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(57) ABSTRACT

A rotary piston engine includes a generally triangular rotor, a
pair of side housings, a rotor housing which is assembled with
the rotor and the pair of side housings to define three working
chambers, an intake port formed in at least one of the side
housings, and an exhaust port formed in at least one of the side
housings. The length of one side of the triangular face of the
rotor is at least 2.4 times the breadth of the rotor.
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FIG. 1
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FIG. 2
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ROTARY PISTON ENGINE AND METHOD
FOR DESIGNING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a rotary piston
engine and a method for designing the same.

[0003] 2. Description of the Prior Art

[0004] The rotary piston engine is an engine wherein a
generally-triangular rotor is accommodated in a rotor cham-
ber which is formed by a rotor housing having a trochoid
inner surface and side housings provided on both sides of the
rotor housing. In the rotary piston engine, three working
chambers defined by the rotor and the housings move in the
circumferential direction as the rotor spins to sequentially
passes the intake interval, the compression interval, the
expansion interval, and the exhaust interval (see, for example,
Japanese Laid-Open Patent Publication No. H5-202761). A
rotary piston engine disclosed in this publication has an intake
port formed in the side housing and an exhaust port formed in
the rotor housing. Namely, this rotary piston engine employs
a so-called peripheral exhaust system.

[0005] However, the peripheral-exhaust rotary piston
engine has such a disadvantage that the intake open timing
and the exhaust open timing partially overlap so that a large
quantity of residual exhaust gas is carried over into the next
interval. Namely, the peripheral-exhaust rotary piston engine
has an increased internal EGR (Exhaust Gas Recirculation)
quantity. Therefore, to secure stable combustion, the air fuel
mixture needs to be richer than the theoretical air fuel ratio
(stoichiometric air fuel ratio).

[0006] Japanese Laid-Open Patent Publication No.
H7-11969 discloses a rotary piston engine employing a so-
called side exhaust system wherein the exhaust port is formed
in the side housing. This system can eliminate the overlap of
the intake open timing and the exhaust open timing. As a
result, the residual exhaust gas carried over into the next
interval is reduced, and stable combustion is realized even at
the theoretical air fuel ratio. As a result, the side-exhaust
rotary piston engine achieves smaller fuel consumption than
the peripheral-exhaust rotary piston engine.

SUMMARY OF THE INVENTION

[0007] As described above, the side-exhaust rotary piston
engine has relatively improved fuel efficiency. However, fur-
ther improvement in fuel efficiency of rotary piston engines is
still demanded.

[0008] The present invention was conceived in view of the
above circumstances. An objective of the present invention is
to further improve the fuel efficiency of the rotary piston
engine.

[0009] The present inventors studied the relationship of the
dimensions of the rotary piston engine, especially the dimen-
sions of the rotor in consideration of the objective. The inven-
tor found that parameter L/b (aspect ratio) is a critical param-
eter for improvement in combustion stability, where L is the
length of one side of the generally-triangular face of the rotor
(i.e., the longitudinal length of a generally-rectangular flank
surface of the rotor) and b is the breadth (the lateral length of
the flank surface).

[0010] FIG. 6 illustrates the relationship of the rotation
variation and the dimension parameter L/b of the rotor at idle
(number of revolutions: 820 rpm). In the peripheral exhaust
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system, as described above, the intake open timing and the
exhaust open timing overlap so that the internal EGR quantity
increases. As a result, as seen from the phantom line in FIG.
6, the combustion stability with light load deteriorates at the
theoretical air fuel ratio (A/F=14.7). To prevent this deterio-
ration, as seen from the solid line with crosses (x) and the
solid line with open circles (o) in FIG. 6, the peripheral
exhaust system uses an air fuel mixture richer than the theo-
retical air fuel ratio, specifically, A/F=14.0 or 13.0, to secure
stable combustion. With this arrangement, the relationship of
the dimension parameter /b and the rotation variation is not
linear.

[0011] The side exhaust system can, as described above,
eliminate the overlap of the intake open timing and the
exhaust open timing and therefore can secure stable combus-
tion even when the air fuel mixture is set to be the theoretical
air fuel ratio (see the broken line with solid circles (¢) in FIG.
6). When employing the side exhaust system and the theo-
retical air fuel ratio, the relationship of the dimension param-
eter L/b and the rotation variation is linear. Therefore, the
combustion stability is more improved as the dimension
parameter /b is set to be a larger value. Accordingly, the fuel
efficiency is also improved.

