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BLOW-BY GAS RETURN STRUCTURE
BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0001] The present invention relates to a blow-by-gas
return structure.

(2) Description of Related Art

[0002] As a conventional blow-by gas return structure,
there has been adopted a structure where a blow-by gas
which leaks out to a crankcase is made to return to an intake
passage through an arrangement passage of an operating
valve mechanism, a supply hole for a lubricant, and a head
cover.

SUMMARY OF THE INVENTION

[0003] In general, a pipe through which a blow-by gas
returns to an intake passage is exposed to the outside of an
engine and hence, there is a tendency that the pipe has a low
tolerance for cold. In an extremely low temperature state, a
blow-by gas which returns to the intake passage is cooled by
fresh air in the intake passage so that moisture in the
blow-by gas is frozen at a pipe outlet portion thus giving rise
to a drawback that the pipe is clogged.

[0004] An object of the present invention is to provide a
blow-by gas return structure which is improved so as to
minimize the occurrence of the above-mentioned drawback
caused by freezing at a low temperature by bringing a state
where freezing minimally occurs in an intake-passage-side
end portion of a blow-bay gas passage, with structural
improvement.

[0005] According to one aspect of the present invention,
there is provided a blow-by gas return structure configured
such that a brow-by gas in a crankcase is introduced into an
intake passage through a cover inner passage formed in a
head cover, wherein the blow-by gas return structure
includes: a pipe which connects a blow-by gas outlet of the
head cover and a blow-by gas inlet of the intake passage in
a communicable manner; and a temperature elevating
mechanism configured to elevate a temperature of the blow-
by gas inlet.

[0006] According to the present invention, even when
moisture in a blow-by gas which flows in the pipe is frozen
at a pipe outlet portion due to an extremely low-temperature
state, a temperature of the blow-by gas inlet which is a pipe
outlet side portion can be elevated by a temperature elevat-
ing mechanism.

[0007] For example, even in an extremely low-tempera-
ture state, by effectively making use of engine heat using
cooling water, it is possible to bring the pipe outlet portion
into a state where the pipe outlet portion is minimally frozen
so that the blow-by gas return structure can be improved
such that the above-mentioned drawback which may be
caused by freezing at a low temperature can be minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1 is a front view showing an industrial engine;
[0009] FIG. 2 is a left side view of the engine shown in
FIG. 1,

[0010] FIG. 3 is a plan view of the engine shown in FIG.
1
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[0011] FIG. 4 is a right side view of the engine shown in
FIG. 1,

[0012] FIG. 5 is an entire perspective view of the engine
shown in FIG. 1 as viewed from a right and rear oblique
upper side;

[0013] FIG. 6 is a schematic view schematically showing

a blow-by gas return structure;

[0014] FIG. 7 is a partially-cutaway side view of a cylin-
der head cover;

[0015] FIG. 8 is a plan view of the cylinder head cover;
[0016] FIG. 9 is a partially-cutaway bottom view of the

cylinder head cover;

[0017] FIG. 10 is an enlarged front view of an oil separator
portion;
[0018] FIG. 11 is a perspective view of a main part

showing an exhaust manifold and an area in the vicinity of
the exhaust manifold as viewed from a right and rear oblique
upper side;

[0019] FIGS. 12A and 12B are views showing a blow-by
gas temperature elevating mechanism; FIG. 12A is an
enlarged perspective view showing a main part of an intake
manifold, and FIG. 12B is a cross-sectional view of a main
part showing a transfer passage for cooling water; and
[0020] FIG. 13 is an enlarged view of a main part showing
a temperature elevating mechanism and an area in the
vicinity of the temperature elevating mechanism shown in
FIG. 5.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] Hereinafter, an engine having a blow-by gas return
structure according to an embodiment of the present inven-
tion is described with reference to drawings by taking a
vertical spark ignition and straight multiple cylinder type
industrial engine used in a tractor for agriculture as one
example. In the description made hereinafter, a side where
an engine cooling fan 6 is provided in a crankshaft direction
is assumed as a front side, a side opposite to the front side
is assumed as a rear side, an intake manifold 8 side is
assumed as a left side, and an exhaust manifold 25 side is
assumed as a right side.

[0022] As shown in FIG. 1 to FIG. 5, the engine is
configured such that a cylinder head 2 is assembled to an
upper portion of a cylinder block 1, a cylinder head cover
(hereinafter simply referred to as a head cover) 3 is
assembled to an upper portion of the cylinder head 2, and an
oil pan 4 is assembled to a lower portion of the cylinder
block 1. A transmission case 5 is assembled to a front end
portion of the cylinder block 1, the engine cooling fan 6 is
disposed on a front portion of the transmission case 5, and
a flywheel or a flywheel housing 7 is disposed on a rear
portion of the cylinder block 1. An upper half portion of the
cylinder block 1 forms a cylinder portion 1A, and a lower
half portion of the cylinder block 1 forms a crankcase 1B.
[0023] An intake manifold 8 is disposed on one lateral side
of the cylinder head 2, for example, on a left side of the
cylinder head 2. A throttle valve 10 is mounted on a front
portion of a main pipe 9 of the intake manifold 8. A gas
mixer 11 is mounted on a front portion of the throttle valve
10. An air cleaner (not shown in the drawing) is communi-
cated with the gas mixer 11. The main pipe 9 of the intake
manifold 8 is a pipe having a quadrangular prism shape
elongated in a longitudinal direction which is an extending
direction of an axis P of the crankshaft, for example. Branch
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pipes 30, the number of which corresponds to the number of
cylinders (four) are branched from the main pipe 9 so as to
distribute intake air into intake ports of the respective
cylinders. Symbol 28 indicates an alternator, and symbol 29
indicates an adjusting arm for adjusting a position of the
alternator.

