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Description
Technical Field

[0001] The present invention relates to a fluidic chan-
nel structure of internal combustion engine, in particular,
to the fluidic channel structure of internal combustion en-
gine for flowing fluid through an oil cooler.

Background

[0002] PatentLiterature 1 (PatentLaid-open Unexam-
ined Publication No. 144, 977 of 2008) discloses a braz-
ing oil cooler of two cooling water pipe sections in an
opposite side of attachment surface of an internal com-
bustion engine of a core section. This oil cooler is pro-
vided with a core section for exchanging heat between
oil and cooling water, and an end plate for forming a
flange section extending in an attachment side of the
internal combustion engine of the core section.

[0003] Patent Literature 2 (Patent Laid-open unexam-
ined publication No. 077,925 of 2007) discloses an en-
gine for automatic two-wheeled vehicle to attach a sep-
arate oil pan, different from a crankcase under a lower
surface of the crankcase, to supply each oiling place in-
side an engine through an oil supply channel from the oil
pump with oil, and to return oil after oiling to the oil pan.
Specifically, Patent Literature 2 discloses a structure to
attach an oil cooler arranged by way of the oil supply
channelin afrontsurface, a side surface, orarear surface
of the oil pan.

[0004] In the oil cooler described in Patent Literature
1, the cooling water pipe is, however, brazed in a surface
attaching the internal combustion engine of the core sec-
tion and its opposite surface. Then, a height of the olil
cooler is large in size. Accordingly, it may be possible
that pipes, accessories, frames, or the like surrounding
the internal combustion engine has been easily interfered
one another and there has few degrees of fredom in lay-
out in view of attachment place. When a degree of free-
dom in layout is seeked for, the internal combustion en-
gine is easily made larger and it is difficult to be in a
compact design.

[0005] In case where the both an oil passage and a
cooling water passage are formed inside the internal
combustion engine body without brazing the cooling wa-
ter pipe between the internal combustion engine of the
core section and a surface of the opposite side, the oil
cooler is required for an inlet passage and an outlet pas-
sage in each of lubricating oil and cooling water. Accord-
ingly, a constitution of the cooling water passage and the
lubricating oil passage inside the internal combustion en-
gine comes to be complicated. Then, it may be incurred
to make large the internal combustion engine body and
to increase the manufacturing cost.

[0006] Various pipes, accessories and frames are ar-
ranged in a front surface, a side surface, and a rear sur-
face of the internal combustion engine mounted in a ve-
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hicle body. Then, it is difficult to make a maintenance of
the oil cooler in a state mounting the internal combustion
engine on a vehicle body.

[0007] In consideration of the above, a first object
(task) of the present invention is to provide a fluidic chan-
nel structure of internal combustion engine possible for
making smaller the oil cooler without making complicated
fluidic passage structure inside the internal combustion
engine.

A second object (task) is to provide a fluidic passage
structure of internal combustion engine, which is easy
for maintenance of the oil cooler.

[0008] The present invention is provided in the lower
portion of the internal combustion engine body. It is pro-
vided with an oil pan reserving a lubricating oil, an oil
pump supplying the lubricating oil and sucking from the
oil pan to each lubricating section of the internal combus-
tion engine body, an oil cooler mounting on the internal
combustion engine body and cooling down the lubricating
oil, a lubricating oil passage flowing the lubricating oil by
connections of the oil pan, the oil pump, the oil cooler,
and each lubricating section, and a refrigerant passage
supplying the oil cooler with the refrigerant. The oil cooler
includes a core section for exchanging heat between the
lubricating oil circulating section of the lubricating oil and
the refrigerant circulating section of the refrigerant, and
a frange section extending from an end of the attachment
side of the internal combustion engine body of the core
section. The communication port for lubricating oil be-
tween the lubricating oil circulating section and the lubri-
cating oil passage, and the refrigerant communication
port between the refrigerant circulating section and the
refrigerant passage are formed in the attachment side of
the internal combustion engine body. The flange section
is provided with a through hole penetrating from an at-
tachment surface of the internal combustion engine body
to a surface placed in the side of the core section. The
through hole is arranged to communicate either of the
refrigerant passage and the lubricating oil passage from
a surface placed in a side of the core section. The surface
of the internal combustion engine body attaching the oil
cooler is provided with a concave groove connecting
each of the refrigerant communication port and the lubri-
cating oil communication port to the through hole.
[0009] In the above constitution, the pipe flowing the
refrigerant and the lubricating oil is connected to the
flange section of the oil cooler to supply and suck the
refrigerant lubricating oil from the pipe through the con-
cave groove formed on a surface of the internal combus-
tion engine body to the oil cooler.

