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(57) Abstract: An air dispensing duct that can 
be used in an oven to heat or cook food products 
passing through the oven on a conveyor. The 
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at least one columnating plate, and a plurality 
of orifices disposed on the cover plate and the 
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IMPINGING AIR OVENS HAVING HIGH MASS FLOW ORIFICES

BACKGROUND OF THE INVENTION

1. Summary of the Invention

The present disclosure relates to impinging jet air flow ovens. More 
particularly, the present disclosure relates to impinging jet ovens using larger 
orifices to carry a high mass flow of air to a food product

2. Description of the Related Art

Impingement ovens are primarily used in quick service restaurants for 
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 

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 
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 
source and an air moving source supply air to a duct. The duct has a plurality 
of plates comprising a plurality 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.
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9 As the demand for reduced cooking and serving times has become greater in 

cooking applications, it has become necessary to improve the impingement energy 

application, and to operate in less time than conventional impingement heating 

equipment, thereby increasing the speed at which the foods can be cooked.

In addition, since the amount of floor space taken up by impingement ovens is of 

concern in commercial kitchens, it is important to process higher volumes of food product 

in the same amount of floor space, thus optimizing the effective cooking area within the 

oven.

Conventional impinging jets can operate with orifice sizes of 3/8" to 7/16", 

approximately 3" to 4" away from the food product to be cooked. One 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 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. Air coming through the smaller 

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 food product.

Accordingly, there is a need for a new design for an impinging air jet that 

addresses the problems of currently available systems.

The reference to any prior art in this specification is not, and should not be taken 

as an acknowledgement or any form of suggestion that the referenced prior art forms 

part of the common general knowledge in Australia.

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
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9 disclosure has discovered, unexpectedly, that the larger orifices provide significantly 

improved cooking results and oven efficiency over currently available systems, while 

maintaining or improving the quality of the cooked food product. The orifices of the air ducts 

can be in a variety of shapes and configurations on the cover and columnating plates. The 
heat transfer rates of the air ducts to the food product can be changed by manipulating the 

orientation and size of the orifices.

Thus, in one embodiment, the present disclosure provides an air dispensing duct. 

The air dispensing duct comprises a cover plate, and at least one columnating plate. The 

cover plate and the columnating plates each have a plurality of orifices disposed thereon, 

wherein the orifices are substantially round in shape, and have a diameter ranging from 

about 0.5 to about 2.0 inches.

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 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.

Throughout the specification the term '‘comprising’’ shall be understood to have a 

broad meaning similar to the term “including" and will be understood to imply the inclusion of 

a stated integer or step or group of integers or steps but not the exclusion of any other 

integer or step or group of integers or steps. This definition also applies to variations on the 
term “comprising” such as “comprise" and “comprises”.

DESCRIPTION OF THE DRAWINGS

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

present disclosure;

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;
3
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Fig. 4 is a side cross-sectional view of the impingement duct of Fig. 2;

Fig. 5 is a top view of a columnating plate and a cover plate of the 
present disclosure;

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

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

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

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;

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 
and the large orifices of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure provides an impinging jet air duct with larger 
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
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to about 2.0 inches. The orifices can also have diameters between about 
0.625 inches to about 0.875 inches. The orifices may also be in any shape, 
and have an area equivalent to the above-described circular orifices. The 
orifices can be spaced at 0.5 inch to 6 inch intervals, and can be arranged in 
either radial or linear patterns. The spacing from the orifices to the food 
product to be heated can be from about 2 to about 8 inches.

An unexpected effect of using the larger orifices of the present 
disclosure at the same temperature difference is that the surface of the food 
product can accept a significantly greater amount of heat energy onto and 

through the surface by convection and/or conduction. The high mass flow 
larger orifices of the present disclosure drive heat to the center of the cooking 
product and cause cool moisture to migrate outward to the surface of a 
product 15 to 40% faster than with conventional smaller orifices. Because the 
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 to 
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 
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, 
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 
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.

