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(54) Title: EXHAUST DUCT ARRANGEMENT

(57) Abstract: The exhaust duct arrangement com-
prises a first exhaust duct part (1) having a flange
(1b) for connecting a second end of the part (1) to an
adjacent exhaust duct part (2), and a second exhaust
duct part (2) having a first flange (2a) at a first end
and a second tlange (2b) at a second end, each of the
flanges (2a, 2b) being arrangeable against a flange
(1b, 3a) of an adjacent exhaust duct part (1, 3). The
flanges (1b, 2a, 2b) of the exhaust duct parts (1, 2)
are configured so that when the first end of the
second exhaust duct part (2) is arranged against the
flange (1b) of the first exhaust duct part (1), the joint
that is formed has a different cross-sectional profile
than a joint that is formed by arranging the second
end (2b) of the second exhaust duct part (2) against
the flange (1b) of the first exhaust duct part (1).
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Exhaust duct arrangement
Technical field of the invention

The present invention relates to an exhaust duct arrangement in accordance
with the preamble of claim 1.

Background of the invention

An exhaust duct of a large piston engine, such as a ship or power plant en-
gine, is typically made of several exhaust duct parts that are connected to each
other. Each exhaust duct part is provided with a flange at its each end for facili-
tating connecting of the part to the adjacent parts of the exhaust duct. In some
cases, two rigid exhaust duct parts are connected to each other via a connect-
ing piece comprising a rigid inner pipe, often called as a flame tube, and a flex-
ible bellows-type tube arranged around the flame tube. Each end of the con-
necting piece is provided with a flange for connecting the connecting piece to
the adjacent exhaust duct parts. The flexible outer tube is connected to the
flanges of the connecting piece at both ends, but only one end of the flame
tube is connected to a flange of the connecting piece. The rigid flame tube is
thus rigidly connected only to one of the adjacent exhaust duct parts, and a
flexible connection is thus formed between the rigid exhaust duct parts. The
flexible connection allows heat expansion of the parts and prevents vibrations
from being transmitted from one exhaust duct part to another part. To allow
bending of the connecting piece, the outer diameter of the flame tube has to be
slightly smaller than the inner diameter of the flange of the connecting piece at
the free end of the flame tube. Therefore, it is important that the connecting
piece is mounted in a correct orientation. The free end of the flame tube should
point to the flow direction of the exhaust gas. If the free end of the flame tube
points to the wrong direction, the exhaust gas flows at a high speed into the
space between the flame tube and the flexible outer tube. The exhaust gas
flow and the thermal loading of hot exhaust gases can damage the flame tube
and the bellows, and in the worst case the flame tube cracks and pieces of the
flame tube are carried to a turbine of the turbocharger destroying the turbo-
charger. In addition, the hot exhaust gases cause wear of the outer tube, which
can lead to leaks into the engine room, damage the insulation of the exhaust
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system, increase surface temperatures of the engine and consequently in-
crease the risk of fire and compromise human safety.

The cross-sectional profiles of the flanges of the connecting piece are usually
substantially identical. Typically, when a flange of the connecting piece is ar-
ranged against a flange of an adjacent rigid exhaust duct part, the cross-
sectional profile of the formed joint is substantially V-shaped and tapers to-
wards the outer perimeter of the joint. The shape of each flange is thus a half-
V. The joint is secured by arranging a clamp ring around the flanges. Because
the flanges are substantially identical, the connecting piece can be mounted in
any of the two possible longitudinal orientations. The correct mounting of the
connecting piece is ensured by markings indicating the flow direction of the
exhaust gas. However, the mechanic assembling the exhaust duct may forget
to check the correct orientation of the connecting piece or may even be un-
knowing of the flow direction. Therefore, there is a substantial risk of incorrect
mounting of the connecting piece, significant damages of a turbocharger and
hot exhaust gas leakage into the surroundings.

Summary of the invention

An object of the present invention is to provide an improved exhaust duct ar-
rangement. The characterizing features of the exhaust duct arrangement ac-
cording to the invention are given in the characterizing part of claim 1.

