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(57)  The invention relates to a tube structure, a flow
channel structure and a heat exchanger, as well as their
use, particularly in pre-heaters for air in boiler plants.
The tube structure (P) is intended to be fixed between
opposite walls (1, 2) of a flow channel (VK) or the like
for afirst heat transfer medium (VK) of a heat exchanger.
A second heat transfer medium (TV) is arranged to flow
through the tube structure (P). The tube structure (P)

comprises, at its both ends (3, 4), fixing means (5, 6) for
fixing the tube structure (P) in a releasable manner to
the walls (1, 2) of the flow channel (VK). The first and
second walls (1, 2) of the flow channel structure are pro-
vided with a compatible pair (17, 18) of holes, through
which the tube structures (P) to be inserted in the heat
exchanger are installed.
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Description

[0001] The invention relates to a tube structure for
heat exchangers, wherein the tube structure is intended
to be fixed between opposite walls of a flow channel, or
the like, for a first heat transfer medium of a heat ex-
changer, and wherein a second heat transfer medium is
arranged to flow through the tube structure.

[0002] The invention also relates to a flow channel
structure which is arranged to be used as a part of a
heat exchanger, wherein a first heat transfer medium
flows in the flow channel, and wherein the flow channel
structure, provided by means of a wall structure and
having a closed cross-section, has a first wall and a sec-
ond wall, one or more tube structures being placed in
the flow channel between the walls, a second heat trans-
fer medium flowing through the tube structures.

[0003] The invention also relates to a heat exchanger
comprising a combination of a flow channel structure
and a tube structure placed therein, wherein the tube
structure is fixed between opposite walls of the flow
channel or the like of the heat exchanger, and wherein
a first heat transfer medium flows in the flow channel
and a second heat transfer medium flows through the
tube structure.

[0004] In addition to those above, the invention also
relates to the use of a tube structure, a flow channel
structure and a heat exchanger as a pre-heater for air
in a boiler plant.

[0005] The tube structure, flow channel structure and
heat exchanger according to the invention are intended
to be used particularly, but not solely, when heat is to be
transferred from flue gases of the boiler plant to the com-
bustion air to be introduced into the furnace of the boiler
plant. In normal boiler plant use, the structure is a pre-
heater for air, a so-called Luvo heat exchanger struc-
ture. In a known manner, these heat exchanger struc-
tures comprise horizontal tubes which are connected in
a gas-tight manner to vertical tube plates which normally
also constitute two of the walls of the flue gas channel
forming the flow channel. The combustion air flows in-
side the tubes, and the flue gases discharged from the
furnace of the boiler plant flow outside the tubes, trans-
versely with respect to the tubes. Naturally, the flow can
also be arranged vice versa according to the practical
application.

[0006] According to technology presently in use, the
Luvo heat exchanger is formed of one or more tube
banks which are assembled in such a way that a group
of single tubes are connected at opposite ends to two
wall plates which partly form the wall structure of the
flow channel and are provided with openings at the lo-
cations of the tubes, to form a tube bank by welding ei-
ther directly or by means of an intermediate sleeve con-
nected to the tube. In such a structure, the problem lies
particularly in that strong corrosion is present in the
tubes of the tube banks placed in the coldest part of the
flue gas channel, when the temperature of the flue gas-
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es is close to or within the range of the acid dew point.
Manufacturing by welding limits the number of available
materials, because the tubes and the wall plates which
form at least part of the wall structure of the flue gas
channel must be weldable to each other. Also, it is not
possible to use coatings on the outer surface of the
tubes, because coatings do not stand the heat devel-
oped by welding without being damaged, and the coat-
ing of the welded location cannot be repaired after-
wards. The tube bank assembled by welding has such
a structure that the ready welded tube bank cannot be
coated afterwards.

[0007] Itis an aim of the present invention to substan-
tially eliminate the above-mentioned problems related
to prior art and thereby to improve the state of art.
[0008] To achieve these aims, the tube structure ac-
cording to the invention is primarily characterized in that
the tube structure comprises, at its both ends, fixing
means for fixing the tube structure to the walls of the
flow channel in a releasable manner.

