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(57) Abrégée/Abstract:

The present invention relates to an oven comprising: -a first chamber and a second chambers, which are separated by separation
means -conveyor means for guiding products from the inlet through these chambers to the outlet, -temperature control means for
controling the temperature and/or humidity in each chamber Individually using a fluid, respectively, and -a passage In the
separation means through which the conveyor means are directed from the first chamber to the second chamber.
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Fig. 1

(57) Abstract: The present invention relates to an oven comprising: -a first chamber and a second chambers, which are separated by
separation means -conveyor means for guiding products from the ilet through these chambers to the outlet, -temperature control

means for controlling the temperature and/or humidity in each chamber individually using a fluid, respectively, and -a passage in the

separation means through which the conveyor means are directed from the first chamber to the second chamber.
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Oven with improved drag

The present invention relates to a method for operating an oven comprising:

- afirst and a second chamber in which a heated fluid cooks a product, respectively

- conveyor means for transporting products from an inlet through the chambers to the
outlet, wherein preferably the conveyor means are at least partially arranged in a helical
path,

- separation means to separate the first and second chamber, wherein the conveyor
means pass through the separation means.

The present invention also relates to an oven to cook products.

An oven of this type is for example known from EP 1 221 575 A1 and EP 0 558 151A1 and Is
suitable for the complete or partial cooking of edible products, especially protein containing
products, like chicken, hamburgers, cordon bleu etc. The above-mentioned patent
applications are herewith included by reference and are therefore part of the disclosure of the
present patent application. The ovens according to the state of the art comprise one or more
chambers in which different cooking conditions can be set, e.g. the fluid that is utilized to
cook the product, preferably air and/or water-steam or water vapor, can have a different dry
bulb temperature and/or a different dew-point temperature. There is a constant desire of the

person skilled in the art to improve the energy- and/or cooking-efficiency of such ovens.

The problem is solved by method for operating an oven comprising:

- afirst and a second chamber

- conveyor means for transporting products from an inlet through the chambers to the
outlet, wherein preferably the conveyor means are at least partially arranged in a helical
path,

-  separation means to separate the first and second chamber, wherein the conveyor
means pass through the separation means

wherein, a pressure difference is established between the fluid in the first and the fluid in the

second chamber preferably in the vicinity of the separation means.

The disclosure made regarding the inventive method also applies to the inventive oven and

vice versa.

Due to the pressure differential, the amount of fresh air intake, for example through the inlet

and/or the outlet of the oven, into the respective chambers can be controlled. It can be
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controlled in which chamber and/or chambers the fresh air intake takes place and the
amount and the amount per time unit. Furthermore, the direction and the amount of drag
through the opening in the separation means between the two chambers can be adjusted.
The pressure difference can also be controlled such that there is no drag between the two

chambers.

The oven in which the inventive method is utilized, comprises at least two chambers. In one
chamber the product inlet Is preferably provided and in another chamber, preferably the
product outlet is located. The chambers are preferably equal in size. In each chamber, there
Is a fluid, preferably air and/or water vapor, that is heated by a heater and adjusted to a
certain dry-bulb temperature. The fluid heats products to be cooked by conduction and
convection. The fluid Is preferably circulated in each chamber, individually Preferably, there
IS at least one heater per chamber, which can be operated individually, so that the dry-bulb
temperature in each chamber can be adjusted individually. The dew-point temperature of the
gas In each chamber may be equal or different. Each chamber may comprise an individual
dew-point temperature that may be equal or different. By means of an inlet for a gas,
preferably air, with a dew-point temperature lower than the fluid in the respective chamber
and/or a fluid, preferably steam, with a dew-point temperature higher than the fluid in the

respective chamber, the dew-point temperature in the respective chamber can be influenced.

The oven further comprises conveyor means for moving products from an inlet of the oven
through the chambers to an outlet. The conveyor means in each chamber are preferably
arranged Iin a helical path. The two helical paths are preferably connected by a straight
section. The conveyor means are preferably an endless conveyor belt, which, more
preferably, I1s at least partially permeable for the process fluid. Preferably, the conveyor

means are operated continuously.