5
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A further unexpected result of the present disclosure is that greater 
heat transfer occurs at a lower noise level due to the physical properties of the 
invention. In the past, in order to provide a greater heat transfer rate, a higher 
volume of air had to be driven through the conventional size orifices, which 
resulted in extremely high noise levels. The impinging jet of the present . 
disclosure increases mass flow for the cooking and heating method described 
with no increase in noise level for the operating system. In fact, experimental 
data shows noise reductions while yet increasing mass flow and resulting in 
increased productivity and quality.

The orifices of the present disclosure can be arranged on the cover in 
any pattern and can comprise one or more orifice shapes. In one 
embodiment, the orifices are arranged in a line that is parallel to the 
longitudinal axis of the air duct The orifices can also have varying diameters 
within a single air duct For example, within a single air duct, the orifices can 
have the larger sizes of the present disclosure, or can have more 

conventional, smaller sizes.

There can also be multiple columnating plates per air duct, which are 
arranged 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. 
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 

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 cover plate and the columnating plate is between about 1.0 inch and 
about 1.75 inches.

6



WO 2008/048497 PCT/US2007/021840

5

10

15

20

25

30

The orifices and columnating plates of the present disclosure can be 
used in impinging air ducts, which are disposed within an oven. There can be 
several orientations of air ducts within an oven. For example, in Fig. 1, one 
embodiment of an oven is shown. Oven 10 has cabinet 20, conveyor 30, a 
plurality of upper air ducts 40, and a plurality of lower air ducts 50. In the 
shown embodiment, there are eight upper air ducts 40 and eight lower air 
ducts 50. The present disclosure, however, contemplates the use of different 
configurations of upper and lower air ducts. Thus, during operation of oven 
10, a food product is conveyed by conveyor 30 between upper air ducts 40 
and lower air ducts 50, where it is heated by air exiting the ducts.

Referring to Figs. 2-5, an impingement duct having the high mass flow 
orifices of the present disclosure is shown. Impingement duct 110 has 
housing 120, cover plate 130, and two columnating plates 140. Cover plate 
130 and columnating plates 140 have a plurality of orifices disposed thereon. 
Housing 120 has opening 125 and optionally a plurality of air dams and air 
guides 127 disposed therein to assist with the even distribution of air 
throughout the duct 110. Thus, during operation of an oven, such as oven 10, 
air enters duct 110 through opening 125, and is dispersed throughout housing 
120. It then passes through columnating plates 140 and cover plate 130 
before exiting duct 110 in columnated air jets. In the shown embodiment, 
there are two columnating plates 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 
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 orifices that are circular in 
shape, and the middle row has orifices shaped like crosses. As previously 
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 

7
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equivalent to a circular orifice having the disclosed diameters. In addition, the 
orifices in both the columnating and cover plates can be of varying sizes. 
Furthermore, in the shown embodiment, there are 22 orifices in cover plate 
130 and columnating plate 140. The present disclosure, however, 
contemplates the use of fewer or greater numbers of orifices.

Referring to Figs. 6 and 7, profiles of air exiting orifices of the present 
disclosure and the prior art are shown. Referring specifically to Fig. 6, a 
columnated air jet of the present disclosure is shown hitting a flat surface. As 
can be seen in this diagram by the lines representing the air flow, the larger 
orifices provide air jets that, while moving at a slower velocity overall, provide 
better contact with the surface to be heated. In Fig. 7, by contrast, which is an 
air flow diagram of an air jet of the prior art, the air flow is such that there is a 
stagnation region on the surface of the product to be heated, where no air 
flows directly onto the product. The product is thus heated less efficiently, 
producing an undesirable result.

