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Description
FIELD
[0001] Theinvention relates to a heat exchanger body,

a heat exchanger and a condensing boiler. The invention
also relates to a pattern assembly for producing a part
of a mold for casting the heat exchanger body and to a
method of producing the heat exchanger body with the
part of the mold.

BACKGROUND

[0002] Heat exchanger bodies are known from prac-
tice. As part of a heat exchanger, a heat exchanger body
can enable exchange of heat between fluidly separate
flows of fluids, e.g. from a flow of flue gas to a flow of
operating fluid. Such heat exchangers are applied for ex-
ample in heating appliances, e.g. boilers, e.g. for heating
interior spaces of buildings or vehicles or for using the
heated operating fluid otherwise, e.g. as heated tap wa-
ter. Typically, in a heat exchanger, the separate flows of
fluids are passed close to each other, preferably in op-
posite directions, while being fluidly separated by a heat
conductive, e.g. metallic, material. Where the fluids con-
tact the heat conductive material, they can exchange
heat with the heat conductive material, so that they can
indirectly exchange heat with each other via the heat con-
ductive material.

[0003] Itis generally desired to have a high efficiency
of heat exchange in heating appliances, in particular to
enable exchange of a relatively large amount of heat in
a relatively short amount of time and/or in a relatively
small space. In this respect, for example, condensing
boilers are known to provide increased efficiency com-
pared to conventional boilers by extracting additional
heat from a flue gas through water vapor condensation
in the flue gas.

[0004] However, there has long been, and still is, an
ongoing desire for further improving heat exchanger ef-
ficiency, in particular in condensing boilers. This desire
is due to various factors such as energy scarcity, envi-
ronmental concerns, space limitations for heating appli-
ances and high demand for comfort in interior environ-
ments.

SUMMARY

[0005] An objective of the present invention is to pro-
vide animproved heat exchangerbody, animproved heat
exchanger and an improved condensing boiler. A partic-
ular objective is to provide increased heat exchanger ef-
ficiency, for example a higher amount of heat exchange
in the same or a smaller amount of time and/or space,
or the same amount of heat exchange in a smaller
amount of time and/or space. A further particular objec-
tive is to provide a heat exchanger with a reduced oper-
ating fluid flow resistance and/or an increased operating
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fluid flow contact surface area.

[0006] To thatend, an aspect of the invention provides
a heat exchanger body for transfer of heat from a flue
gas to an operating fluid. The heat exchanger body com-
prises an integral casting from aluminium or an alumini-
um alloy and comprises: one or more flue gas drafts each
configured to guide a flow of flue gas in a flue gas flow
direction; and an operating fluid channel configured to
guide a flow of operating fluid in an operating fluid flow
direction along an operating fluid flow path. Viewed in
the flue gas flow direction, the operating fluid flow path
loops around and thereby encloses each of the one or
more flue gas drafts.

[0007] It has been found that such a configuration of
an operating fluid flow path in a heat exchanger body can
enable reduced operating fluid flow resistance. Without
wishing to be bound by theory, it is believed that this can
be due to the operating fluid flow path being smoother,
e.g. having fewer relatively sharp curves or corners,
and/or having more gentle curves or corners, compared
to known heat exchanger bodies.

[0008] As an alternative or additional advantage, such
a configuration can enable an increased operating fluid
flow contact surface area: a narrower channel can yield
an increased contact surface area, and since the path
configuration can enable reduced resistance, the oper-
ating fluid flow channel can thus be designed to be more
narrow without a net flow resistance increase.

[0009] Further, by looping around and enclosing each
of the one or more flue gas drafts, a relatively high rate
of heat exchange between flue gas and operating fluid
can be realized within a relatively small space, with a
relatively low amount of heat exchanger material (e.g.
metal) and/or relatively quickly. In particular, heat can
thus be exchanged more homogeneously in the heat ex-
changer.

[0010] Heat exchanger efficiency of a heat exchanger
can thus be increased by a heat exchanger body accord-
ing to the present disclosure.

[0011] Inafurtheraspectthe invention provides: aheat
exchanger for transfer of heat from a flue gas to an op-
erating fluid, wherein the heat exchanger comprises the
heat exchanger body according to the above-described
aspect, wherein the integral casting of the heat exchang-
er body comprises one or more core holes, wherein the
heat exchanger comprises one or more core plugs ar-
ranged in at least one of the one or more core holes for
closing off said at least one of the one or more core holes.
[0012] Theinvention also provides a condensing boiler
comprising said heat exchanger.

[0013] Such a heat exchanger and such a condensing
boiler can provide above-mentioned advantages, where-
in the invention finds particular advantage in combination
with such a condensing type boiler.