The exhaust duct arrangement comprises a first exhaust duct part having a
first end and a second end, the second end being provided with a flange for
connecting the second end to an adjacent exhaust duct part, and a second ex-
haust duct part having a first end provided with a first flange for connecting the
first end to an adjacent exhaust duct part, and a second end provided with a
second flange for connecting the second end to an adjacent exhaust duct part,
each of the flanges being arrangeable against a flange of an adjacent exhaust
duct part. The flanges of the exhaust duct parts are configured so that when
the first end of the second exhaust duct part is arranged against the flange of
the first exhaust duct part, the joint that is formed has a different cross-
sectional profile than a joint that is formed by arranging the second end of the
second exhaust duct part against said flange of the first exhaust duct part.
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The different cross-sectional profile of the joint that results when a wrong end
of the second exhaust duct part is arranged against the end of the first exhaust
duct part thus functions as a clear indicator of wrong mounting.

The different cross-sectional profile can mean, for instance, a different thick-
ness of the joint.

According to an embodiment of the invention, the arrangement further com-
prises a clamp ring which is arrangeable around a joint that is formed by ar-
ranging a flange of the second exhaust duct part against the flange at the se-
cond end of the first exhaust duct part, the clamp ring being configured so that
it can be tightened around the joint only if the first flange of the second exhaust
duct part is arranged against the flange at the second end of the first exhaust
duct part.

Since the clamp ring can be tightened only in the case the second exhaust
duct part is correctly orientated, wrong mounting of the second exhaust duct
part is even more effectively prevented.

Brief description of the drawings

Embodiments of the invention are described below in more detail with refer-
ence to the accompanying drawings, in which

Fig. 1 shows a perspective view of an exhaust duct assembly,

Fig. 2 shows a cross-sectional view of a prior art joint between adjacent ex-
haust duct parts,

Fig. 3 shows a cross-sectional view of two joints joining adjacent exhaust duct
parts together,

Fig. 4 shows an enlarged cross-sectional view of a joint between two correctly
mounted exhaust duct parts, and

Fig. 5 and 6 shows cross-sectional views of joints between wrongly mounted
exhaust duct parts.
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Description of embodiments of the invention

In figure 1 is shown as an example of an exhaust duct arrangement an exhaust
gas receiver of a large internal combustion engine. The engine is a large piston
engine, such as a main or an auxiliary engine of a ship, an engine that is used
at a power plant for producing electricity, or an engine that is used for pumping
or compressing fluids in different applications. The exhaust gas receiver com-
prises several exhaust duct parts 1, 2, 3 that are connected to each other. Ar-
row A indicates the flow direction of the exhaust gas in the exhaust gas receiv-
er. The exhaust gas receiver comprises rigid exhaust duct parts 1, 3 that are
connected to each other via flexible exhaust duct parts 2. Hereinafter the rigid
exhaust duct parts 1, 3 are referred to as a first exhaust duct part 1 and a third
exhaust duct part 3, where the expressions “first” and “third” refer to the order
of the exhaust duct parts in the flow direction of the exhaust gas. The first and
the third exhaust duct parts 1, 3 can be either identical or different parts. The
flexible exhaust duct part 2 is referred to as a second exhaust duct part 2. The
expressions “first end” and “second end” used in the following description refer
to the intended flow direction inside the part, “first” meaning the upstream end
and “second” meaning the downstream end. Each of the first and the third ex-
haust duct parts 1, 3 is provided with a branch 12 for connecting the part 1, 3
to a cylinder head of the engine.