In other words, as the pipe for refrigerant or lubricating
oil is arranged in a dead space in the surrounding of the
flange section of the oil cooler, they are able to avoid
interferences with the pipes, accessories, frames, or the
like placed in the surrounding of the internal combustion
engine, and thus an improvement of a degree of freedom
in layout can be obtained, and the internal combustion
engine is able to be small in size.
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A simple constitution can be obtained by providing a con-
cave groove on a surface of the internal combustion en-
gine and providing the through hole in the flange section
of the oil cooler. Then, it can be simply constituted and
large-size scaling of the internal combustion engine and
the manufacturing cost can be effectively restricted in its
increase, compared with a case where both the refriger-
ant passage and the lubricating oil passage are formed
inside the internal combustion engine.

As the core section is very few required for maching, a
specific core section is not required for manufacturing
and its material cost can be efffectively restricted to in-
crease.

[0010] The oil cooler is preferably provided in the oil
pan arranged under the internal combustion engine body.
More specifically, it is preferable that a recess with a part
thereof depressed is provided in the bottom of the oil pan,
and it is preferably constituted that the oil cooler is ar-
ranged through the flange section in the recess.

[0011] In the above constitution, as the oil cooler is
arranged in the recess formed in the oil pan, it is easy to
attach in or detach from the internal combution engine
body, thus to improve its maintenance, together with its
operation and effect.

As the other parts are not arranged below the oil pan,
the oil cooler is never interfered with the other parts, and
it is also easy to make large a volume of the oil cooler.
[0012] The oil pan is constituted by an upper oil pan
and a lower oil pan attached below the upper oil pan. The
oil cooler is preferably constituted to be arranged in an
area, in which it is placed in the bottom of the upper oil
pan and the lower oil pan is not arranged.

[0013] Intheabove constitution, the oil cooleris mount-
edinanareainwhichthe lower oil pan, i.e. an oil reservoir
is not arranged among the bottoms of the upper oil pan
arranged on the upper side of the oil pan to be divided
into two pieces at upper and lower positions. Thus, it is
able tolay outas the pipe of the oil cooler does not extrude
in a lower direction relative to the bottom of the lower oil
pan. As a result, the internal combustion engine body
can be made to be compact.

[0014] It is preferably constituted that the refrigerant
passage is laid out in the through hole from a surface
placed in the side of the core section, a path between
the communication hole for refrigerant and the through
hole are connected by the concave groove, the commu-
nication port for lubricating oil is connected to the oil pan-
integrated lubricating oil passage formed integrally inside
the oil pan, and the oil pan-integrated lubricating oil pas-
sage is so preferably constituted that the oil pump pro-
vided inside the casing member arranged to one end of
the oil pan and the communication port for lubricating oil
are connected each other.

[0015] In the above constitution, as it is constituted to
supply from the pipe for refrigerant arranged outside the
internal combustion engine body to the oil cooler with
refrigerant, and to supply through the oil pan-integrated
lubricating oil passage as being integrally formed with
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the oil pan, the complicated fluidic channel can be pre-
vented and the internal combustion engine body can be
restricted in its large-size scaling. As the oil pan-integrat-
ed lubricating oil passage is formed to cross the bottom
ofthe oil pan being an attachment surface of the oil cooler,
the bottom of the oil pan can be effectively reinforced.
[0016] According to this invention, it can provide a flu-
idic channel structure of internal combustion engine,
which is possible to make small the oil cooler without a
complicated fluidic channel inside the internal combus-
tion engine body.

