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pl ates, often referred to as columating plates, formthe jets into a

col um to pepkacksie Hthefirseanio the food product.

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 systemn, 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 fo the food praduct 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.



As the demand for reduced cooking and serving tinmes has becone
greater in cooking applications, it has becone necessary to inprove

t he i npi ngenent energy application, and to operate in less tinme than
conventional 5 inpingenent heating equipnment, thereby increasing the
speed at which the foods can be cooked. In addition, since the
anount 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 same anount of floor space, thus optimzing the
effective cooking area within the oven. Conventi onal i npinging
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7/16", approximately 3" to 4" away from the food product to be cocked. One
15 method previously considered to increase the output 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 surface very quickly. This is due to the velocity of the heat being
transferred via the small diameter of the contact area per orifice. Alr coming
through the smaller orifices travels at high velocity onto the surface of the food
product, resuiting in rapid removal of surface moisture and the overcooking of

the product, thus producing undesirable surface coloration and chariing 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

2



The present disclosure provides an inpinging air oven that has air
ducts conprising columating plates and cover plates that have | arger
orifices than those in currently avail abl e inpinging oven systens.
The present disclosure has discovered, unexpectedly, that the |arger
orifices provide significantly inproved cooking results and oven
efficiency over currently avail abl e systens, while maintaining or

i nproving the quality of the cooked food product: The orifices of the
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Fig. 1 is a diagram of anove prouc
accor di ng tPWh&YPeRht di scl osure;
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 disposed on the
conveyor while within the oven. The air dispensing duct comprises a cover

20 plate, 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;



30Fig. 2 is a perspective view of an inpingenent duct of the present
disclosure; Fig. 3 is a front cross-sectional view of the inpingement
duct of Fig. 2; Fig. 4is a side cross-sectional view of the

i mpi ngenent duct of Fig. 2; Fig. 5is atop viewof a
columating plate and a cover plate of the present disclosure; S

Fig. 6 is a schematic of an air flow profile of the large orifices of
the present discl osure; Fig. 7 is a schematic of an air
flow profile ofFightisaside moss-seetionaf vid® of te ienpihgeraatidabberigvens:
Fig. 8 is a bottomview of an orifice in the columating plate and
the cover plate_of the present disclosure; 15Fig. 9 is a schematic

vi ew of an ovenFigf5 isnetqs dewmd adtadighoglingplate and a Eow;iléhi@ dfhfef)rgh 13
are picturgss i oducts cooked wth ovens using e snmaller
oriches o?ﬁzgﬁﬁﬂﬁ?€?ggVailable ovens; 20Figs. 14 through 17 are

pi ctured of food products cooked with ovens

Fig. 6 is a schematic of an air flow profile of the large orifices of the
present disclosure;

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 currently available ovens
25  and the large orifices of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosuré 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
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using the large orifices of the present disclosure; and

Fig. 18 is a graph show ng deci bel readings around the oven of the
present disclosure, using both the small orifices of currently
avai |l abl e ovens 25and the large orifices of the present disclosure.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present di scl osure provides
an inpinging jet air duct wwth larger 30 orifices and jet colums of
heated air than have been considered in prior art for cooking ovens.
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orifices. Becau
product 15 to 40% faster than with conventional smaller orifices. Because the

15 larger, high mass flow jets do'not remove the moisture at the surface faster
than it comes to the surface, the result is to heat the food product through o
the center significantly 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 also limited
from being able to cook dense products as well as thinner, less dense
products within the same time settings. The present disclosure, by contrast,

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 smalier air jets. Additionally, the utensils that hold the food
product are heated uniformly and faster, which leads to a better food product.
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axis of the air duct. The orifices can al so have varying dianeters
15 within a si nﬂle air duct. For exanple, within a single air duct
the orifices cahN#@can eo bargdhplsicpbynngtingidates peealr ddrk whiphare, or
can havg Mak@inged in parallel vertical planes within the air duct, and can be used to

