
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

22
4 

11
9

A
1

��&��


�������
(11) EP 2 224 119 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
01.09.2010 Bulletin 2010/35

(21) Application number: 09712399.6

(22) Date of filing: 12.02.2009

(51) Int Cl.:
F02F 1/14 (2006.01) F02F 1/10 (2006.01)

F02F 1/16 (2006.01)

(86) International application number: 
PCT/JP2009/052823

(87) International publication number: 
WO 2009/104655 (27.08.2009 Gazette 2009/35)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK TR
Designated Extension States: 
AL BA RS

(30) Priority: 22.02.2008 JP 2008040786

(71) Applicant: Mitsubishi Heavy Industries, Ltd.
Tokyo 108-8215 (JP)

(72) Inventors:  
• KADOWAKI, Takeshi

Kobe-shi
Hyogo 652-8585 (JP)

• YOSHIKAWA, Shuichi
Kobe-shi
Hyogo 652-8585 (JP)

(74) Representative: HOFFMANN EITLE
Patent- und Rechtsanwälte 
Arabellastrasse 4
81925 München (DE)

(54) CCOLING STRUCTURE OF CYLINDER LINER

(57) Provided with a cooling structure of a cylinder
liner which can cope with high Pme of an engine by en-
hancing heat transfer coefficient of the outer surface of
the cylinder liner on the side of cooling water with an
inexpensive cooling means of cylinder liner having an
extremely simple structure and requiring little processing
man-hours. The cooling structure of the cylinder liner pro-
vided with a cooling fluid space between the outer pe-
riphery of the cylinder liner and the inner periphery of a
cover covering the outside of the outer periphery of the
cylinder liner fluid-tightly is characterized in that the
cooling space is divided into an upper cooling space and
a lower cooling space, the partition boss is covered with
the cover which seals the upper cooling chamber and
the lower cooling chamber fluid-tightly, nozzle holes for
ejecting cooling fluid from the lower cooling space to the
upper cooling space are bored through the partition boss,
and a plurality of nozzle holes are bored in the circum-
ferential direction while directing the opening direction
toward the outer surface of the upper cooling space.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a cylinder liner
cooling structure for cooling a cylinder liner of a large
diesel engine whereby a cooling space is provided be-
tween the outer periphery surface of the cylinder liner
and the inner periphery of a cover that is placed at the
outside of the cylinder liner for covering (the upper part
of) the cylinder liner fluid-tightly.

Background of the Invention

[0002] Fig. 5 shows a half (left or right part) of a cross-
section as to an assembly structure of the cylinder liner
and a cylinder cover (a cylinder head for the cylinder) in
a large diesel engine.
[0003] In Fig.5, the numeral 1 denotes a cylinder liner;
the numeral 2 denotes a cylinder cover that is placed on
or over the cylinder liner 1 and tightened to the cylinder
liner 1 with a plurality of bolts (not shown). The cylinder
liner 1 and the cylinder cover 2 are fluid-tightly tightened
to each other via a metal gasket 6 . The numeral 5 de-
notes a cover (not the cylinder cover) ; the top end of the
cover 5 is detachably fixed to the cylinder cover 2, and
the lower end of the cover 5 is detachably fixed to the
cylinder liner 1; further, the cover 5 surrounds the outer
(circumferential) periphery of the cylinder liner 1 and fluid-
tightly jackets the outer (circumferential) periphery sur-
face If of the cylinder liner 1 so that a cooling space 4 is
configured between the outer (circumferential)periphery
of the cylinder liner 1 and the inner (circumferential)pe-
riphery of the cover 5.
[0004] Further, the bottom face of the cover 5 is placed
at and fixed to an upper surface of a cylinder block 10
(the numeral 9 denotes the fixing surface area) : and, an
inner circumferential side surface of the lower end of the
cover 5 is connected to the side surface (an outer cir-
cumferential periphery) of the cylinder liner 1 via an O-
ring 8 so that the fluid-tightness of the cooling space 4 is
not spoiled (the bearing seal between the contact sur-
faces is not spoiled).
[0005] The cooling water for the cylinder liner 1 as well
as for the cylinder cover 2 is firstly introduced into the
cooling space 4 through at least one water inlet hole 16
of the cylinder block 10 and at least one cooling water
passage 15 of the cover 5; thereby, the cooling water
cools the cylinder liner wall 1a (the cylinder liner body)
and the outer periphery surface If of the cylinder liner 1;
further, the cooling water reaches a plurality of cooling
boreholes 3 of the cylinder cover 2 after passing through
a plurality of cooling holes 16 (that are different from the
water inlet hole 16 of the cylinder block 10) of the cover
5, so that the cooling water also cools the cylinder cover 2.
[0006] In addition, the patent reference 1