According to the invention, the two chambers are separated from each other by separation
means, so that different conditions in terms of dry-bulb temperature and/or humidity/dew-
point temperature can be set in the two chambers. The separation is for example a wall
between the two chambers which is preferably sealed, more preferably hermetically sealed,
against the housing of the oven. However, there is an opening/passage In the separation
means, through which the conveyor means pass. Preferably, the conveyor means pass the
separation means with its straight section. Preferably, the separation means Is insulated to
reduce the heat transfer between the two chambers. The passage may be just an opening in
the separation means or a duct that extends into at least one, preferably both chambers or

connects two chambers.
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The oven preferably comprises dry-bulb-temperature- and/or humidity/dew-point temperature
control means for controlling the dry-bulb-temperature and/or humidity/dew-point
temperature of the fluid in each chamber, respectively. The dry-bulb temperature of the fluid
Is adjusted by a heater/cooler, preferably at least one heater/cooler per chamber which can
be adjusted individually. The humidity/dew-point temperature of the fluid Iis adjusted by
adding steam or other fluid, preferably air with a low humidity/dew-point temperature as

described above.

According to the present invention, a pressure difference Is established/adjusted on purpose
between the fluid in the first and the fluid in the second chamber Iin the vicinity of the
separation means to influence the exchange of fluid between the two chambers. Due to this
pressure difference, preferably a fluid flow Is induced, preferably through the separation
means, preferably through the conveyor passage in the separation means, the so called
drag. However, the pressures in the two chambers, preferably in the vicinity of the opening in
the separation means, can also be adjusted such that the pressure difference is zero or

almost zero and hence no gas exchanges between the two chambers.

The pressure difference between the two chambers can be accomplished by injecting a fluid,
for example air and/or steam under pressure into at least one chamber. The pressure
difference can also be accomplished by sucking a fluid, preferably air, with a relatively low
dew-point temperature in one chamber and heat it up. This steam and/or air can also be

utilized to adjust the dew-point temperature in the respective chamber.

Alternatively, or additionally, the pressure difference can be accomplished by sucking an

exhaust-gas-stream out of one at least one chamber.

Alternatively, or additionally, the pressure difference can be accomplished by a density
difference of the fluid in the two chambers. The density can be changed by changing the dry-

bulb temperature and/or the dew-point temperature of the fluid in the respective chamber.

Additionally, or alternatively, each chamber comprises a fluid circulation means, for example
at least one fan, which recirculates the fluid in the respective chamber, normally a mixture of
air and water vapor. The means are preferably provided in at least one preferably each
chamber. At least one of the means in one chamber, preferably in both chambers can be

controlled individually. The recirculation means removes fluid from the chamber and blows it
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back in, preferably past a heater. Due to this recirculation, there is a fluid-motion at a certain
average speed In each chamber that improves the heat-transfer from the fluid to the product
and/or reduces dry- bulb temperature- and/or humidity/dew-point temperature-differences in
each chamber, respectively. However, it has been found out that this recirculation means
also Iinfluences the pressure in the chamber, preferably in the vicinity of the separation
means by changing the average recirculation speed of the fluid in each chamber. This

pressure difference can be utilized to influence the drag between the two chambers.

In case the circulation means is a fan, the average recirculation speed can be changed by

changing the rpm of the fan.

Preferably, the recirculation rate of the fluid is at least temporarily different in the two
chambers, I.e. one recirculation means, e.g. fan, recirculates more fluid than the others
and/or the average velocity of the fluid in one chamber is higher than the average velocity In
the other chamber, so that a pressure differential in the fluid in the respective chambers is
established preferably in the vicinity of the separation means, preferably in the vicinity of the
conveyor passage. According to another preferred aspect of the present invention, the speed
of rotation of at least one of the fan is set such that the flow across the separation means is

reduced, preferably to zero.

Preferably, by setting the pressure differential of the fluid in two adjacent chambers, for
example by setting this difference in the recirculation rates, the chamber with the higher flow
rate drags the fresh air into the oven, preferably through the inlet or the outlet of the oven
and no or less air iIs dragged Iinto the chamber with the lower flow rate of the recirculation
flow. More preferably, a drag which can take place between the chambers via the opening for
the conveyor in the separation means, can be adjusted, e.g. increased or decreased. It can
be adjusted to a certain flow rate and/or it can be reduced to zero. Also, the direction of the
drag can be adjusted by adjusting the difference of the recirculation rate of the fluid in the
respective chamber. Preferably, the direction of the drag is from the chamber with the higher
recirculation flow rate to the chamber with the lower flow rate of the recirculation flow,

particularly in case the dry-bulb temperatures in both chambers are at least essentially equal.

