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(54) TWO-VALVE ENGINE

(57) The present teaching provides a two-valve en- the intake port.
gine configured to suppress a combustion noise occur-
rence while improving fuel efficiency. Fiz 7
A two-valve engine includes: a crankshaft; a rolling
bearing; a piston part; a cylinder part that cooperates with
the piston part to define a combustion chamber, the cyl-
inder part including a cylinder head part and a cylinder
body part, the cylinder head part having one intake port
and one exhaust port, the cylinder body part having a
cylinder bore; a fuel injector part; and an ignition device
arranged in one of two regions that are defined by dividing
the combustion chamber by a straight line passing
through a center of the intake port and a center of the
exhaust port, wherein the piston part has a concave por-
tion in a top surface thereof, the area over which the
region where the ignition device is not arranged overlaps
the concave portion is smaller than the area over which
the region where the ignition device is arranged overlaps
the concave portion, and the intake passage is arranged
such that the region where the ignition device is not ar-
ranged, which overlaps the concave portion over a small-
er area, is located on a straight line that is an extension
of a center line of the intake passage from the center of
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Description

Technical Field

[0001] The present teaching relates to a two-valve en-
gine.

Background Art

[0002] In an engine, there is a constant need for an

improvement in fuel efficiency. One of the methods for
improving the fuel efficiency is to increase the rapidness
of combustion in an expansion stroke of the engine.
[0003] Non-patentLiterature 1 (NPTL 1) shows an en-
gine having its fuel efficiency improved by the enhance-
ment of a tumble flow, which is a vortex of a mixed gas
in a combustion chamber. The engine of Non-patent Lit-
erature 1is a four-stroke engine for a compact two-wheel
vehicle, which is a two-valve engine.

[0004] Inthe two-valve engine as shown in Non-patent
Literature 1, the mixed gas is rapidly combusted because
the mixed gas has a strong flow due to the enhancement
of the tumble flow. That is, a main combustion duration
in the expansion stroke, which means a crank angle
range in which a predetermined large part of fuel in the
combustion chamber is combusted, is shortened. The
rapid combustion in the expansion stroke increases the
pressure rise rate in the expansion stroke. This makes
pressure-volume characteristics close to ideal ones, and
increases the working efficiency. Thus, the fuel efficiency
is improved.

Citation List
Non-patent Literature

[0005] NPTL 1: Honda R&D Technical Review, Vol.
16, No. 2. Oct. 2004

Summary of Invention
Technical Problem

[0006] As the pressure rise rate in the combustion
chamber increases due to the rapid combustion of the
mixed gas, a combustion shock increases. The combus-
tion shock leads to a combustion noise of the engine.
The shock propagates through a piston, a crankshaft and
a bearing.

[0007] In this respect, the engine of Non-patent Liter-
ature 1 employs a roller bearing as a journal bearing for
supporting the crankshaft. The engine of Non-patent Lit-
erature 1 suppresses propagation of a combustion noise
by improving, with the roller bearing, the support stiffness
of a crankshaft.

[0008] In some cases, however, adoption of a roller
bearing as a journal bearing is difficult. It is therefore de-
sirable to enable the occurrence of a combustion noise
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to be suppressed while improving fuel efficiency due to
characteristics of the engine itself and irrespective of the
type of the journal bearing. A two-valve engine having
such a configuration is able to suppress a combustion
noise occurrence while improving fuel efficiency even
when a bearing (e.g., a ball bearing) other than a roller
bearing is adopted as a journal bearing. Moreover, by
adopting a roller bearing, such two-valve engine can
achieve, at a higher level, improvement in fuel efficiency
and suppression of a combustion noise occurrence.
[0009] An object of the present teaching is to provide
a two-valve engine configured to suppress a combustion
noise occurrence while improving fuel efficiency.

Solution to Problem

[0010] To solve the problems described above, the
present teaching adopts the following configurations.

(1) A two-valve engine including:

a crankshaft;

a rolling bearing that supports the crankshaft;
a piston part coupled to the crankshaft;

a cylinder part that cooperates with the piston
part to define a combustion chamber, the cylin-
der partincluding a cylinder head part and a cyl-
inder body part, the cylinder head part having
one intake port and one exhaust port, the one
intake port communicating with an intake pas-
sage and configured to be opened and closed
by an intake valve, the one exhaust port com-
municating with an exhaust passage and con-
figured to be opened and closed by an exhaust
valve, the cylinder body part having a cylinder
bore in which the piston part is housed;

a fuel injector part that injects a fuel to the intake
passage; and

anignition device arranged in one of two regions
that are defined by dividing the combustion
chamber by a straight line passing through a
center of the intake port and a center of the ex-
haust port, when viewed in the direction of a cen-
tral axis line of the cylinder bore,

the piston part having, in a top surface of the
piston part, a concave portion that is recessed
from a surrounding thereof, the concave portion
being provided such that the area over which
the region where the ignition device is not ar-
ranged overlaps the concave portion is smaller
than the area over which the region where the
ignition device is arranged overlaps the concave
portion, when viewed in the direction of the cen-
tral axis line of the cylinder bore,

the intake passage being arranged such that, of
the two regions, the region where the ignition
device is not arranged, which overlaps the con-
cave portion over a smaller area, is located on
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a straight line that is an extension of a center
line of the intake passage from the center of the
intake port, when viewed in the direction of the
central axis line of the cylinder bore.

In the two-valve engine of (1), the piston part is
housed in the cylinder bore of the cylinder body part.
The cylinder head part has one intake port commu-
nicating with the intake passage and one exhaust
port communicating with the exhaust passage. The
intake portis opened and closed by the intake valve,
and the exhaust port is opened and closed by the
exhaust valve. The cylinder part cooperates with the
piston part to define a combustion chamber. The ig-
nition device is not arranged on the straight line that
passes through the center of the intake port and the
center of the exhaust port. The ignition device is ar-
ranged in one of the two regions that are defined by
dividing the combustion chamber by the above-men-
tioned straight line.

The fuel injector part injects the fuel into the intake
passage. When the intake valve opens the intake
port, a mixed gas containing the fuel flows through
the intake passage and then through the intake port
into the combustion chamber along with movement
of the piston part. The mixed gas in the combustion
chamber is ignited by the ignition device, to be com-
busted. When the mixed gas having passed through
the intake passage enters the combustion chamber
from the intake port, a vortex of the mixed gas occurs
in the combustion chamber.

Theintake passage is arranged such that the straight
line, that is an extension of the center line of the
intake passage from the center of the intake port
passes, through the region where the ignition device
is not arranged, when viewed in the direction of the
central axis line of the cylinder bore. Thus, the vortex
of the mixed gas in the combustion chamber has a
swirling flow component flowing around the central
axis line and a tumble flow component flowing
around a line perpendicular to the central axis line.
That is, a combined flow of a swirling flow and a
tumble flow occurs in the combustion chamber.
When viewed in the direction of the central axis line,
a main tumble flow (simply referred to as a tumble
flow) of the mixed gas having, entered the combus-
tion chamber from the intake port, flows along the
straight line that is, an extension of the center line of
the intake passage from the intake port. Therefore,
the tumble flow orientation is not parallel to but ob-
lique from the direction from the intake port toward
the exhaust port. The tumble flow is oriented so as
to flow from the center of the intake port and pass
through one of the two regions where the ignition
device is not arranged. Since the tumble flow circles
around the line perpendicular to the central axis line,
the above-described oblique tumble flow orientation
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is true not only in the vicinity of the intake port but
also in the vicinity of the ignition device. Therefore,
the tumble flow orientation in the vicinity of the igni-
tion device contains a component oriented from the
intake port toward the exhaust port and a component
oriented from the ignition device toward the other
region where the ignition device is not arranged.
On the other hand, the swirling flow of the mixed gas
circles around the central axis line. The swirling flow
circles around the central axis line in such adirection
as to pass through the intake port, the exhaust port,
and the ignition device in this order. The swirling flow
in the vicinity of the ignition device is oriented from
the exhaust port toward the intake port. The piston
part has, in the top surface of the piston part, the
concave portion that is recessed from its surround-
ing. When viewed in the direction of the central axis
line of the cylinder bore, the area over which one of
the two regions where the ignition device is not ar-
ranged, and overlaps the concave portion is smaller
than the area over which one of the two regions
where the ignition device is arranged and overlaps
the concave portion. Of the two regions, the region
where the ignition device is notarranged, which over-
laps the concave portion over a smaller area, is lo-
cated on the straight line which is an extension of
the center line of the intake passage from the center
of the intake port. This makes it likely that the swirling
flow of the mixed gas having entered the combustion
chamber from the intake passage is maintained
mainly in the region that overlaps the concave por-
tion over a larger area, that is, mainly in the region
where the ignition device is arranged, rather than in
the region that overlaps the concave portion over a
smaller area. Accordingly, the swirling flow of the
mixed gas is likely to be maintained around the ig-
nition device, even when the piston moves to the top
dead center.

