
(19) *EP003076101B1*
(11) EP 3 076 101 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
12.02.2025 Bulletin 2025/07

(21) Application number: 16159342.1

(22) Date of filing: 09.03.2016

(51) International Patent Classification (IPC):
F24H 1/40 (2022.01) F28D 7/00 (2006.01)

(52) Cooperative Patent Classification (CPC):
F24H 1/40; F24H 1/406; F28D 7/0041;
F28D 7/1638; F28D 21/0003; F28F 2210/08

(54) HEAT EXCHANGER AND ASSEMBLY OF A HEAT EXCHANGER AND A BURNER
WÄRMEÜBERTRAGER UND ANORDNUNG EINESWÄRMETAUSCHERS UND EINES BRENNERS

ÉCHANGEUR DE CHALEUR ET ENSEMBLE CONSTITUÉ D’UN BRÛLEUR ET D’UN ÉCHANGEUR
DE CHALEUR

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 10.03.2015 NL 2014432

(43) Date of publication of application:
05.10.2016 Bulletin 2016/40

(73) Proprietor: ATAG Heating B.V.
7131 PE Lichtenvoorde (NL)

(72) Inventors:
• LAMMERS, Johannes

7051 VL VARSSEVELD (NL)

• VAN DER LANS, Johannes Hendrikus Maria
7558 LW HENGELO (NL)

• LAMMERS, Gerrit Willem
7151 CS EIBERGEN (NL)

• MEINEN, Rudi
7122 MG AALTEN (NL)

(74) Representative: Arnold & Siedsma
Bezuidenhoutseweg 57
2594 AC The Hague (NL)

(56) References cited:
EP-A1‑ 0 687 870 EP-A1‑ 1 243 866
EP-A2‑ 0 905 457 DE-A1‑ 102009 028 624
DE-U1‑ 9 212 347 FR-A1‑ 2 518 715
GB-A‑ 2 066 432 GB-A‑ 2 244 799

EP
3

07
6

10
1

B
1

Processed by Luminess, 75001 PARIS (FR)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).



2

1 EP 3 076 101 B1 2

Description

[0001] The invention relates to a heat exchanger, com-
prising:

- a casing, comprising:

- a substantially U-shaped body as seen in cross-
section andextending in a longitudinal direction,
wherein a base of the U-shape body comprises
a gas outlet opening and wherein an open end,
opposite to the base, of the U-shape body com-
prises a receiving space for receiving a burner,
and

- two end plates arranged at the two longitudinal
end zones of said U-shape body;

- a plurality of pipes arranged within said casing and
connected to said end plates, throughwhich pipes in
use a liquid can flow;

- a plurality of connecting means for providing a liquid
through flow connection between at least two pipes
at each longitudinal end zone of said U-shape body,
such that liquid flowing through a first pipe of the at
least two pipes is directed to the other pipe of the at
least two pipes

wherein a first part of the pipes is arranged in a first
pattern defining two legs of a substantially U-shape
as seen in cross-section, said first pattern being
arranged substantially parallel to legs of said U-
shape body, and
wherein a second part of said pipes are arranged
within a space at least partly bounded by said first
pattern.

[0002] Suchaheatexchanger is known fromEuropean
patent EP-B1‑0687870 in the name of the same appli-
cant. It is an object to improve the heat exchanger de-
scribed in EP-B1‑0687870.
[0003] A heat exchanger is also known from EP 1 243
866 A1. This document discloses in a condensation
boiler of the type comprising a plurality of pipes defining
awater flowpath between a return section froma heating
plant to a delivery section to theheating plant, at least two
covers mounted at an end of the plurality of pipes and
provided internally with dividing walls that realize con-
necting chambers between the pipes and define the
conformation of the water flow path. The connecting
chambers also serve the function of front wall of a wet
combustion chamber.
[0004] In an embodiment of the heat exchanger ac-
cording to the invention said receiving space is arranged
between at least a part of the pipes of the first pattern
located near the open end of the U-shape body in such a
manner that in use at least a part of the pipes of the first
pattern surround a flame provided by said burner.
[0005] An advantage of this embodiment is that the

