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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a rotary fluid
machine for interconverting the pressure energy of a
gas-phase working medium and the rotational energy of
a rotor.

BACKGROUND ART

[0002] A rotary fluid machine disclosed in Japanese
Patent Application Laid-open No. 2000-320543 is
equipped with a vane piston unit in which a vane and a
piston are combined; the piston, which is slidably fitted
in a cylinder provided radially in a rotor, interconverts
the pressure energy of a gas-phase working medium
and the rotational energy of the rotor via a power con-
version device comprising an annular channel and aroll-
er, and the vane, which is radially and slidably supported
in the rotor, interconverts the pressure energy of the
gas-phase working medium and the rotational energy of
the rotor.

[0003] Such a rotary fluid machine comprises an el-
liptical rotor chamber formed in a casing and a circular
rotor rotatably housed within the rotor chamber, and by
setting the diameter of the rotor substantially equal to
the minor axis of the rotor chamber, the clearance be-
tween the rotor and the rotor chamber becomes a min-
imum at positions at opposite ends of the minor axis. An
intake port and an exhaust port are provided on either
side, circumferentially, of these minimum clearance po-
sitions, and leakage of a gas-phase working medium
from a high pressure vane chamber, with which the in-
take port communicates, into a low pressure vane
chamber, with which the exhaust port communicates, is
prevented by making a seal at the extremity of the vane
abut against the inner peripheral face of the rotor cham-
ber. However, it is difficult to completely prevent the
leakage of the gas-phase working medium using only
the seal at the extremity of the vane, and there is the
problem that the gas-phase working medium leaks be-
tween vane chambers having different pressures, thus
degrading the performance of the rotary fluid machine.

DISCLOSURE OF THE INVENTION

[0004] The present invention has been achieved un-
der the above-mentioned circumstances, and an object
thereof is to prevent leakage of a gas-phase working
medium from an intake port to an exhaust port via a
clearance between a rotor and a rotor chamber of a ro-
tary fluid machine.

[0005] In order to attain the above object, in accord-
ance with a first aspect of the present invention, there
is proposed a rotary fluid machine that includes a rotor
chamber formed in a casing, a rotor rotatably housed
within the rotor chamber, a plurality of vane channels
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formed radially in the rotor, a plurality of vanes slidably
supported in the respective vane channels, vane cham-
bers defined by the rotor, the casing, and the vanes, and
an intake port and an exhaust port for supplying and dis-
charging a gas-phase working medium to and from the
vane chambers, characterized in that gas-phase work-
ing medium leakage preventing means is provided on
at least one of the outer peripheral face of the rotor and
the inner peripheral face of the rotor chamber in a region
in which there is a large difference in pressure between
adjacent vane chambers that are in between the trailing
edge of the exhaust port and the leading edge of the
intake port.

[0006] Inaccordance with this arrangement, since the
gas-phase working medium leakage preventing means
is provided on at least one of the outer peripheral face
of the rotor and the inner peripheral face of the rotor
chamber in a region in which there is a large difference
in pressure between adjacent vane chambers that are
in between the trailing edge of the exhaust port and the
leading edge of the intake port, it is possible to prevent
the gas-phase working medium from leaking from the
intake port, which is at high pressure, to the exhaust
port, which is at low pressure, thereby improving the per-
formance of the rotary fluid machine.

[0007] Furthermore, in accordance with a second as-
pect of the present invention, in addition to the first as-
pect, there is proposed a rotary fluid machine wherein
the leakage preventing means is a labyrinth.

[0008] Inaccordance with this arrangement, since the
leakage preventing means is formed from a labyrinth, a
problem such as seal wear, which occurs when the leak-
age preventing means is formed from a seal, can be
avoided.

