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Description

Technical Field

[0001] The invention relates to a rotary engine rotor
and particularly but not exclusively to a Wankel engine
rotor.

Background

[0002] Rotary internal combustion engines are com-
monly used to power automobiles, aircrafts, boats, sta-
tionary engines and compressors. A rotary internal com-
bustion engine comprises a rotary piston or rotor rotata-
bly mounted within a cavity in a housing or stator.
[0003] Wankel engines are a particular form of rotary
internal combustion engine in which the stator comprises
a two-lobed epitrochoidal bore and end plates located at
opposing longitudinal ends of the bore to define a cavity
therein. The walls of the cavity being provided with inlet
and exhaust ports for air and exhaust gases respectively.
The rotor of a Wankel engine includes three rotor flanks
of generally equilateral triangular sectional shape with
outwardly curved sides.
[0004] The rotor is mounted on an eccentric journal of
a main shaft and is geared to rotate in a planetary manner
within the cavity at one third of the rotation of the main
shaft. The gearing of the rotor is typically provided by
means of an insert received within a location aperture
provided by an inner surface of the body. The insert com-
prises a bearing part and an indexing gear, the indexing
gear being arranged to engage with a fixed gear carried
by one of the end plates of the engine. The engagement
of the indexing gear with the fixed gear constrains the
rotation of the rotor to one third that of the main shaft.
The insert is required to be firmly secured to the body of
the rotor in order to prevent rotation or axial movement
of the insert relative to the rotor body.
[0005] Apex seals are provided at each of the three
apexes of the rotor, the seals being configured to engage
with the inner wall of the epitrochoidal bore. As the rotor
rotates relative to the stator, the apex seals are displaced
relative to the inner walls of the epitrochoidal bore but
remain in sealing engagement therewith throughout the
rotational cycle of the rotor. The rotor thus divides the
cavity into a plurality of working chambers that vary in
volume and position as the rotor rotates relative to the
stator.
[0006] The shape of the outer surface each rotor flank
has historically been chosen to maximise the compres-
sion ratio of the engine. This has resulted in outwardly
curved bow-shaped flanks that are symmetric with re-
spect to reflection about an axial plane that perpendicu-
larly bisects the two apexes of the flank. It is also known
to form shallow dish-shaped pockets substantially cen-
trally within the flanks, the base of the pockets being
curved inwardly at both the leading edge and the trailing
edge thereof. Like the bow-shaped flanks, the shape,

size and location of these pockets are typically chosen
to maximise the compression ratio of the engine.
[0007] US 3 405 695 discloses a rotary engine rotor
with rotor flanks having a recess starting at mid-face and
deepening towards the trailing edge of the face. A cavity
is partially located within the recess.
[0008] EP 2 497 902 A1 discloses a rotary engine rotor
comprises a body comprising an outer surface, an inner
surface, an insert and a fixing member.
[0009] US 4 308 022 A discloses a Wankel-type engine
housing a with a chamber therein having a parallel, axially
spaced side surfaces joined by an end surface which has
a semi-circular contour in an axially longitudinal plane.
[0010] US 4 066 044 A discloses a rotary combustion
engine in which at least a portion of each of the rotor
working surfaces is covered by an insert to raise the op-
erating temperatures of said surfaces, the insert being
secured to the rotor by a tongue and groove fit.