[0024] As shown in FIG. 5 and FIG. 11, an exhaust
manifold 25 and an exhaust cover 26 which covers the
exhaust manifold 25 are disposed on one lateral side of the
cylinder head 2, for example, a right side of the cylinder
head 2. A single exhaust flange 25A having an upward outlet
opening 25a of the exhaust manifold 25 is provided, and the
exhaust flange 25A is positioned on an opening portion 26a
having a notched shape of the exhaust cover 26. The opening
portion 26a is formed on an upper surface side of a rear
portion of the exhaust cover 26.

[0025] As shown in FIG. 3 and FIG. 5, a PCV valve (one
example of a blow-by gas outlet) 12 is integrally mounted on
an upper portion of the head cover 3, and the main pipe 9 of
the intake manifold 8 which forms a passage downstream of
the throttle valve 10 in an air supply passage and the PCV
valve 12 are connected to each other in a communicable
manner through a pipe 20 for a blow-by gas. Further, the gas
mixer 11 and an upper portion of the head cover 3 are
connected to each other in a communicable manner through
a fresh air introducing tube 13. The intake manifold 8 and
the main pipe 9 form one example of the intake passage.

[0026] Next, the blow-by gas return structure in the engine
is described. As shown in FIG. 6, the engine E is provided
with a blow-by gas passage W which can guide a blow-by
gas in a crankcase 1B to a passage downstream of the
throttle valve 10 from the inside of the head cover 3 through
the PCV valve 12. The blow-by gas passage W is formed of
respective passages through which a blow-by gas generated
in the crankcase 1B is made to return to the main pipe 9. That
is, a blow-by gas is made to return to the main pipe 9 through
the inside of the head cover 3, an external oil separator S, the
inside of the head cover 3, and the PCV valve 12 in this
order.

[0027] As shown in FIG. 6, the inside of the head cover 3
is partitioned into a cover one-end-side chamber 3A which
communicates with the inside of the crankcase 1B, and a
cover other-end-side chamber 3B which communicates with
the PCV valve 12, by a partition wall 3W. The oil separator
S (see FIG. 5, FIG. 10 and the like) which has a gas inlet 14A
which communicates with the cover one-end-side chamber
3 A and a gas outlet 15A which communicates with the cover
other-end-side chamber 3B is provided as a part separate
from the head cover 3 with the use of a pair of supply/
exhaust pipes 14, 15.

[0028] In this embodiment, the cover one-end-side cham-
ber 3A (one example of the cover inner passage) is a portion
of the inside of the head cover 3. The cover one-end-side
chamber 3A is disposed on a flywheel housing 7 side (rear
side) in a direction of a crank axis (not indicated by a
symbol) which is an axis of the flywheel. The cover other-
end-side chamber 3B (one example of the cover inner
passage) is also a portion of the inside of the head cover 3.
The cover other-end-side chamber 3B is disposed on an
engine cooling fan 6 side (front side) in the direction of the
crank axis (not indicated by a symbol). The crank axis (not
indicated by a symbol) extends parallel to an axis P of the
engine cooling fan 6 described later.
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[0029] A filter 16 which is used for trapping and removing
engine oil from a blow-by gas is disposed on a downstream
side of a communicating portion of the cover other-end-side
chamber 3B which communicates with the oil separator S in
a blow-by gas flowing direction. The engine also includes an
oil return passage 17 made of a tube, and oil trapped by the
oil separator S is made to return to the inside of the
crankcase 1B through the oil return passage 17.

[0030] As shown in FIG. 7 to FIG. 9, the head cover 3 has
a bottomless box shape and is integrally disposed on an
upper portion of the cylinder head 2. A cover inner space of
the head cover 3 is partitioned into a lower space 3K and an
upper space 3U by a horizontally extending partition plate
18 which is fixed to the head cover 3 by bolts. The lower
space 3K and the upper space 3U are communicated with
each other only through a cutout portion 19 which is formed
on a flywheel housing 7 side end of the horizontally extend-
ing partition plate 18.

[0031] The upper space 3U is partitioned into the cover
one-end-side chamber 3 A having the cutout portion 19 and
the cover other-end-side chamber 3B having the PCV valve
12 by the partition wall 3W positioned at an intermediate
portion of the head cover 3 in a longitudinal direction of the
head cover 3. The partition wall 3W also functions as a
structural portion for setting the filter 16 for removing
mist-like engine oil from a blow-by gas. The PCV valve 12
is disposed on a downstream side of the oil separator S in the
blow-by gas flowing direction in the cover inner passages
3A, 3B.

[0032] As shown in FIG. 6, FIG. 7 and FIG. 9, a gas
take-out port 14B formed of a pipe member is formed on a
side wall 3S of the head cover 3 near the partition wall 3W
in the cover one-end-side chamber 3A. A supply/exhaust
pipe 14 on a supply side is connected to the gas take-out port
14B. A gas return port 15B which is formed of a pipe
member is formed on the side wall 3S of the head cover 3
near the partition wall 3W in the cover other-end-side
chamber 3B. A supply/exhaust pipe 15 on a discharge side
is connected to the gas return port 15B.