[0009] Labyrinths 43g of embodiments correspond to
the leakage preventing means of the present invention,
and steam and water of the embodiments correspond
to the gas-phase working medium and the liquid-phase
working medium respectively of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 to FIG. 18 illustrate a first embodiment
of the present invention; FIG. 1 is a schematic view of
a waste heat recovery system of an internal combustion
engine; FIG. 2 is a longitudinal sectional view of an ex-
pander, corresponding a sectional view along line 2-2 of
FIG. 4; FIG. 3 is an enlarged sectional view around the
axis of FIG. 2; FIG. 4 is a sectional view along line 4-4
of FIG. 2; FIG. 5 is a sectional view along line 5-5 of FIG.
2; FIG. 6 is a sectional view along line 6-6 of FIG. 2; FIG.
7 is a sectional view along line 7-7 of FIG. 5; FIG. 8 is a
sectional view along line 8-8 of FIG. 5; FIG. 9 is a sec-
tional view along line 9-9 of FIG. 8; FIG. 10 is a sectional
view along line 10-10 of FIG. 3; FIG. 11 is an exploded
perspective view of a rotor; FIG. 12 is an exploded per-
spective view of a lubricating water distribution section
of the rotor; FIG. 13 is a schematic view showing cross-
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sectional shapes of a rotor chamber and the rotor; FIG.
14A is a view showing the shape of an annular channel
of a casing (embodiment); FIG. 14B is a view showing
the shape of an annular channel of a casing (conven-
tional example); FIG. 15A is a view showing the shape
of the inner peripheral face of a rotor chamber and the
intake and exhaust timing (embodiment); FIG. 15B is a
view showing the shape of the inner peripheral face of
a rotor chamber and the intake and exhaust timing (con-
ventional example); and FIG. 16 to FIG. 18 are views
for explaining the operation of labyrinths. FIG. 19 to FIG.
21 are views for explaining the operation of labyrinths
of a second embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] A first embodiment of the present invention is
explained below with reference to FIG. 1 to FIG. 18.
[0012] In FIG. 1, a waste heat recovery system 2 for
an internal combustion engine 1 includes an evaporator
3 that generates high temperature, high pressure steam
by vaporizing a high pressure liquid (e.g. water) using
as a heat source the waste heat (e.g. exhaust gas) of
the internal combustion engine 1, an expander 4 that
generates an output by expansion of the steam, a con-
denser 5 that liquefies steam having decreased temper-
ature and pressure as a result of conversion of pressure
energy into mechanical energy in the expander 4, and
a supply pump 6 that pressurizes the liquid (e.g. water)
from the condenser 5 and resupplies it to the evaporator
3.

[0013] As shownin FIG. 2 and FIG. 3, a casing 11 of
the expander 4 is formed from first and second casing
halves 12 and 13, which are made of metal. The first
and second casing halves 12 and 13 are formed from
main body portions 12a and 13a, which in cooperation
form a rotor chamber 14, and circular flanges 12b and
13b, which are joined integrally to the outer peripheries
of the main body portions 12a and 13a, and the two cir-
cular flanges 12b and 13b are joined together via a metal
gasket 15. The outer face of the first casing half 12 is
covered with a transit chamber outer wall 16 having a
deep bowl shape, and a circular flange 16a, which is
joined integrally to the outer periphery of the transit
chamber outer wall 16, is superimposed on the left face
of the circular flange 12b of the first casing half 12. The
outer face of the second casing half 13 is covered with
an exhaust chamber outer wall 17 for housing a magnet
coupling (not illustrated) for transmitting the output of
the expander 4 to the outside, and a circular flange 173,
which is joined integrally to the outer periphery of the
exhaust chamber outer wall 17, is superimposed on the
right face of the circular flange 13b of the second casing
half 13. The above-mentioned four circular flanges 12b,
13b, 16a, and 17a are tightened together by means of
a plurality of bolts 18 disposed in the circumferential di-
rection. A transit chamber 19 is defined between the
transit chamber outer wall 16 and the first casing half
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12, and an exhaust chamber 20 is defined between the
exhaust chamber outer wall 17 and the second casing
half 13. The exhaust chamber outer wall 17 is provided
with an outlet (not illustrated) for guiding the decreased
temperature, decreased pressure steam that has fin-
ished work in the expander 4 to the condenser 5.
[0014] The main body portions 12a and 13a of the two
casing halves 12 and 13 have hollow bearing tubes 12c
and 13c projecting outward in the lateral direction, and
a rotating shaft 21 having a hollow portion 21 a is rotat-
ably supported by these hollow bearing tubes 12c and
13c via a pair of bearing members 22 and 23. The axis
L of the rotating shaft 21 thus passes through the inter-
section of the major axis and the minor axis of the rotor
chamber 14, which has a substantially elliptical shape.
[0015] A seal block 25 is housed within a lubricating
water supply member 24 screwed onto the right-hand
end of the second casing half 13, and secured by a nut
26. A small diameter portion 21b at the right-hand end
of the rotating shaft 21 is supported within the seal block
25, a pair of seals 27 are disposed between the seal
block 25 and the small diameter portion 21b, a pair of
seals 28 are disposed between the seal block 25 and
the lubricating water supply member 24, and a seal 29
is disposed between the lubricating water supply mem-
ber 24 and the second casing half 13. A filter 30 is fitted
in a recess formed in the outer periphery of the hollow
bearing tube 13c of the second casing half 13, and is
prevented from falling out by means of a filter cap 31
screwed into the second casing half 13. A pair of seals
32 and 33 are provided between the filter cap 31 and
the second casing half 13.

