface
o st o REs SPRESREEHEY G Seime' el Hoh ab e dhue PRyTing

undesi r alihe efactivcecddhgrata withiartle ohans i ng of the 25 food product.
Accordingly, there is a need for a new design for an inpinging air

jet that addresses the problenms of currently available systens. 30
SUMVARY OF THEQNNe¢BNTn@iNmpinging jetheapopseate wiifsaifesusizepoty/Bles an

ot 0,081 pBURB i, 456 £yl FOTROY AR KT E8, B
avai I'abl &¢thpd RgeYiguely sansidereshio. inTieasp itee entput and efficiency of the
oven was to operate the heating process at as great a temperature difference
between the product temperature and the oven temperature as possible,
which accelerates the transfer of heat. However, with this method, smaller
orifices in a 3" to 4" proximity to a food product cause overheating of the food
20  product surfage very quickly. This is due to the velocity of the heat being
transferred via the small diameter of the contact area per orifice. Air coming
through the smalfer orifices travels at high velocity onto the surface of the food
product, resulting in rapid removal of surface moisture and the overcooking of

the product, thus producing undesirable surface coloration and charring of the
25 food product.

Accordingly, there is a need for a new design for an impinging air jet
that addresses the problems of currently available systems.

30 SUMMARY OF THE INVENTION

The present disclosure provides an impinging air oven that has air
ducts comprising columnating plates and cover plates that have larger orifices
than those in currently available impinging oven systems. The present
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di scl osure has di scovered, unexpectedly, that the larger orifices
provi de significantly inproved cooking results and oven efficiency
over currently avail able systens, while nmaintaining or inproving the
quality of the cooked food product: The orifices of the air ducts can
be in a variety of shapes and 5 configurations on the cover and
columating plates. The heat transfer rates of the air ducts to the
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duct of Figsue2 0 inches.

15
In a second embodiment, the present disclosure provides an oven for

cooking or heating a food product. The oven comprises a plurality of air
dispensing ducts and a conveyor. The food product is dispased on the
conveyor while within the oven. The air dispensing duct comprises a cover

20 piate, and at least one columnating plate. The cover plate and the
columnating plates each have a plurality of orifices disposed thereon, and the
orifices have an area equivalent to that of a circle having a diameter between
about 0.5 to about 2.0 inches.

25 DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of an oven used for cooking food products
according to the present disclosure;

30 Fig. 2 is a perspective view of an impingement duct of the present
disclosure;

Fig. 3 is a front cross-sectional view of the impingement duct of Fig. 2;



Fig. 4 is a side cross-sectional view of the inpingenment duct of Fig.
2; Fig. 5is atop view of a columating plate and a cover
plate of the present disclosure; S Fig. 6 is a schematic of an
air flowprofile of the large orifices of the present disclosure;

Fig. 7 is a schematic of an air flow profile of the small orifices of
10currently avail abl e ovens; Fig. 8 is a bottomview of an
orifice in theFrgoHLﬁraaldmgrqsbaie@ttand Wide of heeimphgéeent d@aq,frp:r,@s)_ent

di scl osure; 15Fig. 9 is a schematic view of an oven of the present

di scl osure; Figs. 10 through 13 are pictures of food products
cooked wi t h ovieigs5 s & rtop vieww sfalcokmmating mete afd & eoveniie aMvRis! abl e
ovens; Bant didal hgm%ugh 17 are pictures of food products cooked
W th ovens u5| ng ¥'he I"arge orifices of the present disclosure; and

Fig. B is a graph show ng deci bel readl ngs around t he oven of the

resent discl es_of cuyrrent|
gval | abl e ove;’?gz@?asnﬁ%ﬁgmggégé aE‘ %Vé?r h@'edﬁ@oeeﬂ'f'ftﬁss‘?ﬂ%%ur e.
DETAI LED mEsem distlopurér THE | NVENTI ON The present discl osure provides
an inpinging jet air duct with | arger