[0014] Further aspects of the invention provide a pat-
tern assembly and a method of producing an integral
casting of a heat exchanger body. The method compris-
es: providing the pattern assembly, using the pattern as-
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sembly to produce a part of a mold for casting an integral
casting; and casting an integral casting using the pro-
duced part of the mold.

[0015] The pattern assembly is configured for produc-
ing a part of a mold for casting an integral casting of a
heat exchanger body according to the above-described
aspect. The pattern assembly comprises: one or more
flue gas draft core sections which each extend along a
respective flue gas draft core main axis; and at least one
operating fluid channel core section, wherein the oper-
ating fluid channel core section defines an operating fluid
channel core path which loops around and thereby en-
closes the respective flue gas draft core main axis of
each of the one or more flue gas draft core sections.
[0016] With such a method and/or with such a pattern
assembly, a heat exchanger body according to the
present disclosure can be provided.

[0017] Further advantageous elaborations of the in-
vention are provided by the features of the dependent
claims, as explained in the detailed description.

DETAILED DESCRIPTION

[0018] In the following, the invention will be further ex-
plained using exemplary embodiments and drawings. In
the drawings:

Fig. 1a shows an isometric view of an operating fluid
flow channel of a heat exchanger body according to
a first embodiment;

Fig. 1b shows a top view of the heat exchanger body
according to the first embodiment;

Fig. 1c shows a side view of the heat exchanger body
according to the first embodiment;

Fig. 1d shows the operating fluid flow path of the
operating fluid flow channel of Fig. 1a in an isometric
view corresponding to the view of Fig. 1a;

Fig. 2a shows an isometric view of an operating fluid
flow channel of a heat exchanger body according to
a second embodiment;

Fig. 2b shows a top view of the heat exchanger body
according to the second embodiment;

Fig. 2c shows a side view of the heat exchanger body
according to the second embodiment;

Fig. 3a shows an isometric view of an operating fluid
flow channel of a heat exchanger body according to
a third embodiment;

Fig. 3b shows a top view of the heat exchanger body
according to the third embodiment;

Fig. 3c shows a side view of the heat exchanger body
according to the third embodiment;

Fig. 4 shows a partially opened isometric view of an
exemplary condensing boiler comprising an exem-
plary heat exchanger;

Fig. 5a shows an exploded isometric view of a heat
exchanger according to an embodiment;

Fig. 5b shows a partly transparent side view of an
operating fluid channel of the heat exchanger of Fig.
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5a;
Fig. 6a shows an exploded isometric view of a heat
exchanger according to a further embodiment; and
Fig. 6b shows a partly transparent side view of an
operating fluid channel of the heat exchanger of Fig.
6a.

[0019] The drawings are schematic. In the drawings,
similar or corresponding elements have been provided
with similar or corresponding reference signs.

[0020] Figs. 1b, 1c, 2b, 2¢c, 3b and 3c show embodi-
ments of a heat exchanger body 2 for transfer of heat
from a flue gas to an operating fluid, in particular of a
condensing boiler 4. The heat exchanger body 2 com-
prises an integral casting 6 from aluminium or an alumin-
ium alloy.

[0021] The heat exchanger body comprises: one or
more flue gas drafts 8, 8', 8" each configured to guide a
flow of flue gas in a flue gas flow direction G; and an
operating fluid channel 10 (see also Figs. 1a, 2a and 3a)
configured to guide a flow of operating fluid in an oper-
ating fluid flow direction F along an operating fluid flow
path P (see also Fig. 1d).

[0022] Viewed in the flue gas flow direction G, the op-
erating fluid flow path P loops around and thereby en-
closes each of the one or more flue gas drafts 8, 8’, 8".
[0023] InFigs. 1b, 1c, 2b, 2¢, 3b and 3c boundaries of
the heat exchanger body 2 have been indicated sche-
matically by dotted lines, while respective operating fluid
flow channels 10 extending inside the body 2 have been
indicated with solid lines and, for obscured sections, with
thin dashed lines.

[0024] In Fig. 1b an exemplary section of an operating
fluid flow path P is shown with a dashed line. It will be
appreciated that in the embodiments shown, respective
operating fluid flow paths P extend throughout the oper-
ating fluid flow channels 10 which define the respective
paths P.

[0025] Inthedrawings,the operating fluid flow direction
F has been indicated intermittently by arrows F. It will be
appreciated that the operating fluid flow direction F is tied
to and follows the subsequent directions of the operating
fluid flow path P along said path P. Hence, in the draw-
ings, the trajectory of the operating fluid flow path P can
be related to the shown indications of the operating fluid
flow direction F.