[0016] Asis clear from FIG. 4, FIG. 13, FIG. 14A, and
FIG. 14B, a circular rotor 41 is rotatably housed within
the rotor chamber 14, which has a pseudo-elliptical
shape. The rotor 41 is fitted onto and joined integrally
to the outer periphery of the rotating shaft 21, and the
axis of the rotor 41 and the axis of the rotor chamber 14
coincide with the axis L of the rotating shaft 21. The
shape of the rotor chamber 14 viewed in the axis L di-
rection is pseudo-elliptical, and is similar to a rhombus
with its four apexes rounded, the shape having a major
axis DL and a minor axis DS. The shape of the rotor 41
viewed in the axis L direction is a perfect circle having
adiameter DR that is slightly smaller than the minor axis
DS of the rotor chamber 14.

[0017] The cross-sectional shapes of the rotor cham-
ber 14 and the rotor 41 viewed in a direction orthogonal
to the axis L are all racetrack-shaped. Thatis, the cross-
sectional shape of the rotor chamber 14 is formed from
a pair of flat faces 14a extending parallel to each other
ata distance d, and arc-shaped faces 14b having a cen-
tral angle of 180° that are smoothly connected to the
outer peripheries of the flat faces 14a and, similarly, the
cross-sectional shape of the rotor 41 is formed from a
pair of flat faces 41a extending parallel to each other at
the distance d, and arc-shaped faces 41b having a cen-
tral angle of 180° that are smoothly connected to the
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outer peripheries of the flat faces 41a. The flatfaces 14a
of the rotor chamber 14 and the flat faces 41a of the
rotor 41 are in contact with each other, and a pair of cres-
cent-shaped spaces are formed between the inner pe-
ripheral face of the rotor chamber 14 and the outer pe-
ripheral face of the rotor 41 (see FIG. 4).

[0018] The structure of the rotor 41 is now explained
in detail with reference to FIG. 3 to FIG. 6, and FIG. 11.
[0019] The rotor 41 is formed from a rotor core 42 that
is formed integrally with the outer periphery of the rotat-
ing shaft 21, and twelve rotor segments 43 that are fixed
so as to cover the periphery of the rotor core 42 and
form the outer shell of the rotor 41. Twelve ceramic (or
carbon) cylinders 44 are mounted radially in the rotor
core 42 at 30° intervals and fastened by means of clips
45 to prevent them falling out. A small diameter portion
44a is projectingly provided at the inner end of each of
the cylinders 44, and a gap between the base end of the
small diameter portion 44a and a sleeve 84 is sealed via
a C seal 46. The extremity of the small diameter portion
44a is fitted into the outer peripheral face of the sleeve
84, which is hollow, and a cylinder bore 44b communi-
cates with first and second steam passages S1 and S2
within the rotating shaft 21 via twelve third steam pas-
sages S3 running through the small diameter portion
44a and the rotating shaft 21. A ceramic piston 47 is
slidably fitted within each of the cylinders 44. When the
piston 47 moves to the radially innermost position, it re-
tracts completely within the cylinder bore 44b, and when
it moves to the radially outermost position, about half of
the whole length projects outside the cylinder bore 44b.
[0020] Each of the rotor segments 43 is a hollow
wedge-shaped member having a central angle of 30°,
and has two recesses 43a and 43b formed on the faces
thereof that are opposite the pair of flat faces 14a of the
rotor chamber 14, the recesses 43a and 43b extending
in an arc shape with the axis L as the center, and lubri-
cating water outlets 43c and 43d open in the middle of
the recesses 43a and 43b. Furthermore, four lubricating
water outlets 43e and 43f open on the end faces of the
rotor segments 43, that is, the faces that are opposite
vanes 48, which will be described later. A large number
of labyrinths 43g are recessed in the arc-shaped face of
each of the rotor segments 43 forming the arc-shaped
face 41b of the rotor 41 so as to extend within a plane
containing the axis L. The labyrinths 43g are channels
having a U-shaped cross section and, for example, six-
teen of the labyrinths 43g are provided on each of the
rotor segments 43.

