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Description
Technical field of the invention

[0001] The presentinvention relates to a cylinder liner
according to claim 1. The invention also concerns a piston
engine.

Background of the invention

[0002] Because of the high temperature in the com-
bustion chambers of piston engines, the cylinder liners
need to be provided with cooling arrangements. Except
for very small engines, the cooling arrangements involve
the use of cooling liquid that is circulated in cooling chan-
nels around the cylinder liners. In many engine construc-
tions, the cooling channels are located at least partly in-
side the engine block. This makes the construction of the
engine block more complicated and expensive. In some
cases, the cooling channels are located partly in the cyl-
inder heads. Also the cylinder heads are expensive com-
ponents, and if the cylinder heads need to be provided
with cooling channels for cooling the cylinder liners, the
costs of the cylinder heads are increased even more.
Another problem with many existing cylinder liner cooling
arrangements is that in case of the failure of the cylinder
head gasket, the combustion gases from the cylinder can
mix with the cooling water.

[0003] DD 133985 A1 discloses a cylinder liner and a
piston engine. A cooling jacket is arranged around the
cylinder liner and limits together with the cylinder liner a
cooling channel.

[0004] EP 1087124 A2 discloses a cylinder liner for a
piston engine. The cylinder liner is provided with arecess
encircling the outer circumference of the cylinder liner.
US 4440118 A discloses a cylinder liner for a piston en-
gine. The cylinder liner is provided with a recess encir-
cling the outer circumference of the cylinder liner and
forming part of a cooling channel.

Summary of the invention

[0005] An object of the present invention is to provide
an improved cylinder liner, in which the above mentioned
problems are reduced or avoided. The present invention
relates to a cylinder liner according to claim 1. Another
object of the invention is to provide an improved piston
engine.

[0006] A cylinder liner according to the invention com-
prises afirst support surface that can be arranged against
an upper surface of an engine block for carrying forces
in the axial direction of the cylinder liner, a second support
surface that is located below the first support surface in
the axial direction of the cylinder liner for supporting the
cylinder liner in the radial direction, and a third support
surface that is arranged below the second support sur-
face in the axial direction of the cylinder liner for support-
ing the cylinder liner in the radial direction. The cylinder
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liner is provided with a single cooling recess encircling
the outer circumference of the cylinder liner, and the cool-
ing recess is located above the first support surface in
the axial direction of the cylinder liner. The outer circum-
ference of the cylinder liner is provided with an annular
recess below the cooling channel for reducing thermal
stresses. The cross-section of the recess comprises a
first portion that is a sector of a circle, the radius of the
circle is 30-60 % of the thickness of the wall of the cylinder
liner outside of the support surfaces or other reinforced
areas of the cylinder liner, and the recess comprises a
portion thatis a sector of a circle and has a smaller radius
than the first portion of the recess.

[0007] Anengine according to the invention comprises
an engine block, at least one cylinder liner that is ar-
ranged partly inside the engine block, a cylinder head for
closing the upper end of the cylinder liner, and a cooling
jacket that is arranged around the cylinder liner and de-
limits together with the cylinder liner a cooling channel.
Each cylinder of the engine is provided with only one
cooling channel for cooling the cylinder liner, and the
whole cooling channel is arranged above the engine
block. The cylinder liner is a cylinder liner defined above.
[0008] Since each of the cylinders of the engine is pro-
vided with only one cooling channel, the cooling channel
can be located exclusively around the upper end of the
cylinder liner outside the engine block and the cylinder
liner. The complexity of the engine block and the cylinder
liner can thus be reduced. Also, the risk of mixing of the
combustion gases and the cooling water in case of a
cylinder head gasket failure can be eliminated. The risk
of cooling liquid leakages inside the engine block is also
eliminated. The invention enables increased modulari-
zation, which makes the assembling and servicing of the
engine easier. An engine according to the invention has
lower production and operating costs and better reliabil-
ity. The cooling channel can be located so thatitis around
the uppermost piston ring when the piston is at top dead
center. Effective cooling of this point s critical forensuring
reliable functioning of the piston rings. When a single
cooling channel is used, thermal stresses in the cylinder
linerincrease. With the recess below the cooling channel,
the thermal stresses can be reduced.

