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Description

Background of the invention

Field of the invention

[0001] The present invention relates to a method for a cooking apparatus and cooking apparatuses for cooking or
baking foods, of the type having a cooking chamber, like cooking ovens, both for domestic and for professional use.
Within this general scope, the present invention relates to improvements in respect of the treatment of vapors produced
in the cooking chamber while cooking food. In the rest of the description, with "cooking" it will be intended any kind of
preparation of foods by heat, including baking.

Overview of the relevant known art related to the invention

[0002] Cooking apparatuses comprise a cooking chamber in which food is cooked. During the cooking process, vapors
forms in the cooking chamber of the cooking apparatus. Vapors are predominantly in the form of steam and consist of
water vapor for the most part; in addition, they also contain oils and fats, which are present in the form of aerosols or
else in liquid form. Other components may also be contained therein.

[0003] Vapors are created during the cooking process through the vaporization of water that is naturally contained in
the foods being cooked; in addition, however, vapor that is deliberately fed into the cooking chamber of the apparatus
(either by way of an external steam generator or else by direct vaporization of water inside of the hot cooking chamber)
for some types of cooking also contributes to the creation of vapors. This water vapor is intentional and is important for
certain aspects of the cooking process.

[0004] When fat-containing foods or fat-containing cooking products are cooked at high temperatures, the aforemen-
tioned oil and fat aerosols are additionally created.

[0005] Vapors in excess must be exhausted to the outside, otherwise an undesired vapor pressure would build up
within the cooking chamber. Some conventional cooking apparatuses have an exhaust air opening from which steam
or vapors can escape into the room air, but this can lead to a strong accumulation of moisture and heat in the room air
in the surroundings of the cooking apparatus and in the entire kitchen premises; moreover, the room is also dirtied by
the oil and fat aerosols contained in the escaped vapors. All this is totally unsatisfying.

[0006] US 2011/072983 discloses a cooking apparatus having a cooking chamber, wherein the vapors created in the
cooking chamber are removed with a vapor outlet channel. A vapor condensation device brings the vapors into contact
with a cooling liquid. The vapor condensation device has a container, in which a liquid bath is located. The vapor outlet
channel carries the vapors out of the cooking chamber into the container of the vapor condensation device. There, the
vapors are brought into contact with the liquid from the liquid bath and thereby partially condensed. Furthermore, a
device drain is provided. The container of the vapor condensation device has a vapor guide element, that guides the
vapors through one or more channels in the container; the vapor guide element is configured such that one wall of the
wall surfaces of the channel or channels is formed by the surface of the liquid bath in the container.

[0007] EP 691513 discloses an oven having a cooking interior enclosed by a door and casing. There is a heater and
floor drain removing condensate. Above the oven, an extraction hood removes water vapor, via a fan. Preferably, a
suction duct connects the extraction hood to drain. A hood intake is immediately above the door opening and leads to
a condenser integral with the hood; this has vertical baffle surfaces defining a steam channel. The base surfaces slant
toward the extraction duct connection.

[0008] DE 8805455 U1 discloses a device for condensing a vapor mist from bakeries and the like with one of several
chambers of a condensation housing, where the vapor, inter alia, is directed on a condensation material sprayed of
water. The chambers are arranged parallel to each other and at their lower and upper ends openings for the vapor
passage are provided.

[0009] EP 0671 591 A1 discloses a device for removing cooking fumes from a baking oven. The extraction system
has an electric fan for discharging steam and hot air through a vent line provided between the kitchen wall and the rear
of the built-in kitchen cabinet above the oven, communicating with an exit opening at the rear of the oven space. A cold
air blower is provided in space between a heating chamber and the steam extraction fan. The vent line may also
communicate with side and upper gaps between the oven housing and the adjacent kitchen cabinets, with a resilient
section at the oven end of the vent line, for sealing against the oven housing and/or the cabinet above it.

[0010] DE 197 20 736 A1 discloses an appliance for cooking food using hot steam in sealable cooking compartment.
The cooking appliance has a sealable cooking compartment, in which units are provided for leading in or producing
steam. An outlet is provided for leading off any excess steam. The outlet communicates with a coolable condensation
unit, arranged outside the cooking compartment, which effects the condensation of the excess steam. The condensation
unit is coolable pref. actively across a fan. The condensation unit includes a heat exchanger. The condensation unit
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includes a heat conducting pipe. The condensation unit can have cooked condensation plates, pref. of aluminium, at
which the excess steam is condensed.

[0011] EP 0 732 549 A2 discloses an oven for the heat treatment of food and method of baking. The oven has a
chamber with an air intake. This is connected to an intake channel, which opens near the top end of the oven door. The
oven also has an external exhaust ventilator, connected to an exhaust air aperture. The intake side of the ventilator is
connected to the intake channel, while its pressure side is connected to the exhaust air aperture. The oven door has at
least one lower intake aperture, and an upper discharge aperture near the top of the door and the opening of the intake
channel. The two apertures are connected via a channel.

[0012] JP 2010139177 Adiscloses a solution to the problem of providing a heating cooker capable of removing smoke
without using an expensive catalyst. A ventilation port formed on a back face of a roaster chamber is communicated
with a smoke exhaust passage (same as a smoke exhaust duct), and a high temperature smoke removing part for
heating passing gas is provided in a position near the ventilation port in the smoke exhaust passage so as to enable
ventilation. The high temperature smoke removing part is heated to high temperature by electrical heating and electro-
magnetic induction heating.

[0013] WO 2012/029691 A1 discloses a heating cooker comprising: a casing; a heating chamber disposed in the
casing and having a front opening; an exhaust tube for guiding gas from the inside of the heating chamber to the front
side of the casing; a cooling fan disposed in the casing; and an exhaust duct having an exhaust inlet to which the other
end of the exhaust tube is connected. The height of a cooling air inlet for introducing cooling air into the exhaust duct
through the lower side of the exhaust duct is lower than the height of an outlet of the exhaust duct, and the height of the
cooling air inlet of the exhaust duct is lower than the height of the exhaust inlet of the exhaust duct. Even if air to be
mixed with exhaust gas cannot be supplied due to malfunction of the fan, the exhaust gas from the heating chamber
does not flow into a main body of the heating cooker.

