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(54) ENGINE PROVIDED WITH MECHANICAL SUPERCHARGER

(57)  An intake passage (30) of an engine (1) has a
first passage body (33b) supplying gas to a mechanical
supercharger (34). The first passage body (33b) is con-
nected to a rotor chamber (343) of the supercharger (34)
from one side in a cylinder array direction and is offset

toward a first rotor (341) in an arrangement direction of
first and second rotors (341, 342). An inner wall of the
first passage body (33b) is provided with a guide portion
(70) directing a gas flow flowing along the inner wall to-
ward the second rotor (342) in the arrangement direction.
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Description
TECHNICAL FIELD

[0001] The disclosed technique relates to an engine
provided with a mechanical supercharger.

BACKGROUND ART

[0002] PatentDocument 1 discloses an exemplary en-
gine provided with a mechanical supercharger. Specifi-
cally, the engine disclosed in Patent Document 1 includes
an intake passage (an intake system) connected to a
combustion chamber and a mechanical supercharger
provided in the intake passage and operating through
externally transmitted power (a mechanical supercharg-
er).

[0003] The supercharge according to Patent Docu-
ment 1 includes a Lysholm pump with two-axis rotors.
Specifically, this supercharger has two rotors extending
in a predetermined central axial direction and provided
adjacent to each other in a direction orthogonal to the
central axial direction. An introduction passage portion
(an intake introduction pipe) supplying gas to this super-
charger is connected to a rotor chamber from one side
in the central axial direction.

CITATION LIST
PATENT DOCUMENT

[0004] [Patent Document 1] Japanese Unexamined
Patent Publication No. H09-228846

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0005] In such an engine provided with a mechanical
supercharger as described in Patent Document 1, as-
sume that the two rotors are called a first rotor and a
second rotor, gas is required to be supplied evenly to
both the first and second rotors to increase supercharg-
ing efficiency as much as possible.

[0006] As a measure therefor, for example, the intro-
duction passage portion may be connected to a center
in an arrangementdirection of the first and second rotors.
That is to say, if the first rotor and the second rotor are
arranged in an up-and-down direction, the introduction
passage portion is connected to a center in the up-and-
down direction. This connection structure causes the gas
supplied from the introduction passage portion to be dis-
tributed to the first rotor and the second rotor in a bal-
anced manner.

[0007] However, in view of making the engine com-
pact, the introduction passage portion (specifically, at
least part of the introduction passage portion) may be
offset toward the first rotor in the arrangement direction.
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In this case, the gas supplied from the introduction pas-
sage portion may be distributed toward the first rotor in
an unbalanced manner. Given these circumstances,
there is still room for improvement in increasing super-
charging efficiency.

[0008] Theinventors ofthe presentinvention have con-
ducted earnest studies to find a configuration that can
maximize supercharging efficiency even when the intro-
duction passage portionis provided close to the first rotor.
[0009] Thedisclosedtechnique hasbeenmade inview
of the point, and an object thereof is to increase the su-
percharging efficiency of an engine provided with a me-
chanical supercharger while making the engine compact.

SOLUTION TO THE PROBLEM

[0010] A disclosed technique relates to an engine pro-
vided with a mechanical supercharger including: an in-
take passage connected to a combustion chamber; and
a mechanical supercharger provided in the intake pas-
sage and operating on externally transmitted power, the
supercharger having a first rotor extending in a predeter-
mined central axial direction, a second rotor extending
parallel to the first rotor and provided adjacent to the first
rotor in an arrangement direction orthogonal to the cen-
tral axial direction, and a rotor chamber housing the first
and second rotors.

[0011] The supercharger includes an introduction pas-
sage portion connected to the rotor chamber from one
side inthe central axial direction, and atleast an upstream
portion of the introduction passage portion is offset to-
ward the first rotor in the arrangement direction.

[0012] The introduction passage portion includes an
inner wall provided with a guide portion directing a gas
flow flowing along the inner wall toward the second rotor
in the arrangement direction.

[0013] With this configuration, in the arrangement di-
rection of the first and second rotors, the upstream side
of the introduction passage portion is offset toward the
first rotor. Although such provision is advantageous in
making the engine compact, the gas supplied from the
introduction passage portion may be distributed toward
the first rotor in an unbalanced manner as described
above.

[0014] However, with the configuration, the inner wall
of the introduction passage portion is provided with the
guide portion, and at least part of the gas supplied from
the introduction passage portion can be directed toward
the second rotor by the guide portion. Accordingly, the
gas can be distributed to the first rotor and the second
rotor in a balanced manner, hence the supercharging
efficiency of the engine can be increased.

[0015] Intake system components in the intake pas-
sage may be provided closer to the second rotor in the
arrangement direction than the introduction passage por-
tion is.

[0016] As described above, the introduction passage
portion is offset toward the first rotor in the arrangement
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direction of the first and second rotors. Since the intro-
duction passage portion is offset toward the first rotor, a
space is provided on the second rotor side of the intro-
duction passage portion accordingly. The intake system
components are arranged in such a space, whereby the
engine can be made compact in the arrangement direc-
tion.

[0017] The introduction passage portion may have a
first passage portion offset toward the first rotor in the
arrangement direction and a second passage portion
provided between the first passage portion and the rotor
chamber, and is formed to be larger in a flow passage
cross section larger than the first passage portion, and
the second passage portion may form a gas relay cham-
ber.

[0018] With this configuration, the second passage
portion can form the gas relay chamber. Hence, the gas
flow can be expanded, for example, across the arrange-
ment direction, and the gas can be distributed to the first
rotor and the second rotor in a balanced manner. This is
advantageous in increasing the supercharging efficiency
of the engine.

[0019] The guide portion may have either one of or
both of a first inclined portion formed on an inner wall
close to the first rotor in the arrangement direction and a
second inclined portion formed on an inner wall close to
the second rotor in the direction out of the inner wall of
the introduction passage portion, and both the first and
second inclined portions may be inclined to head toward
the second rotor from the first rotor in the arrangement
direction from an upstream side toward a downstream
side in a gas flow direction.

[0020] With this configuration, the gas flow flowing
along either one of or both of the inner wall close to the
first rotor and the inner wall close to the second rotor can
be directed toward the second rotor using the so-called
Coanda effect. Hence, this is advantageous in increasing
the supercharging efficiency of the engine.

[0021] The arrangement direction may substantially
correspond to an up-and-down direction, the first rotor
may be provided substantially below the second rotor, a
bypass passage branching off from the introduction pas-
sage portion to bypass the supercharger and to guide
gas to the combustion chamber may be provided, the
bypass passage may be connected to an upper side in
the up-and-down direction of the introduction passage
portion, and an EGR passage may be connected to the
bypass passage, the guide portion may have at least the
first inclined portion, and a branching portion at which
the introduction passage portion and the bypass passage
branch off may be provided upstream of the first inclined
portion in the gas flow direction.

[0022] With this configuration, the first inclined portion
is formed by alower inner wall of the introduction passage
portion.

[0023] With the configuration, the first inclined portion
is interposed between the branching portion and the su-
percharger in the gas flow direction.
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[0024] By the way, water contained in a combusted
gas flowed backward through the EGR passage may be-
come condensed water in the EGR passage and the by-
pass passage, to flow into the introduction passage por-
tion through the branching portion, and by extension, to
flow into the supercharger.

[0025] However, with the above-mentioned configura-
tion, the first inclined portion is interposed between the
branching portion and the supercharger, and if the con-
densed water flows into the introduction passage portion,
the first inclined portion dams up the condensed water,
thereby reducing the risk of flow of the condensed water
into the supercharger. Accordingly, corrosion of the su-
percharger caused by components contained in the con-
densed water can be prevented.

[0026] The guide portion may have both the first and
second inclined portions, and the first and second in-
clined portions may be provided to overlap with each oth-
er in the gas flow direction in the upstream passage por-
tion.

[0027] Both the first and second inclined portions are
configured to direct the gas flow toward the second rotor.
Considering that the second inclined portion is provided
close to the second rotor with respect to the first inclined
portion, the gas flow is directed toward the second in-
clined portion by the first inclined portion. Consequently,
the configuration is advantageous in exhibiting the Coan-
da effect in the second inclined portion by the gas flow
directed toward the second inclined portion.

[0028] A throttle passage portion provided with a throt-
tle valve may be arranged upstream of the introduction
passage potion of the intake passage, and an upstream
end of either one of or both of the firstand second inclined
portions may be provided on an extension line extending
in the gas flow direction from an inner wall of the throttle
passage portion.

[0029] This configuration is advantageous in guiding
the gas flow flowing along the inner wall of the throttle
passage portion to the first and second inclined portions.
This is further advantageous in increasing the super-
charging efficiency of the engine.