(JP1987-253945) discloses a means for cooling the cyl-
inder liner 1 in a large diesel engine.
[0007] In the disclosed technology, a plurality of cut-
outs (of an open longitudinal slit shape) is equidistantly
and radially provided toward the outside of the outer pe-
riphery of the cylinder liner (namely, toward the outside
and along the radial directions), in the upper outer pe-
riphery of the cylinder liner; a reinforcing jacket ring cov-
ers the upper part of the outer periphery of the cylinder
liner whereby the reinforcing jacket ring configures a
common passage that communicates with each one of
the cut-outs, so that cooling fluid flows through the com-
mon passage and each one of the cut-outs.
[0008] In recent years, the brake mean effective pres-
sure Pme of the large diesel engines as described above
has been raised up more and more; accordingly, the tem-
perature of the outer periphery If of the cylinder liner 1
has increased in response to the enhanced brake mean
effective pressure Pme.
[0009] According to the conventional technology as
described in Fig.5, the wall thickness of the cylinder liner
1 has to be increased in response to the increase of the
brake mean effective pressure Pme; thus, the cooling
effect (namely, the cooling water capacity, the cooling
water flow rate and so on) regarding the cylinder liner 1
has to be enhanced so as to restrain the temperature of
the outer periphery If of the cylinder liner 1, within a limit
temperature.
[0010] According to the conventional technology, how-
ever, the outer periphery If of the cylinder liner 1 is simply
cooled; in other words, the heat transfer coefficient de-
rived from the cooling waterside is too low to enhance
the whole heat transfer coefficient so as to cope with the
enhanced brake mean effective pressure Pme.
[0011] Further, according to the technology of the ref-
erence 1 (JP1987-253945), a large number of the open
cut-outs has to be formed in the radial directions of the
cylinder liner 1 around the outer periphery along the hoop
direction of the cylinder liner 1; thus, a great deal of ma-
chining man-hours is required; as a result, the cost ef-
fectiveness is spoiled.
[0012] Instead of the above described cooling struc-
ture of the cylinder liner with the cut-outs, the cylinder
liner of a so-called bore cool type can be adopted where-
by a plurality of cooling bore holes of a L-shape or a dog-
leg shape (bore holes with a sharp bend) is provided;
however, this approach also accompanies a great deal
of man-hours in machining a number of long and narrow
bore-holes; as a result, the cost effectiveness is also
spoiled..

