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Description

[0001] This invention relates to a heat exchanger.
This invention relates in particular to a heat exchanger
comprising a burner chamber, a flue duct and connect-
ing means for a flue discharge, while at least one pas-
sage is provided for passing through a medium to be
heated. Such a heat exchanger is known from practice.
[0002] Heat exchangers of this known type comprise
a burner chamber which links up with a flue passage
through which heated flue gases coming from a burner
arranged in the burner chamber are passed to a flue dis-
charge such as a chimney. Next to at least a portion of
the flue passage extends a channel for passing through
a medium to be heated, such as water. Only on one side
of the channel is a flue passage provided, which may
be disadvantageous for the heat transfer of such a heat
exchanger and the efficiency to be attained therewith.
Moreover, such a heat exchanger is relatively compli-
cated in structure, difficult to clean, and moreover volu-
minous.

[0003] In NL1009901 an air heating apparatus is de-
scribed in which, in an air channel, one or more heat
exchangers are arranged which can be circumfused by
air to be heated. Each heat exchanger comprises a sub-
stantially cylindrical body which extends in the air chan-
nel, with its longitudinal axis at right angles to the direc-
tion of flow of the air to be heated. On a first side, a burn-
er with a fan is arranged, while on the opposite side the
body is connected to a flue gas discharge duct. During
use, heated flue gases from the burner are passed
through the body and discharged through the flue gas
discharge duct, while heat exchange takes place be-
tween the exterior of the body, heated by the flue gases,
and the air flowing past.

[0004] Such a heating apparatus provides the advan-
tage that such an apparatus, in particular a heat ex-
changer to be used therein, is relatively simple in struc-
ture. Moreover, in such an apparatus, the air channel
can be dimensioned sufficiently amply to obtain a de-
sired air flow, whereby a number of heat exchangers can
be used, tailored to the desired air flow rates and tem-
perature changes therein. However, such an apparatus
has as a disadvantage that the flow resistance generat-
ed by the heat exchangers is undesirably high. A further
disadvantage of these known heat exchangers is that,
during use, the side of each heat exchanger located
downstream in the direction of flow of the air to be heat-
ed is heated to an undesirably high degree, so that un-
duly great temperature differences arise in the wall of
the heat exchanger, while moreover the efficiency is re-
duced because a portion of the heat supplied is removed
unused. Further, as a result of the great temperature dif-
ferences, heat stresses may arise in the heat exchang-
er.

[0005] The invention contemplates a heat exchanger
of the type described in the opening paragraph hereof,
whereby the above-mentioned disadvantages are obvi-
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ated while maintaining the advantages thereof. More
particularly, the invention contemplates a heat exchang-
er with a relatively large heat exchange surface and a
low flow resistance, suitable for placement in a channel
in order to be circumfused by a fluid to be heated. To
that end, a heat exchanger according to the present in-
vention is characterized by the features according to
claim 1.

[0006] In a heat exchanger according to the present
invention, the or each passage for the fluid to be heated,
forinstance air or water, is bounded on at least two sides
by a heat transfer surface, so that a particularly large
heat transfer surface with respect to the volume of the
or each passage can be obtained. The overall volume
of the heat exchanger can be relatively small, while the
flow resistance during use can be chosen in a suitable
manner. The sections can then be simply designed such
that during use a uniform temperature distribution is ob-
tained. An additional advantage thereby obtained is that
medium to be heated flowing through the or each pas-
sage is heated relatively uniformly since a heat transfer
surface is provided on opposite sides.

[0007] Inafirstadvantageous embodiment, a heat ex-
changer according to the invention is further character-
ized by the features according to claim 2.

[0008] In such an embodiment, at least each second
section, preferably each section, has a frontal surface
upstream in the direction of flow, that is relatively small,
while the or each passage has a relatively great width,
so that the ratio between the contiguous heat transfer
surface and the frontal surface can be particularly high.
A further advantage thereby achieved is that the rear
side, as viewed in the direction of flow, of the heat ex-
changer has a comparably small surface, at least pro-
jected surface, with respect to the overall heat transfer
surface. 'Projected surface' is herein to be understood
to mean the surface within the outer limiting lines of the
respective section, viewed at right angles to the direc-
tion of flow of the medium to be heated adjacent the
downstream end. The sections of a heat exchanger ac-
cording to the present invention preferably have a sub-
stantially rectangular cross-section of a thickness
which, measured at right angles to the heat transfer sur-
face contiguous to a passage, which is considerably
smaller than the width, measured along the plane of the
respective heat transfer surface.