[0033] As shown in FIG. 3, FIG. 6 to FIG. 8, the PCV
valve 12 which communicates with the upper portion of the
cover other-end-side chamber 3B is integrally formed on the
head cover 3 by using a tapered screw or the like. The PCV
valve 12 is disposed in a posture where the PCV valve 12
extends in a longitudinal direction of the head cover 3 and
an exhaust-side pipe 12a of the PCV valve 12 is directed
outward and obliquely upward. A connection pipe 21 to
which the fresh air introducing tube 13 is connected by
fitting is mounted on a portion of the head cover 3 below the
exhaust-side pipe 12a in a posture where the connection pipe
21 intersects with the PCV valve 12 and is directed obliquely
upward. In this specification, symbol 22 indicates a cap
which is threadedly mounted on an engine oil supply port.
[0034] As shown in FIG. 1, FIG. 3 to FIG. 5, FIG. 10 and
FIG. 11, the oil separator S is provided to an end portion of
the head cover 3 which is on an engine cooling fan side in
the longitudinal direction of the head cover 3 as an inde-
pendent component disposed on an exhaust manifold 25 side
with respect to the head cover 3 at a height slightly higher
than the head cover 3 using a sheet-metal-made mounting
bracket 23. The supply-side supply/exhaust pipe 14 which is
connected to the cover inner passage 3A in a communicable
manner is led out to a side of an upper end portion of the oil
separator S, and the exhaust-side supply/exhaust pipe 15
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which is connected to the cover inner passage 3B in a
communicable manner is led out to an area directly below
the supply-side supply/exhaust pipe 14.

[0035] That is, the oil separator S which is externally
mounted on the engine is mounted on an exhaust side (right
side) of the cylinder head 2 at a position higher than the head
cover 3 such that both the pair of supply/exhaust pipes 14,
15 are not inclined so as to prevent a head cover side from
becoming higher than an oil separator S side and the head
cover 3 side becomes lower than the oil separator S side. The
oil separator S is disposed close to the engine cooling fan 6
outside a rotational region of the engine cooling fan 6 as
viewed in a direction of the axis P of the engine cooling fan
6 and on a leeward side of the engine cooling fan 6. The oil
separator S is disposed behind (on a leeward side) of the
engine cooling fan 6. The oil separator S is disposed more
on a front side (engine cooling fan 6 side) than the exhaust
manifold 25 (exhaust cover 26). The oil separator S is also
disposed closer to the engine cooling fan 6 than the exhaust
manifold 25 (exhaust cover 26) in the longitudinal direction.
[0036] Mounting structure of the oil separator S is
described in detail. As shown in FIG. 1 to FIG. 3, FIG. 10
and FIG. 11, the mounting bracket 23 is formed of: a
distal-end windproof portion 23a which supports the oil
separator S from a front side using bolts; a proximal end
portion 23¢ which is disposed on an engine cooling fan side
(front side) of the cylinder head 2 and is fixed by bolts to a
front wall of a water flange 34 which houses a thermostat
therein; and an intermediate portion 235 which connects the
windproof portion 23a and the proximal end portion 23¢ to
each other. To arrange the oil separator S as close as possible
to the engine cooling fan 6 in the longitudinal direction, it is
rational that the mounting bracket 23 for the oil separator S
is fixed by bolts to the water flange 34 disposed at a position
in front of the cylinder head 2 (head cover 3). A cooling
water pump 33 is disposed behind the engine cooling fan 6.
[0037] The windproof portion 234 has a size and a shape
sufficient for covering almost all projection area of the oil
separator S while having an upwardly projecting triangular
portion as viewed in a front view. With such a configuration,
the windproof portion 23a substantially prevents cooling air
from affecting the oil separator S. The proximal end portion
23c¢ has an oblique rightward and upward raised shape so as
to elevate the windproof portion 23a thus making the oil
separator S disposed at a higher position than the head cover
3. The intermediate portion 235 connects both the windproof
portion 23a and the proximal end portion 23c¢ to each other
in a longitudinally directed posture such that the windproof
portion 23a is positioned behind the proximal end portion
23¢ between the windproof portion 23a¢ and the proximal
end portion 23¢ which are disposed along a lateral direction.
[0038] The alternator 28 is fixed to an adjusting arm 29
having a curved shape which is pivotally supported on an
engine such as a cylinder head 2 in a positionally adjustable
manner using a circular arcuate elongated hole 294 formed
in the adjusting arm 29 so as to enable adjustment of tension
of a belt (fan belt: not shown in the drawing). The adjusting
arm 29 is formed of a steel plate having a large thickness,
and is excellent in strength.

[0039] A distal end portion of the mounting bracket 23 and
the adjusting arm 29 are connected and fixed to each other
by a connecting member 31 having one end thereof fixed to
the circular arcuate elongated hole 294 of the adjusting arm
29 using a bolt, and has the other end thereof fixed to a lower
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portion of the windproof portion 23a using a bolt. The
connecting member 31 is connected to a proximal end side
of the long circular arcuate elongated hole 294 extending in
an adjusting direction and hence, the connecting member 31
can be used also as a strength member without causing
obstacle in a function of adjusting the alternator 28.
[0040] Since the oil separator S is lifted up by the mount-
ing bracket 23, a flowing passage 32 for cooling air from the
engine cooling fan 6 is formed between the oil separator S
and the alternator 28 disposed below the oil separator S.
More specifically, almost all portion of the flowing passage
32 is a space portion surrounded by the mounting bracket 23,
the adjusting arm 29, and the connecting member 31.
[0041] That is, the distal end portion of the mounting
bracket 23 and the adjusting arm 29 which enables adjust-
ment and setting of a belt tensioning position of the alter-
nator 28 are connected and fixed to each other using the
sheet-metal-made connecting member 31, and on the mount-
ing bracket 23, the windproof portion 23a which restricts
impingement of cooling air from the engine cooling fan 6 on
the oil separator S is formed. Arrangement of the mounting
bracket 23 is set such that the cooling air flowing passage 32
can be ensured below the oil separator S.