[0026] Figs. 1a-1drelate to a first embodiment, where-
in the heat exchanger body 2 comprises one flue gas
draft 8. Figs. 2a-2c relate to a second embodiment,
wherein the heat exchanger body 2 comprises two flue
gas drafts 8, 8'. Figs. 3a-3c relate to a third embodiment,
wherein the heat exchanger body 2 comprises three flue
gasdrafts 8, 8', 8". It will be appreciated that the invention
is not limited to any maximum number of flue gas drafts.
[0027] It will also be appreciated that various configu-
rations of the operating fluid flow path are possible within
the scope of the invention and that the configurations
shown are not necessarily limitative with respect to the
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number of flue gas drafts shown. For example, in the first
embodiment (see Figs. 1a-d), the heat exchanger body
2 has a single flue gas draft 8 and the operating fluid flow
path P is a substantially helical path.

[0028] In Fig. 1d, with respect to the first embodiment,
a trajectory of the flue gas draft 8 has been indicated
schematically by the flue gas flow direction arrow G rel-
ative to the operating fluid flow path P. In the isometric
view of Fig. 1d, which corresponds to the view of Fig. 1a,
the operating fluid flow path P can be seen to pass alter-
natingly in front of and behind the arrow G, thus looping
around and thereby enclosing the arrow G, hence the
operating fluid flow path P loops around and encloses
the flue gas draft 8. This information can also be deduced
from the combination of Figs. 1a, 1b and 1c. For the sec-
ond and third embodiments, the information on their re-
spective operating fluid flow paths P can similarly be de-
duced from the relevant drawings.

[0029] Thus, it is clear from the respective drawings
how in the various embodiments, the operating fluid flow
path P loops around and thereby encloses each of the
one or more flue gas drafts 8, 8’, 8".

[0030] For example, in the second embodiment,
shown in Figs. 2a-2c, the operating fluid flow path P ex-
tends subsequently along a first outer section P bound-
ing a secondflue gas draft8’, afirstend section Pg bound-
ing a first end of the second flue gas draft 8, a first inter-
mediate section P| between the second flue gas draft 8’
and a first flue gas draft 8, a second end section Pg
bounding a second end of the first flue gas draft 8, a
second outer section Pq bounding the first flue gas draft
8, a third end section Pg bounding a first end of the first
flue gas draft 8, a second intermediate section P, along
the first intermediate section P, a fourth end section Pg
bounding a second end of the second flue gas draft 8,
a third outer section P along the first outer section, a
fifth end section along the first end section, and so on.
[0031] As another example, in the third embodiment,
shown in Figs. 3a-3c, the operating fluid flow path P ex-
tends subsequently along a first outer section P bound-
ing a third flue gas draft 8", a firstend section Pg bounding
afirst end of the third flue gas draft 8", a firstintermediate
section P, between the third flue gas draft8" and a second
flue gas draft 8, a second end section Pg bounding a
second end of the second flue gas draft 8, a second
intermediate section P, between the second flue gas draft
8’and afirstflue gas draft 8, a third end section P bound-
ing a first end of the first flue gas draft 8, a second outer
section Py bounding the first flue gas draft 8, a fourth
end section Pg bounding a second end of the first flue
gas draft 8, a third intermediate section P, along the sec-
ond intermediate section P|, a fifth end section Pg bound-
ing a first end of the second flue gas draft 8', a fourth
intermediate section P, along the first intermediate sec-
tion P, a sixth end section Pg bounding a second end of
the third flue gas draft 8", a third outer section P along
the first outer section P, a seventh end section Pg along
the first end section Pg, and so on.
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[0032] As explained in the summary section, heat ex-
changer efficiency of a heat exchanger can be increased
by such a heat exchanger body 2.

[0033] Inanembodiment, viewed perpendicular to the
flue gas flow direction G, the operating fluid flow path P
ascends or descends substantially monotonically along
the flue gas flow direction G.

[0034] Inthe context of the present disclosure, the ex-
pression "ascends or descends substantially monotoni-
cally along a direction" is to be interpreted as ascending
without descending or, alternatively descending without
ascending.

[0035] As shown, when the flue gas flow direction G is
adownward direction, the operating fluid flow path P pref-
erably ascends substantially monotonically, i.e. during
use the operating fluid preferably flows in a substantially
opposite overall direction compared to the flue gas.
[0036] Inthisway, arelatively smooth flow of operating
fluid can be realized, in particular with respect to the flue
gas flow direction G, thus promoting efficient heat trans-
fer.

[0037] Inan embodiment, the operating fluid flow path
P forms a substantially singular operating fluid flow path
P.