[0009] According to an embodiment of the invention,
the recess is located at least partly below the first support
surface. The recess can be merged with the first support
surface. The recess can also be located above the sec-
ond support surface and merged with it.

[0010] According to another embodiment of the inven-
tion, the recess comprises a second portion, where the
wall of the recess is at an angle a relative to the longitu-
dinal center line of the cylinder liner. The angle is pref-
erably 15-50 degrees, more preferably 25-35 degrees.
According to another embodiment, the third portion of
the recess is arranged between the first support surface
and the first portion of the recess.
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Brief description of the drawings

[0011] Embodimentsofthe invention are described be-
low in more detail with reference to the accompanying
drawings, in which

Fig. 1 shows a cross-sectional view of one cylinder
of a piston engine according to an embodiment of
the invention,

Fig. 2 shows a cross-sectional view of the cylinder
liner of figure 1,

Fig. 3 shows a detail of figure 2,

Fig. 4 shows a cross-sectional view of the upper part
of the cylinder together with a cooling jacket,

Fig. 5 shows a cooling jacket of the engine, and

Fig. 6 shows a cross-sectional view of the cooling
jacket of figure 5.

Description of embodiments of the invention

[0012] In figure 1 is shown one cylinder 1 of a piston
engine according to an embodiment of the invention. The
engine is a large internal combustion engine, such as a
main or an auxiliary engine of a ship or an engine that is
used ata power plant for producing electricity. The engine
can comprise any reasonable number of cylinders 1,
which can be arranged, for instance, in line or in a V-
configuration. Each cylinder 1 is provided with a cylinder
liner2 (bestseeninFig. 2), whichis arranged partly inside
an engine block 3. The upper end of the cylinder liner 2
is above the engine block 3. The term 'upper’ means here
the cylinder head end of the cylinder 1. Each cylinder 1
of the engine is provided with an own cylinder head 4,
which is provided with gas exchange valves and ducts.
The gas exchange ducts 5, 6 and the gas exchange
valves (not shown) can be of conventional design and
are therefore not described in more detail here. There is
a reciprocating piston 9 inside the cylinder 1. The piston
9 is provided with a plurality of piston rings 9a. Also the
piston 9 can be of conventional design.

[0013] For cooling the cylinder liner 2, the engine is
provided with a cooling jacket 10. The cooling jacket 10
is arranged around the upper end of the cylinder liner 2.
The cooling jacket 10 is completely above the engine
block 3 and below the cylinder head 4. Together with an
annular cooling recess 11 on the outer circumference of
the cylinder liner 2, the cooling jacket 10 defines a cooling
channel 12 between the cylinder liner 2 and the cooling
jacket 10. The cooling channel 12 extends in the axial
direction of the cylinder liner 2 over the area where the
piston rings 9a are located when the piston 9 is at top
dead center. This is the most critical point in regard to
the cooling of the cylinder liner 2. The cross-section of
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the cooling recess 11 comprises a flat middle portion 11a
and edge portions 11b, 11c. The depth of the upper edge
portion 11b decreases towards the upper end of the re-
cess 11 and the depth of the lower edge portion 11c de-
creases towards the lower end of the recess 11. The
cooling recess 11 is thus substantially U-shaped. The
shape of the cooling channel 12 enables effective cooling
of the cylinder liner 2 but keeps the thermal stresses in
the cylinder liner 2 low. Seals 13, 14 are provided at the
upper and the lower ends of the cooling jacket 10 be-
tween the cylinder liner 2 and the cooling jacket 10 for
preventing leakages from the cooling channel 12. Since
the cooling channel 12 is completely above the engine
block 3 and below the cylinder head 4, expensive cooling
channels in the engine block 3 are not needed. The risk
of cooling liquid leakages inside the engine block 3 is
also eliminated and pressure testing of the engine block
3 is not needed.