[0030] The engine provided with a mechanical super-
charger may include: an engine body including a cylinder
block, a cylinder head and the combustion chamber; aux-
iliary machines mounted on an outer surface of the en-
gine body; and an intercooler provided downstream of
the supercharger in the intake passage, in which the ar-
rangement direction may substantially correspond to an
up-and-down direction, the supercharger may be provid-
ed above the auxiliary machines, and the intercooler may
be adjacent to the auxiliary machines in the central axial
direction and may be provided below the supercharger
in the arrangement direction.

[0031] With this configuration, the supercharger and
the intercooler can be provided on one side of the engine
without interfering with the auxiliary machines. Hence,
an intake system can be made compact, resulting in an
advantage of increasing supercharging response.



5 EP 3 670 859 A1 6

[0032] Another technique disclosed herein relates to
an engine provided with a mechanical supercharger in-
cluding: an intake passage connected to a combustion
chamber; and a mechanical supercharger provided in
the intake passage and operating on externally transmit-
ted power, the supercharger having a first rotor extending
in a predetermined central axial direction, a second rotor
extending parallel to the first rotor and provided adjacent
to the first rotor in an arrangement direction orthogonal
to the central axial direction, and a rotor chamber housing
the first and second rotors.

[0033] The intake passage has an introduction pas-
sage portion supplying gas to the supercharger.

[0034] The introduction passage portion is connected
to the rotor chamber from one side in the central axial
direction and is offset toward the first rotor in the arrange-
ment direction.

[0035] Aninnerwall ofthe introduction passage portion
is provided with a guide portion inclined to head toward
the second rotor from the first rotor in the arrangement
direction from an upstream side toward a downstream
side in a gas flow direction.

[0036] With this configuration, in the arrangement di-
rection of the first and second rotors, the introduction
passage portion is provided close to the first rotor. Al-
though such provision is advantageous in making the
engine compact, the gas supplied from the introduction
passage portion may be distributed toward the first rotor
in an unbalanced manner as described above.

[0037] However, with the configuration, the inner wall
of the introduction passage portion is provided with the
guide portion, and at least part of the gas supplied from
the introduction passage portion can be directed toward
the second rotor by the guide portion. With this effect,
the gas can be distributed to the first rotor and the second
rotor in a balanced manner, hence supercharging effi-
ciency can be increased.

ADVANTAGES OF THE INVENTION

[0038] As described above, the engine provided with
a mechanical supercharger can increase its supercharg-
ing efficiency while making the engine compact.

BRIEF DESCRIPTION OF THE DRAWINGS
[0039]

[FIG.1] FIG. 1 is a schematic view illustrating an ex-
ample of a configuration of an engine.

[FIG.2] FIG. 2 is aview illustrating the engine viewed
from the front.

[FIG.3] FIG. 3 is aview illustrating the engine viewed
from the upper side.

[FIG.4] FIG. 4 is a view illustrating gas flows in an
intake passage respectively in supercharging and in
natural aspiration in comparison manner.
[FIG.5]FIG. 5is aview illustrating the intake passage
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viewed from the front.

[FIG.6] FIG. 6 is a longitudinal sectional view of the
intake passage.

[FIG.7]FIG. 7 is a view illustrating the intake passage
viewed from the left side.

[FIG.8] FIG. 8 is a longitudinal sectional view of the
intake passage.

[FIG.9] FIG. 9 is a longitudinal sectional view of the
intake passage.

[FIG.10] FIG. 10 is a transverse sectional view of the
intake passage.

[FIG. 11] FIG. 11 is a view illustrating the intake pas-
sage viewed from the rear side.

[FIG.12] FIG. 12 is a view illustrating the intake pas-
sage viewed from the upper side.

[FIG.13] FIG. 13 is adiagram illustrating an EGR gas
flow in the intake passage in a comparison manner
between in supercharging and in natural aspiration.
[FIG.14] FIG. 14 is a view illustrating a fresh air flow
sucked into a supercharger in comparison to that in
a conventional configuration.

DESCRIPTION OF EMBODIMENTS

[0040] Hereinafter, an embodiment of an engine pro-
vided with a mechanical supercharger will be described
in detail referring to the accompanying drawings. The
following description is merely exemplary in nature. FIG.
1 is a schematic view illustrating an example of a config-
uration of an engine 1 provided with a mechanical super-
charger disclosed herein (hereinafter simply referred to
as "engine"). FIG. 2 is a view illustrating the engine 1
viewed from the front, whereas FIG. 3 is aview illustrating
the engine 1 viewed from the upper side.

[0041] Theengine 1isafour-stroke combustion engine
mounted in an automobile and includes a mechanical
supercharger 34 operating through externally transmit-
ted power as illustrated in FIG. 1 to FIG. 3. Fuel of the
engine 1 is gasoline in this exemplary configuration.
[0042] Although not shown in detail, the engine 1 is a
so-called in-line four-cylinder transverse engine includ-
ing four cylinders 11 arranged in line, the four cylinders
11 being arranged in a vehicle width direction. With this
configuration, in this exemplary configuration, an engine
front-rear direction, which is an arrangement direction of
the four cylinders 11 (a cylinder array direction), substan-
tially corresponds to the vehicle width direction, while an
engine width direction substantially corresponds to a ve-
hicle front-rear direction.

[0043] In an inline multi-cylinder engine, the cylinder
array direction and a central axial direction of a crankshaft
15 as an engine output shaft (an engine output shaft di-
rection) coincide with each other. Hereinafter, the direc-
tions may be collectively referred to as the cylinder array
direction (or the vehicle width direction).

[0044] Hereinafter, unless otherwise specified, the
term "front side" means the front side in the vehicle front-
rear direction, the term "rear side" means the rear side
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in the vehicle front-rear direction, the term "left side"
means one side in the vehicle width direction (one side
in the cylinder array direction, which is an engine rear
side), and the term "right side" means the other side in
the vehicle width direction (the other side in the cylinder
array direction, which is an engine front side).

[0045] In the following description, the term "upper
side" means the upper side in a vehicle height direction,
with the engine 1 mounted in the vehicle (hereinafter also
referred to as an "in-vehicle mounted state), and the
term "lower side" means the lower side in the vehicle
height direction in the in-vehicle mounted state.

(Outline Configuration of Engine)

[0046] In this exemplary configuration, the engine 1 is
of a front-intake and rear-exhaust type. Specifically, the
engine 1 includes: an engine body 10 having the four
cylinders 11; an intake passage 30 provided at the front
side of the engine body 10 and communicating with the
cylinders 11 via an intake port 18; and an exhaust pas-
sage 50 provided at the rear side of the engine body 10
and communicating with the cylinders 11 via an exhaust
port 19.

[0047] In this exemplary configuration, the intake pas-
sage 30 constitutes an intake device including: multiple
passages introducing gas; devices such as a super-
charger 34 and an intercooler 36; and an air bypass pas-
sage (hereinafter simply referred to as "bypass pas-
sage") 40 bypassing these devices to communicate with
a combustion chamber 16, all of which are combined as
a unit.

[0048] In the cylinders 11, the engine body 10 com-
busts a mixture of fuel and gas supplied from the intake
passage 30 in a predetermined combustion order. Spe-
cifically, the engine body 10 includes a cylinder block 12,
and a cylinder head 13 placed on the cylinder block 12.
[0049] The cylinder block 12 houses therein the four
cylinders 11. The four cylinders 11 are arranged in line
along the central axis of a crankshaft 15 (i.e., in the cyl-
inder array direction). Note that FIG. 1 shows only one
of the cylinders.

[0050] A piston 14 is slidably fitted into each of the cyl-
inders 11. The piston 14 is coupled to the crankshaft 15
through a connecting rod 141. The piston 14 defines the
combustion chamber 16 together with the cylinder 11 and
the cylinder head 13. Note that the "combustion cham-
ber" here is not limited to a space formed when the piston
14 reaches a compression top dead center. The term
"combustion chamber" is used in a broad sense.
[0051] The cylinder head 13 has two intake ports 18
for each cylinder 11. FIG. 1 shows only one of the intake
ports 18. The two intake ports 18 are arranged side by
side in the cylinder array direction and communicate with
the corresponding one of the cylinders 11.

[0052] Each of the two intake ports 18 is provided with
an intake valve 21. The intake valve 21 opens and closes
the path between the combustion chamber 16 and each
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of the intake ports 18. The intake valve 21 is opened and
closed by an intake valve train mechanism at predeter-
mined timing.

[0053] Inthis exemplary configuration, the intake valve
train mechanismincludes, asillustratedin FIG. 1, an elec-
tric intake sequential-valve timing (S-VT) 23 acting as a
variable valve train mechanism. The electric intake S-VT
23 continuously changes a rotational phase of an intake
camshaft within a predetermined angle range. Accord-
ingly, an opening time point and a closing time point of
the intake valve 21 change continuously. Note that the
intake valve train mechanism may include a hydraulic S-
VT instead of the electric intake S-VT 23.