[0042] An oil return passage 17 through which an engine
oil trapped in the oil separator S is made to return to the
crankcase 1B using a tube is connected to a bottom portion
(or a bottom wall) 24 of the oil separator S in a communi-
cable manner. Although not shown in the drawing, a filter
which separates mist-like engine oil mixed into a blow-by
gas is disposed in the inside of the oil separator S. Engine oil
trapped by the filter returns to the inside of the crankcase 1B
through the previously-mentioned oil return passage 17 by
free fall due to the gravity.

[0043] As shown in FIG. 3 to FIG. 5, the supply-side
supply/exhaust pipe 14 has: a supply pipe proximal end
portion 14f which has an approximately L. shape and is
connected by fitting to the gas take-out port 14B in a state
where the supply pipe proximal end portion 14f'is inclined
such that an oil separator side becomes higher than a side
opposite to the oil separator side; and a supply pipe distal
end portion 14% which has a linear shape and is connected
by fitting to the gas inlet 14A in a horizontal posture.
Accordingly, when the supply-side supply/exhaust pipe 14 is
viewed as a whole, the supply-side supply/exhaust pipe 14
is arranged in a posture where a head cover 3 side is lower
than an oil separator S side.

[0044] As shown in FIG. 3 to FIG. 5 and FIG. 11, the
exhaust-side supply/exhaust pipe 15 has: an exhaust pipe
proximal end portion 15 which extends just rightward and
is connected by fitting to the gas return port 15B in a
horizontal posture; an exhaust pipe distal end portion 15%
which extends just rearward and is connected by fitting to
the gas outlet 15A in a horizontal posture; and an exhaust
pipe intermediate portion 15¢ which connects the exhaust
pipe proximal end portion 15f'and the exhaust pipe distal end
portion 15% to each other in a vertical posture. Accordingly,
when the exhaust-side supply/exhaust pipe 15 is viewed as
a whole, the exhaust-side supply/exhaust pipe 15 is also
arranged in a posture where the head cover 3 side is lower
than the oil separator S side.

[0045] As shown in FIG. 3 to FIG. 5, and FIG. 11, the pair
of supply/exhaust pipes 14 15 are arranged such that almost
all portion except for the end portions on the oil separator
side, that is, remaining portions except for the end portions
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on an oil separator side of the supply pipe distal end portion
14k and the exhaust pipe distal end portion 15k pass above
the exhaust cover 26 (the exhaust manifold 25).

[0046] Further, a sheet-metal-made heat shielding plate 27
is disposed between the supply pipe proximal end portion
14f, the exhaust pipe proximal end portion 15f and the
exhaust pipe intermediate portion 15¢, that is, portions of the
pair of supply/exhaust pipes 14, 15 relatively close to the
exhaust cover 26 in the vertical direction and the exhaust
cover 26 in the vertical direction.

[0047] As shown in FIG. 5 and FIG. 11, the heat shielding
plate 27 has: a heat shielding body 27A; a partition plate
portion 27B which is formed by upwardly bending a portion
of the heat shielding body 27A; a front leg portion 27C and
a rear leg portion 27D which respectively support front and
rear portions of the heat shielding body 27A; a front mount-
ing base 27E which is continuously formed with the front leg
portion 27C; and a rear mounting base 27F which is con-
tinuously formed with the rear leg portion 27D.

[0048] The rear mounting base 27F has not only a function
of supporting the rear leg portion 27D by being threadedly
mounted on both the exhaust manifold 25 and the exhaust
cover 26 but also a function as a shielding member which
shields a space between the exhaust flange 25A and the head
cover 3 in the opening portion 26a formed in the exhaust
cover 26. In FIG. 3 and FIG. 4, the illustration of the heat
shielding plate 27 is omitted.

[0049] The partition plate portion 27B is a member which
can prevent radiant heat of an exhaust pipe (not shown in the
drawing) which is mounted on the exhaust flange 25A and
is led out upward from being excessively transferred to the
supply/exhaust pipes 14, 15. The partition plate portion 27B
is disposed in an inclined manner such that the partition plate
portion 27B extends from a front right side to a rear left side
as viewed in a plan view. The desired number of (one to
three) communication holes 27a for adjusting a degree of
heat shielding are formed in the heat shielding body 27A.
With the provision of the heat shielding plate 27, radiant heat
of the exhaust cover 26 flows rearward or rightward along
the heat shielding plate 27 due to cooling air and hence, a
hot-air convection preventing effect can be expected.
[0050] In this manner, the oil separator S is disposed at a
higher position than the head cover 3 such that the head
cover 3 side becomes lower than the o0il separator S side in
both of the pair of supply/exhaust pipes 14, 15. The oil
separator S is also mounted on an exhaust side of the
cylinder head 2.