DISCLOSURE OF THE INVENTION

[0013] In view of the above described difficulties of the
conventional technologies, the present invention aims at
providing a cooling structure for cooling a cylinder liner,
thereby the cooling structure realizes a low cost cylinder
liner cooling means of a significantly simple structure that
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requires fewer machining man-hours; the cooling struc-
ture enhances the heat transfer coefficient on the cooling
water side around the outer periphery of the cylinder liner;
and, the cooling structure can cope with the enhanced
brake mean effective pressure Pme.
[0014] In order to reach the goals for the above-de-
scribed subjects, this application discloses
a cooling structure for cooling a cylinder liner, the struc-
ture comprising a cooling fluid space between an outer
periphery of the cylinder liner and an inner periphery of
a cover that fluid-tightly jackets said outer periphery of
the cylinder liner,
wherein the cooling fluid space is partitioned into an up-
per cooling space and a lower cooling space, by a parti-
tion boss provided on the outer periphery of the cylinder
liner, thereby the cover fluid-tightly seals the clearance
between the partition boss and the cover, so that the
upper cooling space and the lower cooling space are
fluid-tightly sealed by the cover;
the partition boss is provided with a plurality of nozzle
holes that are bored in the partition boss in a circumfer-
ential direction thereof, thereby cooling fluid gushes from
the lower cooling space into the upper cooling space
through the nozzle holes in such a way that the cooling
fluid from each nozzle hole is directed toward the outer
surface of the cylinder liner in the upper cooling space.
[0015] A preferable example of the above disclosure
is the cooling structure for cooling a cylinder liner, wherein
said nozzle holes are provided circumferentially to said
partition boss in such a way that each of the nozzle holes
is bored to incline in a same direction circumferentially
toward the outer surface of the cylinder liner, thereby an
outlet of each of the nozzle holes is formed in an ellipse
shape.
[0016] Another preferable example of the above first
disclosure is the cooling structure for cooling a cylinder
liner,
wherein said nozzle holes are provided to said partition
boss in such a way that each of the nozzle holes is bored
to incline radially toward the outer surface of the cylinder
liner in the upper cooling space, thereby an outlet of each
of the nozzle holes is formed in a ellipse shape.
[0017] Hereby, it is noted that the cross section of the
nozzle hole, which is orthogonal to the axis of the nozzle
hole may be an ellipse shape or a crushed (splat) ellipse
rather than a perfect circle, for the purpose of relieving
the stress concentration around the nozzle hole outlet.
[0018] Another preferable example of the above first
disclosure is the cooling structure for cooling a cylinder
liner,
wherein each nozzle hole is provided with a nozzle which
is fixed to said partition boss at a root part thereof, and
each nozzle plays the role of the nozzle hole.

[P3/L14]

[0019] According to the present invention, the partition
boss provided on the outer periphery of the cylinder liner