[0014] DE29602748 discloses adevice fortreating vapours produced in an oven chamber during a food cooking process

Summary of the invention

[0015] The Applicant has tackled the problem of devising a solution for providing an oven with an improved treatment
of vapors produced in the cooking chamber while cooking or baking food.

[0016] According to an aspect of the present invention, there is provided an oven comprising an oven chamber for the
cooking of foods, heating means for heating the oven chamber, and a vapor exhaust system for treating vapors produced
in the oven chamber during a food cooking process.

[0017] The vapor exhaust system comprises:

a first region in fluid communication with the oven chamber so as to receive vapors exiting the oven chamber and
wherein the vapors are de-moisturized and cooled down; and

a second region downstream the first region and wherein the de-moisturized and cooled down vapors exiting the
first region are mixed to hot dry air before being exhausted to the outside ambient.

[0018] Therefore, the oven has, associated with the first region, means for demoisturize and cool down vapors received
from the oven chamber, and, associated with the second region, means for mixing hot dry air to the vapors exiting the
first region.

[0019] Preferably, said first region extends vertically.

[0020] According to the invention, in the first region a tortuous path for the vapors is formed.

[0021] Said tortuous path may be a duct comprising a plurality of baffles.

[0022] In an embodiment, at least one of said baffles is hollow and is run through a heat-exchange fluid.

[0023] Advantageously, a coolant liquid feeding device may be associated with said first region, arranged for feeding
a coolant liquid into the first region for cooling down the vapors.

[0024] Said coolant liquid feeding device may comprise at least one liquid feeding nozzle adapted to spray coolant
liquid into said first region in a nebulized form.

[0025] Said coolant liquid feeding device may for example be arranged to cause the coolant liquid to enter into the
first region proximate to a top side thereof.

[0026] Said coolant liquid feeding device is preferably connected to an activator adapted to selectively activate said
coolant liquid feeding device for selectively feeding the coolant liquid.

[0027] Preferably, atleastatemperature sensoris associated with the first region, arranged for sensing the temperature
of the vapors entering into the vapors exhaust system.

[0028] Said coolant liquid feeding device may be selectively activated based on a sensed temperature of the vapors
sensed by said temperature sensor.

[0029] The oven may comprise at least an air propeller associated with said vapor exhaust system and configured for
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promoting the exit of vapors from the oven chamber and their flow through the vapor exhaust system.

[0030] Said air propeller may comprise an axial or radial fan arranged at the exit of the second region.

[0031] Said air propeller may be selectively activatable.

[0032] Advantageously, said hot dry air comprises air exploited to cool down at least one among a door of the oven
and/or air exploited to cool down internal oven parts subjected to heat up during the oven operation.

Brief description of the drawings

[0033] The following detailed description of exemplary and non-limitative embodiments of the present invention will
help to render the above as well as other features and advantages of the present invention clearer. For its better
intelligibility, the following description should be read while referring to the attached drawings, wherein:

FIG. 1 schematically shows an oven according to an embodiment of the presentinvention, in cross-section according
to a vertical plane orthogonal to a front of the oven;

FIG. 2 schematically shows the oven of FIG. 1 in cross section according to a plane parallel to the front of the oven,
indicated in FIG. 1 as lI-ll;

FIG. 3 schematically shows the oven of FIG. 1 and FIG. 2 in cross section according to a horizontal plane, indicated
in FIG. 2 as llI-ll;

Fig. 4 is a schematization of a vapor exhaust tower of the oven of FIG. 1 to FIG. 3, with indicated different vapor
control regions;

FIG. 5 is a schematization similar to FIG. 4, with notations used in a mathematical analysis of the different vapor
control regions;

FIG. 6 is a simplified Carrier diagram or psychrometric chart (specific humidity in ordinate versus temperature in
abscissa), of the humid air for a first control region of the vapor exhaust tower;

FIG. 7 is a complete Carrier diagram of the humid air for a first control region of the vapor exhaust tower;

FIG. 8 is a complete Carrier diagram of the humid air for a second control region of the vapor exhaust tower;

FIG. 9 is a schematic flowchart of an exemplary way of operation of the oven according to an embodiment of the
present invention, and

FIG. 10 shows, in a schematical view similar to that of FIG. 5, a vapor exhaust tower according to another embodiment
of the present invention.

Description of exemplary embodiments of the invention

[0034] Referring to FIG. 1, FIG. 2 and FIG. 3, an oven according to an embodiment of the present invention is sche-
matically depicted, in three cross-sectional views (as explained in the Brief description of the drawings).

[0035] The oven, denoted as a whole 100, comprises an oven chamber 105 (cooking chamber) wherein the foods to
be cooked/backed are to be introduced for being cooked.

[0036] The oven chamber 105 is a delimited region of space within an oven cabinet 110 having a front opening 115
for inserting/removing the foods, which is selectively closable by an oven door 120, hinged to the oven cabinet 110 so
as to be movable by an oven user between a closed position (the one depicted in FIG. 1) adapted to close the front
opening 115, and an open position (not depicted in the drawings) in which the oven chamber 105 is accessible through
the front opening 115.

[0037] Inside the oven chamber 105, heating elements 125, for example one or more resistive heaters, are provided,
energizable for heating up the oven chamber environment.

[0038] Preferably, an air propeller 130 is also provided inside the oven chamber 105, operable (possibly in a selective
way, depending on a food cooking program selected by the oven user) to cause air circulation within the oven chamber
105 so as to better distribute the air heated up by the heating elements 125 and achieve a more uniform temperature
inside the oven chamber 105.

[0039] Itis pointed out that although in FIG. 1 the heating elements 125 are depicted as arranged at the periphery of
the air propeller 130, this is merely an example; the heating elements might be arranged in different locations, and/or
additional heating elements might be arranged in different locations of the oven chamber 105, e.g. at the top and/or at
the bottom thereof.

[0040] The oven door 120 is designed so to have an air gap 135 formed therein, for the passage of cooling air 140
having the function of cooling the external panel 145 (usually of glass or other transparent material) of the oven door
120, in order to keep such external panel at a temperature sufficiently low not to be harmful for the oven user. The oven
door cooling air 140 is for example taken in from the outside ambient, e.g. through an opening formed at the bottom of
the door 120.

[0041] In a space formed between the oven chamber 105 and the walls of the oven cabinet 110, thermally-insulating
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material 150 is preferably provided, in order to avoid heat dissipation from inside the oven chamber 105 to the outside
ambient, and at the same time reducing the temperature of the cabinet walls when the oven 100 is operating.