[0051] At the time of stopping the engine or the like after
an operation of a working machine, even when moisture
contained in a blow-by gas exists in the oil separator S, a
liquid component containing moisture flows through the
supply/exhaust pipes 14, 15 and flows into the head cover 3
or flows into the crankcase 1B after passing through the oil
return passage 17 and hence, there is at least no possibility
that moisture stagnates in the oil separator S. Accordingly,
even in an environment of extremely low temperature, for
example, in an environment below the freezing point, it is
possible to acquire an advantageous effect of restricting the
occurrence of a drawback that moisture is frozen in the oil
separator S so that the oil separator S is clogged.

[0052] Along with the stopping of the engine, a liquid
component containing moisture which exists in the pair of
supply/exhaust pipes 14, 15 moves to the head cover 3 due
to the arrangement structure of the supply/exhaust pipes 14,
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15 where the head cover side becomes lower than the
separator side and hence, it is also possible to prevent the
supply/exhaust pipes 14, 15 from being clogged due to
freezing of moisture. In addition, the supply/exhaust pipes
14, 15 are warmed by elevation of radiant heat of the exhaust
manifold from below the supply/exhaust pipes 14, 15 and
hence, it is possible to acquire an advantageous effect that,
even when slight freezing occurs in the supply/exhaust pipes
14, 15, ice melts early due to radiant heat of the exhaust
manifold 25 which is rapidly warmed along with starting of
the engine.

[0053] As shown in FIG. 1 and FIG. 10, the oil separator
S is disposed outside the rotational region 6 of the engine
cooling fan 6 as viewed in the axis P direction (longitudinal
direction) of the engine cooling fan 6 and is designed such
that the oil separator S minimally receives a cooling action
by cooling air. In addition, as shown in FIG. 3 to FIG. 5, the
oil separator S disposed on a leeward side of the engine
cooling fan 6 is disposed close to the engine cooling fan 6
in the axis P direction as much as possible and hence, the oil
separator S can be disposed outside a region where cooling
air spreads or outside of the region as much as possible.
Accordingly, the oil separator S is disposed on an exhaust
side in a state where the cooling air minimally impinges on
the oil separator S and hence, it is possible to provide an
engine which can efficiently prevent freezing of the oil
separator S without deteriorating an engine cooling action.
[0054] The oil separator S is supported by the mounting
bracket 23 in a cantilever manner and hence, there is a
tendency for the oil separator S to be liable to vibrate
(resonate or the like) due to vibrations of the engine.
Accordingly, in this embodiment, the windproof portion 23«
is connected and fixed to the adjusting arm 29 having a
sufficient strength which is disposed below the oil separator
S by way of the connecting member 31. Accordingly, it is
possible to allow the mounting bracket 23 to have a structure
substantially equal to the both-end support structure in a
rational manner without using additional members thus
obtaining an advantageous effect that the oil separator S can
be supported with little vibration and with sufficient
strength.

[0055] The oil separator S which is externally mounted on
the engine is disposed on the exhaust manifold 25 side (right
side of the engine E) with respect to the head cover 3, and
has the windproof portion 23a which restricts impingement
of cooling air. Accordingly, it is possible to provide the oil
separator S which does not receive an air cooling action by
cooling air but receives a radiant heat of exhaust air. That is,
while the oil separator S has the externally-mounted struc-
ture which is advantageous for ensuring capacity and trap-
ping of oil, the oil separator S is disposed in a temperature
environment where freezing or the like minimally occurs as
much as possible. The flowing passage 32 for cooling air is
ensured below the oil separator S and hence, it is possible to
acquire an advantageous effect that the engine can exhibit a
sufficient cooling action as a whole while wind minimally
impinges on the oil separator S.

[0056] As shown in FIG. 6, a blow-by gas in the crankcase
1B is made to return to a downstream side of the throttle
valve 10 through the blow-by gas passage W consisting of
the cutout portion 19, the cover one-end-side chamber
(cover inner passage) 3A, the supply-side supply/exhaust
pipe 14, the oil separator S, the exhaust-side supply/exhaust
pipe 15, the proximal end portion of the cover other-end-side
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chamber 3B, the filter 16, distal end portion of the cover
other-end-side chamber (cover inner passage) 3B, the PCV
valve 12, the pipe 20 for blow-by gas, and the main pipe 9
(one example of the intake passage) in this order. Oil in a
blow-by gas which is trapped by the filter 16 mounted on the
cover is made to return to the inside of the crankcase 1B
through the return passage not shown in the drawing.
[0057] The oil separator S which is mounted on an outer
side of the engine E, that is, externally mounted on the
engine E is provided as an independent component sepa-
rately from the head cover 3 which includes the filter 16 in
the inside thereof and hence, a sufficient volume of the
blow-by gas passage W can be ensured in total and, at the
same time, a filter area and a capacity of the oil separator S
can be sufficiently ensured and hence, a liquid component in
a blow-by gas mainly constituted of oil can be sufficiently
removed. An arrangement place of the filter 16 in the head
cover 3 can be variously changed and set, and also the filter
16 may be omitted.

[0058] The oil separator S is externally mounted on the
engine E and hence, it is necessary to provide the partition
wall 3W, the gas take-out port 14B, and the gas return port
15B. However, it is unnecessary to increase a size of the
head cover 3 and to change a shape of the head cover 3 and
hence, the blow-by gas return structure whose functions are
strengthened can be realized economically and in a rational
manner.