[0009] In an advantageous embodiment, on opposite
sides of the first section at least one second section is
provided having, in each case, an enclosed passage for
the medium to be heated, while moreover, during use,
the outside surfaces of the second sections remote from
the first section at the same time form a heat transfer
surface. As a result, in a particularly advantageous and
economical manner, use can be made of the heated flue
gases with a heat transfer surface which is particularly
large with respect to the overall volume of the heat ex-
changer.

[0010] A heat exchanger according to the present in-
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vention is suitable in particular for use in an air heating
apparatus.

[0011] In afurther advantageous embodiment, a heat
exchanger according to the invention is further charac-
terized by the features according to claim 8.

[0012] By connecting the first part of the flue duct, in-
cluded in the first section, with the second part of the
flue duct, included in the or each second section, by
means of connecting elements displaced with respect
to each other, the advantage is achieved that an opening
is obtained which links up, on one side, with the passage
between the sections mentioned and, on the other, with
the environment, such that the medium to be heated,
when flowing between the sections in a direction parallel
to the main flow direction of the heated flue gases in the
respective sections, can leave the passage through the
opening mentioned. As a result, optimum use can be
made of the complete heat transfer surface facing the
respective passage.

[0013] A heat exchanger according to the present in-
vention is preferably cast in one piece, in particular from
a light-metal alloy. This enables particularly economical
manufacture of such a heat exchanger, without neces-
sitating assembly operations and the like.

[0014] The invention further relates to a heating ap-
paratus characterized by the features according to claim
13.

[0015] Such a heating apparatus comprising a heat
exchanger according to the present invention provides
the advantage that a particularly high efficiency can be
obtained with a heat exchanger of relatively simple and
modular construction, which is economical in manufac-
ture and use.

[0016] Further advantageous embodiments of a heat
exchanger and heating apparatus according to the in-
vention are set forth in the further dependent claims.
[0017] To clarify the invention, exemplary embodi-
ments of a heat exchanger and heating apparatus ac-
cording to the present invention will be further explained
with reference to the drawing. In the drawing:

Fig. 1 shows in perspective view a heat exchanger
according to the present invention;

Fig. 2 shows in sectional side elevation a heat ex-
changer along the line II-l in Fig. 3;

Fig. 3 shows a front view of a heat exchanger ac-
cording to Fig. 1;

Fig. 4 shows a rear view of a heat exchanger ac-
cording to Fig. 1;

Fig. 5 shows in partly sectional top plan view a heat-
ing apparatus comprising two heat exchangers ac-
cording to the present invention;

Fig. 6 shows in partly sectional side elevation a
heating apparatus according to Fig. 5; and

Fig. 7 shows an alternative embodiment of a heat
exchanger according to the invention.

[0018] In this description, the same parts or corre-
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sponding parts have the same or corresponding refer-
ence numerals.

[0019] In this description, embodiments are shown of
a heat exchanger and heating apparatus for air heating.
It will be clear, however, that in a comparable manner,
such a heat exchanger and heating apparatus can be
employed for heating other media, such as water for use
in a space or tap water heating circuit.