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 
relationship 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 
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 orifices 
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 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 

8
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provide higher or lower rates of heat transfer at different points along the 
conveyor within the oven. Such a configuration is shown in Fig. 9. In this 
embodiment, the air jets can be partially or completely shut off to alter the 
heat transfer rate to the food product. In the embodiment shown in Fig. 9, 
consisting of multiple, connected, cooking cavities (there are three in the 
shown embodiment) which has twelve air jets disposed above and below the 
conveyor, the third air jet on the top of the oven system is operating at an 80% 
capacity. The fourth and fifth jets on the top are operating at 40% capacity, 
and the eleventh air jet on the top is completely closed off. The air jets on the 
bottom of the conveyor all remain at full capacity, (but may be partially or fully 
closed if needed). The air jets of this embodiment can have any number of 
varying capacities other than the specific arrangement shown. The cover 
plates of the air ducts can be covered with mechanical structures to achieve 
the desired capacity.

Thus, the unexpected result of the present disclosure is that using 
larger orifices helps to cook the food products more efficiently. This is an 

inversion of the commonly understood relationship between orifice size and 
cooking capacity. As a result, higher temperatures can be used with the 
orifices, without 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 heating efficiency of the oven by up to 
40% over currently available ovens, which can provide up to a 40% reduction 
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 
shown in Figs. 10-17. For example, the food products shown in Figs. 10-13 

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 toppings 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 

9
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had 22 orifices at a diameter of 7/8”. The crust and toppings of these food 
products are at a color that is in the middle of acceptable ranges. Thus, the 
products cooked using the orifices of the present disclosure are preferable.

Another benefit provided by the orifices of the present disclosure is 
illustrated in Figure 18. As shown, ovens using the orifices of the present 
disclosure (referred to as “FastBake" in the diagram) exhibit significantly lower 
noise readings at various points around the oven than ovens using the 
standard orifices. This can be highly advantageous in the applications where 
the oven is used.

The orifices and air ducts of the present disclosure can be used with 
any number of air sources to supply air to the air jets. These air sources may 
include, but are not limited to, axial flow fans, centrifugal flow fans, variable 
speed fans, multiple fans having fixed or 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 
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, saturated steam energy to enhance the orifice energy, 
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 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 
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
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the desired cooking effect. A preferred range of angles may be zero degrees 
to forty-five degrees from the perpendicular direction. The oven may also 
have one or more conveyors, which are configured to move food products at a 
higher or lower position with respect to the air jets during travel. The oven

5 conveyor surface may also 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 forms thereof, it will be obvious that various

10 changes and modifications may be made therein without departing from the 
spirit and scope of the present invention as defined herein.

11
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CLAIMS:

1. An air dispensing duct, comprising:

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;

wherein said orifices are substantially 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 to 0.875 inches.

3. The air dispensing duct of claim 1, wherein said orifices are spaced at a distance 

between 0.5 to 6 inches.

4. The air dispensing duct of claim 1, wherein there is at least two of said columnating 

plates, spaced 0.5 inches to 2 inches apart.

5. The air dispensing duct of claim 1, wherein said cover plate and said columnating 

plate are spaced at 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
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wherein said orifices have an area equivalent to that of a circle having a diameter 

between 0.5 to 2.0 inches,

wherein a ratio of said area of said orifices in said columnating plate to said area 

of said orifices in said cover plate is between 4:5 to 1:4.

7. The oven of claim 6, wherein said orifices have at least one shape selected from the 

group consisting of rectangles, squares, diamonds, and polygonal shapes having five or 

more sides.

8. The oven of claim 6, wherein said orifices are substantially 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 to 0.875 inches.

10. The oven of any one of claims 6 to 9, 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.

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 one of claims 6 to 12, wherein air flow 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 said columnating 

plate is are spaced apart at a distance from about 1.0 inch to about 1.75 inches.

13
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15. The oven of claim 6, where a vertical distance between said conveyor and said 

cover plate is between about 2 to about 8 inches.

16. An air dispensing duct substantially as hereinbefore described with reference to the 

accompanying drawings.

17. An oven for cooking or heating a food product substantially as hereinbefore 

described with reference to the accompanying drawings.

14
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