[0054] Further, the cylinder head 13 has two exhaust
ports 19 for each of the cylinders 11. FIG. 1 shows only
one of the exhaust ports 19. The two exhaust ports 19
are arranged side by side in the cylinder array direction
and communicate with the corresponding one of the cyl-
inders 11.

[0055] Each of the two exhaust ports 19 is provided
with an exhaust valve 22. The exhaust valve 22 opens
and closes the path between the combustion chamber
16 and each of the exhaust ports 19. The exhaust valve
22 is opened and closed by an exhaust valve train mech-
anism at predetermined timing.

[0056] In this exemplary configuration, the exhaust
valve train mechanism includes, as illustrated in FIG. 1,
an electric exhaust sequential-valve timing (S-VT) 24 act-
ing as a variable valve train mechanism. The electric ex-
haust S-VT 24 continuously changes a rotational phase
of an exhaust camshaft within a predetermined angle
range. Accordingly, an opening time point and a closing
time point of the exhaust valve 22 change continuously.
Note that the exhaust valve train may include a hydraulic
S-VT instead of the electric S-VT 24.

[0057] The cylinder head 13 has an injector 6 for each
of the cylinders 11. In this exemplary configuration, the
injector 6 is a multi-nozzle fuel injection valve which di-
rectly injects fuel into the combustion chamber 16.
[0058] The injector 6 is connected to a fuel supply sys-
tem 61. The fuel supply system 61 includes a fuel tank
(not shown) which stores fuel and a fuel supply passage
62 connecting the fuel tank and the injector 6 together.
The fuel supply passage 62 is interposed between a fuel
pump 65 and a common rail 64.

[0059] The cylinder head 13 has a spark plug 25 pro-
vided for each of the cylinders 11. The spark plug 25 has
a tip protruding into the combustion chamber 16, so that
the tip forcibly ignites the air-fuel mixture inside the com-
bustion chamber 16.

[0060] Referring back to the description of the intake
passage 30, the intake passage 30 in this exemplary con-
figuration is connected to one side face (specifically, a
side face on the front side) of the engine body 10 to com-
municate with the intake ports 18 of each of the cylinders
11. Specifically, the intake passage 30 conducts gas to
be introduced into the combustion chamber 16, and is
connected through the intake ports 18 to the combustion
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chamber 16.

[0061] An air cleaner 31 filtering fresh air is provided
to an upstream end of the intake passage 30. Whereas,
a surge tank 38 is provided near a downstream end of
the intake passage 30. The intake passage 30 located
downstream of the surge tank 38 forms two branching
independent passages 39 for each of the cylinders 11.
A downstream end of each of the independent passages
39 is connected to the intake ports 18 of each of the
cylinders 11.

[0062] A throttle valve 32 is provided to the intake pas-
sage 30 between the air cleaner 31 and the surge tank
38. An opening of the throttle valve 32 is adjusted to reg-
ulate the amount of fresh air to be introduced into the
combustion chamber 16.

[0063] In the intake passage 30, the supercharger 34
is provided downstream of the throttle valve 32. The su-
percharger 34 supercharges the gas to be introduced
into the combustion chamber 16. In this exemplary con-
figuration, the supercharger 34 is mechanically driven by
the engine 1 (specifically, power transmitted from the
crankshaft 15). This supercharger 34 is configured as a
two-axis rotor Roots blower.

[0064] Anelectromagnetic clutch 34ais interposed be-
tween the supercharger 34 and the crankshaft 15. The
electromagnetic clutch 34a transmits and blocks driving
force between the supercharger 34 and the crankshaft
15. As described later, a control unit (not shown) such
as an engine control unit (ECU) selectively engages and
disengages the electromagnetic clutch 34ato turnon and
off the supercharger 34. Specifically, the operation of this
engine 1 is switched between a mode of supercharging
the gas to be introduced into the combustion chamber
16 and a mode of not supercharging the gas to be intro-
duced into the combustion chamber 16 by turning on and
off the supercharger 34.

[0065] In the intake passage 30, the intercooler 36 is
provided downstream of the supercharger 34. The inter-
cooler 36 houses a core 36a (see also FIG. 10) perform-
ing heat exchange with the gas passing through the su-
percharger 34 and cools the gas compressed by the su-
percharger 34. The intercooler 36 of this exemplary con-
figuration is of a water-cooling type.

[0066] As a passage connecting various kinds of de-
vices incorporated in the intake passage 30, the intake
passage 30 includes: a first passage 33 provided down-
stream of the air cleaner 31 and guiding the gas filtered
through the air cleaner 31; a second passage 35 guiding
the gas compressed by the supercharger 34 to the inter-
cooler 36; and a third passage 37 guiding the gas cooled
by the intercooler 36 to the surge tank 38.

[0067] In the intake passage 30, the first passage 33,
the second passage 35, the third passage 37, and the
surge tank 38 constitute a "main intake passage" in which
the supercharger 34 and the intercooler 36 are inter-
posed in the stated order from upstream in the air flow
direction. Hereinafter, a reference character "30A" will
be assigned to the main intake passage.
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[0068] The intake passage 30 is provided with a by-
pass passage 40 apart from the main intake passage
30A. The bypass passage bypasses the supercharger
34 and the intercooler 36. Specifically, the bypass pas-
sage 40 branches off from the upstream side of the su-
percharger 34 and is connected to the downstream side
of the intercooler 36 (specifically, the surge tank 38) in
the main intake passage 30A.

[0069] The bypass passage 40 is also provided with
an air bypass valve (hereinafter simply referred to as "a
bypass valve") 41 changing a cross-sectional flow area
of the bypass passage 40. The bypass valve 41 changes
the cross-sectional flow area of the bypass passage 40
to adjust the flow rate of the gas flowing through the by-
pass passage 40.

[0070] FIG.4isaview illustrating gas flows in anintake
passage respectively in supercharging and in natural as-
piration in comparison manner.

[0071] When the supercharger 34 is turned off (i.e.,
when the electromagnetic clutch 34a is disengaged), the
bypass valve 41 fully opens. With this operation, as
shown in a lower illustration of FIG. 4, the gas passing
through the intake passage 30 bypasses the supercharg-
er 34 to flow into the surge tank 38 and is introduced into
the combustion chamber 16 via the independentpassage
39. The engine 1 is operated without supercharging, that
is, by natural aspiration.

[0072] When the supercharger 34 is turned on (i.e.,
when the electromagnetic clutch 34a is engaged), the
opening of the bypass valve 41 is adjusted as appropri-
ate. With this operation, as shown in an upper illustration
inFIG. 4, part of the gas passing through the supercharg-
er 34 in the intake passage 30 flows back to the upstream
of the supercharger 34 through the bypass passage 40.
A rate of the backflow gas can be adjusted through ad-
justment of the opening of the bypass valve 41. Through
the backflow rate, a supercharging pressure of the gas
to be introduced into the combustion chamber 16 can be
adjusted. In this exemplary configuration, the super-
charger 34, the bypass passage 40, and the bypass valve
41 constitute a supercharging system.

[0073] The exhaust passage 50 is connected to the
other side surface (specifically, a rear side surface) of
the engine body 10 and communicates with the exhaust
ports 19 of each of the cylinders 11. The exhaust passage
50 is a passage through which exhaust gas discharged
from the combustion chamber 16 flows. Although not
shown in detail, an upstream part of the exhaust passage
50 forms independent passages, each of which branches
off for one of the cylinders 11. An upstream end of each
of the independent passages is connected to the exhaust
ports 19 of each of the cylinders 11.

[0074] An exhaust gas purification system with one or
more catalyst converters 51 is arranged on the exhaust
passage 50. Each of the catalyst converters 51 includes
a three-way catalyst. Note that the exhaust gas purifica-
tion system may include any given catalyst other than
the three-way catalyst.
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[0075] AnEGR passage 52 acting as an external EGR
system is connected between the intake passage 30 and
the exhaust passage 50. The EGR passage 52 allows
the burned gas, guided through the exhaust passage, to
flow back to the intake passage 30. Specifically, an up-
stream end of the EGR passage 52 is connected to the
exhaust passage 50 downstream of the catalyst convert-
er51. Meanwhile, adownstream end of the EGR passage
52 is connected to the intake passage 30 upstream of
the supercharger 34 and downstream of the throttle valve
32.

[0076] The EGR passage 52 is provided with a water-
cooled EGR cooler53. The EGR cooler 53 cools the com-
busted gas. An EGR valve 54 adjusts a flow rate of the
combusted gas flowing through the EGR passage 52.
On the drawing plane of FIG. 1, the EGR valve 54 is
illustrated to be provided to the EGR passage. Actually,
however, the EGR valve 54 is provided to the bypass
passage 40 as described later. Through adjustment of
the opening of the EGR valve 54, the backflow rate of
the cooled combusted gas; that is, the external EGR gas,
can be adjusted.