As mentioned above, a combined flow of the tumble
flow and the swirling flow occurs in the combustion
chamber. Of the tumble flow in the vicinity of the ig-
nition device, a component oriented from the intake
port toward the exhaust port is diminished by the
swirling flow oriented in the opposite direction. Con-
sequently, the mixed gas in the vicinity of the ignition
device flows from one of the two regions where the
ignition device is arranged toward the other of the
two regions where the ignition device is notarranged.
Flame caused in the combustion chamber upon ig-
nition by the ignition device tends to propagate along
the mixed gas flow itself. In the two-valve engine of
(1), a component of the tumble flow oriented from
the intake port toward the exhaust port is diminished
by the swirling flow in the vicinity of the ignition device
of the combustion chamber. This suppresses rapid
propagation of the flame caused by the ignition to-
ward the exhaust port at an initial stage of combus-
tion. Thus, a rapid pressure rise at the initial stage
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of combustion is suppressed. Therefore, occurrence
of a combustion noise is suppressed. Accordingly,
a combustion noise is suppressed even when, for
example, a ball bearing with a low support stiffness
is adopted as the rolling bearing that supports the
crankshaft.

Moreover, in the two-valve engine of (1), the mixed
gas in the vicinity of the ignition device flows from
the region where the ignition device is arranged to-
ward the region where the ignition device is not ar-
ranged, which easily allows flame produced by the
ignition device to quickly spread in the combustion
chamber. Thus, time required for the flame to spread
over a main region of the combustion chamber is
shortened. In other words, a main combustion dura-
tion in an expansion stroke is shortened.

As described above, the two-valve engine of (1) sup-
presses rapid propagation of flame toward the ex-
haust port in the initial stage of combustion, but, nev-
ertheless, the main combustion duration in the ex-
pansion stroke is shortened. Thus, the fuel efficiency
ofthe two-valve engine is improved. Accordingly, the
two-valve engine of the present teaching is able to
suppress occurrence of a combustion noise while
improving the fuel efficiency.

(2) The two-valve engine of (1), in which

the intake passage is arranged so as to form a curv-
ing arc on an upstream side of the intake port when
viewed in the direction of the central axis line of the
cylinder bore, and

the ignition device is arranged outside the curving
arc when viewed in the direction of the central axis
line of the cylinder bore.

The configuration of (2), in which the intake passage
forms a curving arc on the upstream side of the intake
port while the ignition device is arranged outside the
arc, produces a large swirling flow of the mixed gas
having passed through the intake passage. It is
therefore easy to maintain the swirling flow of the
mixed gas in the combustion chamber. Accordingly,
further suppression of a combustion noise occur-
rence can be obtained with further improvement in
the fuel efficiency.

(3) The two-valve engine of (1) or (2), in which

the concave portion is in the shape of a spherical
surface.

In the configuration of (3) having the concave portion
in the shape of a spherical surface, a bottom portion
of the combustion chamber extends in the shape of
a spherical surface. It is therefore further easy to
maintain the swirling flow of the mixed gas in the
combustion chamber. Accordingly, further suppres-
sion of a combustion noise occurrence can be ob-
tained with furtherimprovement in the fuel efficiency.
(4) The two-valve engine of any one of (1) to (3), in
which

the piston part has, in the top surface thereof, a con-
vex portion that is arranged in a region opposite to
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the ignition device relative to a straight line passing
through the center of the intake port and the center
of the exhaust port, when viewed in the direction of
the central axis line of the cylinder bore.

The configuration of (4) retards flame propagation
because a space of the combustion chamber is nar-
rowed, the space corresponding to the region where
the convex portion is arranged. The retard of flame
propagation occurs in the region opposite to the ig-
nition device when viewed in the direction of the cen-
tral axis line, and this region is involved in combustion
that occurs after completion of combustion in the
main combustion duration. In the region opposite to
the ignition device, the mixed gas is likely to be left
uncombusted. In the configuration of (4), however,
the retard of flame propagation keeps the mixed gas
at a high temperature for a long time, which makes
it easy to obtain sufficient combustion of the mixed
gas. Accordingly, discharge of an uncombusted
mixed gas from the two-valve engine can be reduced
with further suppression of a combustion noise oc-
currence and further improvementin the fuel efficien-
cy.

(5) The two-valve engine of any one of (1) to (4), in
which

the intake passage is arranged such that a straight
line, that is an extension of a center line of the intake
passage from the center of the intake port, passes
through the region where the ignition device is not
arranged and extends without overlapping the ex-
haust port, when viewed in the direction of the central
axis line of the cylinder bore.

The configuration of (5), in which the straight line,
that is an extension of the center line of the intake
passage from the center of the intake port, extends
through the region where the ignition device is not
arranged when viewed in the direction of the central
axis line, promotes the swirling flow of the mixed gas
in the combustion chamber. Accordingly, further
suppression of a combustion noise occurrence can
be obtained with further improvement in the fuel ef-
ficiency.

Advantageous Effects of Invention

[0011] The presentteaching can suppress occurrence
of a combustion noise with improvement in the fuel effi-
ciency.

Brief Description of Drawings
[0012]

[FIG. 1] A longitudinal cross-sectional view showing
an outline configuration of a two-valve engine ac-
cording to an embodiment of the present teaching.
[FIG. 2] Allongitudinal cross-sectional view from an-
other angle, showing an outline configuration of the
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two-valve engine according to the embodiment of
the present teaching.

[FIG. 3] A cross-sectional view showing, on an en-
larged scale, a combustion chamber and therea-
round of the engine shown in FIG. 1.

[FIG. 4] A cross-sectional view showing, on an en-
larged scale, the combustion chamber and therea-
round of the engine shown in FIG. 2.

[FIG. 5] FIG. 5A is a cross-sectional view showing
an engine according to a first reference example in
which a raised portion is provided for producing a
squish effect; and FIG. 5B is a cross-sectional view
showing an engine according to a second reference
example in which another raised portion is provided
for producing a squish effect.

[FIG. 6] A perspective view showing an interior struc-
ture of a cylinder head part shown in FIGs. 1 and 2,
as viewed in the direction of the central axis line of
a cylinder bore.

[FIG. 7] A diagram showing a top surface of a piston
part, as viewed in the direction of the central axis line
of the cylinder bore.

[FIG. 8] A diagram showing how principal elements
are arranged and a mixed gas flows in the combus-
tion chamber of the engine.

[FIG. 9] A schematic diagram showing how a mixed
gas flows in an engine configured to generate sub-
stantially no swirling flow, which is a comparative
example of the embodiment.