[0038] Such a substantially singular path can enable
particular robust operation, wherein for example any
blockage (e.g. due to debris) in the operating fluid flow
channel 10 can be detected using temperature sensors
arranged at both ends of the flow path P. Local overheat-
ing can thus be prevented. For example, the operating
fluid flow path P may thus be a substantially undivided
path which may be free from path junctions such as path
splits and path mergers.

[0039] In an embodiment, viewed in the flue gas flow
direction G, the operating fluid flow path P loops around
each of the one or more flue gas drafts 8, 8’, 8" at least
two times, preferably at least three times, preferably at
least four times, preferably at least five times.

[0040] Such a configuration can enable that operating
fluid is heated up more gradually along the operating fluid
flow path P and/or that flue gas is cooled down more
gradually along the flue gas flow direction G, thus pro-
moting heat exchanger efficiency.

[0041] In an embodiment, the one or more flue gas
drafts 8, 8’, 8" comprise at least two flue gas drafts 8, 8’,
8", wherein the at least two flue gas drafts 8, 8,
8" comprise at least one pair of neighboring flue gas
drafts (one pair 8, 8’; another pair 8, 8").

[0042] Viewed inthe flue gas flow direction G, between
each pair of neighboring flue gas drafts 8, 8’, 8" one or
more intermediate sections P, of the operating fluid flow
path P may extend, such that the operating fluid flow path
P loops around and thereby encloses each flue gas draft
8, 8, 8" individually.

[0043] The atleasttwo flue gas drafts 8, 8’, 8" can pro-
mote heat exchanger efficiency by a higher total func-
tional contact surface area of the flue gas drafts, in par-
ticular as a ratio to the total flue gas draft volume. The
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intermediate sections P, of the operating fluid flow path
P can thereby enable that above-described features are
realized and that respective advantages are maintained
orenhanced, e.g. a smooth operating fluid flow and grad-
ual heating and/or cooling.

[0044] While the third embodiment is shown in Figs.
3a-3c as comprising three flue gas drafts 8, 8,
8" arranged to form two pairs of neighboring flue gas
drafts (one pair 8 and 8’, another pair 8’ and 8"), it will be
appreciated that an embodiment with three flue gas draft
can also comprise a third pair of neighboring flue gas
drafts, e.g. when the flue gas drafts are arranged with
respect to each other in a triangular configuration. It will
also be appreciated that an embodiment with more than
three flue gas drafts is possible and that such an embod-
iment can comprise e.g. three or more than three pairs
of neighboring flue gas drafts.

[0045] In anembodiment, as shown in Figs. 2a-2c, the
at least two flue gas drafts 8, 8’ comprise two flue gas
drafts 8, 8’, wherein, viewed in the flue gas flow direction
G, the operating fluid flow path P extends substantially
along a lemniscate and loops around and thereby en-
closes each of the two flue gas drafts 8, 8’ individually.
[0046] A lemniscate is also known as and can be in-
terpreted as a figure-of-eight shape, i.e. an 8-shape or
wo-shape. Such a shape of the operating fluid flow path
P can enable above-described features and advantages,
in particular in case of two flue gas drafts.

[0047] It will be appreciated that in the context of the
present disclosure, the terms lemniscate, 8-shape and
owo-shape are to be interpreted as including e.g. the shape
shown in Fig. 2b. Thus, the terms indicate a general tra-
jectory and not necessarily any exact curvature, ratio or
symmetry. For various practical reasons, e.g. related to
manufacturing or connections to other parts, a path ex-
tending substantially along such a shape may partly ex-
tend otherwise. For example, such a path may partly ex-
tend along a convex hull of said shape, as shown for
example in Fig. 2b, see path sections indicated with ref-
erence sign Py.

[0048] In an embodiment, the operating fluid flow path
P alternatingly loops around each one of the at least two
flue gas drafts 8, 8, 8", preferably changing over to a
different respective one of the at least two flue gas drafts
8, 8, 8" at least four times, for example ten times.
[0049] In this way, a gradual heating of operating fluid
and/or cooling of flue gas can be realized with multiple
flue gas drafts, in particular with a singular operating fluid
flow path P which extends substantially monotonically
along the flue gas flow direction G. For example, Figs.
2a and 2c show that the operating fluid flow path P thus
changes over to a different flue gas draft 8, 8’ about ten
times. Figs. 3a and 3c show a different embodiment
wherein the operating fluid flow path P thus changes over
to a different flue gas draft 8, 8, 8" about ten times. It has
been found that efficient heat exchange can be realized
with such configurations.

[0050] In an embodiment, the operating fluid flow path
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P comprises outer sections Py which bound two opposite
sides of the heat exchanger body 2, end sections Pg
which bound two opposite end sides of the heat exchang-
er body 2, and said intermediate sections P,.