[0012] The relationship of the dimension parameter L/b
and the combustion stability can be explained as follows.
[0013] To increase the combustion speed, the rotary piston
engine has two spark plugs, one on the trailing side and the
other on the leading side, with a predetermined distance ther-
ebetween in the rotor rotation directions (in other words, the
circumferential directions of'the rotor; it should be noted that,
in this specification, the “rotor rotation directions” include the
direction in which the rotor rotates and the direction opposite
to the rotation of the rotor) such that the spark plugs meet a
working chamber in the compression interval through the
expansion interval. The flames generated by ignition of the
trailing side plug and the leading side plug (T-side flame and
L-side flame) propagate in both rotor rotation directions and
rotor breadth directions. Due to the structure of the rotary
piston engine, the speed of propagation of the flames in the
rotor rotation directions is relatively high while the speed of
propagation of the flames in the rotor breadth directions is
relatively low as compared with the propagation speed in the
rotor rotation directions.

[0014] The T-side flame propagating toward the leading
side seen in the direction of the revolution of the rotor and the
L-side flame propagating toward the trailing side collide with
each other near the midpoint between the two flames. After
the collision, combustion of the T-side flame and the L-side
flame both attenuate so that the flame propagation speed
decreases in both rotor rotation directions and rotor breadth
directions.

[0015] Now, consider decreasing the dimension parameter
L/b on the premise that the rotary piston engine takes the
above-described combustion form. Decreasing the dimension
parameter /b while the displacement is maintained constant
corresponds to relatively decreasing the length L. of one side
of the rotor while relatively increasing the breadth b of the
rotor. Namely, the rotor has smaller triangular faces but a
greater breadth. Decreasing the length L. leads to a shorter
distance between the trailing side spark plug and the leading
side spark plug so that the time between the generation of the
T-side and L-side flames and the collision of the flames
becomes shorter. Due to the increase in breadth b and the
shortened time before the collision of the flames, the collision
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of the flames occurs before the T-side flame and L-side flame
propagating in the rotor breadth directions reach the side
housing. After the collision of the both flames, the flame
propagation speed decreases, and as a result, the flames do not
expand so much in the rotor breadth directions.

[0016] On the contrary, consider increasing the dimension
parameter L/b. Increasing the dimension parameter [/b while
the displacement is maintained constant corresponds to rela-
tively increasing the length L of one side of the rotor while
relatively decreasing the breadth b of the rotor. Namely, the
rotor has larger triangular faces but a smaller breadth. Increas-
ing the length L. leads to a greater distance between the trail-
ing side spark plug and the leading side spark plug so that the
time before the collision of the flames becomes longer.
[0017] Due to the longer time before the collision of the
flames and the decreased breadth b, the T-side flame and
L-side flame propagating in the rotor breadth directions reach
the side housing before the collision of the flames occurs.
After the flames reach the side housing, the pressure in the
vicinity of the side housing increases so that the flames are
redirected to propagate in the rotor rotation directions. As a
result, the propagation of the flames in the rotor rotation
directions is enhanced. Thereafter, the T-side flame and
L-side flame propagating in the rotor rotation directions col-
lide with each other.

[0018] As the combustion stability is improved by increas-
ing the dimension parameter L/b, improvement in the com-
bustion pattern in the working chamber is also expected.
[0019] According to one aspect of the present invention, a
rotary piston engine includes: a rotor which orbits around an
output shaft axis, rotates around an eccentric shaft that is
aligned in parallel to and offset from the output shaft axis, and
has a generally triangular face as seen in the axial direction; a
pair of side housings which are arranged at both axial sides of
the rotor to be in contact with side seals of the rotor; a rotor
housing which accommodates the rotor therein such that an
inner surface of the rotor housing is in contact with apex seals
of the rotor, the rotor, the pair of side housings and the rotor
housing defining three working chambers; an intake port
formed in at least one of the side housings to be capable of
communicating to one of the working chambers to induct air
into the working chamber; and an exhaust port formed in at
least one of the side housings to be capable of communicating
to one of the working chambers to exhaust combusted exhaust
gas from the working chamber.