[FIG. 10] A graph for explaining the state of combus-
tion of a mixed gas in the engine.

Description of Embodiments

[0013] Described below are discussions that the
present inventors have conducted about fuel efficiency
and a combustion noise of a two-valve engine.

[0014] Toimprove fuel efficiency of a two-valve engine,
making fuel combustion rapid is effective. Making the
combustion rapid, however, increases the pressure rise
rate in the combustion chamber, so that a shock increas-
es. As a result, a combustion noise increases.

[0015] That is, there is a trade-off between improving
fuel efficiency by causing rapid combustion and reducing
a combustion noise. For example, as a result of causing
rapid combustion by a tumble flow in the combustion
chamber for the purpose of improving the fuel efficiency,
the pressure rise rate increases so that the combustion
noise increases. To suppress the combustion noise, con-
ventionally, a symptomatic approach is taken such as
adopting a bearing having a high support stiffness as a
bearing to suppress shock propagation as mentioned
above.

[0016] Based on such a conventional design concept,
the present inventors have conducted intensive studies
for achieving both improvement in the fuel efficiency and
reduction in the combustion noise, and have found the
following.
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[0017] Both the fuel efficiency and the combustion
noise are influenced not only by a main combustion du-
ration but also by the degree of progress of combustion
over time.

[0018] For example, a shock which is influential to the
combustion noise is attributable largely to the pressure
rise rate at an initial stage of combustion. Therefore, en-
abling the increase rate of the amount of combusted
mixed gas to be limited at the initial stage of combustion
and the increase rate of the amount of combusted mixed
gas to be raised at a late stage of combustion makes it
possible to limit the pressure rise rate at the initial stage
of combustion while shortening the main combustion du-
ration which contributes to the fuel efficiency.

[0019] The present inventors have found that an im-
proved fuel efficiency with a suppressed combustion
noise can be obtained by introducing a swirling flow into
a combustion chamber of a two-valve engine where a
tumble flow occurs and maintaining the swirling flow for
a long period by using a concave portion provided on a
top surface of a piston part.

[0020] To be more specific, by making creative ar-
rangement of an intake passage so as to introduce a
swirling flow, the speed at which a mixed gas existing in
aregion of a combustion chamber near an ignition device
flows to an exhaust port can be limited. In this manner,
the pressure rise rate can be limited at the initial stage
of combustion. Further, by making a creative arrange-
ment of the intake passage so as to orient the tumble
flow oblique relative to the exhaust port as well as to
introduce a swirling flow, a flow resulting from the com-
bination of the tumble flow and the swirling flow near the
ignition device is directed from a region where the ignition
device is arranged toward a region where the ignition
device is not arranged. In this manner, the increase rate
of the amount of combusted mixed gas at the late stage
of combustionisincreased. Consequently, the main com-
bustion duration can be shortened.

[0021] The present teaching is accomplished based
on the findings that both improvement of the fuel efficien-
cy and reduction in the combustion noise can be achieved
by introducing and maintaining a swirling flow while em-
ploying the conventional design concept which adopts a
bearing having a high support stiffness.

[0022] Hereunder, the present teaching is described
based on preferred embodiments with reference to the
drawings.

[0023] FIGs. 1 and 2 are longitudinal cross-sectional
views each showing an outline configuration of a two-
valve engine 1 according to an embodiment of the
presentteaching. In the figures, the reference sign X rep-
resents the direction in which a rotation axis line M of a
crankshaft 2 extends. The reference sign Z represents
the direction in which a central axis line C of a cylinder
bore 42b extends (the direction in which a piston part 5
reciprocates). The reference sign Y represents the direc-
tion perpendicular to both the direction X of the rotation
axis line of the crankshaft 2 and the direction Z of the



9 EP 3 296 551 A1 10

central axis line of the cylinder bore 42b. FIG. 1 is a lon-
gitudinal cross-sectional view schematically showing the
two-valve engine 1 as viewed in the direction Y. FIG. 2
is a longitudinal cross-sectional view schematically
showing the two-valve engine 1 as viewed in the direction
X.

[0024] Thetwo-valve engine 1 (hereinafter, also simply
referred to as the engine 1) shown in FIGs. 1 and 2 is
mounted to a straddled vehicle (not shown) as typified
by a motorcycle, for example. In the present teaching, a
vehicle to which the engine 1 is mounted is not limited to
a straddled vehicle as exemplified by a motorcycle. Ex-
amples of such a vehicle include various types of vehicles
including automobiles, snowmobiles, and the like. The
number of wheels of the vehicle mounted with the engine
1 is not particularly limited. It may be acceptable that the
engine 1 is mounted to an apparatus or a device (e.g., a
generator) different from the vehicle. The engine 1 is a
single-cylinder four-stroke engine.

[0025] The engine 1 includes the crankshaft 2, a crank
casing part 3, a cylinder part 4, the piston part 5, a fuel
injector part 6, an ignition device 7, an intake valve 8a,
and an exhaust valve 8b.

[0026] In this embodiment, the engine 1 mounted to a
straddled vehicle (not shown) is described. The engine
1is arranged in the straddled vehicle such that the direc-
tion X substantially coincides with the width direction of
the straddled vehicle and the direction Y substantially
coincides with the front-back direction of the straddled
vehicle. Hereinafter, the direction X is also referred to as
the width direction of the engine 1. The direction Y is also
referred to as the front-back direction of the engine 1.
The posture with which the engine 1 is mounted to the
vehicle is not limited to the one illustrated in this embod-
iment. For example, the front-back direction Y of the en-
gine 1 may not always have to be parallel to a horizontal
plane but may be at an angle relative to the horizontal
plane. In other words, the front-back direction Y of the
engine 1 may be at an angle relative to the front-back
direction of the straddled vehicle.

[0027] The cylinder part4 includes a cylinder head part
41 and a cylinder body part 42. The crank casing part 3,
the cylinder body part 42, and the cylinder head part 41
are stacked in this order and fastened to one another. In
FIG. 2, for the sake of clarity of the structure, the crank
casing part 3 is not shown.

[0028] The engine 1 includes bearings 31 that support
the crankshaft 2 in a freely rotatable manner. The bear-
ings 31 are rolling bearings, for example, ball bearings.
The crankshaft 2 is supported on the crank casing part
3 by the bearings 31.

[0029] As shown in FIG. 1, the crank casing part 3 is
divided across the width direction X into two casing parts
3a. The two casing parts 3a are fastened in the width
direction X, to form the crank casing part 3. Each of the
two casing parts 3a is provided with a support portion 3b
for supporting the bearing 31. The bearing 31 is fitted in
the support portion 3b of each casing part 3a. Each bear-
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ing 31 supports each journal of the crankshaft 2 extending
in the width direction X.

[0030] The cylinderbore 42bis provided in the cylinder
body part 42. The cylinder bore 42b is a space within the
cylinder body part 42, and in this embodiment, has a co-
lumnar shape extending in the direction Z.

[0031] The piston part 5 is housed in the cylinder bore
42b. The piston part 5 is arranged so as to be recipro-
catable in the direction Z. The piston part 5 is coupled to
the crankshaft 2 via a connecting rod 32. One end of the
connecting rod 32 is freely rotatably supported on the
crankshaft 2, and the other end of the connecting rod 32
is freely rotatably supported on the piston part 5. The
crankshaft 2 is rotated along with reciprocation of the
piston part 5.

[0032] The cylinder part 4 cooperates with the piston
part 5 to define a combustion chamber 4r. The engine 1
of this embodiment is an air-cooled engine, and heat dis-
sipation fins 41h and 42h are provided on the exteriors
of the cylinder head part 41 and the cylinder body part
42, respectively.