[0020] Fig. 1 shows in perspective view a heat ex-
changer 1 according to the invention, which, in the em-
bodiment shown, is cast in one piece from light metal,
in particular an aluminum alloy. The heat exchanger 1
comprises a first section 2 and, on opposite sides there-
of, a second section 4. The first section 2 is connected
at a first end 6 with a burner chamber 8, with a first flue
duct part 10 extending within the first section 2 between
an open fluid connection with the burner chamber 8 ad-
jacent the first end 6 and a second end 12 of the first
section 2. Each second section 4 comprises a second
flue duct part 14 which constitutes a fluid connection be-
tween a flue gas discharge connection 16 adjacent the
first end 18 of the respective second section 4, located
near, at least at the location of, the first end 6 of the first
section 2, and a second end 20 of the second section
4, located near, in particular next to, the second end 12
of the first section 2. Adjacent the second ends 12, 20
of the first section 2 and the second section 4, respec-
tively, the first flue duct part 10 and the second flue duct
part 14 are connected with each other through two con-
necting elements 22, which are spaced apart adjacent
opposite longitudinal edges of the heat exchanger 1.
Provided between two opposite connecting elements
22, 22Ais an opening 24, which connects a passage 26
between the first section 2 and an adjacent second sec-
tion 4 with the rear side 28 of the heat exchanger 1, re-
mote from the burner chamber 8. As a consequence, air
can flow along the burner chamber 8 between the first
ends 6, 18 of the first section 2 and the second section
4, respectively, into a passage 26 located between the
respective sections 2, 4 and leave the heat exchanger
1 through the respective opening 24. In the passages
26, heat transfer surface-enlarging elements 30 extend
from the walls of the first section 2 and the second sec-
tion 4 into the respective passage 26. The heat transfer
surface-enlarging elements 30 will hereinafter be des-
ignated as projections 30. It will be clear, however, that
these may also be differently shaped elements, for in-
stance ridges, fins, grooves, and the like. In the exem-
plary embodiment shown, the free ends of the projec-
tions 30 are spaced apart to some extent, while the pro-
jections 30 are arranged at a relatively large distance
from each other, in rows and columns staggered with
respect to each other, so that paths following a slightly
zigzag course are defined between the projections 30.
The space of the passage 26 left clear between the pro-
jections 30 has been chosen such that a desired flow
resistance is obtained while in an effective manner con-
tact takes place between the air flowing through the pas-



5 EP 1 099 915 A1 6

sage 26 on the one hand and the walls 32 of the respec-
tive sections 2, 4 defining the passage 26 on the other.
Air flows in the direction P from the burner chamber 8
to the opening 24. On the outer wall parts 34 of the sec-
ond sections 4 that face towards the exterior of the heat
exchanger 1, likewise projections 30 are provided,
which, during use, extend in second passages 36 en-
closed between the respective wall 34 and a wall 38 of
an air channel 40 as shown in Fig. 5.

[0021] In the use for heating other media, the projec-
tions 30 can be shaped and arranged differently. Thus,
in water heating, more projections 30 may be arranged
closer to each other, with the free ends located next to
or between each other. In air heating, too, of course,
such an arrangement is an option, depending on the
flow resistance, heat transfer capacity, contact time and
the like.

[0022] In the embodiment shown, the first section 2
and the second sections 4 each have substantially a rel-
atively flat box shape of a thickness D, measured in a
direction at right angles to the direction of flow P, parallel
to a plane at right angles to the sections 2, 4, which is
considerably smaller than the width B, measured at right
angles to the thickness D and the direction of flow P.
Further, the thickness D is considerably smaller than the
length L of the sections 2, 4, measured in the direction
of flow P and also smaller than the width W of the pas-
sages 26, measured at right angles to the walls 32 of
the sections 2, 4. As appears in particular from Fig. 3,
as aresult, each second section 4 has a forward end 42
with a relatively small frontal surface, while the sections
2,4 have a particularly large heat transfer surface, which
is increased still further by the projections 30. During
use, the sections 2, 4 are substantially completely cir-
cumfused by air. As a result of the arrangement of the
sections 2, 4 in at least substantially parallel planes, and
of the openings 24, formed between the connecting
parts 22, which are relatively large, the closed surface
of the rearward end 28 is relatively small with respect to
the projected surface that is defined by the outside di-
mensions W and Y (Fig. 4) of the rearward end 28,
measured at right angles to the direction of flow P. As a
result, the surface of the heat exchanger 1 which, during
use, has no, at any rate a lesser intensive contact with
the air flowing past, has been considerably reduced, so
that large temperature differences in the heat exchanger
are avoided in a particularly favorable manner.