[0042] Albeit not shown, it is intended that the oven 100 may comprise several other components, like for example a
steam and/or microwaves generator(s) to be supplied to the oven chamber 105 for performing some particular kinds of
cooking processes.

[0043] According to the present invention, the oven 100 is equipped with a system for exhausting vapors that are
produced within the oven chamber 105 when foods are cooked. Advantageously, the vapor exhaust system is integrated,
embedded in the structure of the oven 100.

[0044] In the exemplary embodiment of the present invention here presented, the vapor exhaust system comprises
a vapor exhaust tower 155 which is accommodated at the rear of the oven 100, e.g. approximately at the center or more
or less proximate to a corner of the oven cabinet 110, like the rear-left corner (looking the oven 100 frontally), as shown
inthe drawings (itis intended that the position of the vapor exhausttower 155 is not at all limitative for the presentinvention).
[0045] The vapor exhaust tower 155 according to an embodiment of the present invention will be hereafter described
with the help of the principle schematic of FIG. 4.

[0046] The concept at the basis of the vapor exhaust tower 155 according to the present invention is the (selective)
superposition of three physical phenomena: a dehumidification, de-hydration, moisture condensation of the vapors
coming from the oven chamber 105 (phenomenon A); a cooling of the vapors (phenomenon B), and an adiabatic
intermixing of the vapors with relatively hot and dry air (phenomenon C).

[0047] In an embodiment of the present invention, phenomena A and B may take place concurrently, as depicted in
the schema of FIG. 4, in a bottom section 405 of the exhaust tower 155; phenomenon C takes place in a top section
410 of the exhaust tower 155.

[0048] Referring back to FIG. 1 and FIG. 2, the exhaust tower 155 is, at a bottom thereof (i.e., at a bottom of the bottom
section 405), fluidly connected to a vapor discharge duct 160 that, having an inlet 165 preferably at the bottom of the
oven chamber 105 (e.g., approximately in the central position), runs, preferably declining, towards an outlet 170 opening
approximately at the bottom of the exhaust tower bottom section 405.

[0049] The bottom of the exhaust tower bottom section 405 is also fluidly connected to a liquid drainage 175 (only part
of which is shown), which, when the oven is installed in a kitchen, is connected to a kitchen water drainage spigot.
[0050] Inthe exhausttower bottom section 405, a tortuous, sinuous, serpentine, labyrinthic path is formed, for example,
as in the example depicted in the drawings, by means of properly offset baffles 177.

[0051] Ina vertical position along the exhaust tower bottom section 405, vertical position that in the shown embodiment
is approximately at the top of the exhaust tower bottom section 405, an inlet 415 for a cooling liquid is advantageously
present, which for example may comprise a nozzle for spraying cooling water that is selectively fed, for example under
control of a valve 420, e.g. an electrovalve, controlled by an oven control unit (shown only schematically in FIG. 4 and
denoted 423). The nozzle preferably is adapted to spray water in a nebulized form, i.e. as very small droplets. The
cooling water is for example fed via a piping that, when the ovenis installed, is coupled to a water outlet spigot of the kitchen.
[0052] Preferably, a temperature sensor 425 may be provided in a vertical position along the exhaust tower bottom
section 405, for example approximately at the bottom of the exhaust tower bottom section 405, proximate to the outlet
of the vapor discharge duct 160. When present, the temperature sensor 425 is in signal connection with the oven control
unit 423 to communicate thereto the readings about the temperature of the vapors exiting the oven chamber 105. The
oven control unit 423 may for example be programmed so as to activate the electrovalve 420 when the temperature of
the vapors exiting the oven chamber 105 (and entering the vapor exhaust tower 155) reaches a pre-set temperature,
which may also depend on the specific cooking programme selected by the oven user.

[0053] At a top thereof, the exhaust tower bottom section 405 has an opening 430 leading into the exhaust tower top
section 410, which is for example more or less vertically aligned to the underlying bottom section 405. The exhaust tower
top section 410 has one or more inlets for relatively hot and dry air, which is introduced so as to be intermixed to the
de-moisturized vapor that, after exiting the oven chamber 105, has passed through the exhaust tower bottom section
405. The exhaust tower top section 410 may include a first hot air inlet 433, in the shown example located more or less
midway the exhaust tower top section 410, for admitting hot air that has been taken in from the outside ambient for
cooling oven parts like the motor for the air propeller 130, among which there may be the exhaust tower bottom section
405, and a second hot air inlet 435, in the shown example located more or less at the top of the exhaust tower top section
410, for admitting the oven door cooling air 140, that, after passing in the gap 135 formed in the oven door 120, passes
in a gap between the oven chamber 105 and a top panel of the oven cabinet 110.

[0054] Afan 180 is advantageously provided at the top of the exhaust tower top section 410. The fan 180, that preferably
is selectively activatable by the oven control unit 423, creates a depression inside the exhaust tower 155 and sucks the
vapor and the cooling fluxes inside it. Downstream the fan 180, i.e. on top of it, the exhaust tower 155 opens into the
external ambient or into a discharge duct.

[0055] For the sake of explanation of its principle of operation, the system for exhausting vapor according to an
embodiment of the present invention can advantageously be regarded as made up by two so-called "control regions".
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A first control region is the exhaust tower bottom section 405, where the phenomena A and B take place. A second
control region is the exhaust tower top section 410, where the phenomenon C takes place.

[0056] In the first control region 405, the labyrinthic path formed by the baffles 177 allows compactizing the vapor
exhaust tower 155, thereby reducing its space occupation.

[0057] When the electrovalve 420 is open and the nozzle 415 sprays cooling water, thanks to the presence of the
baffles 177 a sort of waterfall-type filter is formed, that at each fall condenses the vapors exiting the oven chamber 105
and filters them by retaining the particles of fat transported by the vapors.

[0058] The baffles 177 allows the cooling water, sprayed by the nozzle 415, to have more time and surface area
available for enhancing heat exchange between the sprayed cooling water and the vapors coming from the oven chamber
105. In addition, the presence of the baffles 177 enables the sprayed cooling water to release at least part of the heat
absorbed by the vapors to the baffles 177 and the walls of the vapor exhaust tower 155 (this heat can then be dispersed
outside the vapor exhaust tower 155, and may advantageously contribute to heating up the air that is then introduced
into the exhaust tower top section 410 through the first air inlet 433). Concurrently, the injected cooling water cools down
the baffles 177, on which the moisture contained in the vapors can condensate.