Fig. 7 is a schematic of an air flow profile of the small orifices of
10 currently available ovens;

Fig. 8 is a bottom view of an orifice in the columnating plate and the
cover plate of the present disclosure;

15 Fig. 9 is a schematic view of an oven of the present disclosure;

Figs. 10 through 13 are pictures of food products cooked with ovens
using the smaller orifices of currently available ovens:

20 Figs. 14 through 17 are pictures of food products cooked with ovens
using the large orifices of the present disclosure: and

Fig. 18 is a graph showing decibel readings around the oven of the
present disclosure, using both the small orifices of cu rrently available ovens
25 and the large orifices of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure provides an impinging jet air duct with larger
30 orifices and jet columns of heated air than have been considered in prior art
for cooking ovens. The air ducts of the present disclosure comprise a housing,
a cover plate, and at least one columnating plate. There are a plurality of
orifices disposed about the cover and columnating plates. The orifices of the
present disclosure can be round and have diameters ranging from about 0.5

4



30 orifices and jet colums of heated air than have been consi dered
in prior art for cooking ovens. The air ducts of the present

di scl osure conprise a housing, a cover plate, and at |east one
columating plate. There are a plurality of orifices di sposed about
the cover and columating plates. The orifices of the present

di scl osure can be round and have di aneters ranging fromabout 0.5 to

about 2. Ogg Mﬁ%%mﬁeer'ﬁﬁe%ﬁ.c%@rbaﬁla%@o hay dﬂan%&%kesgﬁd%% WG about

0. 625 |nches to 875 1 nches he or| I ces may SO0 be |n any
shape, an@.6R&jechas tarahout @ (finehest d heipsifiaps meyialse belie ényishapear

orifices. afdfapé ahi8s eaﬁnra%ﬁawgba\&e-geécﬁmma@ driteBs! Aingrval s,

and can be arranged in 5either radi al ' near patterns. Ef”he aci ng
from t he @ffigasqan keyspaeed abliSorete® “‘t!‘ii" péendalst aad ean bsearfartgﬁ iBout

2 to aéooua[trﬁerlraem& ur?@argsmé?ﬁ&t?ﬁe E)faéﬁb fFHm%?é Bffiddiiol 1AE 966

orifices of present disclosure a same tenperature difference
i s that tﬁ@délﬁﬂoa'é%hﬁﬁtqdﬁ@rf B frompabedd i abeit Sipebgs. a significantly
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the center signifi cant!y faster, while not drying out the surface of the food

product. Large orifices provide direct, bulk heat transfer in an array of
reduced velocity columns of air with high mass flow, yet still maintain focused
20 contact areas with the food product.

Conventional impinging ovens with smaller air jets were aiso limited
from being able to cook dense products as well as thinner, less dense
products within the same time settings. The present disclosure, by conirast,

25 is capable of baking a wider range of product thicknesses and densities than
the impinging ovens with the conventional smaller air jets.

Additionally, the use of the high mass flow orifices of the present
disclosure reduces the energy required from the oven to properly heat the
30 food products, as less time is required to heat the product properly than with
conventional smaller air jets. Additionally, the utensils that hold the food
product are heated uniformly and faster, which leads to a better food product.



25 i s capabl e of baking a w der range of product thicknesses and
densities than the inpinging ovens with the conventional smaller air
jets. Additionally, the use of the high mass flow orifices of
t he present disclosure reduces the energy required fromthe oven to
properly heat the 30 food products, as less tinme is required to heat
the product properly than-with conventional smaller air jets.
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present di scl
mampulate and change the shape or the columnation of the air jet. There can

A

be from 1 to 4 columnating plates in the air ducts of the present disclosure.
The spacing of the columnating plates can vary from 0.5 to 2 inches, and can
be spaced at a dimension that is equal fo the diameter of the circular orifice.