casing is protected from the heat of the flame by said
pipes of the first pattern that surround said flame. In the
heat exchanger described in EP-B1‑0687870 the flame
was present in an area not bounded by pipes. Practically
the heat exchanger therefore had a sealing arranged to
protect the casing from the heat, which sealing is quite
expensive. Anadvantageof this embodiment is therefore
that no or less sealing is required, thereby reducing the
costs of the heat exchanger.
[0006] In theheatexchangeraccording to the invention
a distance between all pairs of adjacent pipes of each leg
of the first pattern is maximally 0.1 mm.
[0007] It is noted that said distance is defined as the
distance between the adjacent outer surfaces of each
pair of adjacent pipes. An advantage of such small dis-
tances between adjacent pipes of the legs of the first
pattern is that the mass flow of flue gas that will flow
through the spaces between adjacent pipes to an area
between the pipes of the legs of the first pattern and the
casing is restricted, such that the flue gas that will enter
this area will be cooled down by the liquid in the pipes to
such an extent that the flue gas will have a relatively low
temperature that is more or less similar to or slightly
higher than the temperature of the walls of these pipes.
As a result the casing will only be exposed to this rela-
tively low temperature, such that no or less sealing of the
casing is required, thereby reducing the costs of the heat
exchanger.
[0008] It is noted that in the heat exchanger described
in EP-B1‑0687870 a distance between at least some
pairs of adjacent pipes was larger than the above de-
scribed maximum distances, such that more flue gas
could enter the area, which flue gas entering the area
therefore could have a higher temperature, and such that
the U-shaped body required a substantially U-shape
sealing covering said U-shape body to protect it from
the heat. Such a relatively large sealing is quite expen-
sive.
[0009] In another embodiment of the heat exchanger
according to the invention said heat exchanger com-
prises a sealing arranged between the outer surface of
the pipes arranged at a first end of each leg of the first
pattern near the open end of the U-shape body and the
substantially U-shaped body.
[0010] An advantage of this sealing that hot flue gas is
prevented from flowing in the area between the pipes of
the first pattern and the casing via a space present
between the pipes arranged at the first ends of each
leg of the first pattern and the U-shaped body, because
this space is sealed off by said sealing. This way a
relatively small amount of sealing is required for protect-
ing the casing frombeingexposed tohot temperatures, at
relatively low costs.
[0011] In another embodiment of the heat exchanger
according to the invention the distance between the legs
of the U-shape body and the pipes of the first pattern is
maximally 1.0 mm, preferably maximally 0.4 mm.
[0012] It is noted that said distance is defined as the
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distance between the outer surfaces of the pipes of the
first pattern that are facing theU-shapebody and the legs
of the U-shape body. An advantage of such a relatively
small distance is that the volume of the area between the
pipes and the U-shape body is relatively small, thereby
also contributing to the restriction of themass flow of flue
gas into this area and thereby contributing to the reduc-
tion in temperature to which the casing is exposed.
[0013] The second part of the pipes may be arranged
such that a formula:

is substantially fulfilled, wherein:

vg is the velocity of flue gases flowing from said
burner in the direction of the base of said U-shape
body in m/s in use of the heat exchanger;
Fg is the flow rate of flue gases flowing from said
burner in the direction of the base of said U-shape
body in m3/s in use of the heat exchanger;
A is the surface area between adjacent pipes of the
second part of the pipes;
C is a substantially constant value of maximally 12
m/s.

[0014] Relatively hot flue gas has a relatively large
volume and vice versa. As such, as seen in a flow direc-
tion of the flue gas, the flue gas coming from the burner
has a relatively large flow rate as the flue gas is relatively
hot, thereby requiring a relatively large surface area
between adjacent pipes arranged near the burner space
in order to have the velocity of the flue gas being maxi-
mally said value C. The pipes arranged near the outlet
opening however require a smaller surface area there
between in order to have the velocity of the flue gas being
maximally said value C, as the flue gas is already cooled
down to some extent by the heat exchanger and the flow
rate is relatively small. An advantage of a substantially
constant velocity of the flue gas throughout the heat
exchanger is that such a substantially constant velocity
reduces thepressuredrop. It is therefore anadvantageof
this embodiment to arrange said second part of the pipes
such that this formula is fulfilled.
[0015] It is noted that inparticular at low loadsCmaybe
less than said maximum value of 12 m/s.
[0016] The connecting means may be arranged to
provide a liquid through flow connection between groups
of at least two determined pipes at each longitudinal end
zone of said U-shape body in such a manner that a
second formula:

is substantially fulfilled, wherein:

Q is the quantity of heat transferred to the liquid
flowing in each pipe in kJ in use of the heat exchan-
ger;
Aeff is the effective heat transferring surface of each
pipe in m2 in use of the heat exchanger; vl is the
velocity of the liquid flowing in each pipe inm/s in use
of the heat exchanger, and k is a maximum value of
170 kJ/m3.