around the outer periphery along the circumferential di-
rection divides the cooling fluid space that surrounds the
cylinder liner, into the upper cooling space and the lower
cooling space; the clearance between the partition boss
and the cover is fluid-tightly sealed, so that the upper
cooling space and the lower cooling space are fluid-tight-
ly sealed by the cover; the partition boss is provided with
the nozzle holes through which the cooling water (fluid)
gushes from the lower cooling space into the upper cool-
ing space; a plurality of nozzle holes is arranged along
the circumferential direction around the cylinder liner; and
the axis line of each nozzle hole at the hole outlet is di-
rected toward the outer surface of the cylinder liner in the
upper cooling space.
[0020] Further, the cooling fluid space is divided into
two stages: one is the upper cooling space that faces the
upper part of the cylinder liner to be intensively cooled;
the other is the lower cooling space from which the cool-
ing water (fluid) gushes into the upper cooling space
through the nozzle holes that are bored in the partition
boss.
[0021] Thus, the cooling water intensively cools the
outer surface as the location of the outer surface corre-
sponds to the location of a top piston ring when the piston
is at the top dead center, in which the temperature thereof
becomes outstandingly high, and the upper part of the
cylinder liner needs to be intensively cooled. In this way,
the jet stream (the gushing-out cooling fluid flow) of the
cooling water collides with the outer surface, and effec-
tively cools the upper part of the cylinder liner, as the
collision of the jet stream with the outer surface enhances
the heat transfer coefficient between the outer surface
1f and the cooling water; therefore, the temperature at
the outer surface of the cylinder liner can be lowered.
[0022] As described thus far, the cooling water (fluid)
space around the cylinder liner is divided into the upper
cooling space and the lower cooling space; whereby, the
cover jackets both the spaces, and the clearance be-
tween the partition boss and the cover is fluid-tightly
sealed; further, the partition boss is provided with a plu-
rality of nozzle holes through which the cooling water
(fluid) gushes from the lower cooling space into the upper
cooling space toward the cylinder liner outer surface in
the upper cooling space; namely, the axis line of each
nozzle hole is directed toward the outer surface.
[0023] With this cylinder liner cooling means of an ex-
tremely simplified and cost-effective structure whereby
the machining man-hours are reduced, and the heat
transfer coefficient between the outer surface of the cyl-
inder liner and the cooling water (fluid) can be enhanced;
thus, a cylinder liner cooling structure that can cope with
the increasing of the brake mean effective pressure Pme
of an engine is realized.
[0024] Especially, as the nozzle holes are provided cir-
cumferentially to the partition boss in a way that the noz-
zle holes are bored to incline in a same direction, thereby,
forming the outlet of the each nozzle holes in an ellipse
shape, a swirl flow in the circumferential direction around
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the outer periphery of the upper part of the cylinder liner
is formed. Therefore, the heat transfer coefficient on the
cooling water side can be enhanced.
[0025] The outlet of the each nozzle holes through
which the cooling water (fluid) gushes into the upper cool-
ing space forms an ellipse shape, thereby the R-dimen-
sion as to the stress concentration in a hoop direction
can be larger in comparison with the nozzle hole radius;
thus, the hoop stress can be reduced.
[0026] Further, instead of the nozzle holes, a plurality
of nozzles can be provided. The root part of the nozzle
is fixed to the partition boss, and the nozzle plays the role
of the nozzle hole; further, by changing the length, direc-
tion or inner diameter of the nozzles, the heat transfer
coefficient on the cooling water side of the cylinder liner
due to the collision of the cooling water to the outer sur-
face of the cylinder liner can be adjusted, thereby, the
nozzle 12 that brings a most suitable temperature con-
dition can be selected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 shows a half (left or right part) of an upper
cross-section as to an assemble structure of the cyl-
inder liner in a large diesel engine, according to a
first embodiment of the present invention;
Fig. 2(A) shows an A-A cross-section (a first cross
section) of Fig. 1;
Fig. 2(B) shows an enlargement of the part Y in Fig.
2(A);
Fig. 3 shows an A-A cross-section (a second cross
section) of Fig. 1;
Fig. 4(A) shows a half (left or right part) of an upper
cross-section as to an assemble structure of the cyl-
inder liner in a large diesel engine, according to a
second embodiment of the present invention;
Fig. 4(B) shows an enlargement of the part Z in Fig.
4(A);
Fig. 5 shows a half (left or right part) of a cross-sec-
tion as to an assemble structure of the cylinder liner
and a cylinder cover (a cylinder head for the cylinder)
in a large diesel engine.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0028] Hereafter, the present invention will be de-
scribed in detail with reference to the embodiments
shown in the figures. However, the dimensions, materi-
als, shape, the relative placement and so on of a com-
ponent described in these embodiments shall not be con-
strued as limiting the scope of the invention thereto, un-
less especially specific mention is made.

(First Embodiment)

[0029] Fig. 1 shows a half (left or right part) of an upper
cross-section as to an assemble structure of the cylinder
liner in a large diesel engine, according to a first embod-
iment of the present invention; Fig. 2(A) shows an A-A
cross-section (a first cross section) of Fig. 1; Fig. 3 shows
an A-A cross-section (a second cross section) of Fig. 1.
[0030] In Fig.1, the numeral 1 denotes a cylinder liner
on which a cylinder cover 2 (in Fig. 5) that is tightened
to the cylinder liner 1 with a plurality of bolts (not shown)
is placed as is the case with the structure of Fig.5.
[0031] The numeral 5 denotes a cover of which the top
end is fluid-tightly fixed to an upper supporting part Id of
the cylinder liner 1 via an O-ring 7.
[0032] The cover 5 forms, around the cylinder liner, a
cooling (water) space comprising two divisions, namely,
an upper cooling space 10 and a lower cooling space 4
partitioned by a partition boss 1c. An O-ring 11 fluid-tightly
seals the clearance between the outer periphery of the
partition boss 1c and the inner surface of the cover 5.
[0033] The lower end of the cover 5 is fluid-tightly fixed
to a lower supporting part 1e of the cylinder liner 1 via an
O-ring 8.
[0034] A plurality of nozzle holes 13 through which
cooling water is ejected into the upper cooling space 10
from the lower cooling space 4 is formed in the partition
boss 1c; the detail of the nozzle holes is as follows.
[0035] As a first example shown in Fig. 2, the plurality
of nozzle holes 13 is provided circumferentially to the
partition boss 1c, the nozzle holes are formed so that an
axis line 13s of the each nozzle hole 13 has an aperture
angle α that opens toward an outer surface If of the cyl-
inder liner 1.
[0036] The aperture angle α is predetermined by ex-
periments or simulation calculations. The nozzle holes
13 are formed to the partition boss 1c in a form that the
axis line 13s of the each nozzle hole inclines in one di-
rection circumferentially so that the positions of the inlet
and outlet of the each nozzle hole are out of alignment
in circumference direction. Accordingly, as shown in Fig.
2(B), the cross-section of each nozzle hole 13 forms an
ellipse shape 13a at the nozzle hole outlet through which
cooling water gushes into the upper cooling space 10.
[0037] According to the above described configuration
as to each nozzle hole 13, the cooling water ejected from
each nozzle hole having the axis line thereof inclined in
one direction circumferentially, forms a swirl flow in the
circumferential direction around the outer periphery 1f of
the upper part of the cylinder liner 1; therefore, the heat
transfer coefficient on the cooling water side can be en-
hanced
[0038] Further, as described above, the outlet of the
nozzle hole through which the cooling water gushes into
the upper cooling space 10 forms the ellipse shape 13a
thereby the R-dimension as to the stress concentration
in a hoop direction can be larger in comparison with the
nozzle hole radius; thus, the hoop stress can be reduced.