[0033] The cylinder head part 41 has one intake pas-
sage 41a and one exhaust passage 41e. Each of the
intake passage 41a and the exhaust passage 41e com-
municates with the combustion chamber 4r. The cylinder
head part 41 has an intake port 41b and an exhaust port
41f.

[0034] The intake port 41b is a portion of the intake
passage 41a that opens into the combustion chamber
4r. The exhaust port 41f is a portion of the exhaust pas-
sage 41e that opens into the combustion chamber 4r.
The intake port 41b and the exhaust port 41f communi-
cate with the intake passage 41a and the exhaust pas-
sage 41e, respectively. The intake port 41b is opened
and closed by the intake valve 8a. The exhaust port 41f
is opened and closed by the exhaust valve 8b.

[0035] The intake passage 41a is formed so as to ex-
tend in a curve toward the upstream side from the intake
port41b of the combustion chamber 4r within the cylinder
head part 41. The end (upstream end) of the intake pas-
sage 41a opposite to the intake port 41b opens on an
outer surface of the cylinder head part 41. The end (up-
stream end) of the intake port 41b is coupled with an
intake tube 43.

[0036] The exhaust passage 41e is formed so as to
extend in a curve toward the downstream side from the
exhaust port 41f of the combustion chamber 4r within the
cylinder head part 41. The end (downstream end) of the
exhaust passage 41e opposite to the exhaust port 41f
opens on the outer surface of the cylinder head part 41.
The end (downstream end) of the exhaust port 41f is
coupled with an exhaust tube (not shown).

[0037] Thefuelinjectorpart6 is attachedto the cylinder
head part 41 so as to be directed to the intake passage
41a. The fuel injector part 6 injects fuel to the intake pas-
sage 41a. The fuel injector part 6 injects fuel to a position
upstream of the intake port 41b. The fuel injector part 6
injects fuel to outside air flowing in the intake passage
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41a, thus creating a mixed gas. The mixed gas contains
air and the fuel. The mixed gas is supplied to the com-
bustion chamber 4r through the intake port 41b.

[0038] Inthe cylinder head part 41, a cam shaft 41sis
provided in a freely rotatable manner. The cam shaft 41s
has a cam 41t. The cam shaft 41s and the cam 41t are
integrally rotated along with rotation of the crankshaft 2.
Movement of the cam 41t causes each of the intake valve
8a and the exhaust valve 8b to linearly reciprocate within
a predetermined range, thus opening and closing the in-
take port 41b and the exhaust port 41f.

[0039] The ignition device 7 is provided in the cylinder
head part 41. The ignition device 7 is a part that ignites
a mixed gas in the combustion chamber 4r. In this em-
bodiment, the ignition device 7 is a portion of an ignition
plug 70 attached to the cylinder head part 41, the portion
exposed in the combustion chamber 4r.

[0040] In the engine 1 of this embodiment, only one
intake valve 8a and only one exhaust valve 8b are pro-
vided for one cylinder bore 42b. Thus, only one intake
passage 41a and only one exhaust passage 41e are con-
nected to one combustion chamber 4r. The one combus-
tion chamber 4r has only one intake port 41b and only
one exhaust port 41f.

[0041] In the engine 1 of this embodiment, the com-
bustion chamber 4r has a non-squish region N that is
provided in at least a part of a peripheral region of the
combustion chamber 4r with respect to the radial direc-
tion of the cylinder bore 42b.

[0042] The non-squish region N is a region where a
raised portion for producing a squish effect is not provided
in at least the cylinder head part 41 of the cylinder head
part41 and the piston part5. The squish effect is an effect
of generating turbulence and/or vortex of a mixed gas
flowinthe combustion chamber 4r as a result of the piston
part 5 rising to push out part of the mixed gas existing
between the cylinder head part 41 and a top surface 5t
of the piston part 5.

[0043] FIG. 3 is a cross-sectional view showing, on an
enlarged scale, the combustion chamber 4r and therea-
round of the engine 1 shown in FIG. 1. FIG. 4 is a cross-
sectional view showing, on an enlarged scale, the com-
bustion chamber 4r and therearound of the engine 1
shown in FIG. 2.

[0044] In FIGs. 3 and 4, the combustion chamber 4r
has the non-squish region N that is provided in the pe-
ripheralregion of the combustion chamber 4r with respect
to the radial direction of the cylinder bore 42b. In the non-
squish region N, the cylinder head part41 is not provided
with a raised portion for producing the squish effect.
[0045] In the non-squish region N of this embodiment,
araised portion for producing the squish effect is provided
neitherinthe cylinder head part 41 norin the piston part 5.
[0046] In the non-squish region N of this embodiment,
substantially no step is provided in a region where an
inside upper surface of the cylinder head part 41 and an
inner circumferential surface of the cylinder body part 42
are adjacent to and continuous with each other.
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[0047] In the non-squish region N, a spacing distance
between the cylinder head part 41 and the piston part 5
with respect to the central axis line direction Z of the cyl-
inder bore 42b continuously increases from outside to
inside with respect to the radial direction of the cylinder
bore 42b.

[0048] FIG. 5A is a cross-sectional view showing an
engine according to a first reference example in which a
raised portion is provided for producing the squish effect.
FIG. 5B is a cross-sectional view showing an engine ac-
cording to a second reference example in which another
raised portion is provided.

[0049] An engine 8 of the first reference example
shown in FIG. 5A is an engine disclosed in Non-patent
Literature 1. The engine 8 of the first reference example
shown in FIG. 5A has a squish region S that is provided
in a peripheral region of a combustion chamber 84r with
respect to the radial direction. In the squish region S, a
cylinder head part 841 has a protruding portion 849, and
a piston part 85 has a protruding portion 859. The pro-
truding portion 849 of the cylinder head part 841 is pro-
vided such that a spacing distance between the cylinder
head part 841 and the piston part 85 with respect to the
central axis line direction is substantially maintained from
outside to inside with respect to the radial direction. In
the engine 8 of the reference example shown in FIG. 5A,
therefore, a mixed gas interposed between the piston
part85andthe cylinderhead part 841 in the squish region
S is pushed out radially inward as the piston part 85
moves up. Thus, the engine 8 of the first reference ex-
ample causes the squish effect.

[0050] An engine 9 of the second reference example
shown in FIG. 5B also has a squish region S that is pro-
vided in a peripheral region of a combustion chamber 94r
with respect to the radial direction. In the squish region
S, a cylinder head part 941 has a protruding portion 949.
The protruding portion 949 of the cylinder head part 941
is formed by a step that is provided in a region where an
inside upper surface of the cylinder head part 941 and
an inner circumferential surface of a cylinder body part
942 are adjacent to and continuous with each other. A
piston part 95 has a protruding portion 959. In the second
reference example shown in FIG. 5B, a spacing distance
between the cylinder head part 941 and the piston part
95 with respect to the central axis line direction continu-
ously decreases from outside to inside with respect to
the radial direction. Therefore, in the engine 9 of the ref-
erence example shown in FIG. 5B amixed gasinterposed
between the piston part 95 and the cylinder head part
941 in the squish region S is pushed out radially inward
as the piston part 95 moves up. Thus, the engine 9 of
the second reference example also causes the squish
effect.

[0051] In the non-squish region N of this embodiment,
which is shown in FIGs. 3 and 4, a raised portion for
producing the squish effect such as the protruding portion
859 shown in FIG. 5A is not provided. In the non-squish
region N of this embodiment, the step shown in FIG. 5B
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is not provided, and a protruding portion for producing
the squish effect such as the protruding portion 959
shown in FIG. 5B is not provided.