Summary

[0011] Preferably the rotor is a Wankel engine rotor.
[0012] In accordance with the present invention, there
is provided a rotary engine rotor comprising three rotor
flanks arranged in a generally equilateral triangle shape,
each rotor flank having a leading edge and a trailing edge,
at least one rotor flank comprising a cavity having a lead-
ing edge and a trailing edge, wherein at least a portion
of the base of the cavity proximal to the trailing edge
thereof is outwardly curved and wherein the cavity is par-
tially located within a recess extending from the leading
edge of rotor flank.
[0013] It has been found by the applicants that a rotor
in accordance with this aspect of the present invention
improves the performance of the engine within which the
rotor is installed, for example by providing an increase in
power and a reduction in temperature. This improvement
in performance may be attributed to an increased effi-
ciency in converting combustion gas expansion to torque.
[0014] The radius of curvature of the base of the cavity
proximal to the trailing edge thereof is preferably between
100 mm and 170 mm and more preferably approximately
150 mm.
[0015] The base preferably blends into the rotor flank
at the trailing edge of the cavity. There is preferably a
tangent blend between the base and the trailing edge of
the cavity.
[0016] A portion of the base proximal to the leading
edge of the cavity may be substantially planar.
[0017] Alternatively, a portion of the base proximal to
the leading edge of the cavity may be curved radially
inwardly. In this embodiment, the radius of curvature of
the base proximal to the leading edge of the cavity is
preferably substantially smaller than the radius of curva-
ture of the base proximal to the trailing edge of the cavity.
[0018] In another alternative embodiment, a portion of
the base proximal to the leading edge of the cavity may
be curved radially outwardly about a centre of curvature
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displaced from the centre of curvature of the portion of
the base proximal to the trailing edge of the cavity, so as
to define a longitudinal valley bounded by convex side
walls.
[0019] The cavity preferably extends between 80%
and 95% of the axial length of the rotor flank and is pref-
erably located substantially axially centrally.
[0020] The at least one rotor flank may comprise a sec-
ondary cavity having a first part formed in the base of the
first cavity and a second part formed in the rotor flank.
[0021] Preferably each rotor flank comprises a cavity
as hereinbefore described.
[0022] Preferably the rotor is a Wankel engine rotor.

Brief description of the drawings

[0023]

Figure 1 is a perspective view of an example of a
rotary engine rotor;
Figure 2 is a cross-sectional view through an exam-
ple of a rotary engine rotor illustrated in figure 1;
Figure 3 is a cross-sectional view through an exam-
ple of a rotary engine rotor;
Figure 4 is a perspective view of an example of a
rotary engine rotor;
Figure 5 is a perspective view of a rotary engine rotor
in accordance with an embodiment of the present
invention, and
Figure 6 is a perspective view of a rotary engine rotor
in accordance with a second embodiment of the
present invention.

Detailed description

[0024] With reference to figures 1 and 2 of the draw-
ings, there is illustrated a rotary engine rotor 10,20.
[0025] The rotor 10 includes a body formed of three
rotor flanks 12 arranged in a generally equilateral triangle
shape.
[0026] The rotor body may comprise or consist of cast
iron, aluminium, aluminium alloy, titanium nickel, cobalt
or cobalt alloy. Preferably, the rotor body consists of cast
iron.
[0027] The rotor body may be formed by casting, ma-
chining from billet, sintering or additive manufacturing.
Additive manufacturing includes three-dimensional print-
ing. Preferably, the rotor body is formed from a one-piece
casting in iron.
[0028] Each rotor flank 12 comprises an outer face di-
rected radially outwardly, an inner face directed radially
inwardly and first and second side faces directed gener-
ally axially. Each rotor flank 12 includes a leading edge
12a and a trailing edge 12b defined with respect to the
direction of rotation of the rotor flank 12 (labelled for the
uppermost rotor flank 12 only in figure 1).
[0029] A recess 18 is formed in the outer face of each
rotor flank 12. The recess 18 extends from the trailing