Figure 2 shows a cross-sectional view of a joint between two prior art exhaust
duct parts 1, 2. The intended flow direction in figure 2 is from right to left. The
joint connects a first exhaust duct part 1 to a second exhaust duct part 2. The
construction of the second exhaust duct part 2 can be better seen in figure 3,
which shows an exhaust duct according to the invention. Apart from the flang-
es 2a, 2b of the second exhaust duct part 2, the construction of the second
exhaust duct part 2 in figure 3 is identical with the construction of the second
exhaust duct part 2 in figure 2. The second exhaust duct part 2 comprises two
flanges 2a, 2b. A first flange 2a is arranged at the first end of the second ex-
haust duct part 2 and a second flange 2b is arranged at the second end of the
second exhaust duct part 2. The second exhaust duct part 2 comprises a flexi-
ble outer part 5, which is in the embodiments of the figures a bellows-type
tube. The outer part 5 is made of a flexible material that is corrugated. The
flexible outer part 5 is attached to both the first flange 2a and to the second
flange 2b of the second exhaust duct part 2. The second exhaust duct part 2
allows heat expansion of the parts of the exhaust duct and prevents transmis-
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sion of vibrations from one part of the exhaust duct to another part. The se-
cond exhaust duct part 2 further comprises a rigid inner tube 4, i.e. a flame
tube. The inner tube 4 protects the outer part 5 from the hot exhaust gas. The
inner tube 4 is connected only to the first flange 2a of the second exhaust duct
part 2. The second end of the inner tube 4 is free. The outer diameter of the
inner tube 4 at the free end of the inner tube 4 is slightly smaller than the inner
diameter of the second flange 2b, and the inner tube 4 thus allows bending of
the outer part 5 to a certain extent and also allows varying of the length of the
outer part 5 and thus the length of the whole second exhaust duct part 2.

The first flange 2a of the second exhaust duct part 2 is provided with a groove
9 for accommodating a seal, but otherwise the first flange 2a of the second ex-
haust duct part 2 is identical to the flange 1b at the second end of the first ex-
haust duct part 1. Consequently, in the joint that is formed by arranging the first
flange 2a of the second exhaust duct part 2 against the flange 1b at the se-
cond end of the first exhaust duct part 1, the plane of symmetry 7 coincides
with the split plane 8 of the joint. The cross-sectional profile of the joint is V-
shaped. The second flange 2b of the second exhaust duct part 2 is identical to
the first flange 2a of the second exhaust duct part 2. The third exhaust duct
part 3 connected to the second end of the second exhaust duct part 2 is not
shown, but the third exhaust duct part 3 is provided with a flange that is identi-
cal to the flange 1b of the first exhaust duct part 1. Each joint between two ad-
jacent exhaust duct parts 1, 2, 3 is secured by arranging a clamp ring 6 around
the flanges 1b, 2a that are arranged against each other. The clamp ring 6 is
provided with a V-shaped groove 11, which contacts inclined surfaces of the
flanges 1b, 2a and presses the flanges 1b, 2a together. All the joints of the ex-
haust duct are identical, and the same type of clamp ring 6 can be used in all
the joints. Because the flanges at the ends of the second exhaust duct part 2
are identical with each other and the flange of the first exhaust duct part 1 is
identical with the flange 3a of the third exhaust duct part 3, either the first end
or the second end of the second exhaust duct part 2 can be arranged against
the second end of the first exhaust duct part 1.

In figure 2, the second exhaust duct part 2 is correctly mounted. The fixed end
of the inner tube 4 is thus at the upstream side end of the second exhaust duct
part 2, i.e. at the first end. The inner tube 4 thus prevents exhaust gas from
flowing at high speed into the space between the inner tube 4 and the outer
part 5 of the second exhaust duct part 2. However, because of the construction
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of the flanges of the first, second and third exhaust duct parts 1, 2, 3, nothing
prevents from mounting the second exhaust duct part 2 in a wrong longitudinal
orientation between the first exhaust duct part 1 and the third exhaust duct part
3. The second exhaust duct part 2 could thus be mounted by accident so that
the free end of the inner tube 4 points towards the first exhaust duct part 1, i.e.
towards the upstream side of the exhaust gas flow. Wrong mounting of the se-
cond exhaust duct part 2 allows the exhaust gas to flow into the space be-
tween the outer part 5 and the inner tube 4 of the second exhaust duct part 2,
which can damage both the inner tube 4 and the outer part 5. If the inner tube
4 cracks, parts of the inner tube 4 can hit the turbine blades of a turbocharger
and destroy the turbocharger. Damaging of the outer part 5 can cause exhaust
gas leakage into the engine room.