[0017] An advantage of this embodiment is that the
heat exchanger is designed such that the distribution of
the liquid flow over determined groups of pipes is chosen
such that the quantity of heat Q discharged from the flue
gas and transferred to the liquid flowing in each pipe is
substantially constant anywhere in the heat exchanger.
As a result thereof, the pipes are exposed to less thermal
stresses as the pipes are exposed tomore or less similar
heat transfer. Furthermore, the liquid flow through the
pipes is optimized with respect to pressure drop and
blockage of the pipes due to lime scale deposition is
prevented by preventing the pipes from becoming too
hot. This is especially advantageous in heat exchangers
where a relatively large number of pipes with a relatively
small throughflow area is used.
[0018] In another embodiment of the heat exchanger
according to the invention at least one of the connecting
means comprises a liquid distributor for substantially
equally distributing liquid over pipes being connected
to said connecting means.
[0019] Without such a liquid distributor it is possible
that the liquid is not equally distributed over the pipes
connected to the connecting means. This way, some
pipes with less liquid flowing there through can become
too hot and thereby exposed to high thermal stresses. An
advantage of the liquid distributor is therefore that the
liquid is substantially equally distributed over pipes that
are connected to said connecting means, thereby redu-
cing the thermal stresses of the pipes.
[0020] In another embodiment of the heat exchanger
according to the invention the second part of the pipes
comprise at least three groups of pipes, wherein a first
group located near the base of the U-shape body has a
first, smallest diameter, wherein a second group located
near the first group at a side of the first group opposite to
the base of the U-shape has a second diameter, and
wherein a third group located near the open end of the U-
shape body has a third, largest diameter, which third
group is located at a predetermined distance from the
second group.
[0021] Anadvantageof thisarrangementof thepipes is
that the third group is arranged nearest to the burner
space. The flue gas coming from the burner is cooled
down relatively fast by this third group of pipes arranged
near the burnerwith relatively large diameter and thereby
relatively large liquid flow, such that the production of
NOx is efficiently reduced. Between the third and second
group said predetermined distance is present, such that
over this distance the flue gas is substantially not cooled
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down and a relatively large time period is provided for the
conversion of CO into CO2, such that the emission of CO
is reduced and preferably prevented.
[0022] It is noted that said distance is preferably be-
tween 10 and 40mm, more preferably between 20 and
30mm. Said distance is defined between the outer sur-
faces of the row of pipes of the third group and the row of
pipes of the second group arranged nearest to the third
group and especially between the facing outer surfaces
thereof.
[0023] In another embodiment of the heat exchanger
according to the invention a part of the pipes of the first
group is arranged at least partly between a part of the
pipes of the second group.
[0024] An advantage of such an arrangement is that
the flow of flue gas along substantially the whole outer
surface of the pipes arranged upstream of said part of
pipes of the second group as seen in the direction of the
flow of flue gases is enhanced.
[0025] The invention also relates to an assembly of a
heat exchanger according to any of the claims 1 - 7 and a
burner, wherein the burner is arranged in said receiving
space.
[0026] Such an assembly provides the advantages of
the heat exchanger described above.
[0027] In an embodiment of the assembly according to
the invention the assembly comprises the heat exchan-
ger according to at least claim 2, wherein the burner is
arranged in said receiving space in such amanner that in
use at least a part of the pipes of the first pattern surround
a flame provided by said burner.
[0028] Asdescribedabove suchanassembly provides
theadvantage that saidpart of thepipesof thefirst pattern
protect the casing from heat of the flame of the burner.
[0029] In another embodiment of theassembly accord-
ing to the invention said burner comprises a damper.
[0030] Such a (Panel Helmholtz resonance) damper
efficiently dampens any noise of the heat exchanger.
[0031] Practically said burner comprises aburner plate
that is connected to or is integrally formed with said
damper.
[0032] An advantage of this embodiment is that the
functions of the burner plate and the damper are com-
bined in one integrally formed or connected element.
[0033] In another embodiment of the assembly said
burner comprises a gas/air-mixture distribution plate that
is connected to or integrally formed with said damper
and/or burner plate.
[0034] An advantage of this embodiment is that the
functionsof theburnerplateand/or thedamperand/or the
gas/air-mixture distribution plate are combined in one
integrally formed or connected element.
[0035] In particular, said (Panel Helmholtz resonance)
damper may be provided with through holes for distribut-
ing the gas/air-mixture, such that said damper functions
also as said gas/air-mixture distribution plate.
[0036] Practically said assembly comprises a sealing
that is provided between the casing and the gas/air-

mixture distribution plate.
[0037] Said gas/air-mixture distribution plate is ar-
ranged upstream of the burner plate and distributes
the gas/air-mixture prior to passing though the burner
plate. As the gas/air-mixture distribution plate and the
burner plate are connected or integrally formed in one
element, the gas/air-mixture exiting the gas/air-mixture
distribution plate cannot by-pass the burner plate. Said
sealing prevents the gas/air-mixture from entering the
burner room alongside said element comprising the ga-
s/air-mixture distribution plate and the burner plate. The
gas/air-mixture flowing through the gas/air chamber will
cool down the gas/air chamber and the gas/air-mixture
distribution plate/damper. The life time of the burner is
hereby enhanced.
[0038] The invention is further elucidated with refer-
ence to figures shown in a drawing, in which:

Figures1Aand1Bshowaheat exchanger according
to the invention, respectively in an exploded per-
spective view and in a vertical cross sectional view;
Figure 2 schematically shows the distribution of the
liquid flow through the pipes of the heat exchanger;
Figures 3A and 3B disclose the effect of liquid dis-
tributors according to the invention; and
Figure 4 is a perspective view of a burner according
to the invention; and
Figure 5 is a perspective view of an assembly ac-
cording to the invention.