[0059] When a blow-by gas is made to return to a down-
stream side of the throttle valve 10 through the PCV valve
12, the main pipe 9 is brought into a negative pressure and
hence, when the oil separator S is merely connected to the
main pipe 9, there arises a drawback that oil mist is also
made to return to the downstream side of the throttle valve
10 whereby, for example, it is necessary to take a counter-
measure such as providing a check valve to the oil return
passage 17 of the oil separator S.

[0060] However, by improving the structure such that the
oil separator S is connected to an intermediate portion of the
gas passage in the head cover 3 in a communicable manner
by partitioning the inside of the head cover 3 in the longi-
tudinal direction and the filter 16 which becomes an air flow
resistance is provided to the cover other-end-side chamber
3B, a negative pressure in the main pipe 9 minimally acts on
the oil separator S.

[0061] Accordingly, in the oil separator S, by merely
connecting the oil return passage 17 to the bottom portion 24
without providing a check valve and the like, oil which is
trapped in the inside of the oil separator S can be made to
return to the crankcase 1B by free fall. The filter 16 provided
to the inside of the head cover 3 is disposed on a downstream
side of the oil separator S in the blow-by gas flowing
direction and hence, the oil trapping filter 16 can function
also as a resistor for canceling a negative pressure, thus
providing an economical and rational blow-by gas return
structure.

[0062] The pair of supply/exhaust pipes 14, 15 which
makes the head cover 3 and the oil separator S communicate
with each other is led out from the head cover 3 in the
horizontal direction by providing the gas take-out port 14B
and the gas return port 15B horizontally on the side wall 3S
of the head cover 3. Accordingly, a space disposed on the
lateral side of the engine E can be effectively used as a space
for disposing the oil separator S and hence, there is an
advantage that the oil separator S which contributes to the
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increase of the capacity can be mounted on the engine E
without or almost without increasing a height size of the
engine E.

[0063] Next, the structural improvement of a blow-by gas
return portion of the pipe 20 to the intake passage 9 is
described. As shown in FIG. 12 and FIG. 13, a temperature
elevating mechanism T elevates a temperature of a blow-by
gas inlet 9A of the intake passage 9. The temperature of the
blow-by gas inlet 9A is provided for elevating a temperature
of a blow-by gas which is made to return to the intake
passage 9 through the pipe 20 from the PCV valve 12 which
is a blow-by gas outlet of the head cover 3. The temperature
elevating mechanism T is formed such that a cooling water
transfer passage (hereinafter simply referred to as a transfer
passage) 35 is formed in a portion of the blow-by gas inlet
9A of the intake passage 9.

[0064] As shown in FIG. 12A and FIG. 12B, the transfer
passage (riser) 35 is formed in a wall outer side of a
structural wall 36 which is a right (head cover 3 side) side
wall of the main pipe 9. The blow-by gas inlet 9A having a
communication hole 9a which is an inclined through hole
having an axis Q thereof inclined with respect to an expand-
ing direction 44 of the structural wall 36 is formed in the
structural wall 36. A bulging wall portion 36a which has the
transfer passage 35 is formed on the structural wall 36 in a
state where the bulging wall portion 36a overlaps with a
base portion of the inlet 9A.

[0065] The bulging wall portion 36a is formed of: a
cooling water inlet portion 38 which is provided for con-
necting an upstream-side pipe 37 to the bulging wall portion
36a in a communicable manner thus allowing cooling water
to flow into the bulging wall portion 36a; a cooling water
main flow portion 39 which makes cooling water flowing
into the bulging wall portion 36a from the upstream-side
pipe 37 flow through in a routed-around manner; and a
cooling water outlet portion 40 which is provided for
connecting a downstream-side pipe 41 to the bulging wall
portion 364 in a communicable manner thus allowing cool-
ing water which flows from the cooling water main flow
portion 39 to flow into the downstream-side pipe 41.
[0066] As shown in FIG. 12A and FIG. 12B, the cooling
water main flow portion 39 is formed just behind the inlet
9A of the structural wall 36 by projecting the structural wall
36 in a laterally opened cylindrical shape in a state where the
cooling water main flow portion 39 is integrally formed with
the inlet 9A. The cooling water main flow portion 39 is
sealed by a cup-shaped lid body 43. On the cooling water
main flow portion 39, a partition wall 42 which projects
downward and laterally (rightward) is formed such that the
cooling water flow passage 39a disposed inside the cooling
water main flow portion 39 forms a bypass passage through
which cooling water flows downward once and then flows
upward. That is, the flow passage 39a is formed of: a flow
passage proximal end portion 39aa which is directed down-
ward; and a flow passage distal end portion 39ab which is
directed upward. In FIG. 12A, the lid body 43 is omitted.
[0067] As shown in FIG. 12A and FIG. 12B, the cooling
water inlet portion 38 has: a flow passage 38a which opens
at a rear upper portion of the cooling water main flow
portion 39 and extends in the longitudinal direction; and a
connecting pipe 385 which is press-fitted into the flow
passage 38a so as to allow mounting by fitting of an
upstream-side pipe 37 thereon. The cooling water outlet
portion 40 has: a flow passage 40a which opens at a
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longitudinal upper portion of the cooling water main flow
portion 39 and is directed obliquely in the longitudinal
direction; and a connecting pipe 4056 which is press-fitted
into the flow passage 40a so as to allow mounting by fitting
of'a downstream-side pipe 41 thereon. The structural wall 36
is made of an aluminum alloy which is excellent in thermal
conductivity. However, the structural wall 36 may be made
of other metals.