Preferably, the dew-point temperature of the fluid in the respective chamber is adjusted by
adjusting the pressure differential of the fluid in two adjacent chambers, for example, the
difference between the recirculation rate in the respective chambers. The chamber with the
higher recirculation rate has preferably the lower dew-point temperature, particularly in case

the dry-bulb temperatures are at least essentially equal. Preferably, the dew-point



CA 03005655 2018-0b-17

WO 2017/085064 PCT/EP2016/077744
S

temperature of the chamber with the lower recirculation rate is higher, particularly in case the

dry-bulb temperatures in both chambers are at least essentially equal.

According to a preferred embodiment of the present invention, the chamber furthest
downstream, relative to the product flow direction, has the highest recirculation rate, I.e. the
highest fluid speed is inside this chamber, particularly in case the dry-bulb temperatures in
both are at least essentially equal. This preferably may result in a lower dew-point
temperature of the fluid in this chamber because more fresh air can be sucked or blown In
and hence for example an improved browning and/or drying is achieved. More preferably, the
chamber further upstream has a lower recirculation rate, i.e. the lowest average fluid speed
IS inside this chamber. This preferably may result in a higher dew-point temperature of the
fluid In this chamber, particularly in case the dry-bulb temperatures in both chambers are at
least essentially equal. The drag takes place, preferably from the chamber with the fluid with
the lower dew point temperature to the chamber with the fluid with the higher dew-point

temperature. Preferably, the drag is in counter-flow to the transport direction of the product.

According to another preferred embodiment of the present invention, the chamber furthest
downstream, relative to the product flow direction, has the lowest recirculation rate, I.e. the
lowest fluid speed Is inside this chamber, particularly in case the dry-bulb temperatures in

both are at least essentially equal

The Inventive method can be used to control the cooking process of a product.
Conventionally, there Is a recipe to cook and/or brown a product. This recipe includes the
dry-bulb temperature and the dew-point temperature per chamber and may include the
average recirculation rate, e.g. fan speed, of the fluid, preferably air and steam, in each
chamber. The pressure, preferably the static pressure, in at least one chamber, preferably in
both chambers and/or the drag, I.e. the gas flow from one chamber to the other is measured.
In case this flow or the pressure difference deviates from a desired value, the pressure
difference between the two chambers can be influenced. This can be done by changing the
dry bulb temperature and/or the dew-point temperature of the fluid in at least one chamber
and/or by changing the internal average speed of the fluid in at least one chamber. The
change of the dew point temperature can be done by injecting steam to increase the dew-

point and/or by providing gas with a lower dew-point to the respective chamber.

This method can be carried out automatically.
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According to a preferred embodiment of the present invention, an exhaust fluid stream is
produced within the inventive method. More preferably, the exhaust fluid is utilized to pre-
heat the product, more preferably in a channel upstream from the oven. Hence, the heat
capacity of the exhaust fluid is utilized to preheat the product and/or to moisten the product

before it enters the oven.

Another embodiment of the present invention is an oven comprising:

- a first and a second chamber and at least one heater to heat a fluid which cooks a
product,

- conveyor means for transporting products from an inlet through the chambers to the
outlet, wherein preferably the conveyor means are at least partially arranged in a helical
path,

- separation means to separate the first and second chamber, wherein the conveyor
means pass through the separation means,

wherein the oven comprises means to establish a pressure difference between the fluid in

the first and the fluid in the second chamber in the vicinity of the separation means.

The disclosure made regarding the inventive oven also applies to the inventive method and

vice versa.

The means can be a steam- or air injection and/or sucking of gas, preferably air, that is
heated up Iin the oven and/or a density difference of the fluid in two adjacent chambers,
preferably Iin the vicinity of the separation means, respectively. The means can also be a
ventilator sucking an exhaust gas out of at least one chamber. However, as already
explained above, the means can also be a difference Iin the recirculation fan speed in the

adjacent chambers.

Preferably, the oven comprises means to measure a flowrate of a drag between the first and
the second chamber and/or the pressure in each chamber and that the signal of this
measurement Is utilized to control a means which recirculates a fluid in the respective
chamber and/or the inlet of fresh gas and/or steam. Preferably, the means which recirculates
the fluid in @ chamber is a fan. Preferably the rom of this fan is controlled in order to change

the pressure in the respective chamber.

Subsequently, the invention is now explained according to the attached figures. These

explanations do not limit the scope of protection.
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Figures 1 - 3 show an embodiment of the inventive method.