25  For example, for orifices that are 0.5 inches in diameter, the columnating
plates should be spaced 0.5 inches apart, for 1 inch diameter orifices 1 inch
spacing, etc.

The spacing between the cover plates of the present disclosure and
30 the columnating piates can range from between about two to about five times
the diameter of the orifices used. In one embodiment, the spacing between
the cover plate and the columnating plate is between about 1.0 inch and
about 1.75 inches.



30 the columating plates can range from between about two to about
five times the dianmeter of the orifices used. In one enbodi nent, the
spaci ng between the cover plate and the columating plate is between
about 1.0 inch and about 1.75 inches. The orifices and
columating plates of the present disclosure can be used in inpinging
air ducts, which are disposed within an oven. There can be several
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t hese shaBeferdrmmspesifically tarkig. 5, an embodiment of the orifices is shown. In this
25 embodiment, there are three rows of orifices in both the cover plate 130 and
the columnat.ing plate 140. The orifices in columnating plate 140 are arranged
in three rows of circular shapes. The orifices in cover plate 130 are also
arranged in three rows. The outer rows have orifices that are circular in
shape, and the middie row has orifices shaped like crosses. As previously
30 discussed, however, the present disclosure contemplates a number of
orientations and shapes for the orifices in the cover plate 130 and
columnating plate 140. Such shapes can include, but are not limited to,
rectangles, squares, diamonds, polygonal shapes, or any other shape suitable
for such a purpose. As previously discussed, these shapes can have an area
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equivalent to a circular orifice having the disclosed dianeters. In
addition, the orifices in both the columating and cover plates can
be of varying sizes. Furthernore, in the shown enbodi nent, there are
22 orifices in cover plate 130 and columating plate 140. The present
di scl osure, however, 5 contenplates the use of fewer or greater
nunbers of orifices. Referring to Figs. 6 and 7, profiles of air
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columating plate ori
orifices alﬁﬂ@w@lwam obarais jet of ’fhﬁ@ﬂ%adothmaﬂmwgs puch thagithdredes ar e

larger t hé’tﬁgﬁ%rﬁ%}%\l\rﬂ] Bh Qﬁuﬁsg béd B?me 5'?8“% R ﬁé&ggg \tﬁéé%ér :ﬁt? gratio

of from5:47to e di aneter cover I ces,
and ptef eflaws gfreﬁlsfaorrtatth% pEpdupts Therogyede musdﬂwe@ﬁﬁ-%efap@aﬂy,

cont enpl ap@Aubimh difedirdb@erestit fi ces 30 previously discussed, in
ovens that have inpinging jets wth heat transfer rates that vary

t hroughout the oven. In this enbodinent, the heat transferred to the
food product cagshewARMFES ltﬁb&hﬁ@ésmttﬁer&hﬁﬁhétn@ ERAYEG can @Bl | 1ty

to accept eni?er%%arﬁ)the cL:m'l{_‘tes cfndtul'u me. i In ottger Wor Isi 1?& br%at transfer
rates of 3'RA orresp g crifices in the cover plate is
20 refationship helps to create a wider jet, and a larger area of contact with the
food product. The ratio of the diameter of the columnating plate orifice to the
diameter of the cover plate orifice can be from 4:5 to 4:16, and is preferably
5:7. The present disclosure also contemplates columnating plate orifices that
are larger or the same size as the orifices in the cover plate. If the
25 columnating plate orifices are larger than the cover plate orifices, they have
diameters in a ratio of from 5:4 to-16:4 with the diameter of the cover plate

orifices, and preferably in a ratic of 7:5.