[0023] The burner chamber 8, viewed in the direction
of flow P, has a rounded forward end and in the embod-
iment shown is substantially cylindrical, so that it will
generate little flow resistance. Other, preferably aerody-
namically formed, burner chambers are possible, of
course. As the first ends 18 of the second sections 4 are
located at a sufficiently large distance from the burner
chamber 8, air can be readily passed into the passages
26, without undesired flow resistance.

[0024] In the end walls 44 of the burner chamber 8,
core holes 44 are provided, through which core material
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can be removed after manufacture of the heat exchang-
er. From one side, or optionally both sides, through such
a core hole 46 a burner 48 can be inserted as shown in
Fig. 6, while any unused core holes 46 can be simply
closed off.

[0025] The flue gas discharge connections 16 have a
direction of outflow at right angles to the direction of flow
P of the air, parallel to the walls 32, 34. The first section
2 and the second sections 4 have a substantially equal
width. The reason for this will be explained later.
[0026] During use, flue gases heated with the burner
48 in the burner chamber 8 are generated, which flue
gases are passed through the first flue duct part 10
through the first section 2 and at the second end 12 are
distributed over the four connecting elements 22, 22A
and passed into the respective flue duct parts 14, in the
direction of the flue gas discharge connections 16.
Through these connections 16, the heated flue gases,
which will have cooled off strongly during use as a result
of heat exchange with air passing along the heat ex-
changer 1, can be discharged.

[0027] With a heat exchanger 1 according to the in-
vention, for instance a heating apparatus 50 can be
formed as shown in Figs. 5 and 6. This heating appara-
tus 50 comprises an air channel 40, for instance of a
rectangular cross section and bounded on four sides by
a wall 38. The air channel 40 comprises an air inlet 52
at a first end and an air outlet 54 on an opposite second
end. During use, in the air channel 40 an air flow is gen-
erated in the direction of flow P, for instance with a fan
56. In the exemplary embodiment shown, in the air
channel 40, two heat exchangers 1 are arranged, one
behind the other as viewed in the direction of flow P, with
the ends 28 facing the air outlet 54. The burner chamber
8 of the heat exchanger 1 located downstream (viewed
in the direction of flow P) is spaced from the rear end 28
of the upstream heat exchanger 1, so as to enable a
relatively unhindered air flow around the respective
burner chambers 8. The width Y, of the air channel 40
is chosen such that with the heat exchangers 1 arranged
centrally in the air channel 40, some space is left on op-
posite sides of them for forming the second passages
36. The height H of the air channel 40 is then chosen
such that it substantially corresponds to the width B of
the heat exchanger 1, so that the top and bottom wall
38 of the air channel 40 abut at least substantially
against the sides of the sections 2, 4, thereby bounding
the passages 26, 36 laterally. Air passing through the
air channel 40 will therefore have to pass through the
passages 26 or the second passages 36. As a result,
intensive contact between the heat exchangers 1 and
the air flowing past is obtained, whereby heat exchange
between the heated flue gases and the air flowing past
occurs in the manner described above.

[0028] In Fig. 5 the bottom wall of the air channel 40
has been omitted, so that the heat exchangers 1 are vis-
ible. As appears from Fig. 6, the somewhat projecting
flue gas discharge connections 16 have been passed
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through appropriate openings in the bottom wall 38 and
terminate in a flue gas discharge chamber 58 formed
under the air channel 40. Connected to the flue gas dis-
charge chamber 58 is a siphon 60 for the discharge of
condensation. Further provided is a flue gas discharge
62 in the form of a chimney for further discharging the
flue gases used.

[0029] In the embodiment shown, a burner 48 has
been inserted into each burner chamber 8 from above,
thatis, opposite the flue gas discharge chamber 58, this
burner 48 being connected to a premix fan 64. The
premix fans 64 are arranged in an air chamber 66 ar-
ranged outside the air channel 40. In the air chamber
66, ambient air can be supplied. Of course, the burners
48 are also connected, via the premix fans 64 and suit-
able gas control means, to a gas pipe or like fuel source.
It will be clear, for that matter, that other kinds of burners
can be used in an apparatus according to the invention,
and further such burner may be inserted into the burner
chamber from, for instance, the opposite side.

