EP 3 076 101 A2

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

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

(21) Application number: 16159342.1

(22) Date of filing: 09.03.2016

(51)

(11) EP 3076 101 A2

EUROPEAN PATENT APPLICATION

Int Cl.:

F24H 1/40(2006.01) F28D 7/00 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 10.03.2015 NL 2014432

(71) Applicant: ATAG Verwarming Nederland B.V.

7131 PE Lichtenvoorde (NL)

(72)

(74)

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)

Representative: Slikker, Wilhelmina Johanna et al
Arnold & Siedsma

Bezuidenhoutseweg 57

2594 AC The Hague (NL)

(54)

(57)
prising:
- a casing, comprising:

- a substantially U-shaped body as seen in cross-section
and extending 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 comprises a receiving space for receiving
a burner, and

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

The invention relates to a heat exchanger, com-

- a plurality of pipes arranged within said casing and con-
nected to said end plates, through which pipes in use a
liquid can flow;

HEAT EXCHANGER AND ASSEMBLY OF A HEAT EXCHANGER AND A BURNER

- 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 atleast two pipes,
wherein a first part of the pipes is arranged in a first pat-
tern defining two legs of a substantially U-shape as seen
in cross-section, said first pattern being arranged sub-
stantially 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.
The invention further relates to an assembly of a heat
exchanger according to the invention and a burner,
wherein the burner is arranged in said receiving space.

FIG. 1A
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Description

[0001]
prising:

The invention relates to a heat exchanger, com-

- acasing, comprising:

- asubstantially U-shaped body as seen in cross-
section and extending 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, through which pipes
in use a liquid can flow;

- aplurality 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 pat-
tern defining two legs of a substantially U-shape as seen
in cross-section, said first pattern being arranged sub-
stantially 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] Suchaheatexchangeris known from European
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] 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.
[0004] 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 therefor had a sealing arranged to
protect the casing from the heat, which sealing is quite
expensive. An advantage of this embodimentis therefore
that no or less sealing is required, thereby reducing the
costs of the heat exchanger.

[0005] In another embodiment of the heat exchanger
according to the invention a distance between all pairs
of adjacent pipes of each leg of the first pattern is maxi-
mally 0.5 mm, preferably maximally 0.1 mm.

[0006] It is noted that said distance is defined as the
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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 high-
er than the temperature of the walls of these pipes. As a
result the casing will only be exposed to this relatively
low temperature, such thatno orless sealing of the casing
is required, thereby reducing the costs of the heat ex-
changer.

[0007] Itis 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 expensive.
[0008] In another embodiment of the heat exchanger
according to the invention said heat exchanger compris-
es a sealing arranged between the outer surface of the
pipes arranged at afirst end of each leg of the first pattern
near the open end of the U-shape body and the substan-
tially U-shaped body.

[0009] 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 protecting the cas-
ing from being exposed to hot temperatures, at relatively
low costs.

[0010] 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.
[0011] It is noted that said distance is defined as the
distance between the outer surfaces of the pipes of the
first pattern that are facing the U-shape body and the
legs of the U-shape body. An advantage of such a rela-
tively small distance is that the volume of the area be-
tween the pipes and the U-shape body is relatively small,
thereby also contributing 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 ex-
posed.

[0012] In another embodiment of the heat exchanger
according to the invention the second part of the pipes
are arranged such that a formula:



3 EP 3 076 101 A2 4

is substantially fulfilled, wherein:

Vg is the velocity of flue gases flowing from said burn-
er in the direction of the base of said U-shape body
in m/s in use of the heat exchanger;

Fg4 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.

[0013] Relatively hotflue gas has arelatively large vol-
ume and vice versa. As such, as seen in a flow direction
of the flue gas, the flue gas coming from the burner has
arelatively 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 maximally said
value C. The pipes arranged near the outlet opening how-
ever require a smaller surface area there between in or-
der 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 the
pressure drop. It is therefore an advantage of this em-
bodiment to arrange said second part of the pipes such
that this formula is fulfilled.

[0014] Itis noted that in particular at low loads C may
be less than said maximum value of 12 m/s.

[0015] In another embodiment of the heat exchanger
according to the invention the connecting means are ar-
ranged to provide a liquid through flow connection be-
tween 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:

Q =
Aefrvi

is substantially fulfilled, wherein:

Q is the quantity of heat transferred to the liquid flow-
ing in each pipe in kdJ in use of the heat exchanger;
Ag is the effective heat transferring surface of each
pipe in m2 in use of the heat exchanger;

v, is the velocity of the liquid flowing in each pipe in
m/s in use of the heat exchanger, and
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k is @ maximum value of 170 kJ/m3.

[0016] 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 to more 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 pre-
vented 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.