The present disclosure also contemplates using the larger orifices
30 previously discussed, in ovens that have impinging jets with heat transfer
rates that vary throughout the oven. In this embaodiment, the heat transferred
to the food product can be applied in steps, to maich the product's ability to
accept energy per unit of time. In other words, the heat transfer rates of the
air ducts in an oven (such as oven 10, discussed above) can be varied to
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air ducts in an oven (such as oven 10, discussed above) can be varied
to provide higher or lower rates of heat transfer at different

poi nts along the conveyor within the oven. Such a configuration is
shown in Fig. 9. In this enbodinment, the air jets can be partially or
conpletely shut off to alter the heat transfer rate to the food
product. In the enbodi ment shown in Fig. 9, 5consisting of nultiple,
connect ed,PreviSRiigheavilowesratehef beatrteantdieest differtshe pofteyaioprladi ment )
whi ch has e IS nd bel ow the_conveyor, the
thivd ar CopoRsr P Bh oyehe IR A En SRt g Bt Mis0%
capaci ty. emaodigiantthamir ietsf ¢can be partiaiy iheotpyetalyesa it 4i@r #he 40%

capacity, I L L] top IS _CO etely closed
off. The ﬁﬁl jt'r‘er"?gf‘fﬁ%éﬁgttﬁ%?%‘%’t' ch’tr%”gp ﬁfﬁ@%ﬁ%@meng?lﬂowaﬁ%ma&- full
capaci By, copgistirgpf multiple: cennerten, dooking avitisedthidrengedeads. inThe air

j ets of thRnewsdindi ‘ nber of varying capacities

ot her t hah%'t% he Spggl ’? ] cntgrﬁﬁgﬁgﬁ%eﬁy%%%\gjﬁés ?WQOESG(QbOgPQ”E@D%PWﬂH%

ai r duct s CAMeYY, Hwy/hirdainiet bntee kemottie senuw/stsmss bpeathbaiantduws,
desired capaatiy.- . result of the present

di scl osure ?s tyha-tm%;(?ﬁr]{g??gé g@P@gﬁ’?‘ﬁﬁégg%é’F%gp?@%BS@E @%C?B%th'
product s AFAdhemEievandnairjet amihe top iasompletelyi doseaf off h@heanimies! on the
under 3p ooghotiehPbi PR A ' a 00kj ng_capaci As
a result, &gher tesr‘rjggrpg?ﬁgeﬁegﬁhl%lﬂag%%*a\ic\nﬁh&q’ﬁ&%b%gﬁﬁlaggg"%‘y
wi t hout bSISERJT ferAed)r feciniets pbthisembodinentican menadahy homper of

al t hough vhs/inmespidiny 6O arPite [ £ i,s. hi t he
velocity i Fﬂjlﬂif)?v ﬁ?lodga so t hat theé%elﬁd}%ﬁé@érﬁ%@ %”88’3‘-8?’6%&81’9% S not
di st ur bed PR ObiNe AIE aucisoantke pevared with merbanicel samctinesito ashigvhe
heat i ng etife dedirmycgdadithe oven by up to 40% over currently avail able
ovens,svxlni ch can provide up to a 40% reduction 25 in the anount of

fl oor "space taken up by the oven to mai ntain equal capacity.

Exanpl es- of f oBHuprheusiexpeoridadsus bhthd ﬁ%ﬁ@?‘f@&ﬁclgﬁﬁéﬁg tﬁ%ﬁnsﬁﬁ&ndar d

hown' i n B8, St el ol e oot Rt sstimsre siiaientnotinsiinaf go.
10- 13 inversion of the commonly understood relationship between orifice size and
cooking capacity. As a result, higher temperatures can be used with the
20  orifices, without buming the surface of the food product. In addition, although
the mass flow coming out of the air jets is high, the velocity is low enough so
that the surface of the food product is not disturbed. The orifices of the
present disclosure can increase the heating efficiency of the 6ven by up to
40% over currently available ovens, which can provide up to a 40% reduction

25 in the amount of floor space taken up by the oven to maintain equal capacity.

