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a heating unit

(57) The invention relates to a heating unit (1) for
generating steam from liquid and for heating gas and
comprises a fluid container (2) having a wall (20), said
wall (20) comprising an inner surface (21) and an outer
surface (22), and a heating element (3) in contact with
the wall (20) of the fluid container (2), said heating ele-
ment (3) is arranged to the wall (20) such that liquid ar-
ranged in the fluid container (2) is indirectly heated via
the inner surface (21) of the wall (20) such that steam is

generated from the liquid in the fluid container (2), and
said heating element (3) is arranged to heat gas on the
side of the outer surface (22) of the wall (20) of the fluid
container (2). The invention further relates to a heating
device comprising a heating unit (1), a liquid connection
and a fan. The invention relates also to a method for
generating steam from liquid and for heating gas in a
heating unit (1).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a heating unit
according to claim 1, and more particularly to a heating
unit as defined in the preamble of independent claim 1.
[0002] The present invention relates also to a heating
device according to claim 10, and more particularly to a
heating device as defined in the preamble of independent
claim 10.
[0003] The present invention also relates to a method
for generating steam from liquid and heating gas in a
heating unit according to claim 12, and more particularly
to a method as defined in the preamble of independent
claim 12.

BACKGROUND OF THE INVENTION

[0004] Typically when steam generation and gas heat-
ing is needed in a bakery oven, in a cooking appliance
or in a sauna, a heating unit for heating gas and a sep-
arate heating unit for heating liquid are required. The
steam generation is typically achieved by boiling water
with a heating element immersed in water.
[0005] Steam can be introduced into cooking chamber
of bakery ovens or cooking appliances also by spraying
water into the cooking chamber, either directly to atmos-
phere, on hot surfaces, onto the heating elements or onto
the steam generating surfaces heated by hot air flow. All
these alternatives have a limited steam generating ca-
pacity and the effect of short steam pulses is difficult to
control. Additionally, thermal shocks caused by steam
generation can cause deformation of the structures and
consequent premature failure.
[0006] One of the disadvantages associated with the
above arrangement is that they require two different heat-
ing units and therefore much space and higher costs.

BRIEF DESCRIPTION OF THE INVENTION

[0007] An object of the present invention is thus to pro-
vide a heating unit, a heating device and a method for
generating steam and heating gas and so as to alleviate
the above disadvantages. The objects of the invention
are achieved by a heating unit, a heating device and a
method which is characterized by what is stated in the
independent claims. The preferred embodiments of the
invention are disclosed in the dependent claims.
[0008] The invention is based on the idea of a compact
heating unit for generating steam and heating gas either
simultaneously or separately.
[0009] According to the invention a heating unit for gen-
erating steam from liquid and for heating gas comprises
a fluid container and a heating element. The fluid con-
tainer has a wall comprising an inner surface and an outer
surface and the heating element is in contact with the
wall of the fluid container. The heating element is ar-