edge of the respective rotor flank 12 across approximate-
ly 95% of the circumferential length of the respective rotor
flank 12. It is also envisaged that each rotor flank 12 may
contain a recess 18. The recess 18 comprises a leading
face and a trailing face defined with respect to the direc-
tion of rotation of the rotor flank 12. The leading face of
the recess 18 is inwardly curved and comprises a radius
of curvature preferably between 0.2-9.0 mm, preferably
between 1.0-8.0 mm, preferably between 2.0-7.0 mm, or
preferably between 3.0-6.0 mm. The trailing face of the
recess 18 is outwardly curved and comprises a radius of
curvature orders of magnitude larger than the radius of
curvature of the leading face, for example approximately
150 mm. The radius of curvature may, however, vary
circumferentially across the respective rotor flank 12. In
particular, the radius of curvature may increase towards
the trailing edge of the respective rotor flank 12. In the
illustrated example, the inwardly curved leading face
blends into the outwardly trailing face such that the two
may be considered a single face having varying circum-
ferentially varying curvature. Axially, the recess 18 ex-
tends the full axial length of the respective rotor flank 12.
An elongate lip 16,22 that extends the full axial length of
the respective rotor flank 12 is thus defined at the leading
edge 12a of the respective rotor flank 12. It is also en-
visaged that each rotor flank 12 may comprise a lip 16,22.
The longitudinal axis of the lip 16,22 is substantially par-
allel to the axial direction of the rotor flank 12 and the
cross-section of the lip 16,22 with respect to this axis is
substantially uniform across the length of the lip 16,22.
It is also envisaged that the lip 16,22 may have a form
wherein the direction of the normal to the trailing face of
the lip is substantially opposite to the direction of rotation
of the rotor.
[0030] The lip 16,22 comprises a leading face and a
trailing face defined with respect to the direction of rota-
tion of the rotor flank 12. The leading face of the lip 16,22
is curved outwardly, the radius of curvature of this face
being substantially equal to the radius of curvature of the
trailing face of the recess 18. The trailing face of the lip
16,22 is provided by the leading face 19 of the recess 18
and is thus curved inwardly. The centre of curvature of
the trailing face of the lip 16,22 is located inwardly of the
face with respect to the circumferential mid-point of the
rotor flank 12. Accordingly, the circumferential vector
component of a normal to the trailing face of the lip 16,22
is directed in an opposite direction to the direction of ro-
tation of the rotor 10. The exact direction of a normal to
the trailing face of the lip 16,22 depends on the surface
element under consideration in view of the inwardly
curved profile of the face 36, the surface elements located
proximal to the leading face of the lip 16,22 having a
larger circumferential vector component than the surface
elements located distal to the leading face of the lip 16.
[0031] The inner face of each rotor flank 12 comprises
a location portion located at the midpoint of the flank 12,
the location portions together partly defining a location
aperture. The inner face of each flank 12 further com-
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prises cooling channel portions located at each end of
the flank 12. The cooling channel portions together define
three cooling channels that extend axially through the
rotor 10 in the region of each apex of the rotor 10. Each
respective cooling channel is part cylindrical in shape
and provided with cooling fins which are arranged to in-
crease the surface area of said cooling channel. In an
alternative embodiment (not shown) where the rotor is
not cooled by air, the air cooling channels and other cor-
responding features are not present.
[0032] The side faces of each rotor flank 12 are pro-
vided with respective sealing strip sockets arranged to
receive respective side sealing strips. Additional sealing
strip sockets are provided at the apexes of each rotor
flanks 12, these strip sockets being arranged to receive
respective axial sealing strips (not shown).
[0033] An insert is provided in the location aperture
and coupled to the rotor flanks 12 by means of fixing pins
(not shown) extending through respective fixing sockets
(not shown) formed in the rotor flank 12 and the insert.
The insert is formed as a forging in an appropriate bearing
steel, or from a bar of bearing steel. The insert circum-
ferentially closes the cooling channels defined in the in-
ner faces of the rotor flanks 12 so as to define cooling
conduits that extend the full axial length of the rotor 10,20.
The cooling conduits allows for the flow of air through the
rotor 10,20, thereby providing cooling of the engine.
[0034] The insert includes a bearing part and an index-
ing gear. The indexing gear comprises a machined an-
nular gear arranged for eccentric rotation about a central
pinion (not shown) of the stator (not shown). The axial
length of the annular gear is less than the full axial length
of the rotor body, the annular gear being disposed at one
end axially of the rotor 10,20.
[0035] The rotor 10,20 is mounted within a cavity (not
shown) in a stator (not shown) on an eccentric journal of
a main shaft (not shown). The cavity is defined by a two-
lobed epitrochoidal bore closed at each end by end plates
(not shown). The annular gear is arranged to engage with
a fixed pinion (not shown) in a planetary manner in which
the rotor 10,20 rotates at one third of the rotation of the
main shaft. The rotor 10,20 and the walls of the cavity
are shaped so that working chambers are formed as the
rotor 10,20 rotates, the walls of the cavity further being
provided with inlet and exhaust ports (not shown) for air
and exhaust gases respectively. In use, each side sealing
strip forms a seal between the sideof the rotor body and
the walls of the cavity provided by the stator (not shown).
Similarly, each axial sealing strip forms a seal between
the respective apex of the rotor flank 12 and the walls of
the cavity to divide the cavity into a plurality of working
chambers.
[0036] In a given working chamber, the expansion of
the gas contained therein exerts a force on the outer face
of the respective rotor flank 12. The expansion gas pres-
sure is converted into torque across the circumferential
length of the rotor flank 12. However, the efficiency of
conversion of this expansion gas pressure into torque is