[0059] The injection of the cooling water by the nozzle 415 in the form of nebulized droplets, creates a sort of fog
inside the first control region 405, that contributes to the increase of the thermal exchange area and at the same time
reduces the power and resources (water) consumption and the generated noise.

[0060] In the second control region 410, the heat released by the vapors passing through the first control region
(exhaust tower bottom section) 405 as well as by the operation of the oven (e.g., the motor of the air propeller 130) is
caused to be absorbed by the cooling air (that enters into the vapor exhaust tower 155 through the first hot air inlet 433),
thereby increasing the temperature thereof. This allows to reduce the relative humidity of the cooling air (at constant
specific humidity), thereby increasing the capacity of the cooling air of absorbing the residual humidity of the vapors
exiting the first control region 405, when they are mixed with the cooling air: in fact, by increasing the temperature of the
cooling air, the specific humidity of the flow of intermixed vapors and cooling air remains substantially the same, while
the relative humidity decreases; the capability of absorbing the humidity contained in the flow of vapors is thus increased.
[0061] FIG. 5 schematizes again the vapor exhaust system according to an embodiment of the present invention, and
should be referred to as an aid for the following analytical analysis of the energy and mass balance. Hereafter, for the
purpose of notation, it is assumed that the normal to the control regions is directed as exiting the surface delimiting the
control regions. The mechanical work is regarded as positive if exiting the control regions (i.e., when directed as the
normal to the control regions) whereas the heat is regarded as positive if entering into the control regions (i.e., when
opposite to the normal). The energy and mass flows are regarded as positive if directed as the normal to the control regions.
[0062] The vapor exhaust system according to an embodiment of the present invention can be regarded as comprised
of three "control volumes" or "control regions": the first and second control regions 405 and 410 introduced in the
foregoing, and a third control region made up by the union of the first and second control regions 405 and 410.
[0063] For the purpose of notation, hereinafter the terms m denote mass flow rates of dry air; the subscript "steam
denotes the flows containing a certain amount of vapor. In any case, the term m is to be intended as referred to the
fraction of dry air present in a flow, whereas the fraction of humid air present in a flow is denoted as m- X, with x denoting
the specific humidity. The terms with subscript "engine"” or "door” refer to the flux of cooling air of the engine of the air
propeller 130 (entering into the vapor exhaust tower 155 through the inlet opening 433) and, respectively, of the flux
140 of the cooling air of the oven door (entering into the vapor exhaust tower 155 through the opening 435).

[0064] Let:

"

- rpbe the water vaporization heat (water vaporization enthalpy), and
- Cp C,constants.

[0065] Then:

mya m
_ pour _ vapour
X = - ¢) - -

Mgir Msaturation

where x denotes the specific humidity and ¢ denotes the relative humidity,
and where the mass flows rates mg,,,, and mg,,,mo Of dry air entering and exiting the first control region 405 (equal to
each other, since as mentioned above the mass flow rates are referred to the fraction of dry air) are defined as m,:

Mg = Msteam = Msteam2
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[0066] The energy and mass balance equations for the first control region 405 are:
Ql_ = ma (hsteamz - hsteam) + mHZOouthHZOout - mHZOhHZO Eq- (1)

mHZOout = mHZO + ma (xsteam - xsteamz) Eq- (2)

where the first equation (Eq. (1)) relates to energy (the suffix "-" for the heat Q; means that the heat exits the control
region; the symbols h denote the enthalpy), and the second equation (Eq. (2)) relates to the mass of water. The term

(Xsteam - Xsteamz) 18 due to the condensation of moisture.

[0067] In order to solve the first equation Eq. (1) for the energy, let FIG. 6 be considered, showing a simplified Carrier
diagram for humid air. The transformation "1 — 2" marked on the diagram can be decomposed into the two transformations
"1 — 3" (latent contribution) and "3 — 2" (sensible contribution).

[0068] Considering that:

t(hy — hy) = 10 [(Z—’;)x At + (Z—Z)t Ax|  Eq.3)

h=h,+x-hy Eq. (4)

where h, denotes the enthalpy of a dry air flow and h, denotes the enthalpy of a flow of humid air, being:

it follows that Eq. (4) becomes:
h=cpa t+x-(rg+cpt) Eq. (5)
and then, by derivation of Eq. (5):
oh
(E) = Cpa +x- va
X
oh
(a)t =170 + va t
[0069] The energy balance equation (Eq. (1)) can thus be developed as:
Ql_ = ma(cpa + Xsteam2 va)(tsteamz - tsteam)

+ mg (TO + va ) tsteam)(xsteamz - xsteam) + mHZOouthHZOout

- mHZOhHZO
Eq. (6)

[0070] By defining:
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YL
Cou = (E)x = Cpa + X Cpy Eq. (7)
and
h, 215+ cpy 't Eq. (8)

the following developments are possible (introducing Eq, (2), Eq. (7) and Eq. (8) in Eq. (6)):

Q1 = Mg Cpy(tsteamz — tsteam) T Mahy (Xsteamz — Xsteam)
+ Myz0 (thoout - tho) + mahHZOout (Xsteam — Xsteamz)
Q1 = MgAhgensipie + MaAhigrene + Mo (thoout - tho)
+ mathoout (Xsteam — Xsteamz)
Qr = Q5 +0Q; +myy (thoout - tho) + mahHZOout (Xsteam — Xsteamz) Eq. (9)
where:

O is the heat flow at the walls;

QS ’ Ql are the fractions of sensible and latent energies of the flow of humid air;
Mip0(hH204, - NH20) 1s the Energy fraction of the liquid;
M N 00,. Xsteam = Xsteamz2) 1S the Energy fraction of the condensed water.

[0071] FIG. 7 depicts the complete Carrier diagram of the humid air for the first control region 405. The point on the
diagram indicated as 1 corresponds to the state of the flow of vapors upon entering into the first control region; the point
indicated as 2 corresponds to the state of the flow of vapors upon exiting the first control region. As can be appreciated
looking at the diagram, the state of the flow of vapors exiting the first control region is rather close to the state indicated
as s on the diagram, corresponding to the saturation condition (with relative humidity ¢ equal to 100%): thus, by spraying
cooling water into the first control region, the temperature of the vapors decreases, and the relative humidity gincreases,
but the specific humidity x decreases (because the flow of vapors exiting the first control region has a lower content of
humidity).