[0052] FIG. 6is a perspective view showing an interior
structure of the cylinder head part 41 shown in FIGs. 1
and 2, as viewed in the direction Z of the central axis line
C of the cylinder bore 42b. FIG. 6 shows elements in-
cluded in the cylinder head part 41, as viewed in the di-
rection from the cylinder head part 41 to the crankshaft
2. FIG. 6 also schematically shows the fuel injector part
6 and valve support portions 81a and 81b that support
the intake valve 8a and the exhaust valve 8b, respective-
ly.

[0053] The engine 1 of this embodiment is a two-valve
engine. When viewed in the direction Z of the central axis
line C of the cylinder bore 42b, the combustion chamber
4r has a circular shape or a substantially circular shape.
In the combustion chamber 4r, one intake port 41b and
one exhaust port 41f are arranged side by side. The in-
take port 41b and the exhaust port 41f are arranged side
by side at an interval in the front-back direction Y. The
area of the exhaust port 41f is smaller than the area of
the intake port 41b. When viewed in the direction Z of
the central axis line C of the cylinder bore 42b, both the
intake port 41b and the exhaust port 41f entirely overlap
the combustion chamber 4r with respect to the direction
Z. When viewed in the direction Z of the central axis line
C of the cylinder bore 42b, the exhaust port 41f entirely
overlaps the intake port 41b with respect to the front-back
direction Y. When viewed in the direction Z of the central
axis line C of the cylinder bore 42b, the center 41g of the
exhaust port41f overlaps the intake port 4 1b with respect
to the front-back direction Y. When viewed in the direction
Z of the central axis line C of the cylinder bore 42b, the
center 41c of the intake port 41b overlaps the exhaust
port 41f with respect to the front-back direction Y. When
viewed in the direction Z of the central axis line C of the
cylinder bore 42b, the central axis line C of the cylinder
bore 42b is positioned between the intake port 41b and
the exhaust port 41f with respect to the front-back direc-
tion Y. When viewed in the direction Z of the central axis
line C of the cylinder bore 42b, the central axis line C of
the cylinder bore 42b overlaps both the intake port 41b
and the exhaust port 41f with respect to the front-back
direction Y. The ignition device 7 is arranged at a distance
from the central axis line C of the cylinder bore 42b. When
viewed in the direction of the central axis line C, the ig-
nition device 7 is arranged at a distance from the center
of the combustion chamber 4r. When viewed in the di-
rection Z of the central axis line C of the cylinder bore
42b, theignition device 7 is positioned between the center
41c of the intake port 41b and the center 41g of the ex-
haust port 41f with respect to the front-back direction Y.
The combustion chamber 4r is divided into two regions
by a straight line D passing through the center 41c of the
intake port 41b and the center 41g of the exhaust port
41f. The ignition device 7 is arranged in one of the two
regions. Of the two regions, the region where the ignition
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device 7 is arranged will be referred to as an ignition
device region E. The region where the ignition device 7
is not arranged will be referred to as a non-ignition-device
region F. The ignition device region E and the non-igni-
tion-device region F are defined by the division based on
the straight line D.

[0054] When viewed in the direction of the central axis
line C, the intake passage 41a of the engine 1 is oriented
oblique relative to the exhaust port 41f. The center line
P of the intake passage 41a extends to the center 41c
of the intake port 41b. When viewed in the direction of
the central axis line C, the straight line Q which is an
extension of the center line P of the intake passage 41a
from the center 41c of the intake port 41b does not pass
through the center 41g of the exhaust port 41f. The
straightline Q is a semi-straight line extending in a down-
stream direction from the center 41c of the intake port
41b toward the inside of the combustion chamber 4r. The
straight line Q is a straight line extending from the center
41c and having the orientation of the center line P of the
intake passage 41a at the center 41c of the intake port
41b.

[0055] As described above, the combustion chamber
4r has a non-squish region N that is provided in at least
a part of the peripheral region of the combustion chamber
4r with respect to the radial direction of the cylinder bore
42b.

[0056] When viewed in the direction of the central axis
line C, the straight line Q extending from the center 41¢c
of the intake port 41b passes through the non-ignition-
device region F and the non-squish region N. In other
words, when viewed in the direction of the central axis
line C, the non-ignition-device region F and the non-
squish region N are arranged on the straight line Q. In
this embodiment, when viewed in the direction of the cen-
tral axis line C, the straight line Q passes through the
non-ignition-device region F and extends to the non-
squish region N without overlapping the exhaust port 41f.
When viewed in the direction Z of the central axis line C
of the cylinder bore 42b, the intersection point V between
the straight line Q and the outer edge of the combustion
chamber 4r is located forward or in front of (downstream)
of the center 41c of the intake port 41b with respect to
the front-back direction Y. When viewed in the direction
Z of the central axis line C of the cylinder bore 42b, the
intersection point V is located forward (downstream) of
the central axis line C of the cylinder bore 42b with respect
to the front-back direction Y.

[0057] In this embodiment, the non-squish region N of
the combustion chamber 4r is provided in a portion of the
peripheral region of the combustion chamber 4r, the por-
tion corresponding at least to the entire non-ignition-de-
vice region F where the ignition device 7 is not arranged.
[0058] To be more specific, the non-squish region N
of the combustion chamber 4r is provided in the entire
peripheral region of the combustion chamber.

[0059] The intake passage 41ais oriented oblique rel-
ative tothe exhaust port41f. When viewed in the direction
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Z of the central axis line C of the cylinder bore 42b, the
center line P of the intake passage 41a which extends
through the intake passage 41a to the center 41c of the
intake port41b passes through the ignition device region
E but does not pass on or through the non-ignition-device
region F.

[0060] When viewed in the direction of the central axis
line C of the cylinder bore 42b, the intake passage 41a
is in the shape of a curving arc or arc located upstream
of the intake port 41b. The ignition device 7 is arranged
outside the arc. No particular limitation is put on the arc,
and examples thereof include an arc of a true circle or a
substantive true circle and an arc of an ellipse or a sub-
stantive ellipse.

[0061] The intake valve 8a and the exhaust valve 8b
(FIG. 4), which are supported by the valve support por-
tions 81a, 81b arranged in the intake passage 41a and
the exhaust passage 41e, extend to the intake port 41b
and the exhaust port 41f, respectively. An opening direc-
tion G of the intake port 41b is identical or substantially
identical to an open-close direction of the intake valve
8a. The opening direction G of the intake port 41b is ori-
ented to the rear side (downstream side) in the front-back
direction Y, and oriented downward (toward the piston
part 5) in the direction Z.

[0062] FIG. 7 shows the top surface 5t, as the piston
part 5 is viewed in the direction of the central axis line C
of the cylinder bore 42b.

[0063] Referring to FIGs. 3, 4, and 7, the shape of the
piston part 5 is described.

[0064] The piston part 5 has, on the top surface 5t of
the piston part 5, a concave portion 5c that is recessed
from its surrounding. The concave portion 5¢ has a cir-
cular shape, when viewed in the direction of the central
axis line C of the cylinder bore 42b. In this embodiment,
the concave portion 5c is in the shape of a spherical sur-
face.

[0065] In the top surface 5t of the piston part 5 are also
provided valve recesses 5a, 5b for avoiding interference
with the intake valve 8a and the exhaust valve 8b. The
valve recesses 5a, 5b are adjacent to the concave portion
5c. The valve recesses 5a, 5b receive parts of the intake
valve 8a and the exhaust valve 8b, respectively. The con-
cave portion 5¢, which is a portion different from the valve
recesses 5a, 5b, does not receive the intake valve 8a
and the exhaust valve 8b.