ranged to the wall such that liquid arranged in the fluid
container is indirectly heated via the inner surface of the
wall of the fluid container such that steam is generated
from the liquid in the fluid container, and said heating
element is also arranged to heat gas on the side of the
outer surface of the wall of the fluid container, i.e. outside
of the fluid container.
[0010] The fluid container is preferably a cylindrical
container being small in diameter but substantially high
comprising an inlet for receiving fluid and an outlet for
steam to exit the fluid container. The heating element is
preferably arranged to the wall of the fluid container such
that the heating element forms at least part of the outer
surface of the wall for directly heating gas outside of the
fluid container, i.e. on the side of the outer surface of the
wall of the fluid container.
[0011] In another embodiment of the invention the
heating element is arranged within the wall of the fluid
container between the inner surface and the outer sur-
face of the wall for indirectly heating gas outside of the
fluid container, i.e. on the side of the outer surface of the
wall of the fluid container.
[0012] The idea of a heating unit according to the in-
vention is that it can be used for heating liquid such that
steam is generated from the liquid and also for heating
gas in a free air circulation, forced air convection or as a
radiant heating element. Another idea of the heating unit
is that both functions, i.e. steam generation and heating,
can be operated simultaneously, in sequence or sepa-
rately and still the heating unit is such that it can be placed
in a small space especially in a convection oven.
[0013] In a method according to the invention a heating
unit is arranged for generating steam from liquid and for
heating gas in a heating unit such that the method com-
prises the steps of supplying liquid into the fluid container,
supplying gas toward the heating unit and operating the
heating element such that steam is generated from the
liquid in the fluid container and/or that gas is heated out-
side the heating unit. The steps of supplying liquid and
supplying gas can be carried out simultaneously, sepa-
rately or in sequence for generating steam and heating
gas. The heating element that is in connection with the
wall of the fluid container heats the wall of the fluid con-
tainer such that the inner surface of the wall which is in
contact with the liquid conducts heat from the heating
element through the wall to the liquid such that liquid boils
and steam is generated. The heating element is brazed,
cast in the body of the fluid container or otherwise firmly
connected to the fluid container. The gas outside of the
fluid container is heated with the energy that the outer
surface of the fluid container transfers from the heating
element arranged in contact with the fluid container. The
outer surface of the fluid container is preferably enlarged
for intensifying the heating of the gas. The enlargement
can be accomplished for example with ribs protruding
from the outer surface of the wall of the fluid container.
The heating element may form at least part of said ribs.
[0014] In a preferred embodiment of the invention the
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heating unit is arranged to heat the gas such that forced
air convection is arranged onto the heating element
which the heating element is arranged at least partly on
the outer surface of the fluid container and air is arranged
to flow perpendicularly toward a longitudinal axis of the
heating unit. The heating unit comprising the fluid con-
tainer is preferably arranged such that the longitudinal
axis goes through the fluid container from the bottom part
of the fluid container to the top part of the fluid container.
The fluid container is preferably a flow-through container
such that a channel or a passage is arranged through
the container for liquid to enter the fluid container and
the steam to exit the fluid container. In other words when
liquid is arranged to flow to the fluid container from below
of the fluid container in the direction upward or substan-
tially upward the passage in the fluid container is such
that steam generating from liquid boiling in the fluid con-
tainer will be released from the fluid container also in the
direction upward or substantially upward from the fluid
container.
[0015] The fluid container comprises an inlet for receiv-
ing liquid, i.e. for the liquid to enter the fluid container,
and an outlet for steam to exit the fluid container. In one
embodiment of the invention the fluid container compris-
es a bottom and said inlet is arranged in the bottom or in
the wall near the bottom. The fluid container also com-
prises a top in which the outlet is arranged. The outlet
may alternatively be arranged in the wall near the top,
the top being the end of the container. The fluid container
is preferably a flow-through container, for example a tube
or a tube-like structure comprising a flow through pas-
sage for the liquid and steam.
[0016] The heating element is in a preferred embodi-
ment of the invention a rod-shaped element that is brazed
or welded on the outer surface of the fluid container and
preferably around the fluid container forming multiple
laps being as a coil like structure. In other words the heat-
ing element may be a coil structure arrange around the
fluid container. The coil structure of the heating element
makes the outer surface of the heating unit larger so that
heat transfer to the gas is most effective. In another em-
bodiment of the invention the fluid container is a casting
piece or extrusion piece and the heating element may be
completely or at least partly inside the wall of said fluid
container. In the case where the fluid container is a cast-
ing piece the heating element is arranged in contact with
the fluid container during the casting process or the heat-
ing element may be connected to the fluid container by
pressing it to the fluid container. The fluid container pref-
erably comprises ribs protruding from the outer surface
of the wall of the fluid container and the heating element
may form at least part of said ribs. Especially as a casting
piece but also in other embodiments of the invention the
fluid container and the heating element may be fixedly
connected together such that the heating element is an
integral part of the fluid container.
[0017] The idea of the invention is that the same heat-
ing unit is used for two different kind of heating process