Brief description of Drawings
[0017]

Figure 1 is a side view of an automobile engine pro-
viding with a fluidic channel structure of internal com-
bustion engine relating to this embodiment.

Figure 2 is a perspective view of the oil cooler.
Figure 3 is an exploded perspective view showing a
state as the oil pan and the oil cooler looked up from
oblique lower.

Figure 4 is a sectional view of the oil pan and the oil
cooler taken along a line | - | shown in Figure 1.
Figure 5 is a perspective view showing a state as
the bottom of the oil pan and the side wall of the
cylinder block looked down from oblique upper.
Figure 6 is a sectional view taken along a line Il - 1l
shown in Figure 5.

Best Mode for Carrying out the Invention

[0018] A first embodiment of the present invention will
be described in detail with reference to the attached draw-
ings. In the description, the duplicated description will be
omitted by designating the same numerical number in
the same element. In the first embodiment, it will be de-
scribed by giving an example applied to an automotive
engine.

[0019] Figure 1 is a side view of an automotive engine
providing a fluidic channel structure of internal combus-
tion engine relating to this embodiment.

As shownin Figure 1, an automotive engine 1 constituting
an internal combustion engine body is constituted by cu-
mulating an oil pan 2, a cylinder block 3, a cylinder head
4, and a cylinder head cover 5 arranging in order from
the lower. A chain casing 6 is provided in the side of the
engine 1to cover atiming chain as not shown and the like.
[0020] The oil pan 2 is a member for reserving the lu-
bricating oil, and is provided with two members, which is
disposed of an upper oil pan 21 receiving the lubricating
oil as dropped from the internal combustion engine body.
A part of the bottom 21a of the upper oil pan 21 is adapted
to extrude an attachment opening 21b for mounting the
lower oil pan 22. The lower oil pan 22 is mounted to choke
the attachment opening 21b.

An area, in which the attachment opening 21b of the bot-
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tom 21a of the upper oil pan 21 is not formed, is consti-
tuted to form a recess 23 as a part of the bottom of the
oil pan 2 depressed. In this embodiment, an oil cooler 7
for cooling down the lubricating oil is provided in the bot-
tom (that is, the bottom 21a of the upper oil pan 21) of
the recess 23.

[0021] The cylinder block 3 is a member in which a
plurality of cylinders are arranged and various kinds of
moving parts are housed. A crankshaft 31 is rotatably
provided inside the cylinder block 3. Although itis shown
by drawings, the crankshaft 31 is connected through a
connection rod to a piston to rotate the crankshaft 31 by
sliding the piston in an up-and-down direction inside the
cylinder.

[0022] In both ends 31a, 31b of the crankshaft 31, an
oil pump 8 and the driving sprocket wheel as not shown
is attached to one end 31a thereof.

[0023] A cylinder head 4 is a member as constituted
mainly by an intake port for supplying this combustion
chamber with air, and an outtake port for exhausting an
exhaust air from a combustion chamber- The side of the
cylinder head 4 is provided with an exhaust manifold 41
for exhausting an exhaust air from the outtake port to the
outside. The opposite side of the cylinder head 4 is pro-
vided with the intake manifold (as not shown) for intaking
air to the intake port.

[0024] The cylinder head cover 5 is provided on the
cylinder head 4, and is a member covering a cam holder
providing a dynamic valve mechanism including a cam
shaft as not shown. The cam shaft is designed to rotably
hold the cam holder and one end thereof is provided with
a driven sprocket wheel (as not shown).

[0025] A chain casing 6 is a member covering a timing
chain wounded around the above driving sprocket wheel
and the driven sprocket wheel. An oil pump 8 and an oil
pump casing 9, which are casing members, covering the
oil pump 8 and forming a lubricating oil passage are ar-
ranged inside the chain casing 6.

An oil filter 10 for filtering the lubricating oil is arranged
at the side of a lower end of the chain casing 6.