manipulate and change the shape or the columnation of the air jet. There can

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



"conventional, smaller sizes. There can also be nultiple col umat i ng
plates per air duct, which are 20 arranged in parallel vertical
planes within the air duct, and can be used to mani pulate and change
the shape or the colurnnation of the air jet. There can be from1 to
4 columating plates in the air ducts of the present disclosure. The
spacing of the columating plates can vary from0.5 to 2 inches, and
can be spaced at a dinension that is equal to the dianeter of the
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there are two columnating plate‘s 140. However, as previously discussed, the
present disclosure contemplates the use of 1 to 4 columnating plates.
Referring specifically to Fig. 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 columnating 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 arifices that are circular in
shape, and the middle 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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before exiting duct 110 in columated air jets. In the shown

enbodi ment, there are two columating plates 140. However, as
previously discussed, the present disclosure contenplates the use of
1 to 4 columating plates. Referring specifically to Fig. 5, an
enbodi nent of the orifices is showmn. In this 25 enbodi nent, there are
three rows of orifices in both the cover plate 130 and the
columating plate 140. The orifices in columating plate 140 are
arranged i agiikaiest toansrontardrifica lhaving tap dBclofbe dRinhdte gL Sniztidiioviethe
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Fig. 7, byg%ﬁ:{nﬁs&n u%ﬂfs BhleSe@yzai r flow diagramof an air jet of

the prior art, e al ow i s such that there is a stagnation region
on the surface of the product to be heated, where no air

As shown in Fig. 8, the orifices in the columnating plate 140 can be

smaller than the corresponding orifices in the cover plate 130. This

20 relationship helps o create a wider jet, and a larger area of contact with the
food product. The ratio of the diameter of the columnating piate 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. |f 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 ratio of 7:5.

The present disclosure also contemplates using the larger arifices
30 previously discussed, in ovens that have impinging jets with heat transfer
rates that vary throughout the oven. In this embodiment, the heat transferred
to the food product can be applied in steps, to match the product's ability to
accept energy per unit of ime. 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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is flows directly onto the product. The product is thus heated |ess
efficiently, producing an undesirable result. As shown in Fig.
8, the orifices in the columating plate 140 can be smaller than the
corresponding orifices in the cover plate 130. This 20 relationship
hel ps to create a wider jet, and a |arger area of contact with the
food product. The ratio of the diameter of the columating plate
orifice to the dianeter of the cover plate orifice can be from4:5 to
4:16, and iRopiderighasiof Iover rafscofheat ransfdi sidifsrenepainsoalonntenpl at es

col umatin va hif | a .qr. t - Si . the

orifices i ??ﬂe?@o‘%}?]ﬁ Iﬂﬁﬁtsi\éérhl ?u?ﬁé G%@%%F%tﬁ%'tsi%gm%ﬁgﬁ:ég‘gﬁ ﬁf’%@'@s are

| arger t har*'T %d'm%rfhg?atf@S@ﬁnﬂ%wralmwm@em st DEIts alter ther at i o

of from 5: sheen trhﬁs%r\ﬂétbho&ﬁ@fdéhgﬁﬁﬁlﬁt. Q‘Ttﬁehé?n&gcﬁﬁ‘\re PLitivn 9'{[": ges.
he |scln al so”

and preferaply.i.n a.ratio of 7.5 T resent osur e
cont grrplsat'é%%r%gslﬁﬁﬁ of H%'quz?'ﬁn"S?tFFi E@g”éﬁ)‘ﬁﬁvgiﬁsdﬂﬁf? age fuee dethe in
ovens that shawe éempodigiant) wisitls hak thelbe atr jéts AMGFoREd HRLES ahO BRI

|
t hr oughout " Thi, i the heat t f dioth
oo o, congefit e il 2 STBRITCR e ok gvelie o poRates St ab T s

to accept &FEEgYY-pEhe inirth afd fiftmiets omitet tbprarsopating Iéletlb%aéadaﬁ;ﬂ%Sf er
t ft he dilbelngn L n.l di.scussed abpve
Can be var o e el aR ik RntE by Bk hASeRN dee o 15€ H isiS e

can be varied to _provi @g C
differeft FROHRILOHPSFEVRCT @ ot atill hapadiye(bot eray Bupdrtially or fully

can b, par LAy or CompL r o s e D ey fhdert
rate t opt hté)aﬂléo%"%é%%%%n‘?tﬁﬁ%ﬂgn% ABeTiIHBHangaBan shews. gThecover .
consi st i ng RiAtesof theptieduds oar beatve rRIK N heeBihibaBrcihes & 885etd!r ee