5 6 



EP 2 224 119 A1

5

5

10

15

20

25

30

35

40

45

50

55

Thus far, the cross section of the nozzle hole 13 may be
formed in an ellipse or a crushed (splat) ellipse with a
purpose of reducing the hoop stress.
[0039] A second example of a plurality of nozzle holes
13 is shown in Fig. 3. In Fig. 3, a plurality of nozzle holes
is formed circumferentially to the partition boss 1c in a
form that an axis line 13s of the each nozzle hole 13 to
be radially inclined in such a way that the position of the
outlet of the each nozzle hole 13 is located more inward
than the position of the inlet thereof in radial direction,
with an aperture angle α that opens toward the outer
surface If of the cylinder liner 1. In this case, as the axis
line 13s of the each nozzle hole 13 is not inclined in cir-
cumferential direction but is inclined radially toward a
center axis 100, thereby, boring of the nozzle holes 13
to the partition boss 1c is simpler.
[0040] Except this point, the configuration of the sec-
ond example is the same as that of the first example.
[0041] According to the above first embodiment, the
partition boss 1c partitions the cooling water space that
surrounds the cylinder liner into the upper cooling space
10 and the lower cooling space 4; the clearance between
the partition boss 1c and the cover 5 is fluid-tightly sealed;
the partition boss 1c is provided with the nozzle holes 13
through which the cooling water gushes from the lower
cooling space 4 into the upper cooling space 10; a plu-
rality of nozzle holes 13 is arranged circumferentially
around the cylinder liner; and the axis line 13s of each
nozzle hole 13 at the hole outlet is directed toward the
outer surface If of the cylinder liner that is in the upper
cooling space 10. Further, the cooling water space is
divided into two stages: one is the upper cooling space
10 that faces the upper part of the cylinder liner to be
intensively cooled; the other is the lower cooling space
4 from which the cooling water gushes into the upper
cooling space through the nozzle holes 13 that are bored
in the partition boss 1c. Thus, the cooling water inten-
sively cools the outer surface If as the location of the
outer surface If corresponds to the location of a top piston
ring when the piston is at the top dead center, in which
the temperature thereof becomes outstandingly high,
and the upper part of the cylinder liner needs to be inten-
sively cooled. In this way, the jet stream (the gushing-out
cooling fluid flow) of the cooling water collides with the
outer surface If, and effectively cools the upper part of
the cylinder liner, as the collision of the jet stream with
the outer surface If enhances the heat transfer coefficient
between the outer surface If and the cooling water; there-
fore, the temperature at the outer surface If of the cylinder
liner 1 can be lowered.
[0042] According to the above described embodiment,
the upper cooling space 10 and the lower cooling space
4 are formed by the partition boss 1c that divides the
cooling water space into the upper and lower cooling
spaces by being fluid-tightly sealed to the cover 5 that
jackets both the spaces 10 and 4, and the nozzle holes
13 through which the cooling water from the cooling
space 4 gushes into the cooling space 10 toward the

outer surface If thereof are provided to the partition boss
1c circumferentially, namely, the axis of each nozzle hole
is directed toward the outer surface 1f . With this cylinder
liner cooling means of an extremely simplified and cost-
effective structure whereby the machining man-hours are
reduced, and the heat transfer coefficient between the
outer surface If of the cylinder liner 1 and the cooling
water can be enhanced; thus, a cylinder liner cooling
structure that can cope with the increasing of the brake
mean effective pressure Pme of an engine is realized.