Examples-of food products cooked using the ovens having the
standard size orifices and the larger orifices of the present invention are
shqwn in Figs. 10-17. For example, the food products shown in Figs. 10-13

30 were cooked at 480 °F for 7 minutes, and the ovens used had impinging jets
having 90 orifices at a diameter of 7/16”. These food products, while
acceptable, have crust and foppings that are at the maximum acceptable
color. The food products shown in Figs. 14-17, by contrast, bake for 5.5
minutes at 500 °F, or at 4.5 minutes at 520 °F. The impinging jets of this oven
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30 were cooked at 480 F for 7 mnutes, and the ovens used had
inmpinging jets having 90 orifices at a dianeter of 7/16". These food
products, while acceptable, have crust and toppings that are at the
maxi num accept abl e col or. The food products shown in Figs. 14-17, by
contrast, bake for 5.5 mnutes at 500 F, or at 4.5 mnutes at 520 F.
The inpinging jets of this oven had 22 orifices at a dianeter of

7/8". Thengd ggfonﬁeés hpara.é}aéte%f ?@S?n&%%&bﬁgﬁ tRbserab! O

that is in the md accept abl e ranges pro ducts cooked
usi ng t hePidugiscie aﬁﬂ @CH@f maé%ﬁtth@mwfegﬁﬁ@cam@bh wingeab Thussthgot her

benefit ppRULERLIR*eHNRIRY iHd &rﬁ&e@fof iHEpr%“s@ﬁ?&EcBbé@ Qr%uér‘%féré% .

illustrated in Figure 18." As shown, ovens using the orifices
present disclosure (referred to as "FastBake" in the diagram exhl b|t

significantly Aﬁm&r Beh&f Freddea Gy tAé oVﬁééQHﬁtha%raééntad.wB&rb@ oven
t han ovens usi.n h

g he standard orifices. This can %3%

advant age'B‘d%“’? RN EIRIEB | 8§ 6@%@@@%@"@1@'9&7@1@?@ gresent

The orifi gigslosime (@éferr@dCXbSas(?ﬁ:abe%ll@P feMRldisheh St SigRifieantiupRdew t h
any nunber ,of air sources to SU{) % air to the air jets. These air

sources n&YSP RAMIRES ahVRNOHTPIBES FPHRY the py¥en Migngvensaisingife

cent ri f ugetanfibevories, N-as cahbe highlg paeshthgssus Muthkl SYplick@dis WadleNg
fixed or %‘&rl abl € sgge any flow neans capabl e of supplying air to

t he | or any other suitable nmethods of providing air
for such a use. The energy sources used to provide heat can be, but

o o o BB S R RSP R MR SO

sour ces, ponsumbecef amsoumﬁsrtermppbyraublnrtheram jotd. hTI@estma't- sexchamgsy or
th t

gl t 2; nZ'tJ Iejﬁg*ri;‘ Su'gp err'ﬁedr*? iz';ilrl"%sd ot?}r‘ %gé%ﬁt‘%r é%ﬁ@%g%f ggs?gar{a}%e oven,

su ]E: h as;,d tpaedians] muitingel fars, havifg tixestioeveriable spebds anytﬂdvame{aeat er,

infrare X I eam

energy t O@%ﬁ}%gg&@@ﬁgﬁ '{ t?gtkgqmﬁln?e%?ﬁhgfégas & g?)g#é%ﬁ%ggem ener gy

t o enhanc@ethugsofigrpvidingnair for, suebisstas. Tl abergydsonirees s tor prioivide

energy, NRbStdiad, rud%%@ﬂot fihRed RS S ﬁ@saagg%oapééseand Rhing ah

fr equency mcr owave energy to en ance e energy,
fr equencyccrﬁt@i@mreerebwngss tubechiraste Prvered iuﬁa:bur@&eer,@yectm heatn of

the pees eg%ngéé PRvetel C%??%‘?a'?&g%vﬁf ﬁuﬁ-le(?é Wth hBé@éxc%%ﬂgQ#’&l ﬁﬁuer or

an active 30 air curtain at the entrance and exit
oven, to $uitAblecambpgiion gsslestrical sourceTheadditipncelterppta srd pr esent