[0017] 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.

[0018] 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 reduc-
ing the thermal stresses of the pipes.

[0019] 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.

[0020] An advantage of this arrangement of the pipes
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 burner with 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
down and a relatively large time period is provided for
the conversion of CO into CO,, such that the emission
of CO is reduced and preferably prevented.

[0021] 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
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of pipes of the second group arranged nearest to the third
group and especially between the facing outer surfaces
thereof.

[0022] 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.

[0023] 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.

[0024] The invention also relates to an assembly of a
heat exchanger according to any of the claims 1 - 10 and
a burner, wherein the burner is arranged in said receiving
space.

[0025] Such an assembly provides the advantages of
the heat exchanger described above.

[0026] In an embodiment of the assembly according
to the invention the assembly comprises the heat ex-
changer according to at least claim 2, wherein the burner
is arranged in said receiving space in such a manner that
in use at least a part of the pipes of the first pattern sur-
round a flame provided by said burner.

[0027] Asdescribed above such anassembly provides
the advantage that said part of the pipes of the first pattern
protect the casing from heat of the flame of the burner.
[0028] Inanother embodiment of the assembly accord-
ing to the invention said burner comprises a damper.
[0029] Such a (Panel Helmholtz resonance) damper
efficiently dampens any noise of the heat exchanger.
[0030] Practically said burner comprises a burnerplate
thatis connectedto oris integrally formed with said damp-
er.

[0031] 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.
[0032] 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.

[0033] An advantage of this embodiment is that the
functions of the burner plate and/or the damper and/or
the gas/air-mixture distribution plate are combined in one
integrally formed or connected element.

[0034] In particular, said (Panel Helmholtz resonance)
damper may be provided with through holes for distrib-
uting the gas/air-mixture, such that said damper functions
also as said gas/air-mixture distribution plate.

[0035] Practically said assembly comprises a sealing
that is provided between the casing and the gas/air-mix-
ture distribution plate.

[0036] 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
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plate cannot by-pass the burner plate. Said sealing pre-
vents the gas/air-mixture from entering the burner room
alongside said element comprising the gas/air-mixture
distribution plate and the burner plate. The gas/air-mix-
ture 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 en-
hanced.

[0037] The invention is further elucidated with refer-
ence to figures shown in a drawing, in which:

Figures 1A and 1B show a heat 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.

[0038] 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 9is arranged within 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, practi-
cally water, flows though the pipes 9 for taking up heat
from the flue gases, thereby heating the water and cool-
ing 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 through a first pipe 9 of the at
least two pipes 9 is directed to the other pipe 9 of the at
leasttwo pipes 9. Liquid flowing through the pipes 9 there-
by 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 relatively cold water to the pipes 9 via the
water inlet 10 and for discharging relatively hot water
from the pipes 9 via the water outlet 11. Said hot water
may be used for central heating or tap water.

[0039] As is clearly shown in figure 1B, a first part of
the pipes 9 is arranged in a first pattern 12 defining two
legs of a substantially U-shape as seen in cross-section,
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said first pattern being arranged substantially parallel to
legs of said U-shape body 2. The receiving space 4 for
the burner is arranged between atleast a part of the pipes
9 of the first pattern 12 located near the open end of the
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. This way, said part of the pipes 9 of the
first 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 preferably maximally
0.5 mm, more preferably maximally 0.1 mm, thereby re-
stricting 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 thatthe flue gas that will enter this area will be cooled
down by the liquid in the pipes 9 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 temper-
ature of the walls of these pipes 9. The distance between
the legs of the U-shape body 2 and the pipes 9 of the
first pattern12 is preferably maximally 1.0 mm, more pref-
erably maximally 0.4 mm, thereby also contributing 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.
[0040] A second partof said pipes 9 are arranged with-
in 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 burn-
er in the direction of the base of said U-shape body
in m/s in use of the heat exchanger;

Fgq 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.

[0041] Relatively hotflue gas has arelatively large vol-
ume and vice versa. As such, as seen in a flow direction
of the flue gas, the flue gas coming from the burner ar-
ranged in the receiving space 4 has arelatively large flow
rate as the flue gas is relatively hot, thereby requiring a
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relatively large surface area between adjacent pipes 9
arranged near the burner space in order to have the ve-
locity 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 isrelatively small. Thisis 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.