Wrong mounting of the second exhaust duct part 2 can be prevented by an ar-
rangement according to the invention. Figure 3 shows joints between a first
exhaust duct part 1 and a second exhaust duct part 2 and between the second
exhaust duct part 2 and a third exhaust duct part 3. Arrow A indicates the flow
direction in the exhaust duct. Figure 4 shows a cross-sectional view of the joint
between the first exhaust duct part 1 and the second exhaust duct part 2 when
the second exhaust duct part 2 is correctly mounted. In figure 4, the flow direc-
tion of the exhaust gas is from right to left. The second end of the first exhaust
duct part 1 is provided with a flange 1b. The flange 1b is similar to the flange
shown in figure 2. The flange 1b has thus a shape that is similar to a half-V.
The inner perimeter of the flange 1b is thicker than the outer perimeter and the
flange 1b tapers towards the outer perimeter of the flange 1b. The outer edge
of the flange 1b is thus thinner than the inner edge. Also the flange 2a at the
first end of the second exhaust duct part 2 is similar to the flange 2a shown in
figure 2. However, the flange 2a is not identical with the flange 1b of the first
exhaust duct part 1, but has a smaller thickness. Therefore, in the joint be-
tween the flange 1b of the first exhaust duct part 1 and the first flange 2a of the
second exhaust duct part 2, the plane of symmetry 7 does not coincide with
the split plane 8 between the flanges 1b, 2a, but is shifted slightly towards the
first exhaust duct part 1. The cross-sectional profile of the joint is substantially
V-shaped. When the flanges 1b, 2a of the first exhaust duct part 1 and the se-
cond exhaust duct part 2 are correctly mounted against each other, a clamp
ring 6 fits around the joint and can be tightened to secure the joint. The clamp
ring 6 comprises a V-shaped groove 11, which contacts the inclined surfaces
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of the flanges 1b, 2a and presses the flanges 1b, 2a together when tightened.
The clamp ring 6 can be identical with the clamp ring 6 of figure 2.

The first flange 2a of the second exhaust duct part 2 is provided with a groove
9 for accommodating a seal. The groove 9 is not an essential feature of the
first flange 2a. The sealing can be implemented also without the groove 9 or
the groove 9 could be arranged in the flange 1b of the first exhaust duct part 1.
In some applications, the joint does not need to be provided with a seal.

Figure 5 shows a joint where the second exhaust duct part 2 is wrongly
mounted against the first exhaust duct part 1. The flange 2b at the second end
of the second exhaust duct part 2 is arranged against the flange 1b of the first
exhaust duct part 1. The shape of the flange 2b at the second end of the se-
cond exhaust duct part 2 is similar to the flange 2a at the first end. However,
the second flange 2b has a greater thickness than the first flange 2a. The
thickness of the second flange 2b equals the thickness of the flange 1b of the
first exhaust duct part 1. The plane of symmetry 7 in the joint thus coincides
with the split plane 8 between the flanges 1b, 2b. In a wrongly mounted joint,
the thickness of the joint in the longitudinal direction of the exhaust duct is dif-
ferent than in a correctly mounted joint. In the case of figure 5, the thickness of
the joint is greater than in the correctly mounted joint of figure 4. The groove 11
of the clamp ring 6 contacts the inclined surfaces of the flanges 1b, 2b before it
has reached the correct position around the joint. The clamp ring 6 does thus
not fit properly around the joint and cannot be tightened. This is a clear indica-
tor to the installer of the exhaust duct that the second exhaust duct part 2 does
not have the correct orientation. It is thus not possible to mount the second ex-
haust duct part 2 in a wrong way, but the second exhaust duct part 2 can be
mounted only in one predetermined longitudinal orientation. The second flange
2b of the second exhaust duct part 2 is provided with a groove 9 for accommo-
dating a seal. The groove 9 is not an essential feature of the second flange 2b.
The sealing can be implemented also without the groove 9 or the groove 9
could be arranged in the flange 3a of the third exhaust duct part 3. In some
applications, the joint does not need to be provided with a seal.