Figures 1 - 3 show the oven in which the inventive method is utilized. The oven 1 comprises
a first chamber 13 and a second chamber 14. The chambers are divided by means of a
separation means 17, for example a metal wall, preferable an insulated separation means,
which Is sealed against the housing 2 of the oven. The oven comprises conveyor means 4,
which transport the products to be cooked through the oven. The conveyor means 4 are here
utilized by a helical transport belt in each chamber 13, 14. Therefore, here a rotatable drum 3
IS arranged in each of these chambers, around which the conveyor belt 4 is guided along the
helical paths. The endless conveyor belt enters the oven 1 via the inlet 15 in the housing 2,
preferably by a straight conveyor belt section and leaves the oven 1 via the outlet 16 in the
housing, likewise preferably by means of a straight section. The two helical sections are
preferably connected by the straight conveyor belt section, which lies here at the top. The
belt is preferably permeable to the process fluid, e.g. air and steam. The separation means
17 comprise a passage 18 for the belt section between the two helical paths. The conveyor

means are preferably operated continuously.

The fluid in the oven, preferably a mixture of air and vapor, Is heated by heating means,
which are overall denoted by 7, which are here arranged in the top of the housing. There is
preferably one heating means per chamber, which, more preferably can be controlled
individually. These heating means 7 each comprise a recirculation means, here at least one
fan 6. Here, there are two recirculation means per chamber 13, 14, even though the person
skilled in the art understands that one recirculation means per chamber may be sufficient.
The recirculation means in at least one chamber, preferably in both chambers whose fluid
flow rate can be adjusted individually. The fluid, is sucked up by the fans 6 from each
chamber 13, 14 and forced back into the same chamber, 13, 14 from which it has been
taken. The fluid here flows past the heating elements 7 and is then recycled into the
respective chamber 13, 14. Prior to the reintroduction of the fluid into the respective
chamber, the fluid flow may be distributed according to a desired pattern by distribution
means 9, for example a holed plate. The pressure 10 upstream from the distribution means
IS higher than the pressure 11 downstream from the distribution means 9. The moisture/dew-
point temperature of the fluid in the chamber can be adjusted by a water bath 12 provided in
one or both chambers and/or by the addition of steam. In the two chambers 13, 14 different

dry-bulb temperature- and/or humidity/dew-point temperature conditions can be set.

Reference is now particularly made to Figure 3. The product enters the oven in the first

chamber 13 passes from the first to the second chamber 14 and then leaves the oven via the
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outlet. The product flow Is indicated with reference sign 20. The first chamber 13 preferably
has a higher dew-point temperature than chamber 14. The dry-bulb temperatures can be

equal or different in both chambers.

According to the present invention, the pressure P1 of the fluid adjacent to the separation
means in chamber 14 Is different from the pressure P2 of the fluid adjacent to the separation
means Iin chamber 13. In the present case P2 is larger than P1. Due to this pressure
difference, there is a fluid flow 19 from chamber 14 to chamber 13. In the present case, this
pressure difference is achieved by a difference in the recirculation rate, e.g. average speed
of the fluid in chamber 13 and 14, i.e. the recirculation means 6 in each chamber 13, 14 are
set such, that the flow rate of the recirculation flow, preferably its average velocity, Is
adjusted differently in the chambers 13 and 14. The recirculation rate can be higher or lower
In chamber 14 than in chamber 13. Due to the pressure difference, fresh air is only drawn
iInto chamber 14, for example via outlet 16 or an opening provided for fresh air intake.
Additionally, and/or preferably, the drag 19 between the two chambers via opening 18 Is
directed from the second chamber 14 to the first chamber 13, i.e. in counter-flow to the
product. Normally, an exhaust fluid is produced in the oven, this exhaust fluid is vented to the
ambient preferably in the vicinity of the inlet 15 and/or further upstream as explained later on.
No or essentially no fresh air is dragged into chamber 13. Hence the dew-point temperature
in chamber 14 is lower than in chamber 13. Exhaust fluid can also vented to the ambient at
the outlet as depicted by arrow 22. In order to reduce the energy consumption of the
inventive method, the exhaust fluid at the inlet of the oven can be utilized to transfer heat to
the product in a preheating zone 21, upstream from the oven 1. This preheating preferably
takes place in a separate pre-heating zone, preferably with no recirculation. The exhaust fluid
flows, preferably in counter flow to the product and is then vented to the ambient as depicted

by arrow 22 at the inlet of preheating zone 21.

The pressure difference can also be accomplished by injecting a fluid, for example air and/or
steam under pressure into at least one chamber. The pressure differential can also be
accomplished by sucking a fluid, preferably air, in and heat it up. This steam and/or air can

also be utilized to adjust the dew-point temperature in the respective chamber.