[0077] Inthis exemplary configuration, an EGR system
55 includes the external EGR system including the EGR
passage 52 and the EGR valve 54, and the internal EGR
system including the electric intake S-VT 23 and the elec-
tric exhaust S-VT 24 described above.

[0078] Theengine 1is also provided with various kinds
of auxiliary machines other than the fuel pump 65. This
engine 1 includes, as such the auxiliary machines, an
alternator 91 that generates AC current for use in an elec-
tric system, an air conditioner 92 for air conditioning, and
a water pump (not shown) for circulating cooling water.
[0079] As illustrated in FIG. 2, the fuel pump 65 is
mounted on a left front surface (outer surface) of the en-
gine body 10. Meanwhile, the alternator 91 and the air
conditioner 92 are mounted on a right front portion of the
engine body 10. The alternator 91 and the air conditioner
92 are arranged in this order from above. A drive pulley
34d of the supercharger 34 is arranged above the alter-
nator 91. Although not shown in detail, a timing belt for
driving the supercharger 34 is looped around this drive
pulley 34d.

(Configuration of Intake Passage)

[0080] Next, a configuration of the essential portion of
the intake passage 30 will be described in detail.

[0081] FIG. 5is a view illustrating the intake passage
30 viewed from the front. FIG. 6 is a longitudinal sectional
view of the intake passage 30. FIG. 7 is a view illustrating
the intake passage 30 viewed from the left side. FIG. 8
is a longitudinal sectional view of the intake passage 30.
FIG. 9 is a longitudinal sectional view of the intake pas-
sage 30. FIG. 10 is a transverse sectional view of the
intake passage 30. FIG. 11 is a view illustrating the intake
passage 30 viewed from the rear side. FIG. 12 is a view
illustrating the intake passage 30 viewed from the upper
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side.

[0082] The portions constituting the intake passage 30
are all provided on the front side of the engine body 10,
specifically, along front surfaces of the cylinder head 13
and the cylinder block 12.

[0083] Furthermore, as described above, the intake
passage 30 includes: multiple passages (specifically, the
first passage 33, the second passage 35, the third pas-
sage 37, the surge tank 38, and the independent passage
39) to introduce gas; devices such as the supercharger
34 and the intercooler 36; and the bypass passage 40
bypassing these devices, all of which are combined. As
illustrated in drawings such as FIG. 5, the main intake
passage 30A included in the intake passage 30 is pro-
vided below the bypass passage 40.

[0084] As described above, the supercharger 34 is
configured as a two-axis rotor Roots blower. Specifically,
as illustrated in drawings such as FIG. 8, the supercharg-
er 34 includes a first rotor 341 extending in a predeter-
mined central axial direction, a second rotor 342 extend-
ing parallel to the first rotor 341 and provided adjacent
to the first rotor 341 in an arrangement direction orthog-
onal to the central axial direction, and a rotor chamber
343 housing the first and the second rotors 341 and 342.
[0085] Inthis exemplary configuration, the central axial
direction coincides with the cylinder array direction (refer
to FIG. 8). Hence, in the following description, the central
axial direction will be simply referred to as the cylinder
array direction. Though the arrangement direction almost
corresponds to the up-and-down direction, the arrange-
ment direction is slightly inclined relative to the up-and-
down direction. Specifically, as indicated by a straight
line La in FIG. 10, although the first rotor 341 and the
second rotor 342 are arranged in this order from below,
the second rotor 342 positioned substantially above the
first rotor 341 slightly protrudes closer to the front than
the first rotor 341. The second rotor 342 thus protrudes
closer to the front, so the arrangement direction is slightly
inclined to the front from below to above.

[0086] In this engine 1, for the purpose of increasing
supercharging response, the supercharger 34 and the
intercooler 36 are collectively provided near an upstream
end of the intake port 18.

[0087] Next, a schematic layout of these components
will be described; as illustrated in figures such as FIG.
10, the supercharger 34 is located opposite to the engine
body 10, with the surge tank 38 interposed therebetween.
A gap corresponding to the dimension of the surge tank
38 is formed between a rear surface of the supercharger
34 and a front surface of the engine body 10. The first
passage 33 extends in the cylinder array direction on the
left of the supercharger 34, and is connected to the left
end of the supercharger 34. The supercharger 34 and
the intercooler 36 are arranged side by side in the up-
and-down direction in this order and are adjacent to each
other in the direction. The second passage 35 extends
substantially in the up-and-down direction to connect a
front portion of the supercharger 34 and a front portion
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of the intercooler 36 together. The surge tank 38 is pro-
vided between the supercharger 34 and the engine body
10 and is provided to face the upstream end of the intake
port 18 with the independent passages 39 interposed
therebetween. The third passage 37 is provided to extend
through the clearance between (i) the intercooler 36 and
the supercharger 34 and (ii) the engine body 10. The
third passage 37 connects the rear of the intercooler 36
to the bottom of the surge tank 38 so that the intercooler
36 is located below the surge tank 38. The bypass pas-
sage 40 branches off from a middle of the first passage
33 to extend upward and then extends inside the engine
body 10 (to the right). The bypass passage 40 branches
off downstreaminto two, and the two branching passages
40 are connected to the upper part of the surge tank 38.
[0088] As can be seen from FIG. 5, the EGR valve 54
and the bypass valve 41 are provided between the su-
percharger 34 and the throttle valve 32 in the cylinder
array direction. Specifically, the EGR valve 54 is provided
at the upper right of the throttle valve 32, whereas the
bypass valve 41 is provided substantially on the right of
the EGR valve 54 and atthe upperleft of an intake portion
of the supercharger 34 (in this exemplary configuration,
the left end of the supercharger 34). Thus, both the EGR
valve 54 and the bypass valve 41 are laid out to be po-
sitioned between the throttle valve 32 and the left end of
the supercharger 34 in the cylinder array direction. The
EGR valve 54 and the bypass valve 41, and the bypass
passage 40 provided with the bypass valve 41 are re-
spectively an example of "intake system components".
[0089] In this manner, the EGR valve 54 and the by-
pass valve 41 are provided close to the throttle valve 32,
whereby the dimension of the engine 1 in the vehicle
height direction can be reduced compared with a config-
uration in which the EGR valve 54 and the bypass valve
41 are provided immediately above the supercharger 34,
for example. Hence, as illustrated in FIG. 5 and FIG. 6,
the spacing between the engine 1 and a bonnet B can
be ensured more sufficiently without increasing the di-
mension of the engine 1 in the vehicle front-rear direction
(see a spacing H in FIG. 5).

[0090] Thus, the engine 1 not only increases super-
charging response, and by extension, supercharging ef-
ficiency by collectively providing the supercharger 34 and
the intercooler 36 on the intake side, but also makes the
engine 1 compact by collectively providing the various
kinds of valve members such as the EGR valve 54.
[0091] However, for the purpose of collectively provid-
ing the valve members, thoughtful devising is required
for a configuration around the supercharger 34. As de-
scribed above, in the first place, the various kinds of aux-
iliary machines are mounted on the front side of the en-
gine body 10, and a space for allowing the supercharger
34 to be provided is limited.

[0092] Next, for the purpose of describing a layout re-
lated to making the engine 1 compact and improvement
in supercharging efficiency in detail, the structures of the
portions forming the intake passage 30 will be described
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one by one.

[0093] The first passage 33 is provided with the throttle
valve 32 and extends from the one side toward the other
side (specifically, from left to right) in the cylinder array
direction. Specifically, as illustrated in drawings such as
FIG. 8 and FIG. 9, the first passage 33 is shaped into a
tube form extending substantially in the cylinder array
direction (the right-left direction). An upper portion (the
left) of the first passage 33 includes a throttle body 33a
housing the throttle valve 32. The throttle body 33a is
made of metal and shaped into a short cylinder form, and
located on the left and in front of the engine body 10, with
openings on both ends of the throttle body 33a facing
laterally. The upstream end (i.e., the left end) of the throt-
tle body 33a is connected to the air cleaner 31 via a pas-
sage (not shown), while the downstream end (i.e., the
right end) of the throttle body 33a is connected to a first
passage body 33b, which is the upstream (left) part of
the first passage 33. The throttle body 33ais an example
of the "throttle passage portion."

[0094] As illustrated in FIG. 8, the first passage body
33b connects the throttle body 33a to the supercharger
34. Specifically, the first passage body 33b is shaped to
be a long cylinder form with openings on its both ends
facing laterally. The first passage body 33b is arranged
to be substantially coaxial with the throttle body 33a in
front of the engine body 10. More specifically, as can be
seen from FIG. 8 to FIG. 9, the first passage body 33b
is formed such that the diameter of the first passage body
33b gradually increases from the one side toward the
other side (specifically, from left to right) in the cylinder
array direction. As described above, the upstream end
(i.e., the left end) of the first passage body 33b is con-
nected to the downstream end of the throttle body 33a.
Whereas, the downstream end (i.e., the right end) of the
first passage body 33b is connected to an intake portion
of the supercharger 34. The first passage body 33b sup-
plies gas to the supercharger 34 and is an example of
the "introduction passage portion" of the supercharger
34.