[0009] Furthermore, to achieve these aims, the flow
channel structure according to the invention is primarily
characterized in that the first and second walls of the
flow channel structure are provided with at least one
compatible pair of holes for the insertion of at least one
tube structure through the second hole of the pair of
holes to the flow channel structure in a sealed and re-
leasable manner.

[0010] Furthermore, the heat exchanger according to
the invention is primarily characterized in that the tube
structure comprises, at its both ends, fixing means for
fixing the tube structure in a releasable manner to the
walls of the flow channel, and that the first and second
walls of the flow channel structure comprise at least one
compatible pair of holes through which at least one tube
structure is placed in the flow channel structure in a
sealed and releasable manner.

[0011] The above-presented solutions yield a tube
structure, a flow channel structure and a heat exchanger
whose materials and/or coatings can be selected prima-
rily by taking into account their corrosion and erosion
resistance as well as their strength against possible vi-
brations or other mechanical loads. A heat exchanger
implemented according to the primary characteristics of
the invention is free from deformations which are typical
of a welded structure and whose reparation would cause
additional costs. Furthermore, the tube structure, the
flow channel structure and the heat exchanger accord-
ing to the invention can be easily maintained fit for duty,
because the tube structures of the heat exchanger can
even be exchanged one by one, if necessary, in the flow
channel structure which may thus be placed in its actual
use location, e.g. in a flue gas channel of a boiler plant.
[0012] The locking of the tubes in their places is ac-
complished by means of tightening members acting in
the axial direction. The tube fits freely in the hole, and
the locking takes place through shape locking with the
aid of tightening means acting at both ends of the tube
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and counter surfaces entering against each other in the
axial direction of the tube. At both ends, one of the coun-
ter surfaces projects radially outwardly from the tube
and the other of the counter surfaces is part of the wall.
Friction joint requiring clean metal surfaces against
each other is not needed, but the tube can be coated.
[0013] Some advantageous embodiments of the in-
vention will be presented in the appended dependent
claims related to the tube structure, the flow channel
structure and the heat exchanger.

[0014] In the following description, the invention will
be illustrated in more detail with reference to an embod-
iment shown in the appended drawings. In the drawings,
Fig. 1 shows an application of the tube structure ac-
cording to the invention, seen in a direction
perpendicular to the longitudinal direction of
the tube structure, in a partial cross-section in
the direction of the longitudinal axis of the tube
structure,

Fig. 2 shows a part of a heat exchanger application
assembled of tube structures according to Fig.
1in a cross-section perpendicular to the longi-
tudinal direction of the flow channel,

Fig. 3  shows a part of the heat exchanger seen in the
direction of arrow Il of Fig. 2, from the outside
of the flow channel, and

Fig. 4  shows a part of the heat exchanger seen in the
direction of arrow IV of Fig. 2, from the outside
of the flow channel.

[0015] The tube structure P shown in Fig. 1 is intend-
ed to be placed in connection with a heat exchanger,
wherein the tube structure P is fixed between opposite
walls 1, 2 of the flow channel VK, or the like, for a first
heat transfer medium EV in the heat exchanger (Fig. 2).
A second heat transfer medium TV is arranged to flow
through the tube structure P. The tube structure P com-
prises, at its both ends 3, 4, fixing means 5, 6 for fixing
the tube structure P in a releasable manner to the walls
1, 2 of the flow channel. The first fixing means 5 at the
first end 3 is a threading which is arranged to protrude
outside the first wall 1 of the flow channel VK when the
tube structure P is in installed position. The second fix-
ing means 6 of the tube structure P is, in turn, a collar
flange located at the second end 4 of the tube structure
P and protruding from its outer surface. The collar flange
is arranged to be located outside the second wall 2 of
the flow channel VK when the tube structure P is in in-
stalled position.

[0016] The first fixing means 5 is, in the embodiment
shown in the drawings, provided on the outer surface of
a sleeve 8 fixed at the first end 7a of a main tube 7 which
forms the actual flow channel for the second heat trans-
fer medium TV in the tube structure P. A part of the
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sleeve 8 is placed inside the main tube 7 and the sleeve
8 is fixed, at its outer surface, to the main tube 7. The
sleeve 8 is fixed by a welded joint 9 between the outer
surface 8a of the sleeve 8 and the front surface 7b at
the first end 7a of the main tube. The welded joint 9
forms an annular sealing surface 10, which faces the
first end 3 of the tube structure P and whose outer sur-
face is preferably conical. The sealing surface is sealed
against a counter surface 11 in the first wall 1 and facing
the flow channel VK, when the tube structure P is in in-
stalled position as shown in Fig. 2.

