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oven in particular used to evaporate water for the purpose of food prepara-
tion. The configuration in an L-shape combined with an inner profile max-
imizing the heat transter surface increases the power density and facilitates
limestone removal during heating and cooling of the steam generator (500).
The configuration acts as a natural drain for debris that is generated during
operation. By mounting the longer arm (502) of an L-shaped steam generator
in a horizontal position and corresponding dimensioning of the heat transfer
area, optimum conditions for household appliances can be achieved. A sup-
port structure (530) fixes the steam generator (500) in such a position in the
household appliance (600).
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Description

Steam Generator and Household Appliance

In modern household environments, space and energy consumption
become more and more important. Consumers want to use small de-
vices that have full functionality without sacrificing space of
their living environment. Energy consumption of household appli-
ances and energy density as a prerequisite to build compact de-
vices contribute to technical advantages over the competition.
In the area of food preparation, recently steam ovens have taken
inroads into modern kitchens. They allow the tasty preparation
of food dishes, by at the same time as much as possible protect-

ing vital ingredients such as vitamins and flavors.

By introducing water or steam into the cooking cavity of a steam
oven in order to create special food cooking conditions, food
can be prepared while at the same time burning of food in the
oven 1s prevented. Related processes can be carried out accord-
ing to different methods and under widely differing conditions.
The so-called steaming process letting water or steam into the
cooking cavity is widely known and based on a generation of
steam, either on a boiler arrangement located outside the cook-
ing cavity or on a heated pan filled with water inside the cavi-
ty. Regarding performance and effective system integration, the
steam generator type and its build is a key factor to implement
a fully functional device that leads to satisfying cooking re-
sults. One type of such a generator is a flow-type generator.
Flow-type devices are also known from electrical heating for
shower applications in bathrooms. In a steam generator environ-
ment, water enters on one side and steam exits on the other side

of the generator.

The German patent application publication DE 10 2009 055148 Al
related to a steam generating system and a household appliance
as well as a method for mounting such a steam generating system

discloses a V- to U-shaped flow-type generator as a steam gener-—
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ator of a household appliance. In the drawings it is shown that
the V- and the U-shape of the generator is realized by the addi-
tional tubing of the household appliance. The heated flow-type
steam generator of the device itself, the flow-type heater (3)
in Fig. 2 with entry (ID) and exit (AD) is of the linear type
and mounted at an angle of 60° to 70° (Fig. 2).

No other related prior art is known.

The invention is based on the problem to provide a more effi-
cient and robust steam generator and a household appliance com-

prising such a steam generator.

This problem is solved according to the invention by a steam
generator according to claim 1 and a household appliance accord-

ing to claim 14.

Advantageous further developments of the invention are given in

the dependent claims.

Advantageously, a steam generator according to the present in-
vention heats the fluid to be steamed over a longer distance,
while at the same time it allows limestone to be scaled off and

fall down, thus further increasing the heat exchange efficiency.

Beneficially, according to a further development of a steam gen-
erator according to an embodiment of the present invention, two
bent arms of conduits have a different length. This beneficially
allows it to make one of the arms of the conduit longer which 1is
heated and completely filled with the fluid to be steamed. This
allows increasing the amount of energy that is transmitted into
the fluid by the steam generator. Further, different dimensions
of the two arms of the conduit beneficially take care of the
fact that kitchen appliances are usually not of a square Ccross-
section, but rather of a rectangular cross—-section and thus al-
low to fully exploit the form factor of household appliances

that are commonly used. Consequently a steam generator according
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to such an implementation can be better adapted to the shape of

the household appliance.

Beneficially, according to a further development of an embodi-
ment of a steam generator according to the present invention,
one of the arms is completely filled with a steamable fluid
whereas the other one is at least partially filled with
steamable fluid, which further increases the amount of energy
that can be transmitted into the fluid, while at the same time
allowing limestone that is generated, e.g. when water is
steamed, to fall into a fluid reservoir and be removed by fluid

motion or gravity.

Favorably, the angle that is formed between the two arms of a
steam generator of the present invention conforms to certain
discrete values, which in practice have shown to be efficient as
well as achieving a good heat transfer rate and steam genera-

tion.

Further advantageously, according to a further development of an
embodiment of the steam generator of the present invention,
heating elements or the heating element cover as much as possi-
ble of the length of both arms of the steam generator according
to the present invention in order to maximize the heat transfer

into the fluid to be steamed.