[0026] Figure 2 is a perspective view of the oil cooler.
Figure 3 is an exploded perspective view showing a state
looking up the oil pan and the oil cooler from oblique
lower. Figure 4 is a sectional view of the oil pan and the
oil cooler taken along a line | - I.

The oil cooler 7 is a cooling device of the lubricating oil
by the cooling water being a refrigerant. As shown in
Figure 2, the refrigerating device is provided with a plate-
like base plate 71, and an approximately rectangular core
section 72 arranged at the lower side of the base plate
71. The base plate 71 has a function for a lid of the core
section 72 as described in the following. The circumfer-
ential edge portion of the base plate 71 is constituted to
extend from the side of the core section 72 to constitute
a flange section 73 by the extended portion. The flange
section 73 is provided with a plurality of bolt holes 73a.
As shown in Figure 3, the oil cooler 7 is mounted in the
recess 23 of the oil pan 2 by inserting a plurality of bolts
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B into a plurality of bolt holes 73a and screwing in the
bottom 21a of the upper oil pan 21.

[0027] A pair of communication ports for lubricating oil
74a, 74b are penetratingly formed to enter the lubricating
oil in the core section 72 or to supply the lubricating oil
from the core section 72 in an inner side of the flange
section 73 of the base plate 71. A pair of communication
ports for lubricating oil 74a, 74b are respectively arranged
in a place corresponding to a pair of corners, which lie in
either one of diagonal lines of the core section 72.

A pair of communication ports for cooling water 75a, 75b
are penetratingly formed to enter the cooling water in the
core section 72 or to supply the cooling water from the
core section 72 in an inner side of the flange section 73
of the base plate 71. A pair of the communication ports
for cooling water 75a, 75b are respectively arranged in
places corresponding to a pair of corners, which lie in the
other diagonal line of the core section 72.

The flange section 73 of the base plate 71 is respectively
provided with a pair of through holes 76a, 76b penetrating
in a surface placed in the side of the oil pan 2 to a surface
placed in the side of the core section 72. The through
holes 76a, 76b are respectively formed in the proximity
of the communication ports for cooling water 75a, 75b.
[0028] The pipes P1, P2 having an approximately L-
letter shape constituting the cooling water passage are
laid out in the side of the core section 72 of the through
holes 76a, 76b formed in the flange section 73. The pipes
P1, P2 are, for example, brazed in the frange section 73
of the oil cooler 7. The flange section 73 of the pipes P1,
P2 and the opposite end are connected, for example,
through a connection hose as not shown to a cooling
water passage such as water jacket formed inside the
engine 1.

[0029] As shown in Figure 4, the core section 72 is
provided with the lubricating oil circulating section 72a
flowing the lubricating oil, and the cooling water circulat-
ing section 72b flowing the cooling water. The lubricating
oil circulating section 72a and the cooling water circulat-
ing section 72b are mutually separated by a partition 79.
For example, they are alternately cumulated to be a uni-
form layer in up-and-down direction.

The upstream side of the cooling water circulating section
72b is connected to the communication port for cooling
water 75a placed in the intake side, and the downstream
side of the cooling water circulating section 72b is con-
nected to the communication port for cooling water 75b
in the outtake side.

Although drawings are omitted as well as the above, the
upstream side of the lubricating oil circulating section 72a
is connected to the communication port for lubricating oil
74a, and the downstream side of the lubricating circulat-
ing section 72a is connected to the communication port
for lubricating oil 74b in the outtake side.

In this constitution, the heat of lubricating oil circulating
the lubricating oil circulating section 72a is transferred to
the cooling water circulating in the cooling water circu-
lating section 72b through the partition 79, thus to cool
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down the lubricating oil. Naturally, a constitution of the
core section 72 is not particularly restricted.