[0014] The cylinder liner 2 is provided with three sup-
port surfaces 15, 16, 17 for supporting the cylinder liner
2 against the engine block 3. A first support surface 15
is arranged in the upper part of the cylinder liner 2 and it
supports the cylinder liner 2 against the engine block 3
in the axial direction, i.e. in the direction of the longitudinal
axis 18 of the cylinder liner 2. The first support surface
15 is an elbow that can be arranged against the upper
surface of the engine block 3. A second support surface
16 is arranged in the upper part of the cylinder liner 2
below the first support surface 15. The second support
surface 16 supports the cylinder liner 2 against the engine
block 3 in the radial direction of the cylinder liner 2. The
second support surface 16 is a portion of the cylinder
liner 2 having a greater outer diameter than the basic
outer diameter of the cylinder liner 2. A third support sur-
face 17 is located in the lower part of the cylinder liner 2.
Also the third support surface 17 carries radial forces.
[0015] Because the engine is provided with a single
cooling channel 12 around the upper end of the cylinder
liner 2, the thermal stresses of the cylinder liner 2 are
larger than in conventional designs, where there are sev-
eral cooling channels around the cylinder liner. Toreduce
the thermal stresses, the cylinder liner 2 is provided with
an annular recess 19 that is arranged below the cooling
recess 11 of the cylinder liner 2. Figure 3 shows an en-
larged view of the recess 19. In the embodiment of the
figures, the recess 19 is located above the second sup-
port surface 16. The recess 11 is also partly below the
first support surface 15. The recess 19 encircles the
whole cylinder liner 2. The recess 19 is formed of a first
portion 19a, a second portion 19b, and a third portion
19c. When seeing the cross-section of the recess 19, the
first portion 19a of the recess 19 is a sector of a circle.
The radius of the first portion 19a of the recess is pref-
erably 30-60 % of the thickness of the wall of the cylinder
liner 2, more preferably 35-50 % of the thickness of the
wall of the cylinder liner 2. In the embodiment of the fig-
ures, the radius is approximately 40 % of the thickness
of the wall of the cylinder liner 2. The thickness of the
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wall refers to the thickness outside of the support surfac-
es 15, 16, 17 or other reinforced areas of the cylinder
liner 2. It is thus the thickness of the main part of the
cylinder liner 2 between the second support surface 16
and the third support surface 17. The width of the sector
that forms the first portion 19a is preferably in the range
of 90 to 130 degrees. In the embodiment of the figures,
the sector is approximately 110 degrees. The center 25
of the radius of the first, circular portion 19a of the recess
19 is located in the axial direction of the cylinder liner 2
atsuch a distance from the first support surface 15, which
is less than the radius of the first portion 19a. Therefore,
part of the first portion 19a of the recess 19 is located
above the first support surface 15. In the radial direction
ofthe cylinderliner 2, the center 25 of the radius is located
inwards from the second support surface 16. The second
portion 19b of therecess 19 is a straight cut thatis merged
with the first portion 19a of the recess 19. The second
portion 19b is also merged with the second support sur-
face 16 of the cylinder liner 2. The second portion 19b of
the recess is at an angle a relative to the longitudinal axis
18 of the cylinder liner 2. Angle a is preferably 15 to 50
degrees, more preferably 25-35 degrees. In the embod-
iment of the figures, the angle is approximately 30 de-
grees. Also the third portion 19c of the recess 19 is a
sector of a circle. The radius of the third portion 19c is
smaller than the radius of the first portion 19a. The radius
of the third portion 19c is preferably 5-15 % of the thick-
ness of the wall of the cylinder liner 2. The width of the
sector that forms the third portion 19c is preferably in the
range of 30 to 60 degrees. The third portion 19¢ of the
recess 19 is merged with the first support surface 15 of
the cylinder liner 2 and with the first portion 19a of the
recess 19. In the axial direction of the cylinder liner 2, the
third portion 19c is above the first support surface 15. In
the radial direction of the cylinder liner 2, the center 26
of the radius of the third portion 19c of the recess 19 is
located outwards from the center 25 of the radius of the
first portion 19a and inwards from the first support surface
15.