[0095] The first passage body 33b as the introduction
passage portion is connected to the rotor chamber 343
from the one side (the left side) in the cylinder array di-
rection. An upstream portion of the first passage body
33b (an upstream passage portion 331) is offset toward
the first rotor 341 (the lower side on the drawing of FIG.
8) in the arrangement direction.

[0096] An inner wall of the first passage body 33b is
provided with a guide portion 70 inclined to head toward
the second rotor 342 from the first rotor 341 in the ar-
rangement direction from an upstream side toward a
downstream side along the gas flow direction in order to
direct the gas flow flowing along the inner wall toward
the second rotor 342 in the arrangement direction.
[0097] Specifically, thefirstpassage body 33bincludes
the upstream passage portion 331 offset toward the first
rotor 341 inthe arrangementdirection, and a downstream
passage portion 332 provided between the upstream
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passage portion 331 and the rotor chamber 343 and
formed to be larger in a gas flow passage cross section
than the upstream passage portion 331. The guide por-
tion 70 is provided in the upstream passage portion 331.
On the other hand, the downstream passage portion 332
forms a gas relay chamber 333. The upstream passage
portion 331 is an example of the "first passage portion."
Whereas, the downstream passage portion 332 is an ex-
ample of the "second passage portion."

[0098] As illustrated in drawings such as FIG. 8, and
FIG. 9, the upstream passage portion 331 extends from
the one side toward the other side (specifically, from left
to right) in the cylinder array direction and is substantially
coaxial with both the throttle body 33a and the first rotor
341. Since the upstream passage portion 331 is offset
toward the first rotor 341, a space for arranging compo-
nents is provided on the second rotor 342 side of the
upstream passage portion 331 accordingly. In this engine
1, as illustrated in FIG. 8, the intake system components
such as the bypass passage 40, the bypass valve 41,
and the EGR valve 54 are provided closer to the second
rotor 342 in the arrangement direction than the upstream
passage portion 331 is. In this manner, the various kinds
of valve members are collectively provided, resulting in
making the engine 1 compact.

[0099] The downstream end of the throttle body 33a is
connected to the upstream end (the left end) of the up-
stream passage portion 331, whereas the upstream end
(the left end) of the downstream passage portion 332 is
connected to the downstream end (the right end) of the
upstream passage portion 331.

[0100] The guide portion 70 is provided on a down-
stream inner wall of the upstream passage portion 331.
Specifically, the guide portion 70 includes a first inclined
portion 71 formed on its inner wall close to the first rotor
341 in the arrangement direction and a second inclined
portion 72 formed on the inner wall close to the second
rotor 342 in the arrangement direction.

[0101] Both the first and second inclined portions 71
and 72 are inclined to head toward the second rotor 342
from the first rotor 341 in the arrangement direction from
the upstream side toward the downstream side along the
gas flow direction (in this example, from left to right along
the cylinder array direction).

[0102] As can be seen from FIG. 8, when viewed in a
cross section including the cylinder array direction and
the arrangement direction, the second inclined portion
72 is larger in an inclination angle than the first inclined
portion 71.

[0103] Specifically, an upstream end (a left end) of the
firstinclined portion 71 is positioned slightly below a lower
edge of the first rotor 341, whereas a downstream end
(a right end) of the first inclined portion 71 is provided at
substantially the same position as the lower edge of the
first rotor 341 in the arrangement direction. An extension
line extending in the gas flow direction from the first in-
clined portion 71 substantially passes through a center
of the first rotor 341 in the arrangement direction as in-
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dicated by a broken line in FIG. 8.

[0104] Onthe otherhand, inthe arrangementdirection,
an upstream end (a left end) of the second inclined por-
tion 72 is positioned near an upper portion of the first
rotor 341, and a downstream end (a right end) of the
second inclined portion 72 is positioned near a lower por-
tion of the second rotor 342. An extension line extending
in the gas flow direction from the second inclined portion
72 passes through an upper end portion of the second
rotor 342 in the arrangement direction as indicated by
the broken line in FIG. 8.

[0105] As can be seen from the fact that the first in-
clined portion 71 and the second inclined portion 72 are
arranged within a range of a double-pointed arrow des-
ignated by a reference character 331 in FIG. 8, they are
provided to overlap with each other in a gas flow direction
in the upstream passage portion 331 (the right-and-left
direction on the drawing of FIG. 8).

[0106] As described above, the throttle body 33a pro-
vided with the throttle valve 32 is provided upstream of
the first passage body (specifically, the upstream pas-
sage portion 331) 33b of the intake passage 30. The up-
stream end (the left end) of the second inclined portion
72 is provided on an extension line Le extending in the
gas flow direction from an inner wall of the throttle body
33a.

[0107] Asdescribed laterin detail, the bypass passage
40 is connected to an upper side in the up-and-down
direction of the first passage body (specifically, the up-
stream passage portion 331) 33b, and the EGR passage
52 is connected to the bypass passage 40.

[0108] A branching portion 33d at which the first pas-
sage body 33b and the bypass passage 40 branch off
from each other is provided upstream of the first inclined
portion 71 in the gas flow direction (in this exemplary
configuration, on the left of the first inclined portion 71).
[0109] Moreover, the first passage body 33b also in-
cludes the branching portion 33d opening thereon and
connected to the bypass passage 40. This branching por-
tion 33d is formed on an upper surface of the first passage
body 33b, and connected to the upstream portion (a curv-
ing pipe 45 to be described later) of the bypass passage
40. Specifically, as can be seen from FIG. 8, this branch-
ing portion 33d is provided on the other side (i.e., the
right side) in the cylinder array direction, with respect to
the throttle valve 32 in the first passage 33 (by extension,
the main intake passage 30A).

[0110] Asillustratedin FIG. 9, a partofthe guide portion
70 corresponding to the firstinclined portion 71 gradually
increases in its diameter from the upstream side toward
the downstream side in the gas flow direction when
viewed in a cross section perpendicular to the arrange-
ment direction.

[0111] As illustrated in FIG. 8 and FIG. 9, the down-
stream passage portion 332 extends like a short cylinder
shape from the one side toward the other side (specifi-
cally, from left to right) in the cylinder array direction, and
is substantially coaxial with a casing 34b of the super-
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charger 34. As illustrated in FIG. 8 and FIG. 9, both the
dimension of the downstream passage portion 332 in the
arrangement direction and the dimension thereof in a di-
rection perpendicular to both the cylinder array direction
and the arrangement direction are longer than those of
the upstream passage portion 331. Consequently, a flow
passage cross section of the downstream passage por-
tion 332 is larger than that of the upstream passage por-
tion 331.

[0112] The gas relay chamber 333 is formed by this
downstream passage portion 332. The relay chamber
333 temporarily stores therein the gas flowing from the
upstream passage portion 331 like a so-called surge
tank.

[0113] The downstream end of the upstream passage
portion 331 is connected to the upstream end (the left
end) of the downstream passage portion 332, whereas
the downstream end (the right end) of the downstream
passage portion 332 is connected to the rotor chamber
343 formed by the casing 34b and communicates with
the casing 34b.

[0114] The fresh air purified by the air cleaner 31 and
flowing into the first passage 33 passes through the throt-
tle valve 32 to reach the first passage body 33b. In natural
aspiration, this fresh air flows through the branching por-
tion 33d into the bypass passage 40. On the other hand,
in supercharging, the fresh air joins the gas flowing back
through the bypass passage 40, and is sucked into the
supercharger 34 from the downstream end of the first
passage body 33b (see also FIG. 4).

[0115] Next, a passage structure close to the super-
charger 34 and a structure of the bypass passage 40 will
be described in order.

- Passage Structure Close to Supercharger -

[0116] First, the passage structure close to the super-
charger 34 will be described in detail.

[0117] The supercharger 34 as a Roots blower in-
cludes the first and second rotors 341 and 342 each hav-
ing a rotational shaft extending in the cylinder array di-
rection and the rotor chamber 343 housing the rotors 341
and 342. The first and second rotors 341 and 342 are
arranged side by side in the arrangement direction or-
thogonal to the central axial direction. The supercharger
34 further includes the casing 34b constituting the rotor
chamber 343 and a drive pulley 34d that rotates to drive
the rotors 341 and 342, and is coupled to the crankshaft
15 via a drive belt 81 looped around the drive pulley 34d.
The electromagnetic clutch 34a is interposed between
the drive pulley 34d and the rotors 341 and 342. Selec-
tively, the electromagnetic clutch 34ais engaged to trans-
mit the driving force through the crankshaft 15 to the su-
percharger 34, and disengaged to block the driving force.
[0118] The casing 34b is shaped into a tube extending
in the cylinder array direction, and separates from each
other the rotor chamber 343 for housing the rotors 341
and 342 and the flow passage of the gas passing through
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the supercharger 34. Specifically, the casing 34b is
formed into a substantial cylinder shape extending in the
cylinder array direction, and has an opening left end and
an opening front end. As illustrated in drawings such as
FIG. 8, the casing 34b is provided at a predetermined
distance from a substantially central portion of the front
surface of the engine body 10 in the cylinder array direc-
tion, and is coaxial with the first passage 33 with a slight
offset.