[0039] Figures 1A and 1B show a heat exchanger 1.
Said heat exchanger 1 comprises a casing with a sub-
stantially U-shaped body 2 as seen in cross-section and
extending in a longitudinal direction L. The base 3 of the
body 2 arranged at the lower end of the body 2 comprises
a gas outlet opening (not shown). At the end opposite to
the base 3, i.e. the upper end, the body 2 is open and
comprises a receiving space 4 for receiving a burner (not
shown). The flue gases from the burner flow downwards
through the casing 1 and are discharged via said gas
outlet opening. At each longitudinal end zone 5 of the
body 2 the body 2 comprises an end plate 6. A plurality of
pipes 9 is arrangedwithin said casing and is connected to
said end plates 6, in particular to holes in said end plates
6. In use of the heat exchanger 1 a liquid, practically
water, flows though the pipes 9 for taking upheat from the
flue gases, thereby heating thewater and cooling the flue
gases. Panels 7 are provided to cover the end plates 6.
Each panel 7 comprises a plurality of hollow spaces 8,
each hollow space 8 connecting at least two pipes 9 at
each longitudinal end zone 5 of the body 2, such that
liquid flowing throughafirst pipe9of theat least twopipes
9 is directed to the other pipe 9 of the at least two pipes 9.
Liquid flowing through the pipes 9 thereby flows from the
one longitudinal end zone 5 to the other longitudinal end
zone 5 via the plurality of pipes 9 and hollow spaces 8. A
water inlet 10 and a water outlet 11 are provided in one
panel 7 at one longitudinal end zone 5, for feeding rela-
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tively cold water to the pipes 9 via the water inlet 10 and
for discharging relatively hot water from the pipes 9 via
thewater outlet 11.Saidhotwatermaybeused for central
heating or tap water.
[0040] As is clearly shown in figure 1B, a first part of the
pipes9 is arranged in a first pattern12defining two legsof
a substantially U-shape as seen in cross-section, said
first pattern being arranged substantially parallel to legs
of said U-shape body 2. The receiving space 4 for the
burner is arrangedbetweenat least apart of thepipes9of
thefirst pattern12 locatednear theopenendof thebody2
in suchamanner that in useat least apart of thepipes9of
the first pattern 12 surround a flame provided by said
burner.Thisway, saidpart of thepipes9of thefirst pattern
12 protect the casing from the heat of the flame. A
distance between all pairs of adjacent pipes 9 of each
leg of the first pattern 12 is maximally 0.1 mm, thereby
restricting the mass flow of flue gas that will flow through
the spaces between adjacent pipes 9 to an area between
the pipes of the legs of the first pattern 12 and the casing,
such that the flue gas that will enter this area will be
cooled down by the liquid in the pipes 9 to such an extent
that thefluegaswill havea relatively low temperature that
is more or less similar to or slightly higher than the
temperature of the walls of these pipes 9. The distance
between the legsof theU-shapebody2and thepipes9of
the first pattern 12 is preferably maximally 1.0 mm, more
preferablymaximally0.4mm, therebyalsocontributing to
the restriction of the mass flow of flue gas into this area
and thereby contributing to the reduction in temperature
to which the casing is exposed. A sealing 13 is arranged
between the outer surface of the pipes 9 arranged at a
first end of each leg of the first pattern 12 near the open
end of the body 2 and the body 2, thereby sealing off the
space there between and thereby preventing the flue
gases from flowing in the area between the pipes 9 of
the first pattern 12 and the casing via said space.
[0041] A second part of said pipes 9 are arranged
within a space 14 at least partly bounded by said first
pattern 12. The second part of the pipes are arranged
such that a formula:

is substantially fulfilled, wherein:

vg is the velocity of flue gases flowing from said
burner in the direction of the base of said U-shape
body in m/s in use of the heat exchanger;
Fg is the flow rate of flue gases flowing from said
burner in the direction of the base of said U-shape
body in m3/s in use of the heat exchanger;
A is the surface area between adjacent pipes of the
second part of the pipes;
C is a substantially constant value of maximally 12
m/s.

[0042] Relatively hot flue gas has a relatively large
volume and vice versa. As such, as seen in a flow direc-
tion of the flue gas, the flue gas coming from the burner
arranged in the receiving space 4 has a relatively large
flow rate as the fluegas is relatively hot, thereby requiring
a relatively large surface area between adjacent pipes 9
arranged near the burner space in order to have the
velocity of the flue gas being maximally said value C.
The pipes 9 arranged near the outlet opening in the base
3 of the body 2 therefor require a smaller surface area
there between in order to have the velocity of the flue gas
being maximally said value C, as the flue gas is already
cooled down to some extent by the heat exchanger and
the flow rate is relatively small. This is shown in figure 1B,
showing that the closer the pipes 9 are arranged to the
burner arranged in the receiving space 4, the larger the
surface area between the pipes 9.
[0043] As is further shown in figure 1B, the second part
of the pipes comprises three groups of pipes 9, wherein a
first group 15 located near the base 3 of the body 2 has a
first, smallest diameter, wherein a second group 16 lo-
cated near the first group 15 at a side of the first group 15
opposite to the base 3 of body 2 has a second, inter-
mediate diameter, and wherein a third group 17 located
near the open end of the body 2 has a third, largest
diameter. As said third group 17 of pipes 9 has the largest
diameter of the threegroups, theflow rateof liquid flowing
there through is also the largest of the three groups,
thereby cooling down thefluegascoming from theburner
relatively fast and efficiently reducing production of NOx.
Between the third group 17 and the second group 16 a
certain distance of preferably between 10 and 40mm,
more preferably between 20 and 30mm, is present, such
that over this distance the flue gas is substantially not
cooleddownanda relatively large timeperiod is provided
for the conversion of CO intoCO2, such that the emission
of CO is reduced and preferably prevented. The pipes 9
of the second group 16 have an intermediate diameter
adapted to the amount of heat to be absorbed from the
already partly cooled down flue gases, and the pipes 9 of
the first group 15 have the smallest diameter adapted to
absorbheat from themorecooleddownfluegases.Apart
of the pipes 9of the first group15, in particular threepipes
9 thereof, is arranged at least partly between a part of the
pipes 9 of the second group 16, wherein said part of the
pipes 9 of the first group 15 and said part of the pipes 9 of
the second group 16 are arranged alternately in a direc-
tion substantially orthogonal to the direction of the flow of
the flue gases. As a result thereof, the flow of flue gas is
directed along substantially the whole outer surface, in
particular also along the lower surface, of the pipes 9
arranged directly upstream of said part of pipes 9 of the
secondgroup16asseen in thedirection of the flowof flue
gases.
[0044] Figure 2 schematically shows the distribution of
the liquid flow through the pipes 9 of the heat exchanger.
This shows that the pipes 9 are divided over in total
twenty-two groups. Appointment of the pipes 9 to each
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group is established with said hollow spaces 8 that con-
nect any desired number of selected pipes 9 to a specific
group. Liquid enters the first group I via the liquid inlet 10
that is in medium through flow connection with group I
and exits the last group XX via liquid outlet 11 that is in
medium through flow connection with group XX. The
liquid flows alternatingly between the two end zones 5
via the groups in sequential order, thus via group I to
group II, from group II to group III, etc. The number of
pipes 9 belonging to each group and the selection of
pipes 9 belonging to each group may be chosen as
desired. Preferably, the selection and number of pipes
9 belonging to each group are chosen to fulfil a second
formula:

is substantially fulfilled, wherein:

Q is the quantity of heat transferred to the liquid
flowing in each pipe in kJ in use of the heat exchan-
ger;
Aeff is the effective heat transferring surface of each
pipe in m2 in use of the heat exchanger; vl is the
velocity of the liquid flowing in each pipe inm/s in use
of the heat exchanger, and k is a maximum value of
170 kJ/m3.

[0045] Using this formula the liquid flow is distributed
such that the quantity of heat Q discharged from the flue
gas and transferred to the liquid flowing in each pipe is
substantially constant anywhere in the heat exchanger.
[0046] Figures 3A and 3B show the effect of liquid
distributors according to the invention. Said liquid dis-
tributors may be provided in any desired hollow space 8
for distributing the liquid over the pipes 9 connecting to
that hollow space 8. Figure 3A shows a plurality of three
pipes 9of a group that are connected via ahollowspace8
to threepipes9of a subsequent group.The liquid tends to
follow the largest curvature and thereby to enter themost
outer pipe 9 of the three pipes of the subsequent group.
The middle pipe therefor receives less liquid and will
therefor become relative hot and exposed to high thermal
stresses. With use of the liquid distributors shown in
figure 3B each pipe 9 of a group is connected to a pipe
9 of the subsequent group. The liquid is thereby evenly
distributed over the pipes 9 belonging to a specific group,
independent of the location of the pipe 9.
[0047] Figure 4 is a perspective view of a burner ac-
cording to the invention. Said burner comprises a casing
18. In said casing 18 an element is provided comprising a
ceramic burner plate 19 and a damper 21 that also
functions as an aluminium gas/air mixture distribution
plate and that is arranged upstream from the burner plate
19. An anorganic insulation material 20 is provided be-
tween the burner plate 19 and the damper/distribution
plate 21. A sealing 22 is provided between the casing 18

and the damper/distribution plate 21, such that the ga-
s/air-mixture is prevented from entering the burner room
alongside said element comprising the damper/distribu-
tion plate 21and the burner plate 19. As the damper/dis-
tribution plate 21 and the burner plate 19 are combined in
one element, the gas/air-mixture exiting the damper/dis-
tribution plate 21 cannot by-pass the burner plate 19. The
gas/air-mixture flowing through the gas/air chamber will
cool down the gas/air chamber and the gas/air-mixture
distribution plate/damper 21. The life time of the burner is
hereby enhanced.
[0048] Figure 5 shows an assembly of the heat ex-
changer of figures 1A, 1B and the burner of figure 4. The
U-shape body 2 and the panels 7 of the heat exchanger
are shown, as well as the casing 18 of the burner. The
burner is arrangedsuch in the receivingspaceof thebody
2, that the flames coming from the burner plate are
surrounded by the upper pipes 9 of the legs of the first
pattern 12 of pipes 9.
[0049] It is noted that the invention is not limited to the
shown embodiments but also extends to variants within
the scope of the appended claims.

Claims

1. Heat exchanger (1), comprising:

- a casing (18), comprising:

- a substantially U-shaped body (2) as seen
in cross-section and extending in a long-
itudinal direction, wherein a base (3) of the
U-shape body (2) comprises a gas outlet
openingandwherein anopenend, opposite
to the base (3), of the U-shape body (2)
comprises a receiving space (4) for receiv-
ing a burner, and
- two end plates (6) arranged at the two
longitudinal end zones (5) of said U-shape
body (2);

- a plurality of pipes (9) arranged within said
casing (18) and connected to said end plates
(6), through which pipes (9) in use a liquid can
flow;
- a plurality of connecting means for providing a
liquid through flow connection between at least
two pipes (9) at each longitudinal end zone (5) of
said U-shape body (2), such that liquid flowing
throughafirst pipe (9) of theat least twopipes (9)
is directed to the other pipe (9) of the at least two
pipes (9),
wherein a first part of the pipes (9) is arranged in
a first pattern (12) defining two legs of a sub-
stantiallyU-shapeas seen in cross-section, said
first pattern (12) being arranged substantially
parallel to legs of said U-shape body (2), and
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wherein a second part of said pipes (9) are ar-
ranged within a space (14) at least partly
bounded by said first pattern (12),
characterized in that a distance between all
pairs of adjacent pipes (9) of each leg of the first
pattern (12) is maximally 0.1 mm.