in the show 8abRdl 5@%& whi ch has twelve air jets disposed above and
bel ow t he conveyor, t et{hi rd air jet on the top .of the oven system

i s operfdti ng at an 080'% capacity. The fourth and fifth jets OE the top
Conpl ctel v chosed i o anacsted Rt Ting RSl Jsfphyledt Pl =iGhveyor
al | remai n 4T ACESARIRG Bycookite fong podueis morel effjcientlyt (THiy iscarosed i f
needed). Theeasion et @minbhly 1HIRPbER RlaftRIIAYGWRABY JHHED ELe Wna

cooking capacity. As a result, higher temperatures can be used with the

20 orifices, withaut burning 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 heafing 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 iarger 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 acceptahle
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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varying capacities other than the specific arrangenent shown. The
cover plates of the air ducts can be covered with nmechanica
structures to achieve the desired capacity. 15 Thus, the unexpected
result of the present disclosure is that using larger orifices hel ps
to cook the food products nore efficiently. This is an inversion of
the commonly understood rel ati onship between orifice size and cooki ng
capacity. As a result, higher tenperatures can be used with the 20

orifices, wadBRGkifibey A @ﬁzabﬁ&eﬁ(bﬂ?fl&'c err@fcrnétearm@gpﬁ@%wiese Fdbd

addi tion, although the ets is igh,
the vel oci Bpetgele bR i oot F M PeTHETe R et oo aBbT b ot i Bifuct | s
not di stur bwdiucfﬁtwokeﬁ fusmgsthebr:fjdm qi ties prefseclt distiosureaare ateferableease
the heating efficiency of the oven by up to 40% over currently

avai |l abl e ovens, which can provide up to a 40%reduction 25 in the
armount  bf roorA@?iE@'éb@a@félﬁF@ﬂﬁﬂwbstﬁé coifiees obthediresent disslpsare is

capacity. justrated IXBHRIE9S Ohsfs‘?t%@n%%%é:@@%ﬁ#cé§ bf‘@\etpt? ?efh\f ens
0

having the standard size orifices and the orifices
present | nQEﬁ‘P?Wﬁ (rerref doas regPeee '16191cv39f|@m) LR Hignif ?aﬁ@vi%
product s shoien réadifgpat vakidud Polins ARLAd eRokesh dand¥@nE ukPg tile M nut es,

et or osanadRCsHas T O Db Bl Va0l e ot reffideiOhs Boers U

and toppi nte aveatis ased.at t he maxi num acceptabl 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 ori fi cesThg oufichsanst aF dygls pf the prasrntclisplasusm gam bp pisad withf

these foodapy AGWMBESCREIEsSircas Wé‘gj plyf &ifto the ehlrﬁeish ernlsddiesirces may
accept abl e, the orifices

the presenf™ r@ﬁ%ﬁé‘é@?é’%#’@“&’@? h@W$@7ﬁ'\6‘FHH? Q?gﬂﬁ’r"’lf‘?“% GRS ER Ly

t he oriifi ceseaffahbempitipteeizins diasin disad er variable speeds, any flow means
capable of supplying air to the impingement duct, or any other suitable
methods of providing air for such a use. The energy sources used to provide
heat can be, but are not limited to, modulating energy sources and heating
controls, power burners, tube burners, powered tube burners, electrical heat

20 sources, powered ceramic burners, or burners with a heat exchanger or other
suitable combustion or electrical source. In addition, alternate and
supplemental sources of energy can be used in the oven, such as, but not
limited to, infrared energy with a tubular heater, infrared energy with a
reflected plate radiator, salurated steam energy fo enhance the orifice energy,

25 supersalurated steam energy to enhance the orifice energy, moisture
combinead with the orifice energy, moisture injected into the orifice energy
space, low frequency microwave energy to enhance the orifice energy, and
high frequency microwave energy to enhance the orifice energy. The oven of
the present disclosure can also have a closable inlet 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