[0030] During use, the air inlet 52 of the air channel
40 is connected to a space, for instance an outside
space, from which air to be heated can be drawn in,
while the air outlet 54 is connected to a space in which
the heated air is to be used, in particular for the purpose
of space heating. Heating control means (not shown)
such as thermostatic means are provided for controlling
the burners 48 depending on an established heat de-
mand and/or required refreshment degree, whereupon
the fan 56 and the burners 48 are controlled and air
forced through the air channel 40 is heated to a desired
temperature and is passed via the outlet opening 54 into
the space to be heated. The flue gases are discharged
through the flue gas discharge 62 while condensation is
discharged via the siphon 60.

[0031] Fig. 7 shows in a partly sectional view, compa-
rable to Fig. 2, an alternative embodiment of a heat ex-
changer 1 according to the invention, in which a second
section 4 is provided only on one side of the first section
2. Between the sections 2, 4, again a passage 26 is pro-
vided, which is in fluid communication with the opening
24 with the connecting elements 22. Projections 30 are
again provided on opposite sides of the first section 2
and the second section 4 for enlarging the heat transfer
surface. In this embodiment, the first end 6 of the first
section 2 is of bent design, such that the burner chamber
8 is located entirely beside the first section 2, on the side
remote from the second section 4. This means that the
inflow opening of the passage 26 is exposed virtually
completely. In the embodiment shown, the burner cham-
ber 8 is placed on the side of a wall 38 remote from the
air channel 40, that is, outside the air channel 40. In this
embodiment, it is preferred that the burner chamber 8
is insulated particularly well on the outside, so as to pre-
vent loss of heat. Between the wall 38 and the adjacent
first section 2, again a second passage 36 is provided,
which may also be provided on the opposite side of the
second section 4.
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[0032] The invention is not limited in any way to the
exemplary embodiments represented in the description
and the drawings. Many variations thereof are possible.
Thus, in an air channel, different numbers of heat ex-
changers may be arranged, for instance only one, or a
series of them. Also, heat exchangers may be arranged
side by side in an air channel, for instance such that a
matrix of heat exchangers is obtained with rows and/or
columns which are straight or staggered with respect to
each other. A suitable number of heat exchangers can
be simply determined depending on the heat require-
ment. Also, heat exchangers can be designed with more
sections, for instance one first section and more than
two second sections, or two first sections each with one
or more second sections. Also, a third section may be
provided on the side of the or each second section re-
mote from the first section. This third section may be
connected with the second section in the same manner
as or a comparable manner to that in which the second
section is connected with the first section, which con-
nection can be provided adjacent the first end or the sec-
ond end of the respective second section. In such a
manner, in principle any desired number of sections can
be arranged side by side. Also, the different sections
may include an angle with each other, for instance such
that the or each passage 26 tapers between the sec-
tions, in the direction of flow or in the direction opposite
to the direction of flow. As a result, the heat exchange
during use can be simply optimized. A heat exchanger
according to the present invention is preferably cast in
one piece, but can also be manufactured in a different
manner, for instance with sheet-metal working tech-
niques known per se. The flue passage parts in the dif-
ferent sections can be connected in a different manner,
for instance with only one connecting element or with
more than two connecting elements, with consequently
a different number of openings. The flue gas passages
can be straight but can also have a meandering course.
As indicated, a heat exchanger or a heating apparatus
according to the invention can also be employed for use
with other media to be heated, while moreover it can be
provided that the temperature of medium flowing along
the heat exchanger(s) can be influenced by passing a
medium other than flue gases through the heat ex-
changer. Thus, for instance, air cooling can be obtained
by passing a cold liquid through the heat exchangers. It
will be clear that the configuration of the heat exchanger,
in particular the shape of the sections and the burner
chamber can be adapted at will. These and many com-
parable variations are understood to fall within the scope
of the invention as outlined by the claims.