[0119] Anintroduction part through which the gas com-
pressed by the rotors 341 and 342 is sucked is open at
a longitudinal left end of the casing 34b, to which the
downstream end of the first passage 33 (specifically, the
downstream end of the downstream passage portion 332
of the first passage body 33b) is connected. On the other
hand, as illustrated in FIG. 10, a discharge port 34c is
open to the front of the casing 34b to discharge the gas
compressed by the rotors 341 and 342. The discharge
port 34cis connected to the upstream end (i.e., the upper
end) of the second passage 35.

[0120] The drive pulley 34d rotates to drive the rotors
housed in the casing 34b. Specifically, the drive pulley
34d is shaped into a shaft projecting from the right end
of the casing 34b, and extending to be substantially ax-
ially aligned with both the first passage 33 and the casing
34b. The drive belt is looped around the tip of the drive
pulley 34d, and drives the crankshaft 15 and couples the
crankshaft 15 to the supercharger 34, depending on en-
gagement or disengagement of the electromagnetic
clutch 34a as described above.

[0121] The supercharger 34 is provided above the aux-
iliary machines. Specifically, as illustrated in FIG. 5 and
FIG. 6, the drive pulley 34d of the supercharger 34 is
provided immediately above the alternator 91.

[0122] Asillustratedin FIG. 5 and FIG. 10, the second
passage 35 connects the supercharger 34 to the inter-
cooler 36. In order for the supercharger 34 and the inter-
cooler 36 to be adjacent to each otherin the up-and-down
direction, the second passage 35 is formed to extend
substantially in the up-and-down direction. As illustrated
in FIG. 10, both upper and lower ends of the second
passage 35 are open substantially toward the rear. The
upper opening of the second passage 35 is connected
to the front (specifically, the discharge port 34c) of the
casing 34b, while the lower opening of the second pas-
sage 35 is connected to the front (specifically, an intro-
duction part 36d to be described later) of the intercooler
36.

[0123] As described above, the intercooler 36 accord-
ing to this embodiment is of a water-cooling type. As il-
lustrated in FIG. 10, the intercooler 36 includes a core
36a capable of cooling gas, and a cooler housing 36¢
housing the core 36a.

[0124] The core 36a is shaped into a cuboid and is
supported with an attitude with its one side surface (rear
surface) facing the front surface of the engine body 10.
The front surface of the core 36a forms a surface through
which gas flows in, while the rear surface of the core 36a
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forms a surface through which gas flows out. The front
and rear surfaces are wider than any other surfaces of
the core 36a. Although not shown, water tubes made of
thin plates shaped into flat tubes are arranged in the core
36a. An exteriorwall of each of the water tubes is provided
with corrugated fins through brazing.

[0125] The cooler housing 36¢ is provided below the
casing 34b included in the supercharger 34. The cooler
housing 36¢ defines the space for housing the core 36a,
and forms a passage included in the intake passage 30
and interposed between the second passage 35 and the
third passage 37.

[0126] Specifically, the cooler housing 36¢ is shaped
into a thin rectangular box having a front surface and a
rear surface both opening. Below the casing 34b, the rear
surface and the front surface of the engine body 10 are
supported to face each other. Similarly to the casing 34b,
this rear surface is provided at a predetermined distance
from the front surface of the engine body 10.

[0127] Theopeningonthe frontside of the cooler hous-
ing 36¢ is a gas introduction part 36d of the intercooler
36, to which the downstream end of the second passage
35 is connected. The upstream end of the third passage
37 is connected to an opening 36e on the rear side of
the cooler housing 36c¢.

[0128] The intercooler 36 is adjacent to the auxiliary
machines in the cylinder array direction D1 and is pro-
vided below the supercharger 34 in the arrangement di-
rection D2. Specifically, as illustrated in FIG. 6, the core
36a of the intercooler 36 is provided on the left of the
alternator 91 and below the supercharger 34.

[0129] The third passage 37 is formed integrally with
the surge tank 38 and the independent passages 39, and
connects the intercooler 36 to the surge tank 38 as shown
in FIG. 11.

[0130] The surge tank 38 is shaped into a substantial
cylinder form extending along the cylinder bank, and hav-
ing closed ends along the cylinder bank. As described
above, this surge tank 38 is located opposite to the up-
stream end of the intake port 18 with the independent
passages 39 interposed therebetween. Thanks to this
provision, the surge tank 38 is to be positioned near the
inlet (the upstream end) of the intake port 18 when the
independent passages 39 are shaped into a short cylin-
der as described later. This is advantageous in reducing
the length of the passage from the surge tank 38 to the
intake port 18.

[0131] As shown in FIG. 11, the bottom of the surge
tank 38 is connected to the downstream end of the third
passage 37. Specifically, an inlet having a substantially
circular cross section is open at a center of an inner bot-
tom face of the surge tank 38 (specifically, a center in
the cylinder array direction). The downstream end of the
third passage 37 is connected to the surge tank 38
through the inlet.

[0132] Further, four pairs of the independent passages
39 (i.e., eight independent passages 39 in total) are ar-
ranged along the cylinder bank at the rear surface of the
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surge tank 38. When the engine 1 is mounted in the ve-
hicle, each of the eight independent passages 39 is
formed to be a short cylindrical passage extending sub-
stantially straight toward the rear. One end (an upstream
end) of the independent passage 39 communicates with
the space inside the surge tank 38, while the other end
(a downstream end) of the independent passage 39 is
open toward the engine body 10 (the rear).

[0133] Each of the four pairs of the independent pas-
sages 39 is provided to a corresponding one of the four
pairs of the intake ports 18. When components of, for
example, the third passage 37, the surge tank 38, and
the independent passages 39 are mounted on the engine
body 10, the independent passages 39 and the corre-
sponding intake ports 18 form a single passage.

[0134] As described above, the downstream portion of
the bypass passage 40 branches off into two, and a
downstream end of each of the branching passages
(hereinafter referred to as "branching passages" 44b and
44c) is connected to the upper surface of the surge tank
38.

[0135] In order to obtain such a connection structure,
first and second introduction parts 38c and 38d are pro-
vided on the upper surface of the surge tank 38. The first
and second introduction parts 38c and 38d are spaced
apart from each other along the cylinder array direction,
and allow the inside and outside of the surge tank 38 to
communicate with each other.

[0136] Of the first and second introduction parts 38c
and 38d, the firstintroduction part 38c located to the other
side (to the right) in the cylinder array direction is con-
nected to a downstream end of one of the branching pas-
sages (hereinafter also referred to as "the first branching
passage") 44b; whereas, the second introduction part
38d located to the one side (to the left) in the cylinder
array direction is connected to a downstream end of the
other branching passage (hereinafter also referred to as
"the second branching passage") 44c (also see FIG. 12).
[0137] Insupercharging, an output from the crankshaft
15 is transmitted during the operation of the engine 1
through the drive belt and the drive pulley 34d to rotate
the first and second rotors 341 and 342. The rotation of
the rotors allows the supercharger 34 to compress the
gas sucked through the first passage 33, and discharge
the compressed gas through the discharge port 34c. The
discharged gas flows into the second passage 35 located
in front of the casing 34b.

[0138] As illustrated in FIG. 10, the gas discharged
from the supercharger 34 and flowing into the second
passage 35 flows downward from the discharge port 34c
of the supercharger 34 along the second passage 35.
[0139] Next, the gas passing through the second pas-
sage 35 flows from the gas introduction part 36d inside
the cooler housing 36¢ and flows from the front side there-
of toward the rear. When passing through the core 36a,
the gas flowing inside the cooler housing 36¢ is cooled
with cooling water supplied to the water tubes. The cooled
gas flows out of the opening 36e in the rear surface of
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the cooler housing 36¢, and then flows into the third pas-
sage 37.

[0140] Asindicated by an arrow AQ of FIG. 11, the gas
flowing into the surge tank 38 from the intercooler 36
through the third passage 37 is temporarily stored in the
surge tank 38 and then supplied through the independent
passage 39 to the intake port 18 of each of the cylinders
11.

- Structure of Bypass Passage -

[0141] Next, a configuration of the bypass passage 40
will be described in detail.