[0051] The height h, measured in the flue gas flow di-
rection G, of the operating fluid channel 10 may be sub-
stantially variable along the operating fluid flow path P,
wherein said height h is substantially reduced along at
least one, preferably each, of the intermediate sections
P, of the operating fluid flow path P, compared to said
height h along said outer sections P of the operating
fluid flow path P.

[0052] As an example of measurement, double arrow
hin Fig. 1c indicates how said height h can be measured
at one point along the operating fluid flow path P in a side
view of a heat exchanger body 2. It will be appreciated
that said height can thus be measured along the operat-
ing fluid flow path P throughout the operating fluid chan-
nel 10 of any embodiment. While the embodiment shown
in Fig. 1c does not comprise such intermediate sections,
Figs. 2c and 3c thus show how, in respective embodi-
ments, said height can be variable and reduced as de-
scribed above.

[0053] Such variation and reduction of operating fluid
channel height can enable a compact configuration of
the operating fluid channel 10, in particular while enabling
above-described features and respective advantages
such as smooth flow and efficient heat exchange.
[0054] In particular, in this way, viewed in a top view
(e.g. Figs 2b and 3b) a number of overlapping interme-
diate sections P, of the operating fluid flow path P can
thus be larger than respective number of overlapping out-
er sections Pg, substantially without reducing heat ex-
changer efficiency at said outer sections P5. For exam-
ple, Fig. 2c shows that about eleven intermediate sec-
tions P, thus overlap, while on both outer sides about six
respective outer sections P thus overlap.

[0055] In an embodiment, a cross sectional area A of
the operating fluid channel 10, viewed in the operating
fluid flow direction F, along an outer section Py and an
intermediate section P, which are at substantially the
same level along the flue gas flow direction G, is sub-
stantially constant, wherein a cross sectional area A of
the operating fluid channel 10, viewed in the operating
fluid flow direction F, substantially increases along the
flue gas flow direction G.

[0056] As an example of measurement, such a cross
sectional area A has been indicated at an end of the
operating fluid flow path P in Figs. 1a and 1c as a hatched
area. It will be appreciated that such a cross sectional
area A can thus be measured along the operating fluid
flow path throughout the operating fluid channel 10 in
various embodiments, in particular as an area which ex-
tends perpendicular to the local fluid flow direction F.
Figs. 2c and 3c show how in respective embodiments
the cross sectional area A can thus be as described
above. In particular, for example, it can be seen in Figs.
2c and 3c that where a height h of the operating fluid
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channel 10 increases, a respective width of said channel
may thus decrease approximately proportionally, thus
providing a substantially constant cross sectional area A.
[0057] A dual advantage can be realized in this way.
On the one hand, a substantially constant cross sectional
area A at substantially the same level along the flue gas
flow direction G enables a substantially constant flow rate
of the operating fluid at said level, thus promoting a
smooth flow. On the other hand, a substantially increas-
ing cross sectional area A along the flue gas flow direction
G can enable a higher flow rate of the operating fluid near
an upstream section of a flue gas draft compared to a
downstream section, wherein the flue gas is typically hot-
ter in said upstream section compared to said down-
stream section. In this way, efficient heat exchange can
be promoted throughout the heat exchanger body 2,
wherein in particular the flue gas can be cooled efficiently
along the flue gas flow direction G such thatan end tem-
perature of the flue gas, i.e. where it leaves the heat ex-
changer, can be advantageously low, e.g. about 60 de-
grees Celsius.

[0058] In an embodiment, the operating fluid flow path
P is curved, wherein the one or more flue gas drafts 8,
8’, 8" each have a respective smallest width w measured
in a plane perpendicular to the flue gas flow direction G,
wherein, along the operating fluid flow path P, the radius
of curvature r of the operating fluid flow path P is larger
than a quarter of the respective smallest width w of the
nearest of the one or more flue gas drafts 8, 8’, 8", said
width w being measured at the same level along the flue
gas flow direction G compared to said radius of curvature
r.

[0059] Measurement examples of smallest width w
and radius of curvature r are shown in Fig. 1b. It will be
appreciated that these quantities can thus be measured
throughout a heat exchanger body and in various em-
bodiments.

[0060] Such a radius of curvature r can enable that
operating fluid flow through the curved path P is substan-
tially smooth andin particular experiences less drag com-
pared to alternatives. Moreover, efficient heat exchange
is thus promoted since heat from flue gas in the respec-
tive flue gas draft can more easily reach into the curves
of the operating fluid flow path P.

[0061] In an embodiment, the operating fluid channel
10 is substantially formed by one or more fluid channel
walls 12 which extend substantially along the operating
fluid flow path P, wherein the walls 12 have a continuous
inner surface so as to be free from forming cavities in
which air may collect.