which can be operated simultaneously, in sequence or
separately. Heating of the liquid is arranged such that
the heating element is not directly in contact with the liquid
but heating of the liquid is arranged via the wall of the
fluid container such that heat transfer through the wall is
so effective that the liquid in the fluid container boils and
steam is generated. In a preferred embodiment of the
invention the heating element is arranged on the outer
surface of the fluid container or at least partly on the outer
surface of the fluid container and is in contact with the
wall of the fluid container in such a way that thermal en-
ergy is transferred through the wall of the fluid container
from the outer surface of the wall of the fluid container to
the inner surface of the wall of the fluid container and to
the liquid in the fluid container such that the liquid heats
up and starts to boil and generate steam. Typically air
heating/radiant heating and steam generation are carried
out separately or in sequence, but they can as well be
carried out simultaneously.
[0018] In the method according to the invention the liq-
uid level in the fluid container is arranged in a predeter-
mined level by supplying liquid into the fluid container
before or at the same time when the heating element
starts to operate and heat the liquid for boiling it. When
the liquid boils in the fluid container and steam is gener-
ated, the volume of liquid in the container starts to de-
crease so that corresponding volume of liquid has to be
brought into the fluid container so that the predetermined
liquid level is maintained. This can be achieved by a liquid
level controlling container which is in a fluid communica-
tion with the fluid container but in which the temperature
is so low that the liquid does not boil and functions by
virtue of the communicating vessel principle. By main-
taining the predetermined liquid level in the liquid level
controlling container, constant volume of liquid is main-
tained in the fluid container. Because the liquid does not
boil in the liquid level controlling container, the control of
liquid volume in the fluid container is easy. Volume of
liquid in the fluid container has to be such that when the
liquid boils there is not excessive splashing. On the other
hand the liquid level may not be too low because then
the upper part of the fluid container may heat up too much
and cause premature failure of the heating unit.
[0019] So the heating device according to the invention
comprises a heating unit for generating steam from liquid
and for heating gas. The heating unit comprises a fluid
container having a wall comprising an inner surface and
an outer surface, and a heating element in contact with
the wall. The heating element is arranged to the wall such
that liquid arranged in the fluid container is indirectly heat-
ed via the inner surface of the wall such that steam is
generated from the liquid in the fluid container. The heat-
ing element is arranged to heat gas on the side of the
outer surface of the wall of the fluid container. The fluid
container comprises an inlet for the liquid to enter the
fluid container and an outlet for steam to exit the fluid
container. The heating device further comprises a liquid
connection for supplying liquid to the fluid container

3 4 



EP 2 899 460 A1

4

5

10

15

20

25

30

35

40

45

50

55

through the inlet and a fan for directing gas toward the
heating unit.
[0020] The heating device according to a preferred em-
bodiment of the invention comprises a heating unit and
a liquid level controlling container in a fluid communica-
tion with the fluid container of the heating unit for control-
ling volume of liquid in the fluid container by virtue of
communicating vessel principle. So the heating device
comprises a liquid connection for supplying liquid to the
fluid container through the inlet in the fluid container and
the liquid is preferably supplied from the liquid level con-
trolling container. The heating device according to the
invention also comprises a fan for directing gas toward
the heating unit. According to one embodiment of the
invention the heating device comprises a plurality of heat-
ing units arranged in a fluid communication with the liquid
level controlling container.
[0021] So the method further comprises the steps of
providing a liquid level controlling container in a fluid com-
munication with the fluid container and controlling liquid
level in the fluid container by virtue of communicating
vessel principle. The liquid level in the fluid container is
preferably maintained on a level which minimizes the
splashing of liquid droplets away from the fluid container
or prevents the liquid from boiling over the edge of the
fluid container. The upper part of the fluid container main-
tains a moderate temperature while the generated steam
cools it on the way out of the fluid container. The volume
of liquid in the fluid container is controlled by virtue of the
communicating vessel principle such that the heating unit
may further comprise a liquid level controlling container
which is a separate container and in a fluid communica-
tion with the fluid container for controlling the volume of
liquid in the fluid container.
[0022] Before starting the steam generation the liquid
level in the fluid container is arranged to an optimum level
and this level is kept during the evaporation process in
which the steam is generated. If there is less than an
optimum volume of liquid the temperature in the upper
part of the fluid container in which there is no liquid will
become too high. If there is too much liquid in the fluid
container the boiling of the liquid will cause splashing of
liquid which is an unfavorable situation. Keeping the op-
timum liquid level during the entire evaporation process
is difficult when using conventional liquid level adjust-
ment because in the conventional liquid level adjustment
there is no clear liquid level but instead a two-phase sys-
tem comprising liquid and gas. This problem can be
solved with the communicating vessel principle. The liq-
uid level controlling container is arranged such that the
liquid inside of said container does not boil. This way the
control of the liquid level is much easier.
[0023] Optimum volume of liquid in the fluid container
at the start of the evaporation process depends on the
measurements of the fluid container and on the watts
density on the inner surface of the fluid container. Rela-
tively high watts density is preferred. An example of an
embodiment of the invention is a fluid container compris-