[0042] Asis further shown in figure 1B, the second part
of the pipes comprises three groups of pipes 9, wherein
afirst group 15 located near the base 3 of the body 2 has
a first, smallest diameter, wherein a second group 16
located 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 di-
ameter. As said third group 17 of pipes 9 has the largest
diameter of the three groups, the flow rate of liquid flowing
there through is also the largest of the three groups,
thereby cooling down the flue gas coming from the burner
relatively fast and efficiently reducing production of NO,.
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
cooled down and arelatively large time period is provided
for the conversion of CO into CO,, 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 absorb heat from the more cooled down flue gases. A
part of the pipes 9 of the first group 15, in particular three
pipes 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 direction 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 second group 16 as seen in the direction of the
flow of flue gases.

[0043] 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 twen-
ty-two groups. Appointment of the pipes 9 to each group
is established with said hollow spaces 8 that connect any
desired number of selected pipes 9 to a specific group.
Liquid enters the first group | via the liquid inlet 10 that
is in medium through flow connection with group | and
exits the last group XX via liquid outlet 11 that is in me-
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dium 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 | to group Il,
from group Il to group lll, etc. The number of pipes 9
belonging to each group and the selection of pipes 9 be-
longing to each group may be chosen as desired. Pref-
erably, the selection and number of pipes 9 belonging to
each group are chosen to fulfil a second formula:

Q =
Aeffvi

is substantially fulfilled, wherein:

Q is the quantity of heat transferred to the liquid flow-
ing in each pipe in kd in use of the heat exchanger;
Ag is the effective heat transferring surface of each
pipe in m2 in use of the heat exchanger;

vy is the velocity of the liquid flowing in each pipe in
m/s in use of the heat exchanger, and

k is a maximum value of 170 kJ/m3.

[0044] 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.
[0045] Figures 3A and 3B show the effect of liquid dis-
tributors according to the invention. Said liquid distribu-
tors 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
9 of a group that are connected via a hollow space 8 to
three pipes 9 of a subsequent group. The liquid tends to
follow the largest curvature and thereby to enter the most
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 fig-
ure 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.

[0046] 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
gas/air-mixture is prevented from entering the burner
room alongside said element comprising the damper/dis-
tribution plate 21 and the burner plate 19. As the damp-
er/distribution plate 21 and the burner plate 19 are com-
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bined in one element, the gas/air-mixture exiting the
damper/distribution 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.

[0047] 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 arranged such in the receiving space of the
body 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.

[0048] Itis 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, comprising:
- a casing, comprising:

- a substantially U-shaped body as seen in
cross-section and extending in a longitudi-
nal 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 comprises a receiving
space for receiving a burner, and

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

- a plurality of pipes arranged within said casing
and connected to said end plates, through which
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 ar-
ranged 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.

2. Heat exchanger according to claim 1, wherein 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
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use at least a part of the pipes of the first pattern
surround a flame provided by said burner.

Heat exchanger according to claim 1 or 2, wherein
adistance between all pairs of adjacent pipes of each
leg of the first pattern is maximally 0.5 mm, preferably
maximally 0.1 mm.

Heat exchanger according to any of the preceding
claims, comprising 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.

Heat exchanger according to any of the preceding
claims, wherein 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.

Heat exchanger according to any of the preceding
claims, wherein the second part of the pipes are ar-
ranged 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 mf/s.

Heat exchanger according to any of the preceding
claims, wherein the connecting means are arranged
to provide a liquid through flow connection between
groups of at least two determined pipes at each lon-
gitudinal end zone of said U-shape body in such a
manner that a second formula:

Q =
Aeff vy

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 ex-
changer;

A is the effective heat transferring surface of
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each pipe in m2 in use of the heat exchanger;
vjis the velocity of the liquid flowing in each pipe
in m/s in use of the heat exchanger, and

k is a maximum value of 170 kJ/m3.

Heat exchanger according to any of the preceding
claims, wherein atleast one of the connecting means
comprises aliquid distributor for substantially equally
distributing liquid over pipes being connected to said
connecting means.

Heat exchanger according to any of the preceding
claims, wherein the second part of the pipes com-
prise 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 body 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.

Heat exchanger according to claim 9, wherein a part
of the pipes of the first group is arranged at least
partly between a part of the pipes of the second
group.

Assembly of a heat exchanger according to any of
the claims 1 - 10 and a burner, wherein the burner
is arranged in said receiving space.

Assembly according to claim 11, wherein the assem-
bly comprises the heat exchanger according to at
least claim 2, and wherein the burner is arranged in
said receiving space 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.

Assembly according to claim 11 or 12, wherein said
burner comprises a damper.

Assembly according to claim 13, wherein said burner
comprises a burner plate that is connected to or in-
tegrally formed with said damper.

Assembly according to claim 13 or 14, wherein said
burner comprises a gas/air-mixture distribution plate
that is connected to or integrally formed with said
damper and/or burner plate.

Assembly according to claim 15, comprising a seal-
ing that is provided between the casing and the
gas/air-mixture distribution plate.
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