[0030] As shown in Figure 3 and 4, a first concave
groove 25a is formed in a surface (lower surface) of the
bottom 21a of the upper oil pan 21 and in a place corre-
sponding to the communication port for cooling water 75a
and a through hole 76a in the intake side of the oil cooler
7. A second concave groove 25b is formed in a surface
(lower surface) of the bottom 21a of the upper oil pan 21
and in a place corresponding to the communication port
for cooling water 75b and a through hole 76b in the out-
take side of the oil cooler 7. As shown in Figure 4, the
first concave groove 25a is connected to the communi-
cation port for cooling water 75a in the intake side and
the through hole 76a in a state as the oil cooler 7 in the
bottom 21a of the upper oil pan 21 attached.

[0031] As above mentioned, as shown in Figure 4, (a
part of) cooling water passage is so constituted that the
pipe P1, the through hole 76a, the first concave groove
25a, the communication port for cooling water 75a, the
cooling water circulating section 72b in the core section
72, the communication port for cooling water 75b, the
second concave groove 25b, the through hole 76a, and
the pipe P2 are serially connected in order.

[0032] As shown in Figure 3, the openings 26a, 26b of
the lubricating oil passages are respectively provided in
places corresponding to the communication port for lu-
bricating oil 74a, 74b (c.f. Figure 2) of the oil cooler 7 in
the bottom 21a of the upper oil pan 21. In the above, the
lubricating oil passage formed inside the engine 1 and
the communication ports for lubricating oil 74a, 74b are
mutually connected in a state as the oil cooler 7 attached
in the bottom 21a of the upper oil pan 21.

[0033] An elliptical and annular sealing grooves 28a,
28b are formed in the surrounding of the first concave
groove 25a and the second concave groove 25b. Annular
sealing grooves 27a, 27b are formed in the surrounding
of the openings 26a, 26b of the lubricating oil passage.
These sealing grooves 27a, 27b, 28a, 28b are respec-
tively provided with a sealing member S (c.f. Figure 4)
for preventing the lubricating oil or cooling water from
leaking.

In addition, the bottom 21a of the upper oil pan 21 is
provided with a female screw hole 21¢c engaging with a
bolt B at a place corresponding to a plurality of bolt holes
73a formed in the flange section 73 of the oil cooler 7.
[0034] Figure 5 is a perspective view showing a state
looking down the bottom of the oil pan and the side wall
of the chain casing from oblique upper. Figure 6 is a sec-
tional view taken along a line Il - Il in Figure 6.

As shown in Figure 5 and 6, an oil pump casing 9 is
arranged in a surface placed in the side of the cylinder
block 3 of the side wall 63 of the chain casing 6. The oil
pump casing 9 is provided with an insert hole 93a for
inserting one end 31a of the crankshaft 31 as the oil pump
8 attached.

A circulating section for oil pump 94 being a lubricating
oil passage used also for an installment space of the oil
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pump 8 in a place between the side wall 63 and the oil
pump casing 9 (c.f. Figure 1) in the surrounding of the
insert hole 93a is formed. A circulating section for oil filter
95 being a lubricating oil passage communicating the
inside of the oil pan 2 and an intake port of the oil filter
10 in a place between the side wall 63 and the oil pump
casing 9 is formed. A circulating section for main gallery
97 being a lubricating oil passage communicating an out-
take port of the oil filter 10 and the main gallery 36 in a
place between the side wall 63 and the oil pump casing
9 is formed.

[0035] In this constitution, the main gallery 36 is a part
of the lubricating oil passage formed inside the cylinder
block 3, and connected to be able to supply each of lu-
bricating oil sections such as the bearing cap and oil jet
provided inside the cylinder block 3 with the lubricating
oil. Although drawings are omitted, the main gallery 36
is designed to supply a sliding section (lubricating sec-
tion) of cam shaft through the oil passage formed in the
cylinder head 4 with the lubricating oil.

[0036] In addition, the oil pump casing 9 is provided
with a relief valve passage 98 connecting an intake port
94a and an outtake port 94b of the circulating portion for
oil pump 94 to arrange a relief valve (as not shown) inside
the relief valve passage 98.