substantially greater at the trailing face of the lip 14 than
across the remainder of the outer face of the rotor flank
12 due to the direction of the vector surface of the trailing
face of the lip 14. The lip 16,22 thus provides a substantial
contribution to the overall efficiency of conversion of ex-
pansion gas pressure to torque, without substantially
compromising the compression ratio of the engine.
[0037] A second example of a rotor 30 is illustrated in
figure 3. The rotor 30 of this example is similar to the
rotor 10 of the first example, with the following modifica-
tions. The same reference numbers are retained for cor-
responding features.
[0038] In this example, the leading face 36 of the re-
cess 18, and thus the trailing face of the lip 14, is sub-
stantially planar as opposed to inwardly curved. The di-
rection of the normal to the face is substantially opposite
to the direction of rotation of the rotor 10,20. The face is
thus optimally directed for conversion of combustion gas
expansion to torque.
[0039] In an alternative example (not shown), the di-
rection of the normal to the face may not be substantially
opposite to the direction of rotation of the rotor 10,20:
providing the circumferential component of the normal to
the face is opposite to the direction of rotation of the rotor
10,20, the lip 16,22 will provide an increase in the effi-
ciency of conversion of expansion gas pressure to
torque. This alternative example will, however, not pro-
vide the same increase in efficiency of conversion of ex-
pansion gas pressure to torque as the example illustrated
in figure 3.
[0040] A third example of a rotor 40 is illustrated in
figure 4. The rotor 40 of this example is similar to the
rotor 10 of the first and second examples, with the fol-
lowing modifications. The same reference numbers are
retained for corresponding features.
[0041] In this example, the recess 18 extends approx-
imately 75% of the circumferential length of the respec-
tive rotor flank 12. The recess 18 is located towards the
leading edge 12a of the rotor flank 12 but is separated
therefrom such that the recess 18 is bounded at the lead-
ing edge 12a of the rotor flank 12.
[0042] In the example of the invention as shown in Fig-
ure 3, the recess 18 formed in the outer face of each rotor
flank 12 does not extend the full axial length of the re-
spective rotor flank 12. Instead, the recess 18 extends
approximately 90% of the axial length of the rotor flank
and is located axially centrally. Unlike the examples il-
lustrated in figures 1 to 3, the outer face of each rotor
flank 12 thus does not comprise a lip. Furthermore, unlike
the examples illustrated in figures 1 to 3, the recess is
thus fully bounded at the axial and circumferential edges
thereof and thus defines a cavity having a base and side-
walls.
[0043] The side walls are substantially planar, the nor-
mal to the side walls being in the axial direction. In an
alternative embodiment (not shown), the side walls have
a radius of curvature preferably between 0.2-9.0 mm.
[0044] Like the examples illustrated in figures 1, 2 and
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3, in the example of figure 3 the base of the recess 18
comprises a leading face 36 and a trailing face 44 defined
with respect to the direction of rotation of the rotor flank
12. The leading face 36 of the recess 18 is curved in-
wardly and comprises a radius of curvature of between
0.2-9.0 mm, preferably between 1.0-8.0 mm, preferably
between 2.0-7.0 mm, or preferably between 3.0-6.0 mm.
The trailing face 44 of the recess is curved outwardly and
comprises a radius of curvature orders of magnitude larg-
er than the radius of curvature of the leading face 36, for
example approximately 150 mm. The radius of curvature
may, however, vary circumferentially across the respec-
tive rotor flank 12. In particular, the radius of curvature
may increase towards the trailing edge 12b of the respec-
tive rotor flank 12. In the illustrated example, the inwardly
curved leading face 36 blends into the outwardly trailing
face 44 such that the two may be considered a single
face having varying circumferentially varying curvature.
In addition, the trailing face 44 of the base of the recess
18 blends into the outer face 42 of the rotor flank 12 at
the trailing edge of the recess 18.
[0045] An embodiment of the invention is illustrated in
figure 5. The rotor 50 of this embodiment is similar to the
rotor 40 of the third example, with the following modifi-
cations. The same reference numbers are retained for
corresponding features.
[0046] In this embodiment of the invention, the recess-
es 18 provided in the outer surfaces of the rotor flanks
12 are substantially identical to the recesses 18 of the
example illustrated in figure 3 with the exception that a
secondary cavity 52 is provided in each rotor flank 12.
The secondary cavity 52 comprises a first part 52a having
a generally rounded rectangular shape and a second part
52b having a shape similar to the blade of a shovel. The
first part 52a spans the base of the recess 18 and the
rotor flank 12, whilst the second part is formed solely in
the rotor flank 12.
[0047] In an alternative embodiment of a rotor 60
shown in Figure 6, the rotor flank 12 illustrated in figure
2 may also have a secondary cavity 52 as described in
the in the first embodiment of the invention.
[0048] In another alternative embodiment (not shown),
the leading face of the recess may be substantially pla-
nar, for example the recess may have a cross-section
similar to the cross-section of the recess 18 illustrated in
figure 3.