Favorably, one arm of the steam generator according to a further
development of an embodiment of the present invention is mounted
substantially vertical in an operative state of the steam gener-
ator in order to achieve optimum steam generating conditions as

well as heat transfer, while at the same time providing for good

limestone removal in case that water is steamed.

Advantageously, according to a further development of an embodi-
ment of the steam generator according to the present invention,
the conduit is made from extruded material. In particular alumi-

num maybe used, which allows it to produce profiles with a lon-
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gitudinal extension in an efficient manner. At the same time
aluminum and limestone have a different heat extension coeffi-
cient which leads to a chipping-off of the limestone during

heating and cooling of the steam generator.

Favorably, according to a further development of an embodiment
of the steam generator of the present invention, the conduit is
symmetrical because symmetrical conduits are easy to be manufac-

tured and can be efficiently produced.

Advantageously, according to a further development of an embodi-
ment of the steam generator according to the present invention,
the conduit conforms to certain dimensions of an inner diameter
which has proven to be an optimum for solutions in practical

steam ovens.

Further advantageously, a further development of a steam genera-
tor according to an embodiment of the present invention has a
conduit with an inner profile. Such an inner profile provides
for a greater surface for heat transfer and thus further in-
creases the heat exchange rate in the steam generator. Further,
such a profile can be optimized to optimally chip off limestone
during heating and cooling of a steam generator due to the dif-

ferent thermal expansion rates of the different materials.

Further advantageously, according to a further development of an
embodiment of the steam generator according to the present in-
vention, the surface area provided by an inner profile and the
surface area conforming to a flat inner surface of the conduit
stand in a particular relation for optimum heat transfer which
conforms to particular value ranges that have proven beneficial

in practical applications.

Further advantageously, according to a further development of an
embodiment of the steam generator according to the present in-
vention, it comprises a support structure which allows it to be

fixed inside of a household appliance. In this manner, benefi-
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cially, the positioning and fixing inside of a household appli-
ance of a steam generator according to the present invention can
be facilitated, while at the same time securing a defined angu-

lar position in an operative state of the steam generator.

Advantageously, a household appliance according to the present
invention comprises a steam generator according to embodiments
of the present invention. Such a household appliance is compact,
energy-efficient and very robust in terms of service and mainte-
nance, as due to the limestone removal capabilities of the steam
generator it is more energy-efficient and does not need any

short regular service intervals to remove limestone.

Further beneficially, according to a further development of the
household appliance according to an embodiment of the present
invention, the support structure in the operative position in
the household appliance maintains one arm of the steam generator
in a horizontal position. This provides for an optimum heat
transfer into the fluid to be steamed while at the same time
providing for maximum geometrical exploitation of the space

available in a household appliance.

Subsequently, embodiments of the invention will further be ex-

plained on the basis of examples given in the drawings wherein:

Fig. 1 and Fig. 2 show flow-type steam generators according to

the prior art;

Fig. 3 shows examples of configurations for flow-

type generators;

Fig. 4 gives examples for inner profiles of flow-

type generators;

Fig. 5 gives an example of a flow-type steam genera-
tor according to an embodiment of the present

invention; and
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Fig. 6 gives an example of a household appliance and
a steam generator built into it in an opera-

tive position.

As Fig. 1 shows, a linear flow-type steam generator is most com-—
monly mounted in a vertical position. As a fluid to be steamed
generally water 1is used, but flow-type generators also work for
other fluids such as alcochol. There is a fluid entry 105 and a
steam exit 150. Fig. 1 also shows the fluid 130 and the steam
140. Also, a conduit 115 is identified which is covered by a
heating element 110. The fact that only one heating element is
shown here serves only illustrative purposes. There can be plu-
ral heating elements, and they can be separated by gaps in order
to optimize the heat transfer into the fluid 130. Generally, a
conduit receives water and is beneficially being produced from
an extruded aluminum profile. A heating element 110 is prefera-
bly made of nickel alloy wires that are insulated e.g. by magne-
sium oxide powder. Generally, power ranges of common devices

range e.g. between 500 Watt to 1500 Watt.

Flow—-type heating elements are usually mounted in a horizontal

or slightly tilted position.