[0037] A suction pipe 22a for sucking the lubricating
oil reserved in the lower oil pan 22 is provided inside the
oil pan 2. One end of the suction pipe 22a is connected
to an oil strainer as not shown, and the other end of the
suction pipe 22a is connected to the intake port 94a of
the circulating section for oil pump 94.

[0038] As shown in Figure 5 and 6, a first oil pan-inte-
grated lubricating oil passage 211 connecting the outlet
port 94b of the circulating section for oil pump 94 and the
communication port for lubricating oil 74a placed in the
intake side of the oil cooler 7 is integrally formed with the
upper oil pan 21 on an upper surface of the bottom 21a
of the upper oil pan 21 as the oil cooler 7 attached. The
oil pan-integrated 211 represents an external form swell-
ing up an upper surface of the bottom 21a of the upper
oiol pan 21 in a semicylindrical shape.

A second oil pan-integrated lubricating oil passage sec-
tion 212 connecting the communication port for lubricat-
ing oil 74b placed in the outtake side of the oil cooler 7
and the intake port 95a of the circulating section for oil
filter 95 is integrally formed with the upper oil pan 21. In
addition, as the second oil pan-integrated lubricating oil
passage section 212 represents approximately the same
constitution as the first oil pan-integrated lubricating oil
passage section 211, its drawings are omitted.

[0039] Thus, as shown in Figure 5, (a part of) the lu-
bricating oil passage is so constituted that the suction
pipe 22a, the circulating section for oil pump 94, the first
oil pan-integrated lubricatingoil passage section 211, the
communication port for lubricating oil 74a, the lubricating
oil circulating section 72a inside the core section 72, the
communication port for lubricating oil 74b, the second oil
pan-integrated lubricating oil passage section 212, the
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circulating section for oil filter 95, the oil filter 10, and the
circulating section for main gallery 97 are communicated
in the above order.

[0040] The first oil pan-integrated lubricating oil pas-
sage section 211 and the second oil pan-integrated lu-
bricating oil passage section 212 are, for example,
formed to be parallel to an axial direction of the crankshaft
31.

The first oil pan-integrated lubricating oil passage section
211 and the second oil pan-integrated lubricating oil pas-
sage section 212 are integrally manufactured with the
upper oil pan 21 by disposing a core in a hollow portion
at the time of casting the upper oil pan 21.

As shown in Figure 6 and 4, the first oil pan-integrated
lubricating oil passage section 211 is formed like strad-
dling the second concave groove 25b.

[0041] Although the fluidic channel structure of internal
combustion engine relating to this embodiment is funda-
mentally constituted by the above, operations as well as
functions and effects of oil passage structure of internal
combustion engine relating to this embodiment will be
described with reference to Figure 1 to 6.

[0042] As shown in Figure 4, cooling water supplied
from a radiator, as not shown, is designed to flow through
the pipe P1, the through hole 76a, the first concave
groove 25a, and the communication port for cooling water
75a, and enter the cooling water circulating section 72b
of the core section 72. After the cooling water entering
the cooling water circulating section 72b rises in temper-
ature by absorbing heat from the lubricating oil circulating
the lubricating oil circulating section 72a, it flows through
the communication port for cooling water 75b, the second
concave groove 25b, the through hole 76b and the pipe
P2, and then returns to the radiator.

[0043] On the other hand, as shown in Figure 5, the
lubricating oil reserved in the oil pan 2 is sucked through
the suction pipe 22a by driving the oil pump 8. As shown
in Figure 6, the lubricating oil sucked in the suction pipe
22a flows through the oil pump circulating section 94, the
first oil pan-integrated lubricating oil passage section
211, and the communication port for lubricating oil 74a,
and enters the lubricating oil circulating section 72a of
the core section 72.

After the lubricating oil entered in the lubricating oil cir-
culating section 72a of the core section 72 is cooled down
owing to the heat absorbed by cooling water circulating
through the cooling water circulating section 72b, it flows
through the communication port for lubricating oil 74b,
the second oil pan-integrated lubricating oil passage sec-
tion 212 and the circulating section for oil filter 95, and
enters the oil filter 10. The lubricating oil filtering impuri-
ties at the oil filter 10 is supplied by pressure through the
circulating section for main gallery 97 to the main gallery
36.