Claims

1. A rotary engine rotor (50) comprising three rotor
flanks (12) arranged in a generally equilateral trian-
gle shape, each rotor flank (12) having a leading
edge (12a) and a trailing edge (12b), at least one
rotor flank (12) comprising a cavity (52) having a
leading edge and a trailing edge,

wherein at least a portion of the base of the cavity

(52) proximal to a trailing edge thereof is curved
outwardly, and
characterised in that
the cavity (52) is partially located within a recess
(18) extending from the leading edge (12a) of
the rotor flank (12).

2. A rotary engine rotor (50) as claimed in claim 1,
wherein the radius of curvature of the base of the
cavity (52) proximal to the trailing edge thereof is
between 100 mm and 170 mm.

3. A rotary engine rotor as claimed in claim 1 or claim
2, wherein the base blends into the rotor flank (12)
at the trailing edge of the cavity (52).

4. A rotary engine rotor as claimed in any one of claims
1 to 3, wherein a portion of the base proximal to the
leading edge (12a) of the cavity is substantially pla-
nar.

5. A rotary engine rotor as claimed in any one of claims
1 to 3, wherein a portion of the base proximal to the
leading edge of the cavity (52) is curved radially in-
wardly.

6. A rotary engine rotor as claimed in claim 5, wherein
the radius of curvature of the base portion proximal
to the trailing edge of the cavity (52) is substantially
greater than the radius of curvature of the base por-
tion proximal to the leading edge of the cavity.

7. A rotary engine rotor as claimed in any one of claims
1 to 6, wherein the cavity (52) extends between 80%
and 95% of the axial length of the rotor flank (12)
and is located substantially axially centrally.

8. A rotary engine rotor as claimed in any one of claims
1 to 7, wherein the at least one rotor flank (12) com-
prises a secondary cavity having a first part formed
in the base of the first cavity (52a) and a second part
(52b) formed in the rotor flank (12).

Patentansprüche

1. Ein Drehmotorläufer (50), der drei Läuferflanken (12)
beinhaltet, die in einer im Allgemeinen gleichseitigen
Dreiecksform angeordnet sind, wobei jede Läufer-
flanke (12) einen vorderen Rand (12a) und einen
hinteren Rand (12b) aufweist, wobei mindestens ei-
ne Läuferflanke (12) einen Hohlraum (52) beinhaltet,
der einen vorderen Rand und einen hinteren Rand
aufweist,
wobei mindestens ein Abschnitt der Basis des Hohl-
raums (52) in der Nähe eines hinteren Rands davon
nach außen gekrümmt ist, und
dadurch gekennzeichnet, dass
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sich der Hohlraum (52) teilweise innerhalb einer Ver-
tiefung (18) befindet, die sich von dem vorderen
Rand (12a) der Läuferflanke (12) erstreckt.

2. Drehmotorläufer (50) gemäß Anspruch 1, wobei der
Krümmungsradius der Basis des Hohlraums (52) in
der Nähe des hinteren Rands davon zwischen 100
mm und 170 mm beträgt.