[0016] The construction of the cooling jacket 10 is best
seen in figures 5 and 6. The cooling jacket 10 can be
manufactured, for instance, by casting. The cooling jack-
et 10 is provided with a plurality of brackets 20, which
can be used for attaching the cooling jacket 10 to the
engine block 3. Since the cooling jacket 10 is fastened
directly to the engine block 3, the cylinder liner 2 can be
removed without removing the cooling jacket 10. This
makes servicing of the cylinder liner 2 easier. The cooling
jacket 10 is provided with an inlet 21 for introducing the
cooling liquid into the cooling channel 12 and for draining
the cooling channel 12 when needed. An outlet 22 is pro-
vided for discharging the cooling liquid from the cooling
channel 12. From the outlet 22 the cooling liquid can be
introduced into the cooling channels of the cylinder head
4. Also an inlet pipe 23 for the cooling liquid is integrated
into the cooling jacket 10. In figure 4, the cooling jacket
10 can be seen in connection with the cylinder liner 2 and
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the cylinder head 4. Figure 4 also shows a gasket 24
between the cylinder liner 2 and the cylinder head 4. As
it can be seen, the construction of the engine prevents
mixing of the combustion gases and the cooling liquid
even in case some of the seals 13, 14, 24 is leaking.
[0017] It will be appreciated by a person skilled in the
art that the invention is not limited to the embodiments
described above, but may vary within the scope of the
appended claims.

Claims

1. Acylinderliner (2) for a piston engine, which cylinder
liner (2) comprises a first support surface (15) that
can be arranged against an upper surface of an en-
gine block (3) for carrying forces in the axial direction
of the cylinder liner (2), a second support surface
(16) that is located below the first support surface
(16) in the axial direction of the cylinder liner (2) for
supporting the cylinder liner (2) in the radial direction,
and a third support surface (17) that is arranged be-
low the second support surface (16) in the axial di-
rection of the cylinder liner (2) for supporting the cyl-
inder liner (2) in the radial direction, wherein the cyl-
inder liner (2) is provided with a single cooling recess
(11) encircling the outer circumference of the cylin-
der liner (2), the cooling recess (11) is located above
the first support surface (15) in the axial direction of
the cylinder liner (2), and the outer circumference of
the cylinder liner (2) is provided with an annular re-
cess (19) below the cooling recess (11) for reducing
thermal stresses, wherein the cross-section of the
recess (19) comprises a first portion (19a) that is a
sector of a circle, and the radius of the circle is 30-60
% of the thickness of the wall of the cylinder liner (2)
outside of the support surfaces (15, 16, 17) or other
reinforced areas of the cylinder liner (2), and that the
recess (19) comprises a portion (19c) that is a sector
of a circle and has a smaller radius than the first
portion (19a) of the recess (19).

2. Acylinder liner (2) according to claim 1, character-
ized in that the recess (19) is located at least partly
below the first support surface (15).

3. Acylinder liner (2) according to claim 2, character-
ized in that the recess (19) is merged with the first
support surface (15).

4. A cylinder liner (2) according to any of claims 1-3,
characterized in that the recess (19) is located
above the second support surface (16).

5. A cylinder liner (2) according to claim 4, character-
ized in that the recess (19) is merged with the sec-
ond support surface (16).
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A cylinder liner (2) according to any of the preceding
claims, characterized in that the recess (19) com-
prises a second portion (19b), where the wall of the
recess (19)is atan angle arelative to the longitudinal
center line (18) of the cylinder liner (2), a being 15-50
degrees.

A cylinder liner (2) according to claim 6, character-
ized in that a is 25-35 degrees.

A cylinder liner (2) according to any of the preceding
claims, characterized in that the third portion (19¢)
of the recess (19) is arranged between the first sup-
port surface (15) and the first portion (19a) of the
recess (19).

A piston engine comprising an engine block (3), at
least one cylinder liner (2) that is arranged partly in-
side the engine block (3), a cylinder head (4) for clos-
ing the upper end of the cylinder liner (2), and a cool-
ing jacket (10) that is arranged around the cylinder
liner (2) and delimits together with the cylinder liner
(2) a cooling channel (12), wherein each cylinder (1)
of the engine is provided with only one cooling chan-
nel (12) for cooling the cylinder liner (2), and the
whole cooling channel (12) is arranged above the
engine block (3), characterized in that the cylinder
liner (2) is a cylinder liner (2) according to any of the
preceding claims.

Patentanspriiche

1.