The lubricating oil supplied by pressure to the main gal-
lery 36 is supplied to each of lubricating portions of the
engine 1 and relieves the friction at each of the lubricating
portions. The lubricating oil supplied to the lubricating

10

15

20

25

30

35

40

45

50

55

portion returns through channels such as channels for
drainage as not shown to the oil pan 2.

[0044] In the engine 1 having the fluidic channel struc-
ture of such internal combustion engine, the pipes P1,
P2 are connected to the flange section 73 of the oil cooler
7. Then, the cooling water are intaken and outtaken from
the pipes P1, P2 through the first concave groove 25a
and the second concave groove 25b formed on a surface
of the bottom 21a of the upper oil pan 21 to the core
section 72 of the oil cooler 7.

As the pipes P1, P2 for cooling water are arranged in a
dead space positioned in the surrounding of the flange
section 73 of the oil cooler 7, they can avoid interferencing
with pipings, accessories, frames, or the like placed in
the surrounding of the engine 1, and the improvement of
degrees of freedom in layout and the small-size scaling
of internal combustion engine can be obtained.

[0045] The cooling water passage can be realized in
a simple constitution by that the first concave groove 25a
and the second concave groove 25b are formed in a sur-
face of the bottom 21a of the upper oil pan 21 and the
flange section 73 of the oil cooler 7 is provided with the
through holes 76a, 76b. Thus, in comparison with the
case where both the cooling water passage leading to
the oil cooler 7 and the lubricating oil passage are formed
inside the engine 1, it is formed in a simple constitution
and a large-size scaling of the engine 1 and an increase
of manufacturing cost can be effectively restricted.

As itis very few required to machine the core section 72,
it is not required to manufacture a specific core section
72 and the material costs can be effectively restricted to
be lower.

[0046] As the oil cooler 7 is arranged in the recess 23
formed in the oil pan 2, it is easy to attach and detach
the oil cooler 7 from the engine 1 and improve the main-
tenance in addition to the above functions and effects.
As the other parts are very few arranged in the lower
portion of the oil pan 2, the oil cooler 7 never interferes
with the other parts, and it is easy to increase a volume
of the oil cooler 7.

It is possible to lay out such that the pipes P1, P2 of the
oil cooler 7 does not extrude below the bottom of the
lower oil pan 22, and it is possible to provide a compact
engine 1.

[0047] The first oil pan-integrated lubricating oil pas-
sage section 211 and the second oil pan-integrated lu-
bricating oil passage section 212 are formed to cross a
surface (upper surface) of the bottom 21a of the upper
oil pan 21 being an attachment surface of the oil cooler
7. Thus, the bottom 21a of the upper oil pan 21 can be
effectively reinforced.

[0048] As above mentioned, although an embodiment
of the present invention has been described in detail with
reference to the drawings, the present invention is not
limited thereto and it can be appropriately modified or
changed without departing from an essence or gist of the
present invention.

[0049] In this embodiment, for example, although the
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cooling water is adapted to flow through the through holes
76a, 76b formed in the flange section 73 and the first
concave groove 25a and the second concave groove 25b
formed in the bottom of the oil pan 2 to the oil cooler 7,
and to flow the lubricating oil from the lubricating oil pas-
sage provided in the oil pan 2 to the oil cooler 7, the
presentinvention is not limited thereto. It may be adapted
to flow the lubricating oil to the through hole 76a formed
in the flange section 73, the first concave groove 25a and
the second concave groove 25b formed in the bottom of
the oil pan 2. It may be also adapted to flow the cooling
water from the cooling water passage provided in the oil
pan 2 to the oil cooler 7.

In this constitution, as the fluid flowing from the outside
of the engine 1 to the oil cooler 7 may be appropriately
modified according to a constitution of the cooling water
passage and the lubricating oil passage, properties and
variations of the layout can be improved.