[0142] As described above, the bypass passage 40
branches off from the first passage body 33b and extends
to bypass the supercharger 34 and to guide the gas to
the combustion chamber 16.

[0143] Specifically, as illustrated in FIG. 8 and FIG. 12,
the bypass passage 40 extends obliquely upward to the
left from the branching portion 33d opening on the first
passage body 33b, and then turns back and extends sub-
stantially straight to the right. The portion of the bypass
passage 40 extending toward the right changes the di-
rection at the region around the center of the surge tank
38 (specifically, the center in the direction along the cyl-
inder bank) to head obliquely downward and backward,
and then branches off into two passages. Each of the
passages is connected to the top of the surge tank 38.
[0144] The bypass passage 40 includes the following
constitutional elements in the stated order: the curving
pipe 45 changing a flow direction of the gas flowing from
the branching portion 33d; a valve body 41a containing
the bypass valve 41; a straight pipe 43 guiding the gas
passing through the valve body 41a toward the right; and
a branch pipe 44 guiding the gas passing through the
straight pipe 43 obliquely downward and backward and
branching into two to be connected to the surge tank 38.
[0145] The curving pipe 45 is shaped into a cylinder
form extending obliquely upward to the left from the
branching portion 33d and then extending substantially
straight to the right, and provided above the first passage
33 so that openings of the curving pipe 45 face downward
and to the right.

[0146] A portion of the curving pipe 45 extending ob-
liquely upward to the left from the branching portion 33d
gradually increases its diameter obliquely downward to
the right, whichis opposite to the direction. Such a feature
is advantageous in enlarging an opening area of the
branching portion 33d.

[0147] Hence, the gas flowing into the curving pipe 45
flows obliquely upward to the left. Then, along a turn of
the curving pipe 45, the flow direction of the gas changes.
As a result, the gas flowing through the curving pipe 45
flows from outside to inside (left to right) in the cylinder
array direction. As already described, the first passage
body 33b is connected via the branching portion 33d to
the upstream end (lower end) of the curving pipe 45, while
the upstream end (left end) of the valve body 41ais con-
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nected to the downstream end (right end) of the curving
pipe 45.

[0148] The valve body 41a is shaped into a short cyl-
inder form. As illustrated in FIG. 8, the valve body 41ais
provided above the first passage 33 and on the left of the
supercharger 34, with openings on opposite ends each
facinglaterally. As described above, the downstream end
of the curving pipe 45 is connected to the upstream end
of the valve body 41a. Whereas, the upstream end (left
end) of the straight pipe 43 is connected to the down-
stream end (right end) of the valve body 41a.

[0149] The straight pipe 43 is shaped into a long cyl-
inder form extending from the one side toward the other
side (specifically, from left to right) in the cylinder array
direction. As can be seen in drawings such as FIG. 8,
the straight pipe 43 is provided above the first passage
33 and the supercharger 34 to have openings at opposite
ends facing laterally. As already described, the down-
stream end of the valve body 41 a is connected to the
upstream end of the straight pipe 43, while the upstream
end (left end) of the branch pipe 44 is connected to the
downstream end (right end) of the straight pipe 43.
[0150] The branch pipe 44 includes: a bent passage
44a bent like an elbow; and two branch passages 44b
and 44c branching off like a tournament chart from the
downstream end of the bent passage 44a. Above the
supercharger 34 and the surge tank 38, the upstream
end of the bent passage 44a faces the left, and both the
branch passages 44b and 44c face obliquely downward
and backward.

[0151] The two branch passages 44b and 44c are sub-
stantially the same in length. One of the branch passag-
es; namely the first branch passage 44b, extends from
the branch point to the right along the cylinder array di-
rection, and is then bent obliquely downward and back-
ward. On the other hand, the other branch passage;
namely the second branch passage 44c, extends from
the branch point to the left along the cylinder array direc-
tion, and is then bent obliquely downward and backward.
As described above, the respective downstream ends of
the two branch passages 44b and 44c are connected to
the upper surface of the surge tank 38.

[0152] A downstream end of the EGR passage 52 is
connected tothe curving pipe 45. Hence, the bypass pas-
sage 40 conducts not only the gas flowing from the first
passage 33 and the gas flowing backward from the surge
tank 38, but also the external EGR gas.

[0153] Moreover, in the curving pipe 45, a lower wall
face 45a to which the downstream end of the EGR pas-
sage 52 is connected is shaped to be recessed down-
ward. This lower wall face 45a has a structure to receive
water.

[0154] In natural aspiration, the gas flowing into the
bypass passage 40 passes through the components of
the bypass passage 40 to reach the cylinders 11. That
is, the gas passing through the throttle valve 32 flows
from an intermediate portion of the first passage 33 into
the curving pipe 45 of the bypass passage 40, depending
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on whether the bypass valve 41 is open or closed. The
gas flowing through the curving pipe 45 into the valve
body 41a flows to the right as indicated by an arrow of
FIG. 12.

[0155] Then, as indicated by an arrow of FIG. 12, the
gas passing through the valve body 4 1a flows to the right
along the straight pipe 43, and then flows into the branch
pipe 44. As indicated by the other arrows of the figure,
the gas, which flowed into the branch pipe 44, passes
through the bent passage 44a, and is distributed to the
first and second branch passages 44b and 44c. Then,
each distributed gas flows into the surge tank 38. The
gas flowing into the surge tank 38 is supplied through the
independent passage 39 to the intake port 18 of each of
the cylinders 11.

[0156] The external EGR gas flowing to the bypass
passage 40 in natural aspiration in particular joins the
fresh air (refer to an arrow B2 of the lower drawing of
FIG. 13) passing through the throttle valve 32 and flowing
from the first passage body 33b into the bypass passage
40 and flows through the bypass passage 40 from the
upstream side toward the downstream side as indicated
by an arrow B1 of the lower drawing. The external EGR
gas joining in the fresh air flows into the surge tank 38,
passes through the independent passage 39 and the in-
take port 18 in this order, and reaches the combustion
chamber 16.

[0157] On the other hand, in supercharging, the gas
flowing back from the surge tank 38 to the bypass pas-
sage 40 flows through the components of the bypass
passage 40 in the direction opposite to the direction in
natural aspiration, and flows into the first passage body
33b.

[0158] In supercharging, as indicated by an arrow A1
of FIG. 13, the external EGR gas flowing into the bypass
passage 40 joins the gas flowing back from the surge
tank 38 to the bypass passage 40, and flows backward
through the bypass passage 40 from downstream to up-
stream. The gas flowing backward into the first passage
body 33b passes through the throttle valve 32, joins the
fresh air (see an arrow A3) flowing into the first passage
body 33b, and is sucked into the supercharger 34.

(Configuration for Making Engine Compact and Improve-
ment in Supercharging Efficiency)

[0159] For the purpose of increasing the supercharg-
ing efficiency of the engine 1 as much as possible, the
gas is required to be supplied evenly to both the first and
second rotors 341 and 342.

[0160] However, in this engine 1, the first passage
body (specifically, the upstream passage portion 331)
33b is offset toward the first rotor 341, whereby the var-
ious kinds of valve members are collectively provided,
and by extension, the engine 1 is made compact. In this
case, the gas supplied from the first passage body 33b
may be distributed toward the first rotor 341 in an unbal-
anced manner.
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[0161] However, as illustrated in FIG. 8, the inner wall
of the first passage body 33b is provided with the guide
portion 70, and at least part of the gas supplied from the
first passage body 33b can be directed toward the second
rotor 342 by the guide portion 70. In this manner, the gas
can be distributed to the first rotor 341 and the second
rotor 342 in a balanced manner, hence the supercharging
efficiency of the engine 1 can be increased.

[0162] As illustrated in FIG. 8, the upstream passage
portion 331 of the first passage body 33b is offset toward
the first rotor 341 in the arrangement direction of the first
second rotors 341 and 342. Since the upstream passage
portion 331 is offset toward the first rotor 341, a space is
provided on the second rotor 342 side with respect to the
first passage body 33b accordingly. The intake system
components are provided in such a space, whereby the
engine 1 can be made compact in the arrangement di-
rection.

[0163] As illustrated in FIG. 8, the downstream pas-
sage portion 332 of the first passage body 33b can form
the gas relay chamber 333. Hence, the gas flow can be
expanded, for example, across the arrangement direc-
tion and the gas can be distributed to the first rotor 341
and the second rotor 342 in a balanced manner. This is
advantageous in increasing the supercharging efficiency
of the engine 1.

[0164] The firstinclined portion 71 and the second in-
clined portion 72 illustrated in FIG. 8 are provided, where-
by the gas flows flowing along the inner wall close to the
first rotor 341 and the inner wall close to the second rotor
342 can each be directed toward the second rotor 342
using the so-called Coanda effect. This is advantageous
inincreasing the supercharging efficiency ofthe engine 1.
[0165] As illustrated in drawings such as FIG. 8, the
first inclined portion 71 is formed by a lower inner wall of
the first passage body 33b and is interposed between
the branching portion 33d and the supercharger 34 in the
gas flow direction.