[0017] The collar flange 12 forming the second fixing
means 6 is placed in connection with a sleeve unit 13
attached to the outer surface of the main tube, wherein
the sleeve unit 13 is placed around the main tube 7 in
its longitudinal direction, to extend substantially in the
flow channel VK, as shown in Fig. 2. The sleeve unit 13
is connected, at its end opposite to the collar flange 12,
by a welded joint 14 to the outer surface of the main tube
7. The outer surface of the sleeve unit 13 is cylindrical,
and the diameter of its preferably circular inner hole 13a
is greater than the diameter of the cross-section of the
outer surface of the main tube 7, the sleeve unit 13 be-
ing, substantially over its whole length, off the outer sur-
face of the main tube 7.

[0018] The collar flange 12 at the second end 4 of the
tube structure P protrudes diagonally from the outer sur-
face of the sleeve unit 13 and forms a sealing surface
12a by its surface facing the flow channel VK. When the
tube structure P is in installed position as shown in Fig.
2, the sealing surface 12a is sealed against the counter
surface 15 of the second wall 2, directed away from the
flow channel VK.

[0019] As can be seen particularly from Fig. 1, the
main tube structure 7 and the parts connected to it, par-
ticularly the sleeve unit 13, throughout at least those
sections which are placed in the flow channel VK when
the tube structure P is in installed position as shown in
Fig. 2, can be coated with a coating 16 which takes into
account the properties of the first heat transfer medium
EV, if the materials for the main tube structure 7, the
sleeve unit 13 and/or the welded joint 14 therebetween
have been selected, for other reasons, in such a way
that the material does not stand, or has a limited resist-
ance to, the physical and/or chemical effects of the first
heat transfer medium EV. The second heat transfer me-
dium TV flowing in the tube structure P is arranged to
flow into the tube structure P through the second end 4
of the tube structure P. Thus, the dimensions and the
material and/or the coating of the sleeve construction
can be selected so that the whole tubular structure P is
resistant at this critical point of the heat exchanger,
where the temperature difference between the first EV
and second TV heat transfer media is the greatest and
which thus has the greatest risk of temperatures below
the dew point.

[0020] The flow channel structure according to the in-
vention is arranged to be used as a part of the heat ex-
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changer to restrict the cross-sectional area for the flow
of the first heat transfer medium EV. The closed flow
channel having a closed cross-sectional shape
achieved by means of the wall structure forming the flow
channel structure has a first wall 1 and a second wall 2,
between which one or several tube structures P are
placed in the flow channel VK, the second heat transfer
medium TV thus flowing through the tube structures P.
Naturally, the first 1 and second 2 walls are connected
at their edges by end walls (not shown) to achieve said
flow channel with a closed cross-section. The first 1 and
second 2 walls comprise at least one compatible pair
17,18 of holes (in practical applications, however, sev-
eral pairs 17, 18 of holes being placed at regular spac-
ings in the walls 1 and 2), to place at least one tube struc-
ture P through the second hole 18 of the pair 17, 18 of
holes to the flow channel structure in a sealed and re-
leasable manner. The structure of each pair 17, 18 of
holes is formed in such a way that the hole 17 in the first
wall 1 of the flow channel structure substantially corre-
sponds, in its diameter, to the inner diameter of the
cross-sectional shape of the tube structure P at the lo-
cation of the flow channel, wherein the edge of the first
hole 17 facing the flow channel is provided with a coun-
ter surface 11 to be used in the sealing between the tube
structure and the first wall 1, the counter surface 11 be-
ing placed in abutment with the sealing surface 10 of the
tube structure P. The sleeve 8 fixed at the first end 7a
of the main tube 7 protrudes through the first hole 17
outside the first wall 1 of the flow channel structure. In
the second wall 2 of the flow channel structure, the di-
ameter of the second hole 18, through which the tube
structure P is thus installed into the flow channel VK, is
equal to or greater than the greatest outer diameter of
the cross-section of the tube structure P (in practice, the
outer diameter of the sleeve structure 13) at the flow
channel VK, wherein the edge of the second hole 18
directed away, i.e. outwards from the flow channel VK
is provided with a diagonal annular counter surface 15
which is to be used in the sealing between the tube
structure P and the second wall 2 and which is connect-
ed to the sealing surface 12a of the collar flange 12 when
the tube structure P is in installed position.