[0050] As shown in Figure 5, although the lubricating
oil passage is adapted to be formed between the chain
casing 6 and the oil pump casing 9 in this embodiment,
the present invention is not limited thereto, and the lubri-
cating oil passage may be provided only by the oil pump
casing 9.

[0051] Although this embodiment has been described
by giving an example of an automotive engine 1, the flu-
idic channel structure of internal combustion engine can
be, of course, applied to an internal combustion engine
other than an automotive vehicle.

This invention provides a fluidic channel structure of in-
ternal combustion engine enabling an oil cooler to be
smaller in size without a complicated fluidic channel
structure placed inside the internal combustion engine
body. This is a fluidic channel structure including an oil
cooler (7), a lubricating oil passage, and a cooling water
passage. The oil cooler (7) has a core section (72) ex-
changing heat and a flange section (73) extending in the
surrounding of the core section (72). The core section
(72) is provided with a pair of communication port for
lubricating oil (74a), (74b), the flange section (73) is pro-
vided with a pair of through holes (76a), (76b), the pipes
(P1), (P2) are laid out in a pair of through holes (76a),
(76b), and the first concave groove (25a) and the second
concave groove (25b) connecting respectively to a pair
of communication port for cooling water and a pair of
through holes (76a), (76b) are formed in a surface of the
bottom (21a) of the oil pan (2) attaching the oil cooler (7).

Claims

1. A fluidic Channel Structure of Internal Combustion
Engine having
an oil pan provided in a lower portion of an internal
combustion engine body and reserving a lubricating
oil,
an oil pump supplying each lubricating portion of the
internal combustion engine body with the lubricating
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oil sucked from the oil pan,

an oil cooler attached to the internal combustion en-
gine body and cooling down the lubricating oil,

a lubricating oil passage circulating the lubricating
oil by connecting the oil pan, the oil pump, the olil
cooler, and the each lubricating portion in series, and
a refrigerating passage supplying the oil cooler with
refrigerant, wherein

the oil cooler comprises a core section exchanging
heat between a lubricating oil circulating section of
the lubricating oil and a refrigerant circulating section
of the refrigerant, and a flange section extending
from an end of an attachment side of the internal
combustion engine body of the core section to an
ambient environment,

and wherein

the internal combustion engine body forms a com-
munication port for lubricating oil communicating the
lubricating oil circulating section and the lubricating
oil passage and, acommunication port for refrigerant
communicating the refrigerant circulating section
and the refrigerant passage in the attachment side
thereof, and the flange section forms a through hole
pentrating from a surface of the attachment side of
the internal combustion engine body to a surface
placed in the side of the core section,

and wherein

the through hole is so designed that either of the
refrigerant passage and the lubricating oil passage
is laid out, and

a concave groove connecting either of the commu-
nication port for refrigerant and the communication
port for lubricating oil and the through hole is formed
in a surface of the internal combustion engine body
attaching the oil cooler.

The Fluidic Channel Structure of Internal Combus-
tion Engine according to Claim 1,

wherein

arecess as a part of the bottom depressed is formed
in the bottom of the oil pan, and

the recess is provided with the concave groove and
the oil cooler is arranged through the flange section.

The Fluidic Channel Structure of Internal Combus-
tion Engine according to Claim 1 or 2,

wherein

the oil pan is constituted by an upper oil pan and a
lower oil pan arranged below the upper oil pan, and
the oil cooler is a bottom of the upper oil pan to be
arranged in an area as the lower oil pan not arranged.

The Fluidic Channel Structure of Internal Combus-
tion Engine according to Claim 2 or 3,

wherein

the refrigerant passage is laid out from a surface
placed in the side of the core section in the through
hole,
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the concave groove is constituted to connect the
communication port for refrigerant and the through
hole,

the communication port for lubricating oil is connect-
ed to an oil pan-integrated lubricating oil passage as
integrally formed inside the oil pan, and

the oil pan-integrated lubricating oil passage is con-
nected to the oil pump provided inside the casing
material arranged in one end of the oil pan, and a
communication port for lubricating oil.
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