Fig. 2 shows another shape of a flow-type steam generator in a
bent manner as already described in the prior art. Here, a U-
shaped heat generator is shown. With such a profile, as can be
seen from the drawing, it can only partially be filled with flu-
id 115 in order to be able to generate steam. The heating ele-
ments cover almost the entire steam generator with an outer

heating element 210 and an inner heating element 220.

Fig. 3 shows various profiles, which can be manufactured by ex-
trusion to manufacture steam generators according to embodiments
of the present invention. A conduit filled with fluid 115 on top
of the drawing has an inner diameter 303 and an outer diameter

307 and is shown to be accompanied on the side by one heating
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element 110. In the middle of the drawing, a central conduit is
accompanied by two heating elements 110 and 310 which are inte-
grated into tubes 312 and 317, respectively. The heat transfer
into the fluid 115 and the amount of steam to be generated can
be further increased by using two conduits 115 and four heating
elements 110, 320, 310 and 315 as shown in the lower part of the

drawing.

The depicted configurations ensure a maximum of heat exchange
between the heating elements 110, 310, 315, 320 and the fluid
115 as well as the conduits enclosing the fluid. The heat trans-
fer can be further increased by providing the conduit with an

inner profile as shown in Fig. 4.

Fig. 4 shows examples for two inner profiles. One is sort of
star—-shaped giving a greater inner surface area 455 for heat
transfer from the conduit 130 to the fluid 115. The other has
ribs 410 inside, which also increases the heat transfer into the
fluid 115. The star-shaped conduit surface design 455 form of
the cross—-section is in particular advantageous for limestone
removal, as the sharp edges, along with thermal expansion dif-
ferences between aluminum and limestone, crack the limestone

layer and scale it out from the surface.

Advantageously, to further maximize the effectiveness of lime-
stone removal, a low adhesion surface treatment can be provided
such as PTFE coating of the internal surface of the fluid or wa-

ter conduit.

Fig. 5 shows an example of an embodiment, which can be consid-
ered as a preferred embodiment of the invention. It shows a
flow-type steam generator 500. Such a device is e.g. typically
manufactured from aluminum by extrusion. In this case, the pref-
erably extruded element 500 is bent to be substantially L-shaped
as shown in Fig. 5. The angle 580 between the horizontal arm 502
and the vertical arm 504 is preferably 90° or in excess of 90°,

beneficially in a range of 90° to 110° or preferably from 91 to
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94°., This allows limestone debris in the case that water is
evaporated remaining in the vertical conduit 504 to flow down-
wards out of the steam generator 500 leading to an efficient
natural drain of such debris and enhancing cleansing during de-
scaling operations. Inlet of Water 105 takes place at the open-
ing of the horizontal arm 502 of the generator pipe, while steam
and/or hot water outlet occurs at the opening of the end of the

vertical segment 504 where the steam exits 150.

The mounting position is typically critical for the actual com-
ponent efficiency as it drives the actual heat exchange by the
free fluid surface inside and by the actual surface in contact
with the fluid, such as defining the fluid transfer surface in-

side of the steam generator.

The shape of this embodiment unites both, the advantages of a
linear flow-type generator mounted horizontally, which fully ex-
ploits the heat exchange surface of the horizontal arm 502, and
of vertically positioned arms or generators which provide easy
evacuation of generated steam, and adaptation to a relatively

wide water level range.

Furthermore, heating linear power density can be calibrated over
the length of the steam generator, providing higher heat flow at
the intake area, where the water inlet 105 is and water presence

130 can always be ensured.

Characteristic preferred values to define a steam generator are:

— linear power density in terms of Watt/cm,
— heat exchange rate between heating elements and water duct,

— heat exchange rate between water duct walls and water to be

evaporated.

Further beneficially, a support structure such as a flange 530

can be provided to the steam generator and fixed to it by weld-
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ing, brazing or any known mechanical fixing method. The support
structure 530 may allow the fixture of the steam generator 500
to an appliance directly or by other intermediate supporting el-
ements and also allows the fixture of accessories as safety
thermostats or temperature sensors.

A cross-section of the steam generator 500 in the area of the
support structure 530 is shown and indicated by 575. It shows
the view from a direction 570. Also shown is an enlarged view A
of a cable of the heating element 560 and an associated connect-

or 565. Also indicated are conduits for heaters 312 and 317.