[0062] An exemplaryindication of the one or more fluid
channel walls 12 is provided in Figs. 1b and 1c. It will be
appreciated that such walls 12 can be seen substantially
throughout respective operating fluid channels 10 in the
various embodiments e.g. as shown in Figs. 1a, 2a and
3a.

[0063] Such a continuous inner surface can thus pre-
vent that air collects in the operating fluid channel 10,

10

15

20

25

30

35

40

45

50

55

thus preventing that collection of air could otherwise neg-
atively affect heat exchanger efficiency.

[0064] In an embodiment, at least one of the one or
more flue gas drafts 8, 8’, 8" comprises an array of fins
14 extending into the respective flue gas draft 8, 8’, 8"
from one or more walls of said flue gas draft 8, 8’, 8",
wherein the fins 14 are configured to increase a flue gas
contact surface area of said flue gas draft 8, 8, 8".
[0065] Fins 14 canforexample comprise blades and/or
pins and may be part of the integral casting 6. Such fins
14 are as such known as a means for increasing contact
surface area in a heat exchanger. Application of such
fins 14 is particularly advantageous in the context of the
present invention as the fins can further enhance heat
exchanger efficiency. For simplicity of the drawings, only
eight exemplary fins 14 are shown in Fig. 1b, of which
only two have been provided with a reference sign 14. It
will be appreciated that many fins 14 can be applied
throughout each flue gas draft, in the various embodi-
ments. Dimensions of fins 14 and/or spatial fin density
can vary, e.g. within a flue gas draft, e.g. along the flue
gas flow direction G. In particular, flue gas contact surface
area of a flue gas draft may thus be increased along the
flue gas flow direction G, in order to promote heat ex-
changer efficiency.

[0066] Fig. 4 shows an exemplary heat exchanger 16
for transfer of heat from a flue gas to an operating fluid,
in particular of a condensing boiler 4, wherein the heat
exchanger 16 comprises the heat exchanger body 2 as
described herein for transfer of heat from the flue gas to
the operating fluid. Fig. 4 also shows an exemplary con-
densing boiler 4 for heating an operating fluid, the con-
densing boiler 4 comprising an exemplary heat exchang-
er 16.

[0067] Itwillbe appreciated that merely one exemplary
embodiment of a heat exchanger and a condensing boiler
is shown in Fig. 4 and that many variations are possible.
[0068] With reference to Figs. 5a and 6a, the integral
casting 6 of the heat exchanger body 2 here comprises
one or more core holes 18, 18’, wherein the heat ex-
changer 16 comprises one or more core plugs 20, 20’
arranged in at least one of the one or more core holes
18, 18’ for closing off said at least one of the one or more
core holes 18, 18’.

[0069] Such core holes 18, 18’ can provide improved,
e.g. easier and/or more efficient, casting of the integral
casting 6, wherein such core plugs 20, 20’ can subse-
quently close off the core holes 18, 18’ such that the heat
exchanger 16 can be free of open core holes during op-
eration.

[0070] In an embodiment, with reference to Fig. 6a-b,
at least one of the one 18’ or more core holes 18, 18’
provides a shortcut fluid path S between two sections of
the operating fluid channel 10 which sections are spaced
away from each other along the operating fluid flow path
P by a primary path length L4, wherein a respective short-
cut path length Ls of the shortcut fluid path S is short
compared to the primary path length L, wherein at least
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one 20’ of the one or more core plugs 20, 20’ is configured
to block a flow of operating fluid along the shortcut fluid
path S.

[0071] It has been found that such a core hole config-
uration can provide improved manufacturability of the
heat exchanger 16, in particular regarding casting of the
integral casting 6, wherein such a core plug 20’ can pre-
vent that operating fluid can flow in the shortcut fluid path
S during operation.

[0072] An exemplary pattern assembly for producing
a part of a mold, in particular a sand mold, for casting an
integral casting 6 of a heat exchanger body 2, can es-
sentially resemble the integral casting as shown in Fig.
5a or 6a, divided into mutually connectable sections. The
pattern assembly comprises: one or more flue gas draft
core sections which each extend along a respective flue
gas draft core main axis; and at least one operating fluid
channel core section, wherein the operating fluid channel
core section defines an operating fluid channel core path
which loops around and thereby encloses the respective
flue gas draft core main axis of each of the one or more
flue gas draft core sections.