10



illustrated in Figure 18. As shown, ovens using the orifices of the
present disclosure (referred to as "FastBake" in the diagram exhibit
significantly | ower noise readings at various points around the oven
t han ovens using the standard orifices. This can be highly

advant ageous in the applications where wthe oven is used. The
orifices and air ducts of the present disclosure can be used with any
nunber of air sources to supply air to the air jets. These air

sour ces mathd dwdired epokinty cifeet. nmtpréfwb.a %31gfe%f amsied! mby gxé,v %?dﬂae rees
centrifuga fans, multip ans ‘havi ng

fixed or vgr%’gﬁl e?&@&?ssa{'%y‘? PBWBHB'EH'?" duectione Tdye %W?Y al§oair to
t he i npi ngbaentnelactnore comveyoos, vdictsaretcabligurad th et ebod hRddudtdwt i 1

f h de h b but
are not |1 HPErorioRer DAL DAY EaRd B 0e B YrtrOuBSEl oW of 5,
power bélr né@r@feypwefaﬂ@rrnev gsopmneracpitahudpacingrio daclljitael autinal daht heat 20
sour ces, pﬁ?&ﬁéf@ﬂto‘%ﬁé%&p%eec?ﬁﬂeﬁén iR WG t%e%&?ﬁ?bac@lgftsi gaﬁﬁhéﬁnger or

ot her SU|tabIe conbusti on or ectrical source
al ternate and suppl emental sources of energy can be used in the oven,

Thfrared ener v p’@sbm"??’étédmﬁm{iﬁ@f@“?’3?%‘?’*%5‘3?@?Qé"ltg‘“'apeat -
energy to Eﬁ‘?fgﬁ‘&f\g&t {%‘8 %Ffelffe@eo B‘@,reo piks will heplvipys thas yaeusam ener gy
to enhancechdngesEntiinedioations, mapbs insde therehi \mﬁﬁbwdebafth@ fRinh tilec e
ener gy, i fic r space, | ow

fr qugncy n@@%@ﬁ@@ﬁ%ﬁ@?bf&%ﬁ ﬁ@é &S g%tﬁeﬁ r%e'gger gy, and high

frequency m crowave energy to enhance the orifice energy. The oven of
t he present disclosure can also have a closable inlet and outlet, or
an active 30 air curtain |ocated at the entrance and exit of the
oven, to reduce energy | osses. The orifices of the present

di scl osure may be perpendicular to the food products, or may be

di sposed at an angle to the food product, depending on the desired
cooking effect. A preferred range of angles may be zero degrees to
forty-five degrees fromthe perpendicul ar direction. The oven nmay

al so have one or nore conveyors, which are configured to nove food
products at a higher or |ower position with respect to the air jets
during travel. The oven
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s conveyor surface may al so have a pitch spacing to facilitate
optimal heat transfer to the food product or utensil in which the
food product is cooked. The present invention having been thus
described with particular reference to the preferred forns thereof,
it will be obvious that various to changes and nodifications may be
made therein without departing fromthe spirit and scope of the
present invention as defined herein. CLAIMS.: 1. An air dispensing

duct, conprising: a cover plate; and at | east one columating
pl ate, wherein said cover plate and said columating plates each have
a plurality of orifices disposed thereon; wherein said orifices

are substant%gi!é round in shape, and have a dianeter ranging from
0.5to 2.0 i , wherein a ratio of said dianmeter of said
orifices in said columating plate to said dianeter of said orifices
in said coverl splaatgpdnsindelceenoding to 1:4. 2. The air dispensing

duct of .claiml, wher Jn the orifices have a dianeter ranging from
A coyer plate

0.625 to 0.875 i'nches. ??@ The air dispensing duct of claim]l,
wherei n sai d or iaf ees enegobimspligdliteawheseip paid eerelaRtHEaid cumnatiee 6
i nches. plates each have a plurality of orifices disposed thereon;
wherein said orifices are substanfially round in shape, and have a diameter
ranging from 0.5 to 2.0 inches,
wherein a ratio of said diameter of said orifices in said columnating plate to said
diameter of said orifices in said cover plate is between 4:5 to 1:4.

2. The air dispensing duct of claim 1, wherein the orifices have a diameter ranging from
0.625 10 0.875 inches.

3. The air dispensing duct of claim 1, wherein sald orifices are spaced at a distance
between 0.5 to 6 inches.

4. The air dispensing duct of claim 1, wherein there is at jeast two of said columnating
plates, spaced 0.5 inches {o 2 inches apart.

5. The air dispensing duct of claim 1, wherein said cover plate and said columnating
plate are spaced af a distance of 1.0 to 1.75 inches.