Figure 6 shows a joint where the second exhaust duct part 2 is wrongly con-
nected to the third exhaust duct part 3. The first flange 2a of the second ex-
haust duct part 2 is arranged against the flange 3a of the third exhaust duct
part 3. The shape of the flange 3a of the third exhaust duct part 3 is similar to
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the shape of the flange 1b of the first exhaust duct part 1. However, the thick-
ness of the flange 3a of the third exhaust duct part 3 is smaller than the thick-
ness of the flange 1b of the first exhaust duct part 1. The thickness equals the
thickness of the first flange 2a of the second exhaust duct part 2. The plane of
symmetry 7 in the joint thus coincides with the split plane 8 between the flang-
es 2a, 3a. In the wrongly mounted joint of figure 6, the thickness of the joint is
smaller than in a correctly mounted joint. When a clamp ring 6 is arranged
around the joint, the groove 11 of the clamp ring 6 does not come into contact
with both of the inclined surfaces of the flanges 2a, 3a, but the inner perimeter
of the clamp ring 6 comes into contact with the outer cylindrical surfaces of the
second exhaust duct part 2 and/or the third exhaust duct part 3. The clamp ring
6 can thus not be tightened around the joint. This is a clear indicator that the
second exhaust duct part 2 is not correctly mounted between the first exhaust
duct part 1 and the third exhaust duct part 3. Wrong mounting of the second
exhaust duct part 2 is thus prevented.

The first exhaust duct part 1 and the third exhaust duct part 3 can be identical
parts, as shown in figure 1. The first end of the first exhaust duct part 1 can
thus be provided with a flange that is identical to the flange 3a at the first end
of the third exhaust duct part 3 and the second end of the third exhaust duct
part 3 can be provided with a flange that is identical to the flange 1b at the se-
cond end of the first exhaust duct part 1. Even if the first exhaust duct part 1
and the third exhaust duct part 3 are different parts, both ends of the parts 1, 3
can be provided with flanges that are configured in the way described above to
prevent wrong mounting of the second exhaust duct part 2.

It will be appreciated by a person skilled in the art that the invention is not lim-
ited to the embodiments described above, but may vary within the scope of the
appended claims. For instance, the exhaust duct parts do not need to form an
exhaust gas receiver, but can also be other parts of an exhaust duct. The joints
between adjacent exhaust duct parts do not need to have a V-shaped profile,
but also other kinds of cross-sectional profiles, such as a half-V are possible.
The flanges could be attached to each other by some other means than clamp
rings, for instance by bolts. Instead of using different thicknesses of the flang-
es, wrong mounting of the parts could be prevented in some other way, for in-
stance by providing the flanges with suitable protrusions and/or holes or
grooves that allow mounting of the parts only in a certain orientation.
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1. An exhaust duct arrangement comprising
- afirst exhaust duct part (1) having a first end and a second end, the se-
cond end being provided with a flange (1b) for connecting the second
end to an adjacent exhaust duct part (2), and
- a second exhaust duct part (2) having a first end provided with a first
flange (2a) for connecting the first end to an adjacent exhaust duct part
(1), and a second end provided with a second flange (2b) for connecting
the second end to an adjacent exhaust duct part (3), each of the flanges
(2a, 2b) being arrangeable against a flange (1b, 3a) of an adjacent ex-
haust duct part (1, 3),
characterized in that
the flanges (1b, 2a, 2b) of the exhaust duct parts (1, 2) are configured so that
when the first end of the second exhaust duct part (2) is arranged against the
flange (1b) of the first exhaust duct part (1), the joint that is formed has a dif-
ferent cross-sectional profile than a joint that is formed by arranging the se-
cond end of the second exhaust duct part (2) against said flange (1b) of the
first exhaust duct part (1).

2.  An arrangement according to claim 1, characterized in that the flanges
(1b, 2a, 2b) of the exhaust duct parts (1, 2) are configured so that when the
first end of the second exhaust duct part (2) is arranged against the flange (1b)
of the first exhaust duct part (1), the joint that is formed has a different thick-
ness in the longitudinal direction of the second exhaust duct part (2) than a
joint that is formed by arranging the second end of the second exhaust duct
part (2) against the flange (1b) of the first exhaust duct part (1).

3. An arrangement according to claim 1 or 2, characterized in that the ar-
rangement further comprises a clamp ring (6) which is arrangeable around a
joint that is formed by arranging a flange (2a, 2b) of the second exhaust duct
part (2) against the flange (1b) at the second end of the first exhaust duct part
(1), the clamp ring (6) being configured so that it can be tightened around the
joint only if the first flange (2a) of the second exhaust duct part (2) is arranged
against the flange (1b) at the second end of the first exhaust duct part (1).