[0072] Coming to the second control region 410, FIG. 8 depicts the respective humid air Carrier diagram. The point
2 on the diagram represents the starting state of the flow of vapors upon entering into the second control region (it
corresponds to the point 2 on the Carrier diagram of FIG. 7).

[0073] The balance equations are:

mdoorhdoor + mengine hengine + Msteam?2 hsteamz = mfinalhfinal =

= (mdoor + mengine + msteamz)hfinal Eq- (10)

MaoorXdoor + menginexengine + Msteam2Xsteam2 = mfinaleinal =
= (mdoor + mengine + msteamz)xfinal Eq- (1 1)

where Eq. (10) is the energy balance equation gnd Eq. (11) is the mass balance equation.
[0074] Dividing the two equations above for mg,,,, it follows:
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h _ Maoor h Mengine h Msteam? h
inal — . oor engine . steam?2
mal door + —— +—
mfinal mfinal mfinal
_ Maoor Mengine Msteam?
xfinal - . Xdoor +— engine +— steam?2
mfinal mfinal mfinal

[0075] The state of the flow of vapors, in the second control region, moves from point 2 to point 4, which represents
the state of the flow of vapors exiting the second control region. Points 5 and 6 represent the states of the flows of hot
and dry air entering into the second control region and that are mixed with the flow of vapors: both are characterized by
a low relative humidity ¢).

[0076] The third control region is the union of the first and second control regions 405 and 410. The energy and mass
balance for the third control region can thus be obtained from the above equations. The result is that the variables related
to the common surfaces to the first and second control regions are eliminated, i.e. MgpamoPsteamz aNd Mgtoam2Xsteams2
(msteam2 = ma)'

[0077] At the end, the flow of vapors exiting the second control region has a relatively low content of humidity.
[0078] FIG.9isasimplified flowchartillustrating a possible way of operation of the oven 100 according to an embodiment
of the present invention.

[0079] When the oven 100 is started, the oven control unit 423 reads the operation selected by the oven user (block
905). The oven control unit 423 then decides whether or not the oven user has selected and started a cooking operation
(decision block 910). If the oven user has not decided to start a cooking operation (exit branch N of decision block 910),
the operation flow jumps back to block 905. If instead the oven user has selected and started a cooking operation (exit
branch Y of decision block 910), the oven control unit 423 obtains information about the type of cooking selected by the
oven user (block 915).

[0080] Then, depending on the type of cooking selected by the oven user, the oven control unit 423 decides whether
or not the air propeller 180 is to be activated (block 920). If yes, the air propeller 180 is activated, if not, the air propeller
180 is kept off.

[0081] Still based on the type of cooking selected by the oven user, the oven control unit 423 determines (block 921)
at which pre-set temperature of the vapors entering the vapor exhaust tower 155, the electrovalve 420 is to be activated
to enable the intake of cooling water; such determination made by the control unit 423 may be carried out exploiting a
database of parameters database, from which the oven control units 423 picks at which pre-set temperature of the
vapors entering the vapor exhaust tower 155. Then, by exploiting the readings of the temperature sensor 425, the oven
control unit 423 monitors the temperature of the vapors leaving the oven chamber 105 (block 923). In particular, the
oven control unit 423 checks if such temperature is over the pre-set intervention temperature (block 925).

[0082] Until the temperature of the vapors leaving the oven chamber 105 and entering into the vapor exhaust tower
155 remains below the pre-set intervention temperature (exit branch N of decision block 925), the oven control unit 423
checks whether the cooking process is terminated (decision block 930): if the oven control unit 423 determines that the
cooking process is terminated (exit branch Y of decision block 930), the oven control unit 423 checks (decision block
931) if the electrovalve 420 is currently open: in the affirmative case (exit branch Y of decision block 931) the electrovalve
420 is closed (block 933); after closing the electrovalve 420 (or leaving it closed, if it was already closed - exit branch N
of decision block 931), the oven control unit 423 checks (decision block 935) whether the fan 180 is running: in the
affirmative case (exit branch Y of decision block 935), the fan 180 is left running for a predetermined time after the end
of the cooking process, whereas if the fan 180 is not running (exit branch N of decision block 935) the oven control unit
423 activates the fan 180 (block 940) for a predetermined time. The operation flow then jumps back to block 905. If the
oven control unit 423 determines that the cooking process has not terminated yet (exit branch N of decision block 930),
the oven control unit 423 checks whether the electrovalve 420 is activated (decision block 943): in the negative case
(exit branch N of decision block 943), the operation flow returns to block 923, where the oven control unit 423 obtains
a new reading of the temperature sensor 425; if instead the oven control unit 423 assesses that the electrovalve 420 is
activated (exit branch Y of decision block 943), the oven control unit 423 de-activates the electrovalve 420 (block 945)
and then the operation flow returns to block 923.

[0083] Let now be supposed that the temperature of the vapors leaving the oven chamber exceeds the pre-set tem-
perature (decision block 925, exit branch Y): the oven control unit 423 activates the electrovalve 420 (block 950); cooling
water thus starts to be sprayed by the nozzle 415 into the exhaust tower bottom section 405, to cool the vapors exiting
the oven chamber 105.

[0084] The oven control unit 423 then determines whether the cooking process has terminated (decision block 955):
if not (exit branch N of decision block 955), the operation flow jumps back to block 923 (where the oven control unit 423
obtains a new reading of the temperature sensor 425; if instead the oven control unit 423 determines that the cooking
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process has terminated (exit branch Y of decision block 955), the oven control unit 423 obtains (through the temperature
sensor 425) the temperature of the vapors entering into the vapor exhaust tower 155 (block 960), and then the oven
control unit 423 checks whether the temperature of the vapors exceeds the pre-set intervention temperature (decision
block 965): until the vapors temperature stays above the pre-set intervention temperature (exit branch Y of decision
block 965), the electrovalve 420 is kept open, and the oven control unit 423 continues to monitor the vapor temperature.
When the vapor temperature falls below the pre-set intervention temperature (exit branch N of decision block 965) the
electrovalve 420 is closed (block 933) and the same operations described above (blocks 935 and 940) are performed.
The operation flow returns to block 905.