2. Heat exchanger (1) according to claim 1, wherein
said receiving space (4) is arranged between at least
a part of the pipes (9) of the first pattern (12) located
near the open end of the U-shape body (2) in such a
manner that in use at least a part of the pipes (9) of
the first pattern (12) surround a flame provided by
said burner.

3. Heat exchanger (1) according to any of the preced-
ing claims, comprising a sealing (13) arranged be-
tween the outer surface of the pipes (9) arranged at a
first end of each leg of the first pattern (12) near the
open end of the U-shape body (2) and the substan-
tially U-shaped body (2).

4. Heat exchanger (1) according to any of the preced-
ing claims, wherein the distance between the legs of
the U-shape body (2) and the pipes (9) of the first
pattern (12) is maximally 1.0 mm, preferably maxi-
mally 0.4 mm.

5. Heat exchanger (1) according to any of the preced-
ing claims, wherein at least one of the connecting
means comprises a liquid distributor for substantially
equally distributing liquid over pipes (9) being con-
nected to said connecting means.

6. Heat exchanger (1) according to any of the preced-
ing claims, wherein the second part of the pipes (9)
comprise at least threegroupsof pipes (9),wherein a
first group (15) located near the base (3) of the U-
shape body (2) has a first, smallest diameter, where-
in a second group (16) located near the first group
(15) at a side of the first group (15) opposite to the
base (3) of the U-shape body (2) has a second
diameter, and wherein a third group (17) located
near the open end of the U-shape body (2) has a
third, largest diameter, which third group (17) is
locatedat a predetermineddistance from the second
group (16).

7. Heat exchanger (1) according to claim 6, wherein a
part of the pipes (9) of the first group (15) is arranged
at least partly between a part of the pipes (9) of the
second group (16).

8. Assemblyof aheat exchanger (1) according toanyof
the claims 1 - 7 and a burner, wherein the burner is
arranged in said receiving space (4).

9. Assembly according to claim 8, wherein the assem-

bly comprises the heat exchanger (1) according to at
least claim 2, and wherein the burner is arranged in
said receiving space (4) in such amanner that in use
at least a part of the pipes (9) of the first pattern (12)
surround a flame provided by said burner.

10. Assembly according to claim 8 or 9, wherein said
burner comprises a damper (21).

11. Assemblyaccording to claim10,wherein saidburner
comprises a burner plate (19) that is connected to or
integrally formed with said damper (21).

12. Assembly according to claim 10 or 11, wherein said
burner comprises a gas/air-mixture distribution plate
that is connected to or integrally formed with said
damper (21) and/or burner plate (19).

13. Assembly according to claim 12, comprising a seal-
ing (22) that is provided between the casing (18) and
the gas/air-mixture distribution plate.

Patentansprüche

1. Wärmetauscher (1), umfassend:

- ein Gehäuse (18), umfassend:

- einen imWesentlichen U-förmigen Körper
(2), wie im Querschnitt gesehen, und der
sich in einer Längsrichtung erstreckt, wobei
eine Basis (3) des U-förmigen Körpers (2)
eine Gasauslassöffnung umfasst und wo-
bei ein offenes Ende, gegenüber der Basis
(3), des U-förmigen Körpers (2) einen Auf-
nahmeraum (4) zum Aufnehmen eines
Brenners umfasst, und
- zwei Endplatten (6), die an den zwei
Längsendzonen (5) des U-förmigen Kör-
pers (2) eingerichtet sind;
- eineVielzahl vonRohren (9), die innerhalb
desGehäuses (18) eingerichtet undmit den
Endplatten (6) verbunden sind, wobei, in
Verwendung, eine Flüssigkeit durch die
Rohre (9) fließen kann;
- eine Vielzahl von Verbindungsmitteln zum
derartigen Bereitstellen einer Flüssigkeits-
durchflussverbindung zwischen mindes-
tens zwei Rohren (9) an jeder Längsendzo-
ne (5) des U-förmigen Körpers (2), dass
Flüssigkeit, die durch ein erstes Rohr (9)
der mindestens zwei Rohre (9) fließt, zu
dem anderen Rohr (9) der mindestens zwei
Rohre (9) geleitet wird,

wobei ein erster Teil der Rohre (9) in
einem ersten Muster (12) eingerichtet
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ist, daszweiSchenkel einer imWesent-
lichen U-Form definiert, wie im Quer-
schnitt gesehen, wobei das erste Mus-
ter (12) im Wesentlichen parallel zu
Schenkeln des U-förmigen Körpers
(2) eingerichtet ist, und
wobei ein zweiter Teil der Rohre (9)
innerhalb eines Raums (14) eingerich-
tet ist, der mindestens teilweise durch
das erste Muster (12) begrenzt ist,
dadurch gekennzeichnet, dass ein
Abstand zwischen allen Paaren von
angrenzenden Rohren (9) jedes
Schenkels deserstenMusters (12)ma-
ximal 0,1 mm beträgt.