[0066] The concave portion 5¢c, which is provided in
the top surface 5t of the piston part 5, is located eccen-
trically with respect to the width direction X. When viewed
in the direction of the central axis line C of the cylinder
bore 42b, the area over which the concave portion 5¢
overlaps the ignition device region E is larger than the
area over which the concave portion 5¢ overlaps the non-
ignition-device region F. The concave portion 5¢ has
such a spherical surface that the deepest portion of the
concave portion 5c is in the ignition device region E.
[0067] When viewed in the direction of the central axis
line C, the straight line Q extending from the center 41c
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of the intake port 41b passes through the non-ignition-
device region F where the ignition device 7 is not ar-
ranged and which overlaps the concave portion 5¢c over
a smaller area. In other words, when viewed in the direc-
tion of the central axis line C, the non-ignition-device re-
gion F where the ignition device 7 is not arranged and
which overlaps the concave portion 5c over a smaller
area is arranged on the straight line Q.

[0068] On the top surface 5t of the piston part 5 a con-
vex portion 5p is provided (see FIG. 3). The convex por-
tion 5p protrudes from the top surface 5t of the piston
part 5 toward the cylinder head part 41. The convex por-
tion 5p protrudes toward the cylinder head part 41 from
the surrounding of the top surface 5tin the radial direction
of the cylinder bore 42b.

[0069] When viewed in the direction of the central axis
line C of the cylinder bore 42b, the convex portion 5p is
arranged in the non-ignition-device region F. The convex
portion 5p and the concave portion 5¢ are juxtaposed in
the width direction X. The convex portion 5p neighbors
the concave portion 5¢. When viewed in the direction of
the central axis line C of the cylinder bore 42b, the convex
portion 5p is in the shape of an arc abutting the edge of
the circular concave portion 5c.

[0070] In the above-described engine 1, when the in-
take valve 8a moves to open the intake port 41b, the
mixed gas flows through the intake passage 41a and
then through the intake port 41b into the combustion
chamber 4r along with movement of the piston part 5. In
the combustion chamber 4r a vortex of the mixed gas
occurs.

[0071] The vortex of the mixed gas, which occurs in
the combustion chamber 4r, has a swirling flow compo-
nent and a tumble flow component, the swirling flow com-
ponent flowing around the central axis line C, the tumble
flow component flowing around a line perpendicular to
the central axis line C. That is, a combined flow of a swirl-
ing flow and a tumble flow occurs in the combustion
chamber.

[0072] In more detail, movement of the intake valve 8a
allows the mixed gas existing in the intake passage 41a
to flow radially outward from an annular gap formed at
the intake port 41b. Here, in a portion of the annular gap
surrounding the intake valve 8a, the mixed gas flow is
likely to be hindered by an inner wall in the peripheral
region of the combustion chamber 4r, the portion located
near the peripheral region of the combustion chamber 4r
when viewed in the direction of the central axis line C of
the cylinder bore 42b. Thus, the flow rate of the mixed
gas near the peripheral region of the combustion cham-
ber 4r is less than the flow rate of the mixed gas near the
center of the combustion chamber 4r. The mixed gas in
its entirety, therefore, tends to flow toward the center of
the combustion chamber 4r after entering the combustion
chamber 4r from the intake port 41b, when viewed in the
direction of the central axis line C.

[0073] The mixed gas has an inertia and a viscosity.
When the mixed gas flows through the intake passage
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41a and enters the combustion chamber 4r, the orienta-
tion of the mixed gas flow is affected by the direction and
shape of the intake passage 41a.

[0074] FIG. 8 shows how principal elements are ar-
ranged and the mixed gas flows in the combustion cham-
ber 4r of the engine 1.

[0075] In FIG. 8, three arrows T1 to T3 schematically
indicate tumble flow orientations. The arrows T1 to T3
indicate a mixed gas flow in a space near the cylinder
head part 41 in the combustion chamber 4r formed be-
tween the piston part 5 and the cylinder head part 41.
[0076] Inthe example shownin FIG. 8, the tumble flow
(T1to T3)is a flow circling around a line R that intersects
the central axis line C.

[0077] When viewed in the direction of the central axis
line C, the straight line Q which is an extension of the
center line P of the intake passage 41a from the center
41c of the intake port 41b passes through the non-squish
region N and the non-ignition-device region F where the
ignition device 7 is not arranged. Therefore, the direction
in which a main portion of the mixed gas having entered
the combustion chamber 4r from the intake port 41b flows
is the same as or similar to the direction of the straight
line Q which is an extension of the center line P of the
intake passage 41a from the intake port 41b. Thus, the
tumble flow (T1 to T3) occurs in a direction roughly par-
allel to the straight line Q which is an extension of the
center line P of the intake passage 41a from the intake
port 41b. The tumble flow (T1 to T3) is not oriented in the
direction from the intake port 41b to the exhaust port 41f,
but oriented oblique relative to the direction from the in-
take port 41b to the exhaust port 41f. The tumble flow
(T1 to T3) occurs in such a direction as to extend from
the center 41c of the intake port 41b and pass through
the non-ignition-device region F.

[0078] Since the tumble flow (T1 to T3) circles around
the line R intersecting the central axis line C, the above-
described oblique tumble flow orientations T1 to T3 is
substantially common not only in the vicinity of the intake
port 41b but also in the vicinity of the ignition device 7.
Therefore, the tumble flow orientation (T3) in the vicinity
of the ignition device 7 contains a component oriented
from the intake port 41b toward the exhaust port 41f,
which means a component in the front-back direction Y,
and a component oriented from the ignition device 7 to-
ward the non-ignition-device region F, which means a
component in the width direction X.

[0079] Onthe otherhand, the swirling flow of the mixed
gas is a flow circling around the central axis line C.
[0080] InFIG. 8, three arrows, S1to S3, schematically
indicate swirling flow orientations.

[0081] When viewed in the direction of the central axis
line C, the straight line Q which is an extension of the
center line P of the intake passage 41a from the center
41c of the intake port 41b passes through the non-squish
region N and the non-ignition-device region F where the
ignition device 7 is not arranged. Therefore, the direction
in which a main portion of the mixed gas having entered
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the combustion chamber 4r from the intake port41b flows
is the same as or similar to the direction of the straight
line Q which is an extension of the center line P of the
intake passage 41a from the intake port 41b. As a result,
the swirling flow (S1 to S3) circles around the central axis
line C in such a direction as to pass through the intake
port 41b, the exhaust port 41f, and the ignition device 7
in this order (clockwise in FIG. 8).

[0082] As shown in FIG. 6, the intake passage 41a is
provided so as to form a curving arc on the upstream
side of the intake port 41b, when viewed in the direction
of the central axis line C of the cylinder bore 42b. The
ignition device 7 is arranged outside the curving arc,
when viewed in the direction of the central axis line C of
the cylinder bore 42b. This strengthens the swirling flow
of the mixed gas having passed through the intake pas-
sage 41a. In this embodiment, when viewed in the direc-
tion of the central axis line C, the straight line Q passes
through the non-ignition-device region F where the igni-
tion device 7 is not arranged and extends to the non-
squish region N without overlapping the exhaust port 41f.
Thus, the intake passage 41a is oriented at a greater
angle relative to the exhaust port 41f as compared with,
for example, a configuration in which the straight line Q
overlaps the exhaust port 41f. This further strengthens
the swirling flow of the mixed gas having passed through
the intake passage 41a. It is therefore easy to maintain
the swirling flow in the combustion chamber 4r.

[0083] Inthe example showninFIG. 8, the swirling flow
orientation S3 in the vicinity of the ignition device 7 is
substantially the same as the orientation from the ex-
haust port 41f toward the intake port 41b.