4. An arrangement according to any of claims 1 to 3, characterized in that
the flanges (1b, 2a, 2b) of the exhaust duct parts (1, 2) are configured so that
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when the first end of the second exhaust duct part (2) is connected to the se-
cond end of the first exhaust duct part (1), the plane of symmetry (7) in the joint
is located in the longitudinal direction of the second exhaust duct part (2) at a
distance from the split plane (8) of the joint.

5. An arrangement according to any of claims 1 to 4, characterized in that
the flanges (1b, 2a, 2b) of the exhaust duct parts (1, 2) are configured so that
when the second end of the second exhaust duct part (2) is connected to the
second end of the first exhaust duct part (1), the plane of symmetry (7) in the
joint coincides with the split plane (8) of the joint.

6. An arrangement according to any of the preceding claims, characterized
in that the flanges (2a, 2b) of the second exhaust duct part (2) taper towards
the outer perimeter of the flanges (2a, 2b).

7. An arrangement according to any of the preceding claims, characterized
in that the flange (1b) arranged at the second end of the first exhaust duct part
(1) tapers towards the outer perimeter of the flange (1b).

8. An arrangement according to any of the preceding claims, characterized
in that the arrangement comprises a third exhaust duct part (3) having a first
end and a second end, the first end being provided with a flange (3a) for con-
necting the first end to an adjacent exhaust duct part (2), and the flanges 2a,
2b, 3a) of the second exhaust duct part (2) and the third exhaust duct part (3)
are configured so that when the first flange (2a) of the second exhaust duct
part (2) is arranged against the flange (3a) of the third exhaust duct part (3),
the joint that is formed has a different cross-sectional profile than a joint that is
formed by arranging the second flange (2b) of the second exhaust duct part (2)
against said flange (3a) of the third exhaust duct part (3).

9. An arrangement according to claim 8, characterized in that the flanges
(2a, 2b, 3a) of the second exhaust duct part (2) and the third exhaust duct part
(3) are configured so that when the first flange (2a) of the second exhaust duct
part (2) is arranged against the flange (3a) of the third exhaust duct part (3),
the joint that is formed has a different thickness than a joint that is formed by
arranging the second flange (2b) of the second exhaust duct part (2) against
the flange (3a) of the third exhaust duct part (3).
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10. An arrangement according to claim 8 or 9, characterized in that the ar-
rangement further comprises a clamp ring (6) which is arrangeable around a
joint that is formed by arranging a flange (2a, 2b) of the second exhaust duct
part (2) against the flange (1b) at the first end of the third exhaust duct part (3),
the clamp ring (6) being configured so that it can be tightened around the joint
only if the second flange (2b) of the second exhaust duct part (2) is arranged
against the flange (3a) at the first end of the third exhaust duct part (3).

11.  An arrangement according to any of claims 8 to 10, characterized in that
the flanges (2a, 2b, 3a) of the second and the third exhaust duct parts (2, 3)
are configured so that when the second end of the second exhaust duct part
(2) is connected to the first end of the third exhaust duct part (3), the plane of
symmetry (7) in the joint is located in the longitudinal direction of the second
exhaust duct part (2) at a distance from the split plane (8) of the joint.

12.  An arrangement according to any of claims 8 to 11, characterized in that
the flanges (2a, 2b, 3a) of the second and the third exhaust duct parts (2, 3)
are configured so that when the first end of the second exhaust duct part (2) is
connected to the first end of the third exhaust duct part (3), the plane of sym-
metry (7) in the joint coincides with the split plane (8) of the joint.

13. An arrangement according to any of claims 8 to 12, characterized in that
the flange (3a) arranged at the first end of the third exhaust duct part (3) tapers
towards the outer perimeter of the flange.

14. An arrangement according to any of the preceding claims, characterized
in that the second exhaust duct part (2) is a connecting piece for flexibly con-
necting other exhaust duct parts (1, 3) together.

15.  An arrangement according to claim 14, characterized in that the second
exhaust duct part (2) comprises a rigid inner tube (4) that is connected only to
the first flange (2a) of the second exhaust duct part (2) and a flexible outer part
(5) that is connected to the first flange (2a) and to the second flange (2b) of the
second exhaust duct part (2) and surrounds the inner tube (4).
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