3. Drehmotorläufer gemäß Anspruch 1 oder Anspruch
2, wobei die Basis an dem hinteren Rand des Hohl-
raums (52) in die Läuferflanke (12) übergeht.

4. Drehmotorläufer gemäß einem der Ansprüche 1 bis
3, wobei ein Abschnitt der Basis in der Nähe des
vorderen Rands (12a) des Hohlraums im Wesentli-
chen planar ist.

5. Drehmotorläufer gemäß einem der Ansprüche 1 bis
3, wobei ein Abschnitt der Basis in der Nähe des
vorderen Rands des Hohlraums (52) radial nach in-
nen gekrümmt ist.

6. Drehmotorläufer gemäß Anspruch 5, wobei der
Krümmungsradius des Basisabschnitts in der Nähe
des hinteren Rands des Hohlraums (52) wesentlich
größer als der Krümmungsradius des Basisab-
schnitts in der Nähe des vorderen Rands des Hohl-
raums ist.

7. Drehmotorläufer gemäß einem der Ansprüche 1 bis
6, wobei sich der Hohlraum (52) zwischen 80 % und
95 % der axialen Länge der Läuferflanke (12) er-
streckt und sich im Wesentlichen axial mittig befin-
det.

8. Drehmotorläufer gemäß einem der Ansprüche 1 bis
7, wobei die mindestens eine Läuferflanke (12) einen
sekundären Hohlraum beinhaltet, der einen in der
Basis des ersten Hohlraums (52a) gebildeten ersten
Teil und einen in der Läuferflanke (12) gebildeten
zweiten Teil (52b) aufweist.

Revendications

1. Un rotor de moteur rotatif (50) comprenant trois
flancs de rotor (12) agencés en une forme de triangle
généralement équilatérale, chaque flanc de rotor
(12) ayant un bord d’attaque (12a) et un bord de fuite
(12b), au moins un flanc de rotor (12) comprenant
une cavité (52) ayant un bord d’attaque et un bord
de fuite,
dans lequel au moins une portion de la base de la
cavité (52) proximale par rapport à un bord de fuite
de celle-ci est courbée vers l’extérieur, et
caractérisé en ce que
la cavité (52) est partiellement située au sein d’un

renfoncement (18) s’étendant à partir du bord d’at-
taque (12a) du flanc de rotor (12).

2. Un rotor de moteur rotatif (50) tel que revendiqué
dans la revendication 1, dans lequel le rayon de cour-
bure de la base de la cavité (52) proximale par rap-
port au bord de fuite de celle-ci est compris entre
100 mm et 170 mm.

3. Un rotor de moteur rotatif tel que revendiqué dans
la revendication 1 ou la revendication 2, dans lequel
la base se fond dans le flanc de rotor (12) au niveau
du bord de fuite de la cavité (52).

4. Un rotor de moteur rotatif tel que revendiqué dans
l’une quelconque des revendications 1 à 3, dans le-
quel une portion de la base proximale par rapport au
bord d’attaque (12a) de la cavité est substantielle-
ment plane.

5. Un rotor de moteur rotatif tel que revendiqué dans
l’une quelconque des revendications 1 à 3, dans le-
quel une portion de la base proximale par rapport au
bord d’attaque de la cavité (52) est courbée radiale-
ment vers l’intérieur.

6. Un rotor de moteur rotatif tel que revendiqué dans
la revendication 5, dans lequel le rayon de courbure
de la portion de base proximale par rapport au bord
de fuite de la cavité (52) est substantiellement su-
périeur au rayon de courbure de la portion de base
proximale par rapport au bord d’attaque de la cavité.

7. Un rotor de moteur rotatif tel que revendiqué dans
l’une quelconque des revendications 1 à 6, dans le-
quel la cavité (52) s’étend sur une longueur comprise
entre 80 % et 95 % de la longueur axiale du flanc de
rotor (12) et est située substantiellement axialement
au centre.

8. Un rotor de moteur rotatif tel que revendiqué dans
l’une quelconque des revendications 1 à 7, dans le-
quel l’au moins un flanc de rotor (12) comprend une
cavité secondaire ayant une première partie formée
dans la base de la première cavité (52a) et une
deuxième partie (52b) formée dans le flanc de rotor
(12).
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