[0021] The counter surfaces entering in abutment
against each other in axial direction, the counter surface
11 of the hole and the sealing surface 10 of the tube
structure at the first hole 17, and the counter surface 15
of the hole and the sealing surface 12a of the tube struc-
ture at the second hole 18 of greater diameter, bring
about a shape locking on the wall 1, 2 and in the corre-
sponding hole 17, 18 at both ends of the tube structure
P in cooperation with tightening members acting on the
tube structure P in the axial direction. No friction joint is
needed, and when the tightening members have been
released, the tube structure P can be freely pulled off
on the side of the larger hole 18. When the counter sur-
faces 11, 10 and 15, 12a lying against each other are
sloped with respect to the axial direction, a good sealing
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is achieved.

[0022] Consequently, the heat exchanger according
to the invention comprises, in the above-described man-
ner, a combination of a flow channel structure (walls 1,
2 and end walls connecting them) and at least one tube
structure P placed therein. The tube structures P are
thus installed through the second wall 2 in such a way
that the first end 3 of the tube structure P is introduced
from the outside of the flow channel structure through
the second hole 18 into and through the flow channel
VK, until the sleeve 8 meets the first hole 17 of said pair
of holes, through which the sleeve 8 is led to the position
shown in Fig. 2. The layout of the portions sealed
against each other in the flow channel structure and in
each tube structure P is dimensioned so that a good
sealing is achieved after tightening with tightening
means in the position shown in Fig. 2. If necessary, it is
possible to use separate sealing materials to be placed
between the sealing surfaces to secure the sealing ef-
fect accomplished with the sealing and counter surfaces
(10, 11 and 12a, 15).

[0023] Inthe embodiment shown in the drawings, the
first fixing means 5 of the tube structure P is thus a
threading formed on the outer surface of the sleeve 8 at
the first end 3 of the tube structure P, arranged to pro-
trude outside the first wall 1 of the flow channel VK when
the tube structure P is in installed position. In the fixing
of the tube structure P, a nut 19, or the like, is arranged
to be installed outwardly of the heat exchanger (Fig. 3),
wherein the first wall 1 of the flow channel structure is
locked at the first hole 17 between the first end 3 of the
tube structure P and the nut 19 or the like. The nut 19
serves thus in the locking of the first end 3 of the tube
structure P as a tightening member acting on the tube
structure in the axial direction.

[0024] Consequently, the second fixing means 6 of
the tube structure P is an annular collar flange 12 locat-
ed at the second end 4 of the tube structure P and pro-
truding from its outer surface. The collar flange is ar-
ranged to be located outside the second wall 2 of the
flow channel VK when the tube structure P is in installed
position. A press plate 20 or the like, to be installed out-
wardly from the heat exchanger, is arranged to be used
in the fixing, wherein the collar flange 12 is locked be-
tween the second wall 2 of the flow channel VK and the
press plate 20 or the like, connected to each other with
a locking means 21, 22. In the presented embodiment,
the press plate 20 or the like is arranged to fix several,
preferably four collar flanges 121, 122, 123, 124 belong-
ing to different tube structures P1-P4 (such tube struc-
tures P1-P4 are next to each other in the heat exchang-
er) and located at fixed distance from its centre (Fig. 4).
The locking means 21, 22 consists of a stud bolt 21,
which is connected (for exmple by a threaded hole fit)
to the second wall 2 of the flow channel VK, protrudes
from its outer surface and is arranged to extend through
acentral hole 20ain the press plate 20 or the like, where-
in a tightening nut 22 or the like, belonging to the locking
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means, is installed on the stud bolt 21 outside the press
plate 20. The tightening nut 22 or the like and the press
plate 20, which can be several for one tube structure P
in the manner shown by Fig. 3, serve in the locking of
the second end 4 of the tube structure P as a tightening
member acting on the tube structure in the axial direc-
tion and bringing about a force effect in the tube struc-
ture in the same direction as does the tightening mem-
ber (nut 19) of its opposite, first end 3.