[0166] By the way, water contained in the combusted
gas flowed backward through the EGR passage 52 may
become condensed water in the EGR passage 52 and
the bypass passage 40 to flow into the first passage body
33b through the branching portion 33d, and by extension,
to flow into the supercharger 34.

[0167] However, as described above, the first inclined
portion 71 is interposed between the branching portion
33d and the supercharger 34, and if the condensed water
flows into the first passage body 33b, the first inclined
portion 71 dams up the condensed water, whereby the
condensed water can be prevented from flowing into the
supercharger 34. With this effect, corrosion of the super-
charger 34 caused by water contained in the condensed
water can be prevented.

[0168] As illustrated in FIG. 8, the first and second in-
clined portions 71 and 72 are provided to overlap with
each other in the gas flow direction in the upstream pas-
sage portion 331.

[0169] As described above, both the first and second
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inclined portions 71 and 72 are configured to direct the
gas flow toward the second rotor 342. Considering that
the second inclined portion 72 is provided close to the
second rotor 342 with respect to the first inclined portion
71, the gas flow is directed toward the second inclined
portion 72 by the first inclined portion 71 (in this exem-
plary configuration, the gas flow is lifted upward). The
configuration in which the firstinclined portion 71 and the
second inclined portion 72 are caused to overlap with
each other in the gas flow direction is advantageous in
obtaining the Coanda effectin the secondinclined portion
72 by the thus directed gas flow.

[0170] As illustrated in FIG. 8, the upstream end of the
second inclined portion 72 is provided on the extension
line Le extending in the gas flow direction from the inner
wall of the throttle body 33a. This configuration is advan-
tageous in guiding the gas flow flowing in the gas flow
direction from the inner wall of the throttle body 33a to
the first and second inclined portions 71 and 72. This is
advantageous in increasing the supercharging efficiency
of the engine 1.

[0171] Specifically, as illustrated in FIG. 14, in a con-
ventional configuration, the gas flowing along the inner
wall of the throttle body 33a hardly flows along an inclined
portion 1072 corresponding to the second inclined por-
tion 72 than in the configuration according to the present
invention, which is disadvantageous in distributing the
gas toward the second rotor.

[0172] Whereas, in the configuration according to the
present invention, the gas flowing along the inner wall of
the throttle body 33a flows along the extension line Le to
be guided by the second inclined portion 72. Conse-
quently, the gas can be distributed also toward the sec-
ond rotor 342 in a balanced manner.

[0173] With the layout illustrated in drawings such as
FIG. 5, the supercharger 34 and the intercooler 36 can
be provided on the front side of the engine 1 without in-
terfering with the alternator 91. Hence, the intake system
can be made compact, and by extension, supercharging
response can be increased.

<< Other Embodiments >>

[0174] The embodiment is directed to, but not limited
to, an example of a configuration including both the first
inclined portion 71 and the second inclined portion 72.
One ofthefirstinclined portion 71 and the second inclined
portion 72 may be provided.

[0175] Inthe embodiment, both thefirstinclined portion
71 and the second inclined portion 72 are provided on
the inner wall of the upstream passage portion 331. How-
ever, this configuration is merely an example. The first
inclined portion 71 may be provided on the inner wall of
the downstream passage portion 332, for example.

DESCRIPTION OF REFERENCE CHARACTERS

[0176]
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1 Engine

10 Engine Body

12 Cylinder Block

13 Cylinder Head

16 Combustion Chamber
30 Intake Passage

32 Throttle Valve

33 First Passage

33a  Throttle Body (Throttle Passage Portion)

33b  First Passage Body (Introduction Passage Por-
tion)

331  Upstream Passage Portion (First Passage Por-
tion)

332 Downstream Passage Portion (Second Passage
Portion)

333 Relay Chamber

33d  Branching Portion

34 Supercharger

341 First Rotor
342  Second Rotor
343  Rotor Chamber

36 Intercooler

40 Bypass Passage (Intake System Component)
41 Bypass Valve (Intake System Component)
52 EGR Passage

54 EGR Valve (Intake System Component)

70 Guide Portion

71 First Inclined Portion

72 Second Inclined Portion

91 Alternator (Auxiliary Machine)

Claims

1. Anengine provided with a mechanical supercharger,
comprising:

an intake passage connected to a combustion
chamber; and

a mechanical supercharger provided in the in-
take passage and operating through externally
transmitted power, the supercharger having a
first rotor extending in a predetermined central
axial direction, a second rotor extending parallel
to the first rotor and provided adjacent to the first
rotor in an arrangement direction orthogonal to
the central axial direction, and a rotor chamber
housing the first and second rotors,

an introduction passage portion of the super-
charger being connected to the rotor chamber
from one side in the central axial direction, and
at least an upstream portion of the introduction
passage portion being offset toward the first ro-
tor in the arrangement direction,

an inner wall of the introduction passage portion
being provided with a guide portion directing a
gas flow flowing along the inner wall toward the
second rotor in the arrangement direction.
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The engine provided with a mechanical supercharg-
er of claim 1, wherein intake system components in
the intake passage are provided closer to the second
rotor in the arrangement direction than the introduc-
tion passage portion is.

The engine provided with a mechanical supercharg-
er of claim 1 or 2, wherein

the introduction passage portion has a first passage
portion offset toward the first rotor in the arrangement
direction and a second passage portion provided be-
tween the first passage portion and the rotor cham-
ber, and is formed to be larger in a flow passage
cross section larger than the first passage portion,
and

the second passage portion forms a gas relay cham-
ber.

The engine provided with a mechanical supercharg-
er of any one of claims 1 to 3, wherein

the guide portion has, of the inner wall of the intro-
duction passage portion, either one of or both of a
first inclined portion formed on an inner wall close to
the first rotor in the arrangement direction and a sec-
ond inclined portion formed on an inner wall close to
the second rotor in the direction, and

both the first and second inclined portions are in-
clined to head toward the second rotor from the first
rotor in the arrangement direction from an upstream
side toward a downstream side in a gas flow direc-
tion.

The engine provided with a mechanical supercharg-
er of claim 4, wherein the arrangement direction sub-
stantially corresponds to an up-and-down direction,
the first rotor is provided substantially below the sec-
ond rotor,

a bypass passage is provided, the bypass passage
branching off from the introduction passage portion
to bypass the supercharger and to guide gas to the
combustion chamber,

the bypass passage is connected to an upper side
in the up-and-down direction of the introduction pas-
sage portion, an EGR passage is connected to the
bypass passage,

the guide portion has atleast the firstinclined portion,
and

a branching portion at which the introduction pas-
sage portion and the bypass passage branch off is
provided upstream of the first inclined portion in the
gas flow direction.

The engine provided with a mechanical supercharg-
er of claim 4 or 5, wherein

the guide portion has both the first and second in-
clined portions, and

the first and second inclined portions are provided
to overlap with each other in the gas flow direction
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in the introduction passage portion.

The engine provided with a mechanical supercharg-
er of claim 6, wherein

a throttle passage portion provided with a throttle
valve is arranged upstream of the introduction pas-
sage potion of the intake passage, and

an upstream end of either one of or both of the first
and second inclined portions is provided on an ex-
tension line extending in the gas flow direction from
an inner wall of the throttle passage portion.

The engine provided with a mechanical supercharg-
er of any one of claims 1 to 4, comprising:

an engine body including a cylinder block, a cyl-
inder head, and the combustion chamber;
auxiliary machines mounted on an outer surface
of the engine body; and

an intercooler provided downstream of the su-
percharger in the intake passage, wherein

the arrangement direction substantially corre-
sponds to an up-and-down direction,

the supercharger is provided above the auxiliary
machines, and

the intercooler is adjacent to the auxiliary ma-
chines in the central axial direction and is pro-
vided below the supercharger in the arrange-
ment direction.

9. Anengine provided with a mechanical supercharger,

comprising:

an intake passage connected to a combustion
chamber; and

a mechanical supercharger provided in the in-
take passage and operating through externally
transmitted power, the supercharger having a
first rotor extending in a predetermined central
axial direction, a second rotor extending parallel
to the first rotor and provided adjacent to the first
rotor in an arrangement direction orthogonal to
the central axial direction, and a rotor chamber
housing the first and second rotors,

an introduction passage portion of the super-
charger being connected to the rotor chamber
from one side in the central axial direction, and
at least an upstream portion of the introduction
passage portion being offset toward the first ro-
tor in the arrangement direction,

an inner wall of the introduction passage portion
being provided with a guide portion inclined to
head toward the second rotor from the first rotor
in the arrangement direction from an upstream
side toward a downstream side in a gas flow
direction.
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