2. Wärmetauscher (1) nach Anspruch 1, wobei der
Aufnahmeraum (4) zwischenmindestens einem Teil
der Rohre (9) des ersten Musters (12) eingerichtet
ist, nahe dem offenen Ende des U-förmigen Körpers
(2) in einer derartigen Weise gelegen, dass, in Ver-
wendung, mindestens ein Teil der Rohre (9) des
ersten Musters (12) eine Flamme umgibt, die durch
den Brenner bereitgestellt wird.

3. Wärmetauscher (1) nach einem der vorstehenden
Ansprüche, umfassend eine Dichtung (13), die zwi-
schen der Außenoberfläche der Rohre (9), die an
einem ersten Ende jedes Schenkels des ersten
Musters (12) nahe dem offenen Ende des U-förmi-
gen Körpers (2) eingerichtet sind, und dem im We-
sentlichen U-förmigen Körper (2) eingerichtet ist.

4. Wärmetauscher (1) nach einem der vorstehenden
Ansprüche, wobei der Abstand zwischen den
Schenkeln des U-förmigen Körpers (2) und den
Rohren (9) des ersten Musters (12) maximal 1,0
mm, vorzugsweise maximal 0,4 mm, beträgt.

5. Wärmetauscher (1) nach einem der vorstehenden
Ansprüche, wobei mindestens eines der Verbin-
dungsmittel einen Flüssigkeitsverteiler zum im We-
sentlichen gleichmäßigen Verteilen von Flüssigkeit
über Rohre (9) umfasst, die mit den Verbindungs-
mitteln verbunden sind.

6. Wärmetauscher (1) nach einem der vorstehenden
Ansprüche, wobei der zweite Teil der Rohre (9)
mindestens drei Gruppen von Rohren (9) umfasst,
wobei eine ersteGruppe (15), nahederBasis (3) des
U-förmigen Körpers (2) gelegen, einen ersten, klein-
stenDurchmesseraufweist,wobeieinezweiteGrup-
pe (16), nahe der ersten Gruppe (15) auf einer Seite
dererstenGruppe (15)gelegen, diederBasis (3) des
U-förmigen Körpers (2) gegenüberliegt, einen zwei-
ten Durchmesser aufweist, und wobei eine dritte
Gruppe (17), nahe des offenen Endes des U-förmi-
gen Körpers (2) gelegen, einen dritten, größten

Durchmesser aufweist, wobei die dritte Gruppe
(17) in einem zuvor bestimmten Abstand von der
zweiten Gruppe (16) gelegen ist.

7. Wärmetauscher (1) nach Anspruch 6, wobei ein Teil
der Rohre (9) der ersten Gruppe (15) mindestens
teilweise zwischen einem Teil der Rohre (9) der
zweiten Gruppe (16) eingerichtet ist.

8. Anordnung eines Wärmetauschers (1) nach einem
derAnsprüche 1bis 7 undeinesBrenners,wobei der
Brenner in dem Aufnahmeraum (4) eingerichtet ist.

9. Anordnung nach Anspruch 8, wobei die Anordnung
denWärmetauscher (1) nach mindestens Anspruch
2 umfasst und wobei der Brenner in demAufnahme-
raum (4) in einer derartigen Weise eingerichtet ist,
dass, in Verwendung, mindestens ein Teil der Rohre
(9) des erstenMusters (12) eine Flamme umgibt, die
durch den Brenner bereitgestellt wird.

10. AnordnungnachAnspruch 8 oder 9,wobei der Bren-
ner eine Klappe (21) umfasst.

11. Anordnung nach Anspruch 10, wobei der Brenner
eine Brennerplatte (19) umfasst, die mit der Klappe
(21) verbunden oder integral damit ausgebildet ist.

12. Anordnung nach Anspruch 10 oder 11, wobei der
Brenner eine Gas‑/Luftgemisch-Verteilungsplatte
aufweist, die mit der Klappe (21) und/oder der Bren-
nerplatte (19) verbunden oder integral damit ausge-
bildet ist.

13. Anordnung nach Anspruch 12, umfassend eine
Dichtung (22), die zwischen dem Gehäuse (18)
und der Gas‑/Luftgemisch-Verteilungsplatte bereit-
gestellt ist.