a scl OSUr guplémBRid SoRR R\Ria Sarl BE ufs@@ﬂ‘n B, SuchasBif %
i sposed at _an angl e roduct epending o
limited to, infrared energy with a tubular heater, mfrared energy with a
reflected plate radiator, saturated steam energy to enhance the orifice energy,
25  supersaturated steam energy to enhance the orifice energy, moisture
combined with the orifice energy, moisture injected into the orifice energy
space, low frequency microwave energy to enhance the crifice energy, and
high frequency microwave energy to enhance the orifice energy. The oven of
the present disclosure can also have a closable infet and outlet, or an active
30 air curtain located at the entrance and exit of the oven, to reduce energy

losses.

The orifices of the present disclosure may be perpendicular to the food
products, or may be disposed at an angle to the food product, depending on
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the desired cooking effect. A preferred range of angles may be zero
degrees to forty-five degrees fromthe perpendicular direction. The
oven may al so have one or nore conveyors, which are configured to
nove food products at a higher or |lower position with respect to the
air jets during travel. The oven 5 conveyor surface may al so have a
pitch spacing to facilitate optimal heat transfer to the food product

L . ; . .

Chvent | on hacieab obkiie ARG DAMRIredTa RS0 OF Anaise tpay BP el s ne
i

pref err ed pépmeTivherattes remihepemenslinlandiradtian. Vare owen mayekanges

and nodi fi gl SHSorabrd 8o RFkish 5r%6$}%§ﬁ%g$@ ﬁ’{oyehrngélrp g&l}%%ai <

spirit and scope of the present invention i ne
cl ai med i lgher gfiower pesitpe vdthigsaesttto toaipjets idagngdravel.eTheloger; and

S5at | t R j I id
col umat i ﬁ?ﬁ% ) iy S Ry R S Bihg 1 Rilal® it ™

t her eon; igrio dhe fposth pradust orpiensi iswvhichitae Fyod prostirct is aookpd, and
have a
The present invention having been thus described with particular
reference to the preferred forms thereof, it will be abvious that various
10 changes and modifications may be made therein without departing from the
spirit and scope of the present invention as defined herein.
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di aneter ranging fromabout 0.5 to about 2.0 inche i
_ _ _ . . s. 102. The air
di spensi ng duct of claim11, wherein the orifices have.a dianeter

ranging fro bout %%ﬁ to about 0.875 inches. 3. Th i i i
. e to . 3. e air dispensin
duct of cl a%?%/ﬂ%rel Nosaid orifices are spaced at a di stancg )

bet ween about 0.5 to about 6 inches. 15 4. The air dispensing duct of

claim1, wherein there is a,plurali f said columati
spaced about 10A% ?‘h&'ﬁ%%”st"?)g ﬁ%tuForﬁp#%%‘%es apart. g. | ‘rll'ﬂeplaﬂ =

di spensi ng duct o i : i i i i i
en: ( Of c6lét prtd; aMdnerein a ratio of said di amet
20orifices in sal% col uﬂrr[?lafi ng plate to said di.gneter {ma e_rg;f sard
g_rl fices sn said gideast gresdumsating paten wheen §aif cpver %18 er%@ kg

i spensing duct of (el ajnde W5 8 borfiices aisposieatratreoniof sai d
orifices in -§3‘P8ﬂm@3ﬁé§1’1&§%ﬁ% pﬁ%\fée Pglrégg!?g di gr?et_esrﬂ)oof sair or | fisgles
in said cover 25pWabesin saideirifieenats substangiehy ropndmghaps. Bt.’i‘idjl?é( 4 ng

duct of claiml1l, wherein said,cover .pl Ld are spa

_ | 1, ced at

di stance of sisugten raging i%ﬁbof%ﬁé t?ﬁghgtsfagb&gb An ovelr[: for cooﬁi ng
or hefatl ng a food product, conprising: a plurality of air dispensing
ducts; and at |east one conveyor, ) wher.ei,n the f QJ pc{&g”]%g IS
di sposed ©on_ Sai thacdndiepensingbet Q/ﬁcﬂ%'?‘ntg‘ﬁ’ieée%%%?ﬁ@r?&q%ngr ein Sald
air dispensi r}gné{H@froﬁ'Pﬁ%dt%%% to about 0.875 inches.