[0084] The combustion chamber 4r has the non-squish
region N that is provided in at least a part of the peripheral
region of the combustion chamber 4r with respect to the
radial direction of the cylinder bore 42b. The non-squish
region N is a region where, of the cylinder head part and
the piston part, at least the cylinder head part is not pro-
vided with a raised portion for producing the squish effect.
[0085] The intake passage 41a is arranged such that
the non-squish region N is located on the straight line Q
which is an extension of the center line P of the intake
passage 41a from the center 41c of the intake port 41b,
when viewed in the direction of the central axis line C.
When viewed in the direction of the central axis line C,
the mixed gas having entered the combustion chamber
4r from the intake port 41b occurs mainly in a direction
parallel to the straight line Q which is an extension of the
center line P of the intake passage 41a. Thus, the mixed
gas having entered the combustion chamber 4r from the
intake port 41b flows toward the non-squish region N.
[0086] The top surface 5t of the piston part 5 has the
concave portion 5c. As shown in FIG. 7, the area over
which the concave portion 5¢c overlaps the ignition device
region E is larger than the area over which the concave
portion 5c overlaps the non-ignition-device region F
where the ignition device is not arranged. Due to the con-
cave portion 5c, a wide space for forming the combustion
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chamber 4r can be ensured around the ignition device 7
even when the piston part 5 moves to the vicinity of the
top dead center, as shown in FIG. 3.

[0087] When viewed in the direction of the central axis
line C, the straight line Q extending from the center 41c
of the intake port 41b passes through the non-ignition-
device region F which overlaps the concave portion 5¢
over a smaller area and where the ignition device 7 is
not arranged. Accordingly, the flow of the mixed gas hav-
ing entered the combustion chamber 4r from the intake
port 41b tends to be guided to the ignition device region
E which overlaps the concave portion 5¢ with a larger
area.

[0088] As a result, the swirling flow of the mixed gas
around the ignition device 7 is easily maintained, even
when the piston part 5 moves to the top dead center.
[0089] Inthe combustion chamber 4r, a combined flow
of the tumble flow and the swirling flow occurs.

[0090] Referring to FIG. 8, of the tumble flow in the
vicinity of the ignition device 7, which is indicated by the
arrow T3, a component oriented from the intake port 41b
toward the exhaust port 41f which means a component
in the front-back direction Y is diminished by the swirling
flow oriented in the opposite direction, which is indicated
by the arrow S3. Consequently, the mixed gas in the vi-
cinity of the ignition device 7 flows from the ignition device
region E toward the non-ignition-device region F. In FIG.
8, an arrow U schematically indicates the mixed gas flow
orientation in the vicinity of the ignition device 7.

[0091] The mixed gas in the combustion chamber 4r,
when ignited by the ignition device 7, starts to combust.
Flame caused by the ignition tends to propagate and
spread along the mixed gas flow itself.

[0092] Intheengine 10fthisembodiment, in the vicinity
of the ignition device 7 of the combustion chamber 4r, a
component of the tumble flow T3 is diminished by the
swirling flow S3, the component having the same orien-
tation as the orientation from the intake port 41b toward
the exhaust port 41f. As a result, the mixed gas flow is
gentle in the vicinity of the ignition device 7. This sup-
presses rapid propagation of the flame caused by the
ignition toward the exhaust port 41f at an initial stage of
combustion.

[0093] FIG. 9 is a schematic diagram showing how a
mixed gas flows in an engine configured to generate sub-
stantially no swirling flow, which is a comparative exam-
ple of this embodiment.

[0094] In the comparative example shown in FIG. 9,
only atumble flow indicated by arrows T91 to T93 occurs.
[0095] The tumble flow T93 in the vicinity of an ignition
device 97 has substantially the same orientation as the
orientation from an intake port 941b toward an exhaust
port 941f. In the comparative example shown in FIG. 9,
flame caused uponignition by the ignition device 97 tends
to rapidly propagate from the intake port 941b toward the
exhaust port 941f at an initial stage of combustion. As a
result, a rapid pressure rise and an increased occurrence
of a combustion noise are caused at the initial stage of
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combustion.

[0096] Since the flame propagates from the intake port
941b toward the exhaust port 941f, a region L is likely to
occur at a position distant from the ignition device 97, the
region L being left behind the flame propagation to cause
delay in combustion. A main combustion duration in the
expansion stroke is prolonged accordingly. This deteri-
orates the fuel efficiency.

[0097] For example, providing a squish region for the
purpose of expediting combustion in the region L involves
a high risk of a decrease in flowability of the mixed gas
in the entire combustion chamber. Providing a squish
region also involves a risk that a fuel in the mixed gas
might be left uncombusted.

[0098] The engine 1 of this embodiment suppresses
rapid propagation of flame caused by ignition toward the
exhaust port 41f at an initial stage of combustion, as
shown in FIG. 8. Thus, a rapid pressure rise at the initial
stage of combustion is suppressed, and occurrence of a
combustion noise is suppressed. Accordingly, acombus-
tion noise is suppressed even when, for example, a ball
bearing with a low support stiffness is adopted as the
bearing 31 that supports the crankshaft 2.

[0099] In the engine 1, as indicated by the arrow U in
FIG. 8, the mixed gas in the vicinity of the ignition device
7 flows from the ignition device region E where the ignition
device 7 is arranged toward the non-ignition-device re-
gion F where the ignition device 7 is not arranged. This
easily allows flame produced by the ignition device 7 to
quickly spread from the vicinity of the ignition device 7 to
the entire combustion chamber 4r. Thus, time required
for the flame to spread over a main region of the com-
bustion chamber 4ris shortened. In other words, the main
combustion duration in the expansion stroke is short-
ened.

[0100] FIG. 10 is a graph for explaining the state of
combustion of the mixed gas in the engine. In the graph
of FIG. 10, the vertical axis represents the heat genera-
tion rate dQ/d0, and the horizontal axis represents the
rotation angle 6 of the crankshaft 2. The line H1 sche-
matically indicates characteristics of the heat generation
rate in the engine 1, and the line H9 schematically indi-
cates characteristics of the heat generation rate in the
comparative example shown in FIG. 9.

[0101] A main combustion duration J is represented
as the crank angle from when 10 percent of the amount
of heat generated in one cycle occurs to when 90 percent
of the amount of heat generated in one cycle occurs.
[0102] The engine 1 of this embodiment suppresses
rapid propagation of flame toward the exhaust port at an
initial stage of combustion. Accordingly, the heat gener-
ation rate H1 exhibits a smaller peak value than the heat
generation rate H9 of the comparative example, and in
addition, the heat generationrate H1 has alowerincrease
rate. Moreover, the engine 1 of this embodiment easily
allows flames to quickly spread from the vicinity of the
ignition device 7 to the entire combustion chamber 4r,
which shortens the main combustion duration J. Accord-
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ingly, the fuel efficiency is improved.

[0103] As thus far described, the engine 1 of this em-
bodimentis able to suppress occurrence of a combustion
noise while improving the fuel efficiency.

[0104] In the engine 1 of this embodiment, the intake
passage 41a is provided so as to form a curving arc on
the upstream side of the intake port 41b, when viewed
in the direction of the central axis line C of the cylinder
bore 42b. The ignition device 7 is arranged outside the
curving arc. This strengthens the swirling flow of the
mixed gas having passed through the intake passage
41a, so that the swirling flow is likely to be maintained.
Accordingly, further suppression of a combustion noise
occurrence can be obtained with further improvementin
the fuel efficiency.

[0105] In the engine 1 of this embodiment, due to the
concave portion 5c, a wide space for forming the com-
bustion chamber 4ris ensured around the ignition device
7 even when the piston part 5 moves to the vicinity of the
top dead center. This enables the swirling flow of the
mixed gas around the ignition device 7 to be easily main-
tained, even when the piston part 5 moves to the top
dead center. This also suppresses a situation in which
the mixed gas in the vicinity of the ignition device 7 is
cooled by the piston part 5.

[0106] Since abottom portion of the combustion cham-
ber 4r extends in the shape of a spherical surface be-
cause there is the concave portion 5c in the shape of a
spherical surface; itis further easy to maintain the swirling
flow of the mixed gas in the combustion chamber. Ac-
cordingly, further suppression of a combustion noise oc-
currence can be obtained with further improvement in
the fuel efficiency.