[0073] Such a pattern assembly can advantageously
be used for producing an integral casting 6 of a heat
exchanger body 2 according to the present invention.
[0074] Specifically, inanembodiment, amethod of pro-
ducing an integral casting 6 of a heat exchanger body 2
comprises: providing a pattern assembly as described
herein; using the pattern assembly to produce a part of
a mold for casting an integral casting 6; and casting an
integral casting 6 using the produced part of the mold.
[0075] While the invention has been explained using
exemplary embodiments, it will be appreciated that these
do not limit the scope of the invention, which scope is
provided by the claims. For example, a flue gas draft can
extend along a substantially straight path, or alternatively
along an at least partly curved and/or angled path. A flue
gas flow direction may be a substantially downward di-
rection, or alternatively a different direction. A cross sec-
tional area of a flue gas draft may be of various shapes,
including but not limited to an elongated shape. An op-
erating fluid may or may not be pressurized and a heat
exchanger body may be configured accordingly. An op-
erating fluid flow path which loops around and thereby
encloses each of the one or more flue gas drafts need
not necessarily enclose each of the one or more flue gas
drafts individually. An operating fluid flow path may or
may notinclude repeated sequential patterns, e.g. of out-
er sections, end sections and/or intermediate sections.
Further examples of alternatives have been provided
throughout the description. These and other variations,
combinations and extensions are possible and are con-
sidered within the scope of the invention, as will be ap-
preciated by the skilled person.
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2. Heat exchanger body

4. Condensing boiler

6. Integral casting

8, 8’, 8". Flue gas draft

10. Operating fluid channel

12. Fluid channel wall

14. Fin

16. Heat exchanger

18, 18'. Core hole

20, 20’ Core plug

A. Cross sectional area of operating fluid chan-
nel

F. Operating fluid flow direction

G. Flue gas flow direction

h. Height of operating fluid channel

L. Primary path length

Ls. Shortcut path length

P. Operating fluid flow path

Pe. End section of operating fluid flow path

Py. Section of operating fluid flow path which
section extends along a convex hull of a lem-
niscate along which said path substantially
extends

P, Intermediate section of operating fluid flow
path

Po. Outer section of operating fluid flow path

r. Radius of curvature of operating fluid flow
path

S. Shortcut fluid path

w. Smallest width of flue gas draft

Claims

1. A heat exchanger body (2) for transfer of heat from
a flue gas to an operating fluid, in particular of a con-
densing boiler (4), wherein the heat exchanger body
(2) comprises an integral casting (6) from aluminium
or an aluminium alloy and comprises:

- one or more flue gas drafts (8, 8, 8") each
configured to guide a flow of flue gas in a flue
gas flow direction (G); and

- an operating fluid channel (10) configured to
guide a flow of operating fluid in an operating
fluid flow direction (F) along an operating fluid
flow path (P),

wherein, viewed in the flue gas flow direction (G),
the operating fluid flow path (P) loops around and
thereby encloses each of the one or more flue gas
drafts (8, 8, 8").

2. The heat exchanger body according to claim 1,
wherein, viewed perpendicular to the flue gas flow
direction (G), the operating fluid flow path (P) as-
cends or descends substantially monotonically
along the flue gas flow direction (G).
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The heat exchanger body according to claim 1 or 2,
wherein the operating fluid flow path (P) forms a sub-
stantially singular operating fluid flow path (P).

The heat exchanger body according to any of the
preceding claims, wherein, viewed in the flue gas
flow direction (G), the operating fluid flow path (P)
loops around each of the one or more flue gas drafts
(8, 8, 8") at least two times, preferably at least three
times, preferably at least four times, preferably at
least five times.

The heat exchanger body according to any of the
preceding claims, wherein the one or more flue gas
drafts (8, 8’, 8") comprise at least two flue gas drafts
(8, 8, 8"), wherein the at least two flue gas drafts (8,
8’, 8") comprise at least one pair of neighboring flue
gas drafts (8, 8’; 8', 8");

wherein, viewed in the flue gas flow direction (G),
between each pair of neighboring flue gas drafts (8,
8’; 8, 8") one or more intermediate sections (P)) of
the operating fluid flow path (P) extend, such that
the operating fluid flow path (P) loops around and
thereby encloses each flue gas draft (8, 8, 8") indi-
vidually.

The heat exchanger body according to claim 5,
wherein the at least two flue gas drafts (8, 8, 8")
comprise two flue gas drafts (8, 8’), wherein, viewed
in the flue gas flow direction (G), the operating fluid
flow path (P) extends substantially along a lemnis-
cate (i.e. 8-shape or «o-shape) and loops around and
thereby encloses each of the two flue gas drafts (8,
8’) individually.

The heat exchanger body according to any of claims
5 - 6, wherein the operating fluid flow path (P) alter-
natingly loops around each one of the at least two
flue gas drafts (8, 8', 8"), preferably changing over
to a different respective one of the at least two flue
gas drafts (8, 8’, 8") at least four times, for example
ten times.