Claims

1. A tube structure for heat exchangers, wherein the
tube structure (P) is intended to be fixed between
opposite walls (1, 2) of a flow channel (VK), or the
like, for a first heat transfer medium (EV) of a heat
exchanger, and wherein a second heat transfer me-
dium (TV) is arranged to flow through the tube struc-
ture (P), characterized in that the tube structure
(P) comprises, at its both ends (3, 4), fixing means
(5, 6) for fixing the tube structure (P) to the walls (1,
2) of the flow channel (VK) in a releasable manner.

2. The tube structure according to claim 1, character-
ized in that the first fixing means (5) of the tube
structure (P) is a threading at the first end (3) of the
tube structure (P), arranged to protrude outside the
first wall (1) of the flow channel (VK) when the tube
structure (P) is in installed position.

3. The tube structure according to claim 1 or 2, char-
acterized in that the second fixing means (6) of the
tube structure (P) is a collar flange (12) located at
the second end (4) of the tube structure (P) and pro-
truding from its outer surface, said collar flange be-
ing arranged to be positioned outside the second
wall (2) of the flow channel (VK) when the tube
structure (P) is in installed position.

4. The tube structure according to claim 1, 2 or 3,
characterized in that the first fixing means (5) is
provided on the outer surface of a sleeve (8) fixed
at the first end (7a) of a main tube (7) which forms
the actual flow channel for the second heat transfer
medium (TV), wherein a part of the sleeve (8) is
placed inside the main tube (7) and the sleeve (8)
is fixed, at its outer surface, to the main tube (7).

5. The tube structure according to claim 4, character-
ized in that the sleeve (8) is fixed by means of a
welded joint (9) formed between the outer surface
of the sleeve (8) and the front surface (7b) at the
first end (7a) of the main tube (7).

6. The tube structure according to claim 5, character-
ized in that said welded joint (9) forms a preferably
conical sealing surface (10) in the tube structure
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10.

1.

12.

13.

(P), which is sealed against a counter surface (11)
located at the first wall (1) and facing the flow chan-
nel (VK) when the tube structure (P) is in installed
position.

The tube structure according to any of the claims 3
to 6, characterized in that the collar flange (12)
forming the second fixing means (6) is placed in
connection with a sleeve unit (13) fixed onto the out-
er surface of the main tube (P).

The tube structure according to claim 7, character-
ized in that the sleeve unit (13) is placed around
the main tube (P) to extend substantially into the
flow channel (VK).

The tube structure according to claim 7 or 8, char-
acterized in that the diameter of the inner hole of
the cross-section of the sleeve unit (13) is greater
than the diameter of the cross-section of the outer
surface of the main tube (7), wherein the sleeve unit
(13) is, substantially over its whole length, off the
outer surface of the main tube (7).

The tube structure according to claim 7, 8 or 9,
characterized in that the sleeve unit (13) is con-
nected, at its end opposite to the collar flange (12),
by a welded joint (14) to the outer surface of the
main tube (7).

The tube structure according to any of the claims 3
to 10, characterized in that the collar flange (12)
atthe second end (4) of the tube structure (P) forms,
by its surface facing the flow channel (VK), a sealing
surface (12) which is sealed against a counter sur-
face (15) located on the second wall (2) and direct-
ed away from the flow channel (VK).

The tube structure according to any of the claims 1
to 11, characterized in that the main tube structure
(7) and the parts connected to it, at least throughout
the sections which are placed in the flow channel
(VK) when the tube structure (P) is in installed po-
sition, are coated with a coating which takes into
account the properties of the first heat transfer me-
dium (EV).

A flow channel structure which is arranged to be
used as a part of a heat exchanger, wherein a first
heat transfer medium (EV) flows in the flow channel
and wherein the flow channel structure produced by
means of a wall structure and having a closed
cross-sectional shape has first and second walls (1,
2), between which one or more tube structures (P)
are placed in the flow channel (VK), a second heat
transfer medium (TV) flowing through the tube
structures (P), characterized in that the first and
second walls (1, 2) are provided with at least one
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compatible pair (17, 18) of holes for the insertion of
at least one tube structure (P) through the second
hole (18) of the pair (17, 18) of holes to the flow
channel structure in a sealed and releasable man-
ner.