Revendications

1. Échangeur de chaleur (1), comprenant:

- un carter (18), comprenant:

- un corps sensiblement en forme de U (2)
vu en coupe transversale et s’étendant
dans une direction longitudinale, dans le-
quel unebase (3) du corpsen formedeU (2)
comprend une ouverture de sortie de gaz et
dans lequel une extrémité ouverte, oppo-
sée à la base (3), du corps en formedeU (2)
comprend un espace de réception (4) des-
tiné à recevoir un brûleur, et
- deux plaques d’extrémité (6) agencées au
niveau des deux zones d’extrémité longitu-
dinales (5) dudit corps en forme de U (2);
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- une pluralité de tuyaux (9) agencés à
l’intérieur dudit carter (18) et reliés aux pla-
ques d’extrémité (6), à travers lesquels les
tuyaux (9), lors de l’utilisation, peuvent lais-
ser s’écouler un liquide;
- une pluralité de moyens de raccordement
pour fournir un liquide à travers un raccor-
dement d’écoulement entre au moins deux
tuyaux (9) au niveau de chaque zone d’ex-
trémité longitudinale (5) dudit corps en
forme de U (2), de telle sorte que le liquide
s’écoulant à travers un premier tuyau (9)
des aumoins deux tuyaux (9) est dirigé vers
l’autre tuyau (9) des au moins deux tuyaux
(9),

dans lequel une première partie des
tuyaux (9) est agencée selon un pre-
mier modèle (12) définissant deux pat-
tes d’une forme sensiblement en U vue
en coupe transversale, ledit premier
modèle (12) étant agencé sensible-
ment parallèlement aux pattes dudit
corps en forme de U (2), et
dans lequel une seconde partie des
tuyaux (9) est agencée à l’intérieur
d’un espace (14) au moins partielle-
ment délimité par le premier modèle
(12),
caractérisé en ce qu’une distance en-
tre toutes les paires de tuyaux adja-
cents (9) de chaque patte du premier
modèle (12) est au maximum de 0,1
mm.

2. Échangeur de chaleur (1) selon la revendication 1,
dans lequel ledit espace de réception (4) est agencé
entre au moins une partie des tuyaux (9) du premier
modèle (12) situés près de l’extrémité ouverte du
corps en forme de U (2) de manière que, lors de
l’utilisation, au moins une partie des tuyaux (9) du
premiermodèle (12) entoure une flamme fournie par
ledit brûleur.

3. Échangeur de chaleur (1) selon l’une quelconque
des revendications précédentes, comprenant un
joint d’étanchéité (13) agencé entre la surface exté-
rieure des tuyaux (9) agencés au niveau d’une pre-
mière extrémité de chaque patte du premier modèle
(12) près de l’extrémité ouverte du corps en formede
U (2) et le corps en forme de U (2).

4. Échangeur de chaleur (1) selon l’une quelconque
des revendications précédentes, dans lequel la dis-
tance entre les pattes du corps en forme de U (2) et
les tuyaux (9) du premier modèle (12) est au maxi-
mum de 1,0 mm, de préférence au maximum de 0,4
mm.

5. Échangeur de chaleur (1) selon l’une quelconque
des revendications précédentes, dans lequel au
moins l’un parmi les moyens de raccordement
comprend un distributeur de liquide pour distribuer
de manière sensiblement égale le liquide sur des
tuyaux (9) raccordés auxdits moyens de raccorde-
ment.

6. Échangeur de chaleur (1) selon l’une quelconque
des revendications précédentes, dans lequel la se-
conde partie des tuyaux (9) comprend aumoins trois
groupes de tuyaux (9), dans lequel un premier
groupe (15) situé près de la base (3) du corps en
forme deU (2) présente un premier diamètre, le plus
petit, dans lequel un deuxième groupe (16) situé
près du premier groupe (15) sur un côté du premier
groupe (15) opposé à la base (3) du corps en forme
de U (2) présente un deuxième diamètre, et dans
lequel un troisième groupe (17) situé près de l’ex-
trémité ouverte du corps en forme de U (2) présente
un troisième diamètre, le plus grand, ce troisième
groupe (17) étant situé à une distance prédétermi-
née du deuxième groupe (16).

7. Échangeur de chaleur (1) selon la revendication 6,
dans lequel une partie des tuyaux (9) du premier
groupe (15) est agencée, au moins en partie, entre
une partie des tuyaux (9) du deuxième groupe (16).

8. Assemblage d’un échangeur de chaleur (1) selon
l’une quelconque des revendications 1 à 7 et d’un
brûleur, dans lequel le brûleur est agencé dans ledit
espace de réception (4).

9. Assemblage selon la revendication 8, dans lequel
l’assemblage comprend l’échangeur de chaleur (1)
selon au moins la revendication 2, et dans lequel le
brûleur est agencé dans ledit espace de réception
(4) demanière que, lors de l’utilisation, aumoins une
partie des tuyaux (9) dupremiermodèle (12) entoure
une flamme fournie par ledit brûleur.

10. Assemblage selon la revendication 8 ou 9, dans
lequel ledit brûleur comprend un amortisseur (21).

11. Assemblage selon la revendication 10, dans lequel
ledit brûleur comprend une plaque de brûleur (19)
qui est reliée audit amortisseur (21) ou formée d’une
seule pièce avec celui-ci.

12. Assemblage selon la revendication 10 ou 11, dans
lequel ledit brûleur comprend une plaque de distri-
bution du mélange gaz/air qui est reliée audit amor-
tisseur (21) et/ou à ladite plaque de brûleur (19) ou
formée d’une seule pièce avec ceux-ci.

13. Assemblage selon la revendication 12, comprenant
un joint d’étanchéité (22) placé entre le carter (18) et
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la plaque de distribution du mélange gaz/air.
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