ing a tube-like stainless steel container having an inner
diameter of 19mm and outer diameter of 22mm. Outside
of the container is a spiral formed metal sheathed heating
element. The height of the container comprising the spiral
formed heating element is 28cm and the power of the
heating element is 1500W so the watts density is
9W/cm2. In such a container, experience has shown that
the optimum liquid level is between 7,5 and 12 cm when
measured from the lower part of the spiral formed heating
element.
[0024] In one embodiment of the invention the heating
unit further comprises a drop separator for preventing
liquid drops escaping together with steam from a fluid
container. The drop separator is arranged at least partly
inside the fluid container in the upper part of it and com-
prises plurality of flow restraints. The drop separator is
according to one embodiment of the invention separate
from the fluid container and the flow restraints are con-
nected together through a connection structure. The drop
separator is manufactured from a metal plate as a single
piece and bet in the final form. In another embodiment
of the invention the drop separator is an integral part of
the fluid container and said flow restraints are fixedly con-
nected to an inner surface of the fluid container for pre-
venting liquid droplets reaching the outlet of the fluid con-
tainer. The restraints are preferably made of plates and
arranged inside the fluid container such that the plates
directly or indirectly stop the movement of the liquid drop-
lets. The restraints are preferably arranged staggered or
imbricated. The number, the shape and the distance of
restraints have to be modified according to the geometry
of the fluid container so that the steam flow is not restrict-
ed excessively. In a preferred embodiment of the inven-
tion the drop separator can be made as a single piece
that is cut of a metal plate and bent into the desired shape.
The restraints partly fill the cross-section of the fluid con-
tainer such that the restraints are arranged at regular
intervals to a ribbon or banded structure which forms a
frame for the drop separator. The restraints are arranged
such that the steam stream will not be prevented too
much but still the droplets are prevented from escaping
the fluid container. One embodiment of the drop separa-
tor is a structure that comprises three plates in a horizon-
tal alignment in an approximately 2, 5 cm distance from
each other. The form of the plate is preferably a half-
circle. Another embodiment of the drop separator is such
that the plate is half or more than half of the cross-section
of the fluid container and comprises cut-outs, holes or
otherwise shaped parts that prevent the drop from es-
caping. In another embodiment of the drop separator the
plates are arranged in an inclined position to the fluid
container.
[0025] In one embodiment of the invention the heating
unit further comprises an intermediate tank in a fluid com-
munication with the fluid container and with the liquid
level controlling container for connecting said fluid con-
tainer and said liquid level controlling container. The in-
termediate tank may comprise an inlet for adding addi-
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tional liquid to the fluid container and/or removing liquid
from the fluid container. This additional liquid can be for
example decalcifying liquid for descaling the fluid con-
tainer. When adding the decalcifying liquid the fluid con-
tainer is preferably heated with the heating element so
that the dissolution will be accelerated.
[0026] When stopping the steam generation no more
liquid is added to the fluid container. The remaining liquid
in the fluid container is either drained or is allowed to boil
out. The fluid container may heat up too much when the
liquid decreases so preferably forced air convection is
arranged to the fluid container.
[0027] An advantage of the heating unit and method
of the invention is that there is no need for separate el-
ements for heating gas and generating steam but both
operations can be achieved with one single element. This
is advantageous for example in a steam oven or similar,
in which the space is limited.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the following the invention will be described
in greater detail by means of preferred embodiments with
reference to the attached drawings, in which