[0085] In other words, the injection of cooling water into the exhaust tower bottom section 405 (i.e., into the first control
region of the vapor exhaust system) is selectively enabled based on an assessment of the temperature of the vapors
that leaves the oven chamber 105 and enters into the vapor exhaust tower. Also the activation of the fan 180 is selective,
depending on the cooking process.

[0086] The vaporexhaustsystem according to the described embodiment of the presentinvention comprises a sinuous,
tortuous, labyrinthic vapors conduit arranged vertically, into which cooling water can (selectively) be injected. The tortuous
shape of the conduit, thanks to the depression generated by a fan downstream the first control region (in the shown
example, the fan 180) allows exploiting the inertia of the particles of vapor/fat, pushing them against the baffles 177 (in
particular, against the first ones, proximate to the bottom of the exhaust tower bottom section 405). The spray of nebulized
cooling water allows capturing the finest particulate (and this effect is also promoted by the baffles 177 proximate to the
top of the exhaust tower bottom section 405, which are cooled down by the water spray).

[0087] Experimental trials carried out by the Applicant have shown that the temperature of the vapor flow exiting the
vapor exhaust system according to the described embodiment of the present invention, also in critical operating conditions
(oven chamber temperature set to 250 °C and 100% of humidity), did not exceed 30 °C at a relative humidity of 25%
(with 19 °C of ambient air temperature).

[0088] In FIG. 10 there is depicted, schematically as in FIG. 4, a vapor exhaust tower according to a slightly different
embodiment of the present invention; components, parts and elements that are identical, similar or equivalent to those
described in connection with the previous embodiment are denoted with same reference numerals. A difference of the
embodiment of FIG. 10 compared to the previous embodiment resides in that at least part (one, more than one, possibly
all) of the baffles 177, like the baffles 1077 visible in the figure, are hollow at their interior and arranged to be run through
by a relatively cold heat-exchange fluid 1005 (e.g., liquid, like water), which receives heat released from the vapors
passing through the first control volume 405. In this way, the heat released by the vapors leaving the oven chamber can
be at least partly collected by the heat-exchange fluid, instead of being only dissipated.

[0089] Another difference in the embodiment of FIG. 10 compared to the previous embodiment is the different position
of the nozzle 415 (which in this embodiment is not at the top of the first control region) and of the temperature sensor
425 (which in this embodiment is not at the bottom of the first control region). In particular, differently from the previous
embodiment, in this embodiment the nozzle 415 is associated to a lower portion of the bottom section 405 with respect
to the temperature sensor 425.

[0090] In FIG. 10 just one opening in the exhaust tower top section 410 is shown; this single opening may schematize
the two openings 433 and 435 of the previous embodiment, but it might also be possible that through such single opening
both of the two cooling air fluxes enter into the vapor exhaust tower. In still other embodiments, one of the two cooling
air fluxes might be absent.

[0091] Also with the vapor exhaust tower of the embodiment of FIG. 10, the oven 100 may operate as described in
connection with the previous embodiment (flowchart of FIG. 9).

Claims

1. A method for the treatment of vapors produced while cooking food in the oven chamber (105) of an oven (100),
comprising the following steps:

channeling vapors exiting said oven chamber (105) in a first region (405) of a vapor exhaust system (155) of
said oven (100), arranged so that therein the vapors are de-moisturized and cooled down,

wherein in the first region a tortuous path for the vapors is formed, wherein said tortuous path is a duct comprising
a plurality of baffles (177;1077),

de-moisturizing and cooling down said vapors in said first region (405), wherein de-moisturizing comprises
spraying cooling water into the first region where the baffles form a waterfall-type filter that at each fall condenses
the vapors,

channeling said de-moisturized and cooled down vapors exiting said first region in a second region (410) of
said vapor exhaust system (155), arranged on top of said first region (405) and arranged so that therein vapors
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exiting said first region are mixed to air (140) before being exhausted to the outside ambient,

in said second region (410), mixing said de-moisturized and cooled down vapors exiting said first region with
air taken in from the outside ambient and having cooled down at least one among a door (120) of the said oven
(100) and internal oven parts heated up during the oven operation,

exhausting said vapors to the outside ambient.

An oven (100) comprising an oven chamber (105) for the cooking of foods, heating means (125) for heating the
oven chamber, and a vapor exhaust system (155) for treating vapors produced in the oven chamber during a food
cooking process, wherein the vapor exhaust system comprises:

a first region (405) in fluid communication (160,165,170) with the oven chamber so as to receive vapors exiting
the oven chamber and arranged so that therein the vapors are de-moisturized and cooled down; characterized
in that

a second region (410) downstream the first region and arranged so that therein the de-moisturized and cooled
down vapors exiting the first region are mixed to air (140) before being exhausted to the outside ambient,
wherein said second region (410) is arranged on top of the first region (405) and comprises one or more inlets
(433,435) arranged for admitting into the second region (410) air taken in from the outside ambient and exploited
to cool down at least one among a door (120) of the oven and internal oven parts subjected to heat up during
the oven operation,

wherein in the first region a tortuous path for the vapors is formed, wherein said tortuous path is a duct comprising
a plurality of baffles (177;1077),

wherein said oven is configured for executing the method of claim 1.

The oven of claim 2, wherein said first region extends vertically.
The oven of claim 2 or 3, wherein at least one of said baffles is hollow and run through a heat-exchange fluid (1005).

The oven of claim 2, 3 or 4, wherein a coolant liquid feeding device (415,420) is associated with said first region,
arranged for feeding a coolant liquid into the first region for cooling down the vapors.

The oven of claim 5, wherein said coolant liquid feeding device comprises at least one liquid feeding nozzle (415)
adapted to spray coolant liquid into said first region in a nebulized form.

The oven of claim 5 or 6, wherein said coolant liquid feeding device is arranged to cause the coolant liquid to enter
into the first region proximate to a top side thereof.

The oven of any one of claims 5 to 7, wherein said coolant liquid feeding device is connected to an activator adapted
to selectively activate said coolant liquid feeding device for selectively feeding the coolant liquid.