The heat exchanger body according to any of claims
5 -7, wherein the operating fluid flow path (P) com-
prises outer sections (Pg) which bound two opposite
sides of the heat exchanger body (2), end sections
(Pg) which bound two opposite end sides of the heat
exchanger body (2), and said intermediate sections
Py,

wherein the height (h), measured in the flue gas flow
direction (G), of the operating fluid channel (10) is
substantially variable along the operating fluid flow
path (P), wherein said height (h) is substantially re-
duced along at least one, preferably each, of the in-
termediate sections (P)) of the operating fluid flow
path (P), compared to said height (h) along said outer
sections (Pg) of the operating fluid flow path (P).
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9.

10.

1.

The heat exchanger body according to any of claims
5 - 8, wherein the operating fluid flow path (P) com-
prises outer sections (Pg) which bound two opposite
sides of the heat exchanger body (2), end sections
(Pg) which bound two opposite end sides of the heat
exchanger body (2), and said intermediate sections
Py,

wherein a cross sectional area (A) of the operating
fluid channel (10), viewed in the operating fluid flow
direction (F), along an outer section (Pg) and an in-
termediate section (P,) which are at substantially the
same level along the flue gas flow direction (G), is
substantially constant, wherein a cross sectional ar-
ea (A) of the operating fluid channel (10), viewed in
the operating fluid flow direction (F), substantially in-
creases along the flue gas flow direction (G).

The heat exchanger body according to any of the
preceding claims,

a. wherein the operating fluid flow path (P) is
curved, wherein the one or more flue gas drafts
(8, 8, 8") each have a respective smallest width
(w) measured in a plane perpendicular to the
flue gas flow direction (G),

wherein, along the operating fluid flow path (P),
the radius of curvature (r) of the operating fluid
flow path (P) is larger than a quarter of the re-
spective smallest width (w) of the nearest of the
one or more flue gas drafts (8, 8, 8"), said width
(w) being measured at the same level along the
flue gas flow direction (G) compared to said ra-
dius of curvature (r) and/or

b. wherein the operating fluid channel (10) is
substantially formed by one or more fluid chan-
nel walls (12) which extend substantially along
the operating fluid flow path (P), wherein the
walls (12) have a continuous inner surface so
as to be free from forming cavities in which air
may collect and/or

c. wherein at least one of the one or more flue
gas drafts (8, 8’, 8") comprises an array of fins
(14) extending into the respective flue gas draft
(8, 8’) from one or more walls of said flue gas
draft (8, 8, 8"), wherein the fins (14) are config-
ured to increase a flue gas contact surface area
of said flue gas draft (8, 8’, 8").

A heat exchanger (16) for transfer of heat from a flue
gastoanoperating fluid, in particular of acondensing
boiler (4), wherein the heat exchanger (16) compris-
es the heat exchanger body (2) according to any of
the preceding claims for transfer of heat from the flue
gas to the operating fluid, wherein the integral cast-
ing (6) of the heatexchanger body (2) comprises one
or more core holes (18, 18’), wherein the heat ex-
changer (16) comprises one or more core plugs (20,
20’) arranged in at least one of the one or more core
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holes (18, 18’) for closing off said at least one of the
one or more core holes (18, 18).

The heat exchanger according to claim 11, wherein
at least one (18’) of the one or more core holes (18,
18’) provides a shortcut fluid path (S) between two
sections of the operating fluid channel (10) which
sections are spaced away from each other along the
operating fluid flow path (P) by a primary path length
(Li), wherein a respective shortcut path length (Ls)
of the shortcut fluid path (S) is short compared to the
primary path length (L), wherein at least one (20’)
of the one or more core plugs (20, 20’°) is configured
to block a flow of operating fluid along the shortcut
fluid path (S).

A condensing boiler (4) for heating an operating fluid,
the condensing boiler (4) comprising a heat ex-
changer (16) according to any one of claims 11 - 12
for transfer of heat from a flue gas to the operating
fluid.

A pattern assembly for producing a part of a mold,
in particular a sand mold, for casting an integral cast-
ing (6) of a heat exchanger body (2) according to
any of claims 1 - 10, wherein the pattern assembly
comprises:

- one or more flue gas draft core sections which
each extend along a respective flue gas draft
core main axis; and

- at least one operating fluid channel core sec-
tion, wherein the operating fluid channel core
section defines an operating fluid channel core
path which loops around and thereby encloses
the respective flue gas draft core main axis of
each of the one or more flue gas draft core sec-
tions.

A method of producing an integral casting (6) of a
heat exchanger body (2), the method comprising:

- providing a pattern assembly according to
claim 14;

- using the pattern assembly to produce a part
of a mold for casting an integral casting (6); and
- casting an integral casting (6) using the pro-
duced part of the mold.
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