Figure 1 a shows a heating unit according to one
embodiment of the invention;
Figure 1b shows a heating unit according to another
embodiment of the invention; and
Figure 2 shows the heating unit shown in figure 1
with liquid level controlling element.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Figure 1 a shows one embodiment of the heat-
ing unit 1 according to the invention said heating unit 1
comprising a fluid container 2 and a heating element 3.
The heating element 3 is arranged on the outer surface
of the wall of the fluid container 2 such that the heating
element 3 and the fluid container 2 are in contact with
each other for transferring the heat from the heating el-
ement 3 through the wall of the fluid container 2 to liquid
inside the fluid container 2 such that the liquid starts to
boil and steam is generated. The heating element 3 is
arranged on the outer surface of the fluid container such
that gas flow arranged toward the heating element 3 is
directly heated up with the heating element 3 and liquid
arranged in the fluid container 2 is indirectly heated up
with the heating element 3.
[0030] Figure 1b shows another embodiment of the
heating unit 1 according to the invention in which the
heating element 3 is arranged within the wall 20 of the
fluid container 2 between the inner surface 21 and the
outer surface 22 for indirectly heating gas on the outer
surface of the fluid container 2 and indirectly heating the
fluid arranged in the fluid container 2. The heating ele-
ment 3 may be arranged inside the wall 20 by casting or
some other way.

[0031] Figure 2 shows the same heating unit 1 as
shown in figure 1 together with liquid level controlling
container 4 as a sectional view. The heating unit 1 com-
prises a heating element 3 arranged on the outer surface
22 of the wall 20 of the fluid container 2. The heating
element 3 is preferably brazed to the fluid container 2
such that a firm connection is formed. The fluid container
2 is in a fluid communication with a liquid level controlling
container 4 for controlling the liquid level in the fluid con-
tainer 2. Liquid is added to the liquid level controlling con-
tainer 4 wherefrom it goes through an inlet in the bottom
5 of the fluid container 2 and enters to the fluid container
2. When the liquid in the fluid container 2 boils steam is
generated and the generated steam exits the fluid con-
tainer 2 via outlet 2b on top of the fluid container 2. Liquid
droplets that are present in the steam exiting the fluid
container 2 are removed from the steam with a drop sep-
arator 6 comprising restraints 7. In this embodiment the
restraints 7 are plate-like elements arranged in the inner
surface 21 of the wall 20 of the fluid container 2. The
restraints 7 may also be of another form, for example a
single piece drop separator 6 that is formed by bending
a plate such that multiple different restraints 7 are formed
in the separator 6 which can be attached to the fluid con-
tainer 2 by hanging it in the outlet 2b or by attaching it in
some other way. In this embodiment 3 restraints 7 are
arranged but the amount, size and shape may vary ac-
cording to the shape and size of the fluid container 2.
[0032] There may be an additional inlet in the fluid con-
tainer 2 for adding for example decalcifying liquid to the
fluid container 2 (not shown in the figure) or the inlet for
adding another liquid to the fluid container may be in
some suitable place in between the fluid container 2 and
the liquid level controlling container 4.
[0033] The heating device may comprise multiple heat-
ing units 1 arranged in series and communicating with
the liquid level controlling container 4. The heating ele-
ment 3 can be electrically heated or it can be heated with
fuel.
[0034] It will be obvious to a person skilled in the art
that, as the technology advances, the inventive concept
can be implemented in various ways. The invention and
its embodiments are not limited to the examples de-
scribed above but may vary within the scope of the
claims.

Claims

1. A heating unit (1) for generating steam from liquid
and for heating gas, characterized in that the heat-
ing unit (1) comprising:

- a fluid container (2) having a wall (20), said
wall (20) comprising an inner surface (21) and
an outer surface (22), and
- a heating element (3) in contact with the wall
(20) of the fluid container (2), said heating ele-
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ment (3) is arranged to the wall (20) such that
liquid arranged in the fluid container (2) is indi-
rectly heated via the inner surface (21) of the
wall (20) such that steam is generated from the
liquid in the fluid container (2), and said heating
element (3) is arranged to heat gas on the side
of the outer surface (22) of the wall (20) of the
fluid container (2).