The oven of any one of claims 5 to 8, wherein at least a temperature sensor (425) is associated with the first region,
arranged for sensing the temperature of the vapors entering into the vapors exhaust system.

The oven of claim 9 when depending on claim 8, wherein said coolant liquid feeding device is selectively activated
based on a sensed temperature of the vapors sensed by said temperature sensor.

The oven of any one of the claims 2 to 10, comprising at least an air propeller (180) associated with said vapor
exhaust system and configured for promoting the exit of vapors from the oven chamber and their flow through the

vapor exhaust system.

The oven of claim 11, wherein said air propeller comprises an axial or radial fan arranged at the exit of the second
region.

The oven of claim 11 or 12, wherein said air propeller is selectively activatable.

Patentanspriiche

1.

Verfahren zur Behandlung von Dampfen, die wahrend des Garens von Lebensmitteln im Garraum (105) eines

1"
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Backofens (100) erzeugt werden, das die folgenden Schritte umfasst:

Kanalisieren von Dampfen, die den Garraum (105) verlassen, in einem ersten Bereich (405) eines Dampfab-
fuhrungssystems (155) des Backofens (100), derart angeordnet, dass die Dampfe darin entfeuchtet und abge-
kahlt werden,

wobei in dem ersten Bereich ein gewundener Weg fiir die Dampfe ausgebildet ist, wobei der gewundene Weg
eine Fuhrung ist, die mehrere Umlenkbleche (177;1077) umfasst,

Entfeuchten und Abkiihlen der Dampfe in dem ersten Bereich (405), wobei Entfeuchten Spriihen von Kiihlwasser
in den ersten Bereich umfasst, in welchem die Umlenkbleche einen wasserfallartigen Filter ausbilden, der bei
jeder Stufe die Dampfe kondensiert,

Kanalisieren der entfeuchteten und abgekiihlten Dampfe, die den ersten Bereich verlassen, in einen zweiten
Bereich (410) des Dampfabfiihrungssystems (155), der iiber dem ersten Bereich (405) angeordnet ist und derart
angeordnet ist, dass darin Dampfe, die den ersten Bereich verlassen, mit Luft (140) vermischt werden, bevor
sie an die auRere Umgebung abgefiihrt werden,

in dem zweiten Bereich (410) Vermischen der entfeuchteten und abgekihlten Dampfe, die den ersten Bereich
verlassen, mit Luft, die von der duBeren Umgebung eingelassen wurde und mindestens eins von einer Tur
(120) des Backofens (100) und von innenliegenden Backofenbestandteilen, die wahrend des Betriebs des
Backofens aufgeheizt wurden, abgekihlt hat,

Abfiihren der Dampfe an die duflere Umgebung.

2. Backofen (100), umfassend einen Garraum (105) zum Garen von Lebensmitteln, Heizmittel (125) zum Heizen des

Garraums und ein Dampfabfiihrungssystem (155) zum Behandeln von Dampfen, die im Garraum wahrend eines
Lebensmittelgarungsprozesses erzeugt wurden, wobei das Dampfabflihrungssystem Folgendes umfasst:

einen ersten Bereich (405) in Stromungsverbindung (160, 165, 170) mit dem Garraum, um den Garraum ver-
lassende Dampfe aufzunehmen, der derart angeordnet ist, dass darin die Dampfe entfeuchtet und abgekiihlt
werden;

dadurch gekennzeichnet, dass

ein zweiter Bereich (410), stromabwarts vom ersten Bereich, derart angeordnet ist, dass darin die den ersten
Bereich verlassenden entfeuchteten und abgekihlten Dampfe mit Luft (140) vermischt werden, bevor sie an
die dulRere Umgebung abgefiihrt werden,

wobei der zweite Bereich (410) GUber dem ersten Bereich (405) angeordnetist und einen oder mehrere Einlasse
(433, 435) umfasst, die angeordnet sind, um in den zweiten Bereich (410) Luft hereinzulassen, die von der
auleren Umgebung eingelassen und genutzt wird, um mindestens eins von einer Tir (120) des Backofens und
von innenliegenden Teilen des Backofens, die wahrend des Betriebs des Backofens erhitzt werden, abzukihlen,
wobei im ersten Bereich ein gewundener Weg fiir die Dampfe ausgebildet ist, wobei der gewundene Weg eine
Fihrung ist, die mehrere Umlenkbleche (177; 1077) umfasst,

wobei der Backofen dazu ausgelegt ist, das Verfahren nach Anspruch 1 auszufiihren.

Backofen nach Anspruch 2, wobei sich der erste Bereich vertikal erstreckt.

Backofen nach Anspruch 2 oder 3, wobei mindestens eins der Umlenkbleche hohl ist und durch ein Warmetau-
scherfluid (1005) geleitet wird.

Backofen nach Anspruch 2, 3 oder 4, wobei eine Kaltemittelzufiihrvorrichtung (415, 420) mit dem ersten Bereich in
Verbindung steht, angeordnet zum Zufiihren eines Kaltemittels in den ersten Bereich zum Abkiihlen der Dampfe.

Backofen nach Anspruch 5, wobei die Kaltemittelzufiihrvorrichtung mindestens eine Kaltemittelzufiihrdlise (415)
umfasst, die angepasst ist, Kaltemittel in vernebelter Form in den ersten Bereich zu sprihen.

Backofen nach Anspruch 5 oder 6, wobei die Kaltemittelzufiihrvorrichtung angeordnet ist, das Kaltemittel zu veran-
lassen, in den ersten Bereich in der Nahe einer oberen Seite davon einzutreten.

Backofen nach einem der Anspriiche 5 bis 7, wobei die Kaltemittelzufiihrvorrichtung mit einem Aktivator verbunden
ist, der angepasst ist, die Kaltemittelzuflhrvorrichtung gezielt zu aktivieren, um das Kaltemittel gezielt zuzufiihren.

Backofen nach einem der Anspriiche 5 bis 8, wobei mindestens ein Temperatursensor (425) mit dem ersten Bereich
in Verbindung steht, angeordnet zum Erfassen der Temperatur der in das Dampfabfiihrungssystem eintretenden
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Dampfe.

Backofen nach Anspruch 9, wenn abhangig von Anspruch 8, wobei die Kaltemittelzuflihrvorrichtung basierend auf
einer erfassten Temperatur der von dem Temperatursensor erfassten Dampfe gezielt aktiviert wird.