[0107] In the engine 1 of this embodiment, a partial
space of the combustion chamber 4r is narrowed by the
convex portion 5p provided in the top surface 5t of the
piston part 5. The partial space of the combustion cham-
ber 4r, which is narrowed by the convex portion 5p, is a
space that overlaps the convex portion 5p when viewed
in the direction of the central axis line of the cylinder bore,
and is a space within the non-ignition-device region F
which is distant from the ignition device 7.

[0108] Ina space distant from the ignition device 7, the
mixed gas is likely to be left uncombusted. This space,
however, has a portion narrowed by the convex portion
5p, which retards flame propagation so that the mixed
gas is kept at a high temperature for a long time. As a
result, it is easy for the mixed gas to combust sufficiently.
This can reduce the amount of uncombusted mixed gas
discharged from the engine 1. Here, the presence of the
convex portion 5p has less influence on the main com-
bustion duration, because the percentage of a space cor-
responding to the convex portion 5p in the combustion
chamber 4r is limited.

[0109] This embodiment illustrates an example in
which, when viewed in the direction of the central axis
line C, the straight line Q, which is an extension of the
center line P of the intake passage 41a, passes through
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the non-ignition-device region F where the ignition device
7 is not arranged and extends without overlapping the
exhaust port41f. This, however, does not limitthe present
teaching. For example, it may be acceptable that the
straight line which is an extension of the center line of
the intake passage extends while overlapping the ex-
haust port.

[0110] This embodiment illustrates an example in
which the top surface 5t of the piston part 5 has the con-
vex portion 5p. This, however, does not limit the present
teaching. For example, the top surface of the piston part
may not have a convex portion.

[0111] This embodiment illustrates an example in
which the concave portion 5¢ provided in the top surface
5t of the piston part 5is in the shape of a spherical surface.
This, however, does not limit the present teaching. For
example, the concave portion may have a bottom surface
in the shape of a flat plate. The top surface of the piston
part may even not have a concave portion.

[0112] In this embodiment, the intake passage 41a is
arranged so as to form a curving arc on the upstream
side of the intake port 41b, when viewed in the direction
of the central axis line C of the cylinder bore 42b. This,
however, does not limit the present teaching. For exam-
ple, it may be acceptable that the intake passage 41a
extends linearly on the upstream side of the intake port
41b.

[0113] This embodimentillustrates, as an example, the
engine 1 including one cylinder bore 42b, one intake
valve 8a, and one exhaust valve 8b. This, however, does
not limit the present teaching. Forexample, the two-valve
engine of the present teaching includes two valves in
association with one cylinder bore. Here, the number of
cylinders included in the two-valve engine of the present
teaching is not particularly limited. The two-valve engine
of the present teaching may be, for example, a two-valve
engine including two cylinder bores and two valves each
associated with each of the two cylinder bores. Examples
of such an engine include a V-type double-cylinder en-
gine. The V-type double-cylinder engine can be assem-
bled by, for example, inserting a bearing into a hole
formed in a crank casing part. That is, it is not necessary
to divide the crank casing part at the position of the hole
in which the bearing is inserted. This is why the V-type
double-cylinder engine is suitable for a rolling bearing.
[0114] This embodiment illustrates an example in
which a ball bearing is adopted as a journal bearing of
the crankshaft. The engine of the present teaching, how-
ever, may have a roller bearing as a journal bearing of
the crankshaft, for example. Alternatively, the engine of
the present teaching may have a plain bearing, for ex-
ample.

[0115] This embodiment illustrates the air-cooled en-
gine as an example. The engine of the present teaching
is also applicable to a water-cooled engine.

[0116] The presentteachingis notlimited to the above-
described example, and can adopt the following config-
urations (6) and (7), for example. The above-described
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embodiments can be mentioned as embodiments of the
following configurations (6) and (7).

(6) The two-valve engine of any one of (1) to (5), in
which

the intake passage is arranged such that the con-
cave portion, a portion of the top surface of the piston
part where the concave portion is not provided, and
the outer edge of the combustion chamber are
placed in this order on a straight line which is an
extension of a center line of the intake passage from
the center of the intake port, when viewed in the di-
rection of the central axis line of the cylinder bore.
(7) The two-valve engine of any one of (1) to (6), in
which

the intake passage is arranged such that, of two re-
gions defined by dividing the concave portion by a
straight line which is an extension of a center line of
the intake passage from the center of the intake port,
a region having a larger area overlaps the ignition
device, when viewed in the direction of the central
axis line of the cylinder bore.

Reference Signs List

[0117]

1 engine (two-valve engine)
2 crankshaft

3 crank casing part

4 cylinder part

4r combustion chamber

41 cylinder head part

41a intake passage

41b  intake port

41c  center (of intake port 41b)
41e  exhaust passage

41f exhaust port

41g  center (of exhaust port 41f)
42 cylinder body part

42b  cylinder bore

5 piston part

5¢c concave portion

5t top surface

5p convex portion

6 fuel injector part

7 ignition device

8a intake valve

8b exhaust valve

Cc central axis line

E ignition device region

F non-ignition-device region
N non-squish region
Claims

1. A two-valve engine comprising:
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a crankshaft;

a rolling bearing that supports the crankshaft;
a piston part coupled to the crankshaft;

a cylinder part that cooperates with the piston
part to define a combustion chamber, the cylin-
der partincluding a cylinder head part and a cyl-
inder body part, the cylinder head part having
one intake port and one exhaust port, the one
intake port communicating with an intake pas-
sage and configured to be opened and closed
by an intake valve, the one exhaust port com-
municating with an exhaust passage and con-
figured to be opened and closed by an exhaust
valve, the cylinder body part having a cylinder
bore in which the piston part is housed;

a fuel injector part that injects fuel to the intake
passage; and

anignition device arranged in one of two regions
that are defined by dividing the combustion
chamber by a straight line passing through a
center of the intake port and a center of the ex-
haust port, when viewed in the direction of a cen-
tral axis line of the cylinder bore,

the piston part having, on a top surface of the
piston part, a concave portion that is recessed
from a surrounding thereof, the concave portion
being provided such that the area over which
the region where the ignition device is not ar-
ranged overlaps the concave portion is smaller
than the area over which the region where the
ignition device is arranged overlaps the concave
portion, when viewed in the direction of the cen-
tral axis line of the cylinder bore,

the intake passage being arranged such that, of
the two regions, the region where the ignition
device is not arranged, which overlaps the con-
cave portion over a smaller area, is located on
a straight line that is an extension of a center
line of the intake passage from the center of the
intake port, when viewed in the direction of the
central axis line of the cylinder bore.

The two-valve engine according to claim 1, wherein
the intake passage is arranged so as to form a curv-
ing arc on an upstream side of the intake port when
viewed in the direction of the central axis line of the
cylinder bore, and

the ignition device is arranged outside the curving
arc when viewed in the direction of the central axis
line of the cylinder bore.

The two-valve engine according to claim 1 or 2,
wherein
the concave portion is in the shape of a spherical
surface.

The two-valve engine according to any one of claims
1 to 3, wherein
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the piston part has, in the top surface thereof, a con-
vex portion that is arranged in a region opposite to
the ignition device relative to a straight line passing
through the center of the intake port and the center
of the exhaust port, when viewed in the direction of
the central axis line of the cylinder bore.

The two-valve engine according to any one of claims
1 to 4, wherein

the intake passage is arranged such that a straight
line, that is an extension of a center line of the intake
passage from the center of the intake port, passes
through the region where the ignition device is not
arranged and extends without overlapping the ex-
haustport, when viewed in the direction of the central
axis line of the cylinder bore.
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