[0020] The length of one side of the triangular face of the
rotor (L) is at least 2.4 times the breadth of the rotor (b).
[0021] With this structure, as described above, using a rela-
tively large dimension parameter L/b (L/b=2.4) leads to an
improvement in combustion pattern so that the combustion
stability is also improved.

[0022] As described above, increasing the dimension
parameter /b while the displacement is maintained constant
corresponds to increasing the length . while decreasing the
breadth b, hence corresponding to a more elongated shape of
the working chamber. Therefore, the surface/volume ratio
(S/V ratio) of the working chamber over the compression
interval and the combustion interval decreases. This leads to
an improvement in thermal efficiency so that the fuel effi-
ciency is further improved.

[0023] The breadth b of the rotor is preferably 76 mm or
less. With this setting, the decrease of the propagation speed
of the flames in the rotor breadth directions is prevented.
More preferably, the breadth b of the rotor is 70 mm or less.
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With this setting, the decrease of the propagation speed of the
flames is prevented not only in the rotor breadth directions but
also in the rotor rotation directions.

[0024] The rotary piston engine may further includes a pair
of spark plugs installed in the rotor housing and aligned
substantially in the circumferential direction of the rotor, the
pair of spark plugs being apart from each other by a distance
at least 0.7 times the breadth of the rotor.

[0025] With a relatively large separation between the pair
of'spark plugs, a longer time passes before the collision of two
flames. As a result, the combustion pattern is improved so that
the combustion stability is also improved.

[0026] In one preferable embodiment, the inner surface of
the rotor housing is a generally oval, trochoid inner surface
which is defined by longer and shorter axes perpendicular to
each other; one of the pair of spark plugs is provided on one
side of the shorter axis within an area ranging from the shorter
axis by a distance equal to a half of a length of one side of the
triangular face of the rotor; and the other one of the pair of
spark plugs is provided on the other side of the shorter axis
within an area ranging from the shorter axis by a distance
equal to a half of a length of one side of the triangular face of
the rotor. With such arrangements, the positions of the spark
plugs are optimized.

[0027] Preferably, the ratio of air and fuel supplied to the
working chambers is set to be a theoretical air fuel ratio. As
described above, the relationship of the dimension parameter
L/b and the rotation variation is linear only when the rotary
piston engine is of a side exhaust type and the air fuel mixture
is set to be the theoretical air fuel ratio.

[0028] According to another aspect of the present inven-
tion, a rotary piston engine includes: a rotor which orbits
around an output shaft axis, rotates around an eccentric shaft
that is aligned in parallel to and offset from the output shaft
axis, and has a generally triangular face as seen in the axial
direction; a pair of side housings which are arranged at both
axial sides of the rotor to be in contact with side seals of the
rotor; a rotor housing which accommodates the rotor therein
such that an inner surface of the rotor housing is in contact
with apex seals of the rotor, the rotor, the pair of side housings
and the rotor housing defining three working chambers; an
intake port formed in at least one of the side housings to be
capable of communicating to one of the working chambers to
induct air into the working chamber; an exhaust port formed
in at least one of the side housings to be capable of commu-
nicating to one of the working chambers to exhaust com-
busted exhaust gas from the working chamber; and a pair of
spark plugs installed in the rotor housing and aligned substan-
tially in the circumferential direction of the rotor, wherein the
pair of spark plugs being apart from each other by a distance
at least 0.7 times the breadth of the rotor.

[0029] The distance between the pair of spark plugs may be
48 mm or greater. The distance between the pair of spark
plugs may be 60 mm or greater.

[0030] According to still another aspect of the present
invention, there is provided a method for designing a rotary
piston engine that includes a rotor which orbits around an
output shaft axis, rotates around an eccentric shaft that is
aligned in parallel to and offset from the output shaft axis, and
has a generally triangular face as seen in the axial direction, a
pair of side housings which are arranged at both axial sides of
the rotor to be in contact with side seals of the rotor, a rotor
housing which accommodates the rotor therein such that an
inner surface of the rotor housing is in contact with apex seals





