Alternatively, or additionally, the pressure difference can be accomplished by sucking an

exhaust-gas-stream out of one at least one chamber.

Since no or little fresh air iIs drawn Iinto chamber 13, no extra air needs to be heated up and

the addition of vapor/steam to this chamber can be reduced. A moisture difference between
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the two chambers can be maintained more easily. The drag is in a direction as desired. And
the exhaust is at least mainly removed from the oven at the inlet or upstream from the inlet.
All this can be achieved by a difference in the magnitude of the recirculation flow in the

respective chambers 13, 14.

The invention I1s now further explained by an example. Reference is made to the oven as
described according to Figures 1 — 3, particularly Figure 3. The dry bulb temperature is
identical in both chambers. A product enters the product at the entrance of zone 1, wherein
the preheating zone is not necessarily existent. The speed of the gas in zone 1 and zone 2 Is
initially identical. A certain dew-point-temperature difference establishes, wherein the dew-
point In zone 1 Is significantly higher than in zone two. The static pressure in zone 1 is lower
than Iin zone 2. This results in a drag from zone 2 to zone 1 and hence may result in an
intake of fresh air e.qg. through the product exit 20. In order to reduce this drag and/or in order
to reduce the dew-point temperature difference between the two zones, the speed of the gas
in zone two is decreased, which results in a reduction of pressure differential and
consequently in a reduction of the drag between the two zones. By changing the speed of
the gas In the respective zones, for example by changing the rom of the fan, it is even

possible to reverse the drag.

Alternatively, or additionally, steam or fresh air can be injected in one or both chambers to
Increase or decrease the pressure difference, while the speed of the gas Is maintained

constant to influence the drag between the two zones.

By these means it is possible to change a recipe slightly for example to improve the energy

efficiency of the cooking process.
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Claims:

1. Method for operating an oven (1) comprising:
- afirst and a second chamber (13, 14) in which a heated fluid cooks a product,
respectively,
- conveyor means (4) for transporting products from an inlet (15) through the
chambers (13, 14) to the outlet (12), wherein preferably the conveyor means are
at least partially arranged in a helical path (8),
- separation means (17) to separate the first and second chamber (13, 14),
wherein the conveyor means (4) pass through the separation means,
wherein a pressure difference (P1-P2) is established or reduced between the fluid in the
first and the fluid in the second chamber (13, 14) preferably in the vicinity of the
separation means (17) and wherein a fluid, preferably air and/or steam, Is injected into at
least one of the chambers (13, 14) and/or that a fluid, preferably air is sucked in at least
one chamber and then heated up and/or that a density difference between the fluids in
the two chambers is established and/or that an exhaust-gas is sucked out of at least one
chamber(13, 14), in order to establish or reduce a pressure difference (P1 — P2) between
the two chambers, characterized in, that the dew-point of the fluid in the respective
chamber is adjusted by controlling by pressure difference (P1 — P2), preferably by
adjusting the recirculation rate in the chambers (13, 14) and that the dew-point of the
chamber with the higher recirculation rate is lower and that the dew-point of the chamber
with the lower recirculation rate is higher and that the chamber (14) furthest downstream,

relative to the product flow direction, has the highest recirculation rate.

2. Method according to claim 1, characterized in, that the pressure difference (P1-P2) is

established between both sides of a passage (18) in the separation means (17).

3. Method according to one of the preceding claims, characterized in that one circulation
means per chamber (13, 14) is provided, which recirculates the fluid in each chamber at
a certain flow rate, wherein the flow rate of the recirculation is at least temporarily
different in at least one of the two chambers (13, 14), in order to establish or reduce a

pressure difference (P1 - P2) between the two chambers.

AMENDED SHEET
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Method according to one of the preceding claims, characterized in, that a drag (19) Is
induced between the chambers (13, 14), wherein the amount of drag (19) is preferably

controlled by pressure difference (P1 - P2).

Method according to one of the preceding claims, characterized in, that fresh air is

dragged into one of the chambers (13, 14).

Method according to claim o, characterized in, that the fresh air is dragged into the
chamber with the higher recirculation rate and that amount of fresh air is adjusted by

adjusting the difference between the recirculation rate in the chambers (13, 14).

Method according to one of the preceding claims, characterized in, that the drag (19) is In

counter-flow to the transport direction (20) of the product.

Method according to one of the preceding claims, characterized in, that it comprises an

exhaust fluid stream (5).

Method according to claim 12, characterized in, that the exhaust fluid is utilized to pre-

heat the product.

AMENDED SHEET
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