Backofen nach einem der Anspriiche 2 bis 10, umfassend mindestens ein Lifterrad (180), das mit dem Dampfab-
fuhrungssystem in Verbindung steht und ausgelegt ist zum Férdern des Austretens von Dampfen aus dem Garraum

und ihres Stroms durch das Dampfabfiihrungssystem.

Backofen nach Anspruch 11, wobei das Lifterrad ein axiales oder radiales Geblase umfasst, das am Austritt des
zweiten Bereichs angeordnet ist.

Backofen nach Anspruch 11 oder 12, wobei das Lifterrad gezielt aktivierbar ist.

Revendications

1.

3.

Procédé pour le traitement de vapeurs produites durant la cuisson d’aliments dans la chambre de four (105) d’un
four (100), comprenant les étapes suivantes :

la canalisation de vapeurs sortant de ladite chambre de four (105) dans une premiére région (405) d’'un systéme
d’évacuation de vapeurs (155) dudit four (100), agencée pour que, dans celle-ci, les vapeurs soient déshumi-
difiées et refroidies,

dans lequel, dans la premiére région, un chemin sinueux pour les vapeurs est formé, dans lequel ledit chemin
sinueux est une conduite comprenant une pluralité de déflecteurs (177 ; 1077),

la déshumidification et le refroidissement desdites vapeurs dans ladite premiére région (405), dans lequel la
déshumidification comprend la pulvérisation d’eau de refroidissement dans la premiére région ou les déflecteurs
forment un filtre a chute d’eau qui, a chaque chute, condense les vapeurs,

la canalisation desdites vapeurs déshumidifiées et refroidies sortant de ladite premiere région dans une seconde
région (410) dudit systéme d’évacuation de vapeurs (155), agencée par-dessus ladite premiére région (405)
et agencée pour que, dans celle-ci, des vapeurs sortant de ladite premiére région soient mélangées a de l'air
(140) avant d’étre évacuées vers I'environnement ambiant extérieur,

dans ledit seconde région (410), le mélange desdites vapeurs déshumidifiées et refroidies sortant de ladite
premiére région avec de l'air aspiré de I'environnement ambiant extérieur et ayant refroidi au moins une parmi
une porte (120) dudit four (100) et des parties de four internes chauffées durant le fonctionnement de four,
I'évacuation desdites vapeurs vers I'environnement ambiant extérieur.

Four (100) comprenant une chambre de four (105) pour la cuisson d’aliments, des moyens chauffants (125) pour
chauffer la chambre de four, et un systeme d’évacuation de vapeurs (155) pour traiter des vapeurs produites dans
la chambre de four durant un processus de cuisson d’aliments, dans lequel le systéeme d’évacuation de vapeurs
comprend :

une premiére région (405) en communication fluidique (160, 165, 170) avec la chambre de four afin de recevoir
des vapeurs sortant de la chambre de four et agencée pour que, dans celle-ci, les vapeurs soient déshumidifiées
et refroidies, caractérisé en ce que

une seconde région (410) en aval de la premiére région et agencée pour que, dans celle-ci, les vapeurs dés-
humidifiées et refroidies sortant de la premiére région soient mélangées a de l'air (140) avant d’étre évacuées
vers I'environnement ambiant extérieur,

dans lequel ladite seconde région (410) est agencée par-dessus la premiére région (405) et comprend une ou
plusieurs entrées (433, 435) agencées pour admettre, dans la seconde région (410), de I'air aspiré de I'envi-
ronnement ambiant extérieur et exploité pour refroidir au moins une parmi une porte (120) du four et des parties
de four internes soumises a un chauffage durant le fonctionnement de four,

dans lequel, dans la premiére région, un chemin sinueux pour les vapeurs est formé, dans lequel ledit chemin
sinueux est une conduite comprenant une pluralité de déflecteurs (177 ; 1077),

dans lequel ledit four est configuré pour exécuter le procédé de la revendication 1.

Four selon la revendication 2, dans lequel ladite premiére région s’étend verticalement.
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Four selon la revendication 2 ou 3, dans lequel au moins un desdits déflecteurs est creux et s’étend a travers un
fluide d’échange de chaleur (1005).

Four selon la revendication 2, 3 ou 4, dans lequel un dispositif d’alimentation en liquide de refroidissement (415,
420) est associé a ladite premiere région, agencé pour réaliser I'alimentation en un liquide de refroidissement dans
la premiere région pour refroidir les vapeurs.

Four selon la revendication 5, dans lequel ledit dispositif d’alimentation en liquide de refroidissement comprend au
moins une buse d’alimentation en liquide (415) adaptée pour pulvériser un liquide de refroidissement dans ladite
premiere région sous une forme nébulisée.

Four selon la revendication 5 ou 6, dans lequel ledit dispositif d’alimentation en liquide de refroidissement est agencé
pour faire en sorte que le liquide de refroidissement entre dans la premiére région a proximité d’'un cété supérieur
de celle-ci.

Four selon 'une quelconque des revendications 5 a 7, dans lequel ledit dispositif d’alimentation en liquide de
refroidissement est raccordé a un activateur adapté pour sélectivement activer ledit dispositif d’alimentation en
liquide de refroidissement pour réaliser sélectivement I'alimentation en le liquide de refroidissement.

Four de I'une quelconque des revendications 5 a 8, dans lequel au moins un capteur de température (425) est
associé a la premiere région, agenceé pour détecter latempérature des vapeurs entrant dans le systéme d’évacuation
de vapeurs.

Four selon la revendication 9 lorsqu’elle dépend de la revendication 8, dans lequel ledit dispositif d’alimentation en
liquide de refroidissement est sélectivement activé sur la base d’'une température détectée des vapeurs, détectée
par ledit capteur de température.

Four selon I'une quelconque des revendications 2 a 10, comprenant au moins une roue a aubes a air (180) associée
audit systeme d’évacuation de vapeurs et configurée pour favoriser la sortie de vapeurs a partir de la chambre de

four et leur écoulement a travers le systéme d’évacuation de vapeurs.

Four selon la revendication 11, dans lequel ladite roue a aubes a air comprend un ventilateur axial ou radial agencé
a la sortie du seconde région.

Four selon la revendication 11 ou 12, dans lequel ladite roue a aubes a air est sélectivement activable.
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