2. A heating unit (1) according to claim 1, character-
ized in that:

- the heating element (3) is arranged to the wall
(20) such that the heating element (3) forms at
least part of the outer surface (22) of the wall
(20) for directly heating gas outside of the fluid
container (2); or
- the heating element (3) is arranged within the
wall (20) of the fluid container (2) between the
inner surface (21) and the outer surface (22) for
indirectly heating gas on the outer surface of the
fluid container (2).

3. A heating unit (1) according to any previous claim,
characterized in that the outer surface (22) of the
wall (20) of the fluid container (2) comprises ribs pro-
truding from said wall (20).

4. A heating unit (1) according to claim 3, character-
ized in that the heating element (3) forms at least
part of said ribs.

5. A heating unit (1) according to any preceding claims,
characterized in that the fluid container (2) com-
prises an inlet (2a) for the liquid to enter the fluid
container (2) and an outlet (2b) for steam to exit the
fluid container (2).

6. A heating unit (1) according to claim 5, character-
ized in that said fluid container (2) comprises a bot-
tom, and said inlet (2a) is arranged in the bottom or
in the wall (20) near the bottom, and a top, and the
outlet (2b) is arranged in the top or near the top.

7. A heating unit (1) according to any preceding claims,
characterized in that the heating element (3) is a
coil structure arranged around the fluid container (2).

8. A heating unit (1) according to any preceding claims,
characterized in that the heating unit (1) further
comprises a drop separator (6) for preventing drops
of liquid escaping from the fluid container (2).

9. A heating unit (1) according to any preceding claims,
characterized in that the fluid container (2) and the
heating element (3) are fixedly connected together
such that the heating element (3) is an integral part
of the fluid container (2).

10. A heating device, characterized in that the heating
device comprises:

- a heating unit (1) for generating steam from
liquid and for heating gas, said heating unit (1)
comprising a fluid container (2) having a wall
(20) comprising an inner surface (21) and an
outer surface (22), and a heating element (3) in
contact with the wall (2), said heating element
(3) is arranged to the wall (20) such that liquid
arranged in the fluid container (2) is indirectly
heated via the inner surface (21) of the wall (20)
such that steam is generated from the liquid in
the fluid container (2), and said heating element
(3) is arranged to heat gas on the side of the
outer surface (22) of the wall (20) of the fluid
container (2), said fluid container (2) comprises
an inlet (2a) for the liquid to enter the fluid con-
tainer (2) and an outlet (2b) for steam to exit the
fluid container (2),
- a liquid connection for supplying liquid to the
fluid container (2) through the inlet (2a); and
- a fan for directing gas toward the heating unit
(1).

11. A heating device according to claim 10, character-
ized in that the heating device further comprises a
liquid level controlling container (4) in a fluid com-
munication with the fluid container (2) for controlling
volume of liquid in the fluid container (2) by virtue of
the communicating vessel principle.

12. Method for generating steam from liquid and for heat-
ing gas in a heating unit (1) according to claim 1,
characterized in that the method comprising the
steps of:

a) supplying liquid into the fluid container (2),
b) supplying gas toward the heating unit (1), and
c) operating the heating element (3) such that
steam is generated from the liquid in the fluid
container (2) and/or that gas is heated outside
the heating unit (1).

13. Method according to claim 12, characterized in that
the steps a) and b) are carried out simultaneously
for generating steam and heating gas simultaneous-
ly.

14. Method according to claim 12, characterized in that
the steps a) and b) are carried out separately or in
sequence.

15. Method according to any of claims 12 - 14, charac-
terized in that the method further comprising the
steps of:

d) providing a liquid level controlling container
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(4) in a fluid communication with the fluid con-
tainer (2), and
e) controlling liquid level in the fluid container (2)
by virtue of the communicating vessel principle.
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