The flow channel structure according to claim 13,
characterized in that the tube structure (P) is at its
both ends (3, 4) locked in the wall (1, 2) through
shape locking with the aid of tightening members
acting at both ends of the tube and counter surfaces
(11, 10 and 15, 12a) entering against each other in
the axial direction of the tube structure.

The flow channel structure according to claim 13 or
14, characterized in that the structure of each pair
(17, 18) of holes is formed so that the diameter of
the first hole (17) in the first wall (1) of the flow chan-
nel structure substantially corresponds to the inner
diameter of the cross-section of the tube structure
(P) at the location of the flow channel (VK), wherein
the edge of the first hole (17) facing the flow channel
is provided with a counter surface (11) to be used
for the sealing between the tube structure (P) and
the first wall (1), and in such a way that the diameter
of the hole (18) in the second wall (2) of the flow
channel structure is equal to or larger than the outer
diameter of the cross-section of the tube structure
(P) at the location of the flow channel (VK), wherein
the edge of the second hole (18), directed away
from the flow channel (VK), is provided with a coun-
ter surface (15) to be used in the sealing between
the tube structure (P) and the second wall (2).

A heat exchanger comprising a combination of a
flow channel structure and a tube structure (P)
placed therein, wherein the tube structure (P) is
fixed between opposite walls (1, 2) of the flow chan-
nel (VK) or the like of the heat exchanger, and
wherein a first heat transfer medium (EV) flows in
the flow channel (VK) and a second heat transfer
medium (TV) flows through the tube structure (P),
characterized in that the tube structure (P) com-
prises, at its both ends (3, 4), fixing means (5, 6) for
fixing the tube structure (P) in a releasable manner
to the walls of the flow channel (VK), and that the
first and second walls (1, 2) of the flow channel
structure are provided with at least one compatible
pair (17, 18) of holes, through which at least one
tube structure (P) is placed in the flow channel
structure in a sealed and releasable manner.

The heat exchanger according to claim 16, charac-
terized in that the first fixing means (5) of the tube
structure (P) is a threading located at the first end
(3) of the tube structure (P) and is arranged to pro-
trude outside the first wall (1) of the flow channel
(VK) when the tube structure (P) is in installed po-
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18.

19.

20.

21.

22.

10

sition, and that the fixing is arranged to be imple-
mented by means of a nut (19) or the like that can
be installed outside the heat exchanger, wherein
the first wall (1) of the flow channel (VK) is locked
between the first end (3) of the tube structure (P)
and the nut (19) or the like.

The heat exchanger according to claim 16 or 17,
characterized in that the second fixing means (6)
of the tube structure (P) is a collar flange (12) locat-
ed at the second end (4) of the tube structure (P)
and protruding from its outer surface, the collar
flange being arranged to be positioned outside the
second wall (2) of the flow channel (VK) when the
tube structure (P) is in installed position, and that
the fixing is arranged to be implemented by means
of a press plate (20) or the like that can be installed
outside the heat exchanger, wherein the collar
flange (12) is locked between the second wall (2) of
flow channel (VK) and the press plate (20) or the
like, fixed to each other with a locking means (21,
22).

The heat exchanger according to claim 18, charac-
terized in that the press plate (20) or the like is ar-
ranged to fix several, preferably four collar flanges
(121,122, 123, 124) located at a fixed distance from
its centre and belonging to different tube structures
(P1-P4).

The heat exchanger according to any of the claims
16 to 19, characterized in that the locking means
(21, 22) of the second end (4) of the tube structure
consists of a stud bolt (21) connected to the second
wall (2) of the flow channel (VK), protruding from its
outer surface, and being arranged to extend
through the press plate (20) or the like, wherein a
tightening nut (22) or the like is installed on the stud
bolt (21) outside the press plate (20).

The heat exchanger according to any of the claims
16 to 20, characterized in that the second heat
transfer medium (TV) flowing in the tube structure
(P) is arranged to flow into the tube structure (P)
through the second end (4) of the tube structure (P).

The use of a tube structure according to any of the
claims 1 to 12, a flow channel structure according
to any of the claims 13 to 15, or a heat exchanger
according to any of the claims 16 to 21 as a pre-
heater for air in a boiler plant.
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