Claims
1. Aheatexchanger (1), comprising a burner chamber

(8), a flue duct (10, 14, 22, 22A) and connecting
means (16) for a flue gas discharge, while at least
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one passage (26) is provided for passing through a
medium to be heated, there being provided at least
a first (2) and a second section (4), which extend
side by side, with the burner chamber linking up ad-
jacent a first end of the first section, while a first part
(10) of the flue duct extends in the first section (2)
and a second part (14) of the flue duct extends in
the second section (4), while the first part (10) of the
flue duct is connected, adjacent the second end
(12) of the first section (2) remote from the first end
(6), with the second part (14) of the flue duct, adja-
cent the second end (20) of the second section (4),
said at least one passage (26) for the medium to be
heated extending at least between the first (2) and
an adjacent second section (4), between the burner
chamber (8) and the second ends (12, 20) of the
first (2) and second section (4).

A heat exchanger according to claim 1, wherein at
least the or each second section (4) has an up-
stream end (42) in the direction of flow (P) of the
medium to be heated, which end (42) is substantial-
ly elongate and has a thickness (D) which is con-
siderably smaller than the width (B), while the thick-
ness (D) and width (B) extend approximately at right
angles to said direction of flow (P).

A heat exchanger according to claim 1 or 2, wherein
on opposite sides of the first section (2) at least one
second section (4) is provided, as well as a passage
(14) for the medium to be heated.

A heat exchanger according to any one of the pre-
ceding claims, wherein at the first end (18) of the
second section (4) remote from the second end (20)
thereof, a connecting means (16) for a flue gas dis-
charge (62) is connected-to the respective second
part (14) of the flue duct, located in the second sec-
tion (4).

A heat exchanger according to any one of the pre-
ceding claims, wherein the at least one passage
(26) for the medium to be heated is arranged for
passing through air as the medium to be heated.

A heat exchanger according to any one of the pre-
ceding claims, wherein on the side of the or each
second section (4) remote from the first section (2),
a portion of the passage (36) is provided for the me-
dium to be heated, in particular air.

A heat exchanger according to any one of the pre-
ceding claims, wherein heat exchange surface-en-
larging elements (30) are provided on the outside
of the first (2) and/or second (4) section, which ele-
ments (30) extend in an adjacent part of the pas-
sage (26, 36) for the medium to be heated.
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8.

10.

11.

12.

13.

14.

15.

16.

17.

A heat exchanger according to any one of the pre-
ceding claims, wherein the first part (10) of the flue
ductis connected with the second flue duct part (14)
through at least two connecting elements (22, 22A),
spaced apart adjacent the second ends (12, 20) of
the first (2) and second section (4), while an opening
(24) is provided between the connecting elements
(22, 22A) which links up with the passage (26) for
the medium to be heated, located between the re-
spective sections (2, 4).

A heat exchanger according to any one of the pre-
ceding claims, wherein the distance between two
adjacent sections (2, 4) is approximately equal to or
greater than the thickness (D) of each of the adja-
cent sections (2, 4).

A heat exchanger according to any one of the pre-
ceding claims, wherein the direction of flow (P) in
the or each passage (26, 36) for the medium to be
heated extends from the burner chamber (8) to the
second ends (12, 20) of the sections (2, 4).

A heat exchanger according to any one of the pre-
ceding claims, wherein the heat exchanger (1) is
cast in one piece, in particular from a light-metal al-

loy.

A heat exchanger according to any one of the pre-
ceding claims, wherein the approach side of the
burner chamber (8) is rounded, the burner chamber
(8) preferably being substantially cylindrical.

A heating apparatus comprising an air channel (40),
wherein at least one heat exchanger (1) according
to any one of the preceding claims extends in the
air channel (40).

A heating apparatus according to claim 13, wherein
the burner chamber (8) of the or each heat exchang-
er (1) is located upstream of the sections (2, 4) in
the direction of flow.

A heating apparatus according to claim 13 or 14,
wherein in the at least one burner chamber (8) a
premix burner (48) is arranged, comprising a fan
(64), while a connecting channel (66) is provided for
supply of air to the fan (64) from outside of the air
channel (66).

A heating apparatus according to claim 15, wherein
at least a portion of the connecting channel (66) for
each burner (48) extends at least partly in the air
channel (40), such that during use some preheating
of air flowing therethrough is obtained.

A heating apparatus according to any one of the
preceding claims, wherein at least two heat ex-
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changers (1) are included in the air channel (40).
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