[0068] Three ribs 9%, 9y, 9n are formed on the inlet 9A.
That is, a lower rib 9% and a lateral rib 9y are formed between
the inlet 9A and the cooling water main flow portion 39, and
oblique ribs 97 are formed between the inlet 9A and the
cooling water outlet portion 40. A connecting pipe 9p for
connecting the pipe 20 for a blow-by gas to the inlet 9A on
which the pipe 20 is mounted in a communicable manner by
fitting is press-fitted into the communication hole 9a. That is,
the transfer passage 35 is formed into a passage having a
curved shape so as to follow an outer periphery of the
communication hole 9a by the flow passage distal end
portion 39ab of the cooling water main flow portion 39 and
the flow passage 40a of the cooling water outlet portion 40.
[0069] As shownin FIG. 12A and FIG. 12B, cooling water
which is warm water discharged from the cooling water
pump 33 flows in a predetermined portion and, thereafter, a
portion of the cooling water returns to the cooling water
pump 33 after passing through the transfer passage 35 of the
intake manifold 8, the downstream-side pipe 41 and the like
from the upstream-side pipe 37. The transfer passage 35 is
formed in the structural wall 36 together with the blow-by
gas inlet 9A so as to surround the distal end portion of the
pipe 20 for a blow-by gas, that is, to surround the blow-by
gas inlet 9A of the intake passage 9. In the cooling water
main flow portion 39, the flow of cooling water is made to
meander by the partition wall 42. With such a configuration,
the flow passage distal end portion 39ab which extends
along the outer periphery of the blow-by gas inlet 9A is
formed. In addition, the flow passage 40a which extends
along the outer periphery of the blow-by gas inlet 9A is
formed also by the cooling water outlet portion 40 which
makes cooling water to flow obliquely upward and front-
ward.

[0070] With the provision of the temperature elevating
mechanism T having the above-mentioned configuration,
heat of cooling water which flows in the transfer passage 35
is transferred through the bulging wall portion 364, more
specifically, the cooling water main flow portion 39, the
cooling water outlet portion 40, the lower rib 9%, the lateral
rib 9y, and the oblique rib 9z and hence, the blow-by gas
inlet 9A is efficiently warmed. Accordingly, even when
moisture in a blow-by gas which flows in the pipe 20 is
frozen under an extremely low temperature condition such
as =30° C. or the like, along with temperature elevation of
cooling water brought about by starting of the engine, a
distal end portion of the pipe 20 is rapidly warmed so that
a temperature of the blow-by gas inlet 9A, that is, a
temperature of a blow-by gas which flows the communica-
tion hole 9a can be effectively elevated. Accordingly, the
blow-by gas return structure is structurally improved such
that a state is brought about where freezing minimally
occurs in the blow-bay gas passage formed of the pipe 20
disposed outside the engine thus minimizing the occurrence
of a drawback caused by freezing at a low temperature.

[0071] That is, the temperature elevating mechanism T is
a unit for supplying warm water to an area in the vicinity of
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a portion which is liable to be subjected to icing at a merging
portion in the intake passage 9 for a blow-by gas thus
preventing or avoiding such icing by local warming. Even
when the riser (transfer passage 35) has a small capacity, to
enable the riser to efficiently warm a blow-by gas, the flow
of warm water (cooling water) is restricted by the partition
wall 42 thus forming a passage having a bent shape in the
riser (cooling water main flow portion 39). Further, with the
provision of various ribs, that is, the lower rib 9%, the lateral
rib 9y, and the oblique rib 97, thermal conductivity is further
enhanced.

[0072] As a result, due to such structural improvement, a
state is brought about where freezing minimally occurs in an
intake-passage-side end portion of the blow-by gas passage
such as the pipe disposed outside the engine. Accordingly, it
is possible to provide the improved blow-by gas return
structure which can minimize the malfunction of a blow-by
gas return function caused due to freezing at a low tempera-
ture and the occurrence of unexpected leakage of oil caused
due to clogging of the passage.

[0073] The blow-by gas return structure of the present
invention also has the following technical features (1) to (6).

[0074] (1) The temperature elevating mechanism T is
configured such that the cooling water transfer passage 35 is
formed in a portion of the blow-by gas inlet 9A of the intake
passage 9.

[0075] In this manner, the temperature elevating mecha-
nism is provided by forming the cooling water transfer
passage at a portion of the blow-by gas inlet of the intake
passage and hence, the temperature elevating mechanism
can exhibit a function of preventing freezing of the pipe
outlet portion during the operation of the engine and a
function of rapidly defrosting the pipe outlet portion at the
time of starting the engine by making effective use of the
engine heat using cooling water.

[0076] As a result, the temperature elevating mechanism
which warms the blow-by gas inlet of the intake passage is
realized by the rational structural improvement which makes
use of the engine heat thus obtaining an advantage that the
above-mentioned advantageous effects (minimizing the mal-
function of'a blow-by gas return function and the occurrence
of' unexpected leakage of oil due to clogging) can be realized
economically and in a rational manner.

[0077] (2) The intake passage 9 is formed of the intake
manifold 8, the blow-by gas inlet 9A has the communication
hole 94 which penetrates the structural wall 36 forming the
intake manifold 8 such that the communication hole 9a
opens to the inside and the outside of the structural wall, and
the transfer passage 35 is formed on the wall outer side of
the structural wall 36.