Fig. 6 shows an example of a household appliance, in particular
a steam oven, that has a steam generator 500 built into it and
associated tubing 610 and 620 to connect it to a cooking cavity
of the steam oven, which is not shown in this drawing. As can be
seen, the steam generator is built into the household appliance
600 wherein the longer arm of the L-shaped steam generator lies
horizontal and the shorter arm lies vertical as also shown in

the schematic representation in Fig. 5.

Beneficially, the linear power density of such a steam generator

varies from 15 to 60 Watt/cm, preferably from 35 to 45 Watt/cm.

Further beneficially, the ratio between the longer and the
shorter arm of the steam generator 502 and 504 is between 1.1 to

1.5, preferably between 1.3 to 1.4.

Further beneficially, the angle between the two arms 502 and 504
is beneficially between 90° and 110°, preferably from 91° to
94°,

Advantageously, the internal profile of a conduit maximizing the
surface for heat exchange has a ratico between actual section pa-
rameter and nominal average diameter in the range of 1.1 to 5,

preferably 1.15 to 1.25. Beneficially, the internal average di-
ameter of the water conduit favorably is in the range of 8 to 16

mm, preferably between 11 and 13 mm.

9
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Preferable, the support structure 530 is fixed to the shorter

arm 504.
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List of reference numerals

105
150
110
130
115
150
220
210
303
307
312,
310,
455
410
500
502
504
550
505
510
530
575
570
565
501
A
580
600
610
620

317
315,

320

fluid entry

fluid exit

heating element

fluid conduit

fluid

steam

inner heating element

outer heating element

inner diameter

outer diameter

conduits for heating elements
heating elements

star—-shaped profile of water conduit
rib-shaped profile of water conduit
embodiment of steam generator
first arm

second arm

fluid level

inner heating element

outer heating element

support structure

top view

view direction

connector

conduit

enlarged view

angle between arm 502 and arm 504
household appliance

tubing

tubing
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Claims

1. Steam generator

a conduit (501)

a heating element

(502)

a first arm
arm (502)

each other,

(500),

for steamable fluid

(110)

and the second arm

and at least one arm

tion of the steam generator

with steamable fluid

2. Steam generator
first arm (502)

length.

3. Steam generator
longer arm

(115).

4, Steam generator
claims, wherein

steamable fluid

5. Steam generator
claims, wherein
91° to 94°.

6. Steam generator
claims, wherein

least partially
(504).

7. Steam generator

claims, wherein

(502)

(115).

(500)

and the second arm

(500)

is the one filled

(500)

the other arm

(115).

(500)
the angle

(500)

the heating elements

the first arm

(500)

one arm

the operative position.

12

for the fluid
and a second arm

(504)

(500)

according to

according to

PCT/EP2015/050035

at least comprising:

(115),
(115),
(504), wherein the first

form an angle (580) with

(502) in an operative posi-

is substantially filled

claim 2, wherein the

(504) have a different

claim 2, wherein the

with the steamable fluid

according to any one of the previous

(504) is partially filled with

according to any one of the previous
(580)

is between 90° to 110° or

according to any one of the previous

(505, 510) cover at

(502) and the second arm

according to any one of the previous
(504)

is substantially vertical in
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10.

11.

12.

13.

14.

15.

Steam generator (500) according to any one of the previous
claims, wherein the conduit (501) is made of extruded mate-—

rial and/or aluminum.

Steam generator (500) according to any one of the previous

claims, wherein the conduit (501) is symmetrical.

Steam generator (500) according to any one of the previous
claims, wherein the conduit (501) has an inner diameter

(303) between 8 to 16 mm or 11 to 13 mm.

Steam generator (500) according to any one of the previous
claims, wherein the conduit (501) has an inner profile (410,

455) .

Steam generator (500) according to claim 11, wherein the in-
terior surface provided by the inner profile (410, 415) in
comparison to a flat inner surface corresponding to the di-

ameter has a relation of 1.1 to 5 or 1.15 to 1.25.

Steam generator (500) according to any one of the previous
claims having a support structure (530) to fix it in the op-

erative position.

Household appliance (600) comprising a steam generator (500)

according to any one of the claims 1 to 13.

Household appliance (600) according to claim 14 wherein in
the operative position the steam generator has one arm (502)
in the horizontal position and one arm (504) in the vertical

position.

13
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