Zylinderlaufbuchse (2) fir einen Kolbenmotor, wobei
die Zylinderlaufbuchse (2) eine erste Tragflache
(15), die an einer oberen Flache eines Motorblocks
(3) zum Tragen von Kraften in der axialen Richtung
der Zylinderlaufbuchse (2) angeordnet werden kann,
eine zweite Tragflache (16), die sich unterhalb der
ersten Tragflache (16) in der axialen Richtung der
Zylinderlaufbuchse (2) zum Stltzen der Zylinderlauf-
buchse (2) in der radialen Richtung befindet, und
eine dritte Tragflache (17), die unterhalb der zweiten
Tragflache (16) in der axialen Richtung der Zylinder-
laufbuchse (2) zum Stiitzen der Zylinderlaufbuchse
(2) in der radialen Richtung angeordnet ist, umfasst,
wobei die Zylinderlaufbuchse (2) mit einer den Au-
Renumfang der Zylinderlaufbuchse (2) umgebenden
einzelnen Kuhlvertiefung (11) versehen ist, wobei
die Kuhlvertiefung (11) sich oberhalb der ersten
Tragflache (15) in der axialen Richtung der Zylinder-
laufbuchse (2) befindet und der Aulenumfang der
Zylinderlaufbuchse (2) mit einer ringférmigen Vertie-
fung (19) unterhalb der Kihlvertiefung (11) zum Re-
duzieren von thermischer Belastung versehen ist,
wobei der Querschnitt der Vertiefung (19) einen ers-
ten Abschnitt (19a) umfasst, der ein Teilabschnitt ei-
nes Kreises ist, und der Radius des Kreises 30-60
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% der Wanddicke der Zylinderlaufbuchse (2) auRer-
halb der Tragflachen (15, 16, 17) oder anderer ver-
starkter Bereiche der Zylinderlaufbuchse (2) betragt,
und dass die Vertiefung (19) einen Abschnitt (19c)
umfasst, der ein Teilabschnitt eines Kreises ist und
einen kleineren Radius als der erste Abschnitt (19a)
der Vertiefung (19) aufweist.

Zylinderlaufbuchse (2) nach Anspruch 1, dadurch
gekennzeichnet, dass die Vertiefung (19) sich min-
destens teilweise unterhalb der ersten Tragflache
(15) befindet.

Zylinderlaufbuchse (2) nach Anspruch 2, dadurch
gekennzeichnet, dass die Vertiefung (19) mit der
ersten Tragflache (15) verbunden ist.

Zylinderlaufbuchse (2) nach einem der Anspriiche
1-3, dadurch gekennzeichnet, dass die Vertiefung
(19) sich oberhalb der zweiten Tragflache (16) be-
findet.

Zylinderlaufbuchse (2) nach Anspruch 4, dadurch
gekennzeichnet, dass die Vertiefung (19) mit der
zweiten Tragflache (16) verbunden ist.

Zylinderlaufbuchse (2) nach einem der vorherge-
henden Anspriche, dadurch gekennzeichnet,
dass die Vertiefung (19) einen zweiten Abschnitt
(19b) umfasst, wobei die Wand der Vertiefung (19)
in einem Winkel o beziiglich der longitudinalen Mit-
tenlinie (18) der Zylinderlaufbuchse (2) ist, wobei o
15-50 Grad betragt.

Zylinderlaufbuchse (2) nach Anspruch 6, dadurch
gekennzeichnet, dass o 25-35 Grad betragt.

Zylinderlaufbuchse (2) nach einem der vorherge-
henden Anspriche, dadurch gekennzeichnet,
dass der dritte Abschnitt (19¢) der Vertiefung (19)
zwischen der ersten Tragflache (15) und dem ersten
Abschnitt (19a) der Vertiefung (19) angeordnet ist.

Kolbenmotor, der einen Motorblock (3), mindestens
eine Zylinderlaufbuchse (2), die teilweise in dem Mo-
torblock (3) angeordnet ist, einen Zylinderkopf (4)
zum SchlieRen des oberen Endes der Zylinderlauf-
buchse (2) und einen Kiihimantel (10) umfasst, der
um die Zylinderlaufbuchse (2) herum angeordnet ist
und zusammen mit der Zylinderlaufbuchse (2) einen
Kuhlkanal (12) begrenzt, wobeijeder Zylinder (1) des
Motors mit nur einem Kiihlkanal (12) zum Kihlen der
Zylinderlaufbuchse (2) versehenistund der komplet-
te Kihlkanal (12) tiber dem Motorblock (3) angeord-
net ist, dadurch gekennzeichnet, dass die Zylin-
derlaufbuchse (2) eine Zylinderlaufbuchse (2) nach
einem der vorhergehenden Anspriiche ist.
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Revendications