[0078] In this manner, the blow-by gas inlet and the
cooling water transfer passage are formed on the wall outer
side of the structural wall of the intake manifold, and the
transfer passage can be formed in the indispensable consti-
tutional parts and hence, there is an advantage that it is
possible to realize the temperature elevating mechanism
which makes use of the engine heat while realizing the
reduction of the number of parts and suppressing the
increase of a cost without narrowing the intake passage.
[0079] (3) The communication hole 9a is formed as an
inclined through hole having the axis Q which is inclined
with respect to the wall expanding direction of the structural
wall 36.
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[0080] In this manner, the communication hole is formed
as the inclined through hole which is inclined with respect
to the wall expanding direction of the structural wall and
hence, compared to a case where the communication hole is
a hole which is orthogonal to the wall expanding direction,
there is an advantage that a heat receiving volume of the
structural wall can be increased without causing any prob-
lems thus contributing to the improvement of thermal con-
ductivity.

[0081] (4) The transfer passage 35 is formed into a passage
having a curved shape so as to follow the outer periphery of
the communication hole 9a.

[0082] In this manner, the transfer passage is formed into
a passage having a curved shape along the outer periphery
of the communication hole and hence, there is an advantage
that the thermal conductivity can be further enhanced.
[0083] (5) The structural wall 36 in which the communi-
cation hole 94 and the transfer passage 35 are formed is a
side wall of the main pipe 9 from which the plurality of
branch pipes 30 extending toward the respective cylinders of
the intake manifold 8 are branched.

[0084] In this manner, the structural wall having the
transfer passage is the side wall of the main pipe from which
the plurality of branch pipes extending toward the respective
cylinders are branched and hence, compared to a case where
ablow-by gas is made to return to the branch pipes, an action
of elevating a temperature of a blow-by gas can be acquired
while making a blow-by gas return to the respective cylin-
ders uniformly without causing non-uniform distribution of
a blow-by gas into the respective cylinders.

[0085] (6) The main pipe 9 is formed of a molded product
made of an aluminum alloy.

[0086] In this manner, the structural wall is made of an
aluminum alloy so that there is an advantage that the
structural wall can possess excellent thermal conductivity
also from a viewpoint of a material.

Another Embodiment

[0087] The configuration may be adopted where the trans-
fer passage 35 surrounds the blow-by gas inlet 9A by a half
turn or by one turn so that heat conduction is improved. The
configuration may be also adopted where a cross-sectional
area of the communication hole 9a is increased so that heat
conduction is improved. The temperature elevating mecha-
nism T may be disposed on an upper wall of the main pipe
9.
What is claimed is:
1. A blow-by gas return structure configured such that a
blow-by gas in a crankcase is introduced into an intake
passage through a cover inner passage formed in a head
cover, the blow-by gas return structure comprising:
a pipe which connects a blow-by gas outlet of the head
cover and a blow-by gas inlet of the intake passage in
a communicable manner; and

a temperature elevating mechanism configured to elevate
a temperature of the blow-by gas inlet.

2. The blow-by gas return structure according to claim 1,
wherein the temperature elevating mechanism is configured
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such that a cooling water transfer passage is formed in a
portion of the blow-by gas inlet of the intake passage.

3. The blow-by gas return structure according to claim 2,
wherein the intake passage is an intake manifold, the blow-
by gas inlet has a communication hole which penetrates a
structural wall forming the intake manifold such that the
communication hole opens to the inside and the outside of
the structural wall, and the transfer passage is formed on a
wall outer side of the structural wall.

4. The blow-by gas return structure according to claim 3,
wherein the communication hole is formed as an inclined
through hole having an axis which is inclined with respect
to a wall expanding direction of the structural wall.

5. The blow-by gas return structure according to claim 3,
wherein the transfer passage is formed into a passage having
a curved shape so as to follow an outer periphery of the
communication hole.

6. The blow-by gas return structure according to claim 4,
wherein the transfer passage is formed into a passage having
a curved shape so as to follow an outer periphery of the
communication hole.

7. The blow-by gas return structure according to claim 3,
wherein the structural wall in which the communication hole
and the transfer passage are formed is a side wall of a main
pipe from which a plurality of branch pipes extending
toward respective cylinders of the intake manifold are
branched.

8. The blow-by gas return structure according to claim 4,
wherein the structural wall in which the communication hole
and the transfer passage are formed is a side wall of a main
pipe from which a plurality of branch pipes extending
toward respective cylinders of the intake manifold are
branched.

9. The blow-by gas return structure according to claim 5,
wherein the structural wall in which the communication hole
and the transfer passage are formed is a side wall of a main
pipe from which a plurality of branch pipes extending
toward respective cylinders of the intake manifold are
branched.

10. The blow-by gas return structure according to claim 6,
wherein the structural wall in which the communication hole
and the transfer passage are formed is a side wall of a main
pipe from which a plurality of branch pipes extending
toward respective cylinders of the intake manifold are
branched.

11. The blow-by gas return structure according to claim 7,
wherein the main pipe is formed of a molded product made
of an aluminum alloy.

12. The blow-by gas return structure according to claim 8,
wherein the main pipe is formed of a molded product made
of an aluminum alloy.

13. The blow-by gas return structure according to claim 9,
wherein the main pipe is formed of a molded product made
of an aluminum alloy.

14. The blow-by gas return structure according to claim
10, wherein the main pipe is formed of a molded product
made of an aluminum alloy.
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