3. The air dispensing duct of claim 1, wherein said orifices are spaced ata
distance between about 0.5 to about 6 inches.

15
4. The air dispensing duct of claim 1, wherein there is a plurality of said

columnating plates spaced about 0.5 inches to about 2 inches apart.

5. The air dispensing duct of claim 1, wherein a ratio of said diameter of said
0 orifices in said columnating plate to said diameter of said orifices in said cover

plate is between 4:5 to 1:4.

6. The air dispensing duct of claim 1, wherein a ratio of said diameter of said
orifices in said columnating plate to said diameter of said orifices in said cover

25 plate is between 5:4 to 4:1.

7. The air dispensing duct of cfaim 1, wherein said cover plate and said are

spaced at a distance of about 1.0 to about 1.75 inches.

30 8. An oven for cooking or heating a food product, comprising:
a plurality of air dispensing ducts; and
at least one conveyor,
wherein the food product is disposed on said conveyor while within

said oven, and wherein said air dispensing duct comprises:
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a cover plate; and at | east one columating plate, wherein said
cover plate and said columating plates each have a plurality of
orifices di sposedgtchosesate; wherein said orifices have an area

equi valent to that of a circle havi n% 5 a dianeter bethen boﬁt 0.5
to about 2.0 inchetleast oreneolemeating Plafeamhesein RRE VAT RIFIYaYT Feifces
have at | east bR sCRRIsel thgreh;

rect angl es, SCSEJE&eaZaag’?aéfér%%ggﬁﬁg\r’%éwr@ﬁg}gﬁal _shgpes. 10 10. The oven
of claim8, whereinhessin daidrarffices have an sdrseauivalant to thatyf @ d@icle bdng

have a di aneter, be en about Q. 0 t | nches. 11. The
oven of cldai rﬁ@@?"e&ﬁ\g&e&’%r&%‘?‘ﬁﬁ@% h %lgogﬁgroei%gﬂ é'th antially circul ar,

and 15 have a di aneter between about 0.625 to about 0.875 inches.

12. The oven of claim8, wherein at |east_one air dispensi duct is
di sposed on &-fTheeves|efclaym %d’i"&ﬁ@t%ﬁ?é@@?‘ﬂceéﬁﬁ“’ﬁtat %@ég?n%ﬁﬁg% r

di spensing d ks f iR QT rdRarsiiéle sqliaeal diagmdeysid 20
13. The oven%o%gecéﬁaﬁ%ﬁ?gjéaﬁﬁ%(ﬁﬁi sialgd air lﬁ speﬁsi ng ducts are

di sposed abouioh@johal stiapes. 8 i nches away from said conveyor. 14.
The oven of claim8, wherein the oven conprises a plurality of

conveyor s!®5 di sposed above or bel ow one anot her. .
10. The oven of claim 8, wherein said orifices are substantially circular, and

have a diameter between about 0.5 to about 2.0 inches.

11. The oven of claim 10, wherein said orifices are substantially circular, and

15 have a diameter between about 0.625 to about 0.875 inches.

12. The oven of claim 8, wherein at least one air dispensing duct is disposed
on a first side of said conveyor, and at least one air dispensing duct is
disposed on an opposite side of said conveyor.

20
13. The oven of claim 12, wherein said air dispensing ducts are disposed

about 2 to about 8 inches away from said conveyor.

14. The oven of claim 8, wherein the oven comprises a plurality of conveyors

25  disposed above or below one another.
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