(Second Embodiment)

[0043] Fig. 4(A) shows a half (left or right part) of an
upper cross-section as to an assembly structure of the
cylinder liner in a large diesel engine, according to a sec-
ond embodiment of the present invention, and Fig. 4(B)
shows an enlargement of the part Z in Fig. 4(A).
[0044] In this second embodiment, the role of the noz-
zle holes 13 in the first embodiment is replaced by a plu-
rality of nozzles 12; thereby, the root part of each nozzle
12 is fixed to the partition boss 1c, and each nozzle 12
is provided with a nozzle passage 12b and a discharge
orifice 12a, as Fig. 4(B) shows.
[0045] In addition, the circumferential direction ar-
rangement as to the nozzles 12 is performed in a same
manner as shown in Fig. 2(A) and Fig. 3. The other con-
figuration except this arrangement of the nozzles is the
same as the configuration of the first embodiment; thus ,
the same numeral is used for a configuration member
common to both embodiments.
[0046] According to the second embodiment, by
changing the length, direction or inner diameter of the
nozzles, the heat transfer coefficient on the cooling water
side of the cylinder liner due to the collision of the cooling
water to the outer surface If of the cylinder liner 1 can be
adjusted, thereby, the nozzle 12 that brings a most suit-
able temperature condition can be selected.

Industrial Applicability

[0047] According to the above-described cylinder liner
cooling means of an extremely simplified and cost-effec-
tive structure whereby the machining man-hours are re-
duced, the heat transfer coefficient between the outer
surface If of the cylinder liner 1 and the cooling water can
be enhanced; thus, a cylinder liner cooling structure that
can cope with the increasing of the brake mean effective
pressure Pme of an engine is realized.

Claims

1. A cooling structure for cooling a cylinder liner, the
structure comprising a cooling fluid space between
an outer periphery of the cylinder liner and an inner
periphery of a cover that fluid-tightly jackets said out-
er periphery of the cylinder liner,
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wherein the cooling fluid space is partitioned into an
upper cooling space and a lower cooling space, by
a partition boss provided on the outer periphery of
the cylinder liner, thereby the cover fluid-tightly seals
the clearance between the partition boss and the
cover, so that the upper cooling space and the lower
cooling space are fluid-tightly sealed by the cover;
the partition boss is provided with a plurality of nozzle
holes that are bored in the partition boss in a circum-
ferential direction thereof, thereby cooling fluid gush-
es from the lower cooling space into the upper cool-
ing space through the nozzle holes in such a way
that the cooling fluid from each nozzle hole is directed
toward the outer surface of the cylinder liner in the
upper cooling space.

2. The cooling structure for cooling a cylinder liner ac-
cording to claim 1,
wherein said nozzle holes are provided circumfer-
entially to said partition boss in such a way that each
of the nozzle holes is bored to incline in a same di-
rection circumferentially toward the outer surface of
the cylinder liner, thereby an outlet of each of the
nozzle holes is formed in an ellipse shape.

3. The cooling structure for cooling a cylinder liner ac-
cording to claim 1,
wherein said nozzle holes are provided to said par-
tition boss in such a way that each of the nozzle holes
is bored to incline radially toward the outer surface
of the cylinder liner in the upper cooling spcae, there-
by an outlet of each of the nozzle holes is formed in
a ellipse shape.

4. The cooling structure for cooling a cylinder liner ac-
cording to claim 1,
wherein each nozzle hole is provided with a nozzle
which is fixed to said partition boss at a root part
thereof, and each nozzle plays the role of the nozzle
hole.
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