Chemise de cylindre (2) pour un moteur a pistons,
laquelle chemise de cylindre (2) comprend une pre-
miére surface de support (15) qui peut étre agencée
contre une surface supérieure d’un bloc moteur (3)
pour supporter des forces dans la direction axiale de
la chemise de cylindre (2), une deuxieme surface de
support (16) qui est située en-dessous de la premié-
re surface de support (16) dans la direction axiale
de la chemise de cylindre (2) pour supporter la che-
mise de cylindre (2) dans la direction radiale, et une
troisieme surface de support (17) qui est agencée
en-dessous de la deuxieme surface de support (16)
dans la direction axiale de la chemise de cylindre (2)
pour supporter la chemise de cylindre (2) dans la
direction radiale, dans laquelle la chemise de cylin-
dre (2) est dotée d’'une cavité de refroidissement uni-
que (11) encerclant la circonférence extérieure de
la chemise de cylindre (2), la cavité de refroidisse-
ment (11) est située au-dessus de la premiére sur-
face de support (15) dans la direction axiale de la
chemise de cylindre (2), et la circonférence extérieu-
re de la chemise de cylindre (2) est dotée d’une ca-
vité annulaire (19) en-dessous de la cavité de refroi-
dissement (11) pour réduire les contraintes thermi-
ques, dans laquelle la section transversale de la ca-
vité (19) comprend une premiére partie (19a) qui est
unsecteurd’un cercle, etlarayon du cercle est 30-60
% deI'épaisseur de la paroi de lachemise de cylindre
(2) hors des surfaces de support (15, 16, 17) ou
d’autres zones renforcées de la chemise de cylindre
(2), et que la cavité (19) comprend une partie (19¢)
qui est un secteur d'un cercle et a un rayon plus petit
que la premiére partie (19a) de la cavité (19).

Chemise de cylindre (2) selon la revendication 1,
caractérisée en ce que la cavité (19) est située au
moins partiellement en-dessous de la premiére sur-
face de support (15).

Chemise de cylindre (2) selon la revendication 2,
caractérisée en ce que la cavité (19) est fusionnée
avec la premiére surface de support (15).

Chemise de cylindre (2) selon I'une quelconque des
revendications 1-3, caractérisée en ce que la cavité
(19) est située au-dessus de la deuxiéme surface de
support (16).

Chemise de cylindre (2) selon la revendication 4,
caractérisée en ce que la cavité (19) est fusionnée
avec la deuxieme surface de support (16).

Chemise de cylindre (2) selon I'une quelconque des
revendications précédentes, caractérisée en ce
que la cavité (19) comprend une seconde partie
(19b), ou la paroi de la cavité (19) est a un angle o
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par rapport a la ligne centrale longitudinale (18) de
la chemise de cylindre (2), o étant de 15-50 degrés.

Chemise de cylindre (2) selon la revendication 6,
caractérisée en ce que o est de 25-35 degrés.

Chemise de cylindre (2) selon I'une quelconque des
revendications précédentes, caractérisée en ce
que la troisieme partie (19c) de la cavité (19) est
agencée entre la premiére surface de support (15)
et la premiére partie (19a) de la cavité (19).

Moteur a pistons comprenant un bloc moteur (3), au
moins une chemise de cylindre (2) qui est agencée
partiellement al'intérieur du bloc moteur (3), une téte
de cylindre (4) pour fermer I'extrémité supérieure de
la chemise de cylindre (2), et une enveloppe de re-
froidissement (10) qui est agencée autour de la che-
mise de cylindre (2) et délimite conjointement avec
la chemise de cylindre (2), un canal de refroidisse-
ment (12), dans laquelle chaque cylindre (1) du mo-
teur est doté d’un seul canal de refroidissement (12)
pour refroidir la chemise de cylindre (2), et la totalité
du canal de refroidissement (12) est agencée au-
dessus du bloc moteur (3), caractérisée en ce que
la chemise de cylindre (2) est une chemise de cylin-
dre (2) selon I'une quelconque des revendications
précédentes.
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