6. 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:

a cover plate; and

at least one columnating plate, wherein said cover plate and said columnating
plates each have a plurality of orifices disposed thereon;

12



4. The air dispensing duct of claim1l, wherein there is at |east two
of said columating plates, spaced 0.5 inches to 2 inches apart. 5.
The air dispensing duct of claim1, wherein said cover plate and said
columating plate are spaced at a distance of 1.0 to 1.75 inches. 6.
An oven for cooking or heating a food product, conprising: a
plurality of air dispensing ducts; and at |east one conveyor,

wherein the food product is disposed on said conveyor while within
said oven, and wherein said air dispensing duct conprises: a cover

pl ate; and at | east one columating plate, wherein said cover

pl ate and said columating plates each have a plurality of orifices

di sposed thereon; . ~ wherein said qrifices, have apn area. L val ent
to that of a ciVErsn W“ﬂﬁsﬁavﬁia&ﬁﬁagﬂu’%mgﬁt%.ag'rfl% P8 a%'r?%%%‘é,
wherei n a righweenobtsabdhcisea of said orifices in said columating

plate to said ajead] ra8ebidaidkichicE@R drifices ¥ sdideoMfliating pihte td stidaedaneen
4:5 to 1:4. 7. The,ove% ofdﬁ%aig16 ewp;&qun said orifices have at
| east one sH&PECWEPHRFAY PP RECYFBU ©diisi sting of rectangl es,
squares, dianonds, and pol ygonal shapes having five or nore sides.
8. The oveny ofheGldH dtibim eMARE&h Bais arifiestiald 4tGast oae enapel baidcttiioaltiey

circular, agrguphcao\r/ls?stig‘g 9f' r@c%%bl%é, sgl?atré@,ec%]n&tié ak@pgyggnaii Q%Bgsshaving five or

more sides.

8. The oven of claim 6, wheraein said orifices are substaniially circular, and have a
diameter between 0.5 to 2.0 inches.

9. The oven of claim 8, wherein said orifices are substantially circular, and have a
diameter between 0.625 o 0.875 inches.

10. The oven of any one of claims 6 to 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 conveyur.

11. The oven of claim 10, wherein said air dispensing ducts are disposed 2 to 8 inches

away from said conveyor.

12. The oven of any one of claims 6 to 11, wherein the oven comprises a plurality of

conveyors disposed above or below one another.

13. The oven of any cne of claims & to 12, wherein air fow entering at least one of said
plurality of air dispensing ducts is at least partially obstructed, so that said plurality of air
dispensing ducts have varying rates of heat transfer to the food product.

14. The air dispensing duct of claim 1, wherein said cover plate and sald columnating
plate is are spaced apart at a distance from about 1.0 inch to about 1.75 inches.
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9. The oven of claim8, wherein said orifices are substantially
circular, and have a dianeter between 0.625 to 0.875 inches. 10. The
oven of any one of clains 6 to 9, wherein at |east one air dispensing
duct is disposed on a first side of said conveyor, and at |east one
ai r dispensing duct is disposed on an opposite side of said conveyor.
11. The oven of claim 10, wherein said air dispensing ducts are

di sposed 2 to 8 inches away from said conveyor. 12. The oven of any
one of clainms 6 to 11, wherein the oven conprises a plurality of
conveyors di sposed above or bel ow one another. 13. The oven of any
one of clainms 6 to 12, wherein air |low entering at | east one of said
plurality of air dispensing ducts is at |east partially obstructed,
so that said plurality of air dispensing ducts have varying rates of
heat transf as. Tie dvieorfcainos, phadacttical distarida @eigveen wlldapevegiragd shifct  of
claiml1, V\h%&gmatgg‘ibgwyegyggo Abeu@RfcsRi d columating plate is are
spaced apart at a distance fromabout 1.0 inch to about 1.75 inches.
15. The oven of claim®6, where a vertical distance between said
conveyor andésan dr dspeasingpluctsebstaptidie by lsreintmivor des@ibedwitibefaten® ¥ thiehes.
16. An air q&§p§g§hﬁgﬁgyﬁg substantially as hereinbefore described
with reference to’'the acconpanying drawi ngs. 17. An oven for cooking
or heating a food product substantially as herei nbefore descri bed

Wi t h ref er erl@eAn oven Fre cesion Mpairiomdoadmenmiel gabstantially as hereinbefore

described with reference to the accompanying drawings.
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