[0021] The rotor 41 is assembled as follows. The
twelve rotor segments 43 are fitted around the outer pe-
riphery of the rotor core 42, which is preassembled with
the cylinders 44, the clips 45, and the C seals 46, and
the vanes 48 are fitted in twelve vane channels 49
formed between adjacent rotor segments 43. At this
point, in order to form a predetermined clearance be-
tween the vanes 48 and the rotor segments 43, shims
having a predetermined thickness are disposed on op-
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posite faces of the vanes 48. In this state, the rotor seg-
ments 43 and the vanes 48 are tightened inward in the
radial direction toward the rotor core 42 by means of a
jig so as to precisely position the rotor segments 43 rel-
ative to the rotor core 42, and each of the rotor segments
43 is then provisionally retained on the rotor core 42 by
means of provisional retention bolts 50 (see FIG. 8).
Subsequently each of the rotor segments 43 and the ro-
tor core 42 are co-machined so as to make two knock
pin holes 51 run therethrough, and four knock pins 52
are press-fitted in the two knock pin holes 51 so as to
join each of the rotor segments 43 to the rotor core 42.
[0022] As is clear from FIG. 8, FIG. 9, and FIG. 12, a
through hole 53 running through the rotor segment 43
and the rotor core 42 is formed between the two knock
pin holes 51, and recesses 54 are formed at opposite
ends of the through hole 53. Two pipe members 55 and
56 are fitted within the through hole 53 via seals 57 to
60, and an orifice-forming plate 61 and a lubricating wa-
ter distribution member 62 are fitted into each of the re-
cesses 54 and secured by a nut 63. The orifice-forming
plate 61 and the lubricating water distribution member
62 are prevented from rotating relative to the rotor seg-
ments 43 by two knock pins 64 running through knock
pin holes 61a of the orifice-forming plate 61 and fitted
into knock pin holes 62a of the lubricating water distri-
bution member 62, and a gap between the lubricating
water distribution member 62 and the nut 63 is sealed
by an O ring 65.

[0023] A small diameter portion 55a formed in an out-
er end portion of one of the pipe members 55 commu-
nicates with a sixth water passage W6 within the pipe
member 55 via a through hole 55b, and the small diam-
eter portion 55a also communicates with a radial distri-
bution channel 62b formed on one side face of the lu-
bricating water distribution member 62. The distribution
channel 62b of the lubricating water distribution member
62 extends in six directions, and the extremities thereof
communicate with six orifices 61b, 61c, and 61d of the
orifice-forming plate 61. The structures of the orifice-
forming plate 61, the lubricating water distribution mem-
ber 62, and the nut 63 provided at the outer end portion
of the other pipe member 56 are identical to the struc-
tures of the above-mentioned orifice-forming plate 61,
lubricating water distribution member 62, and nut 63.
[0024] Downstream sides of the two orifices 61b of the
orifice-forming plate 61 communicate with the two lubri-
cating water outlets 43e, which open so as to be oppo-
site the vane 48, via seventh water passages W7 formed
within the rotor segments 43; downstream sides of the
two orifices 61c communicate with the two lubricating
water outlets 43f, which open so as to be opposite the
vane 48, via eighth water passages W8 formed within
the rotor segment 43; and downstream sides of the two
orifices 61d communicate with the two lubricating water
outlets 43c and 43d, which open so as to be opposite
the rotor chamber 14, via ninth water passages W9
formed within the rotor segment 43.
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[0025] Asis clear from reference in addition to FIG. 5,
an annular channel 67 is defined by a pair of O rings 66
on the outer periphery of the cylinder 44, and the sixth
water passage W6 formed within said one of the pipe
members 55 communicates with the annular channel 67
via four through holes 55c running through the pipe
member 55 and a tenth water passage W10 formed
within the rotor core 42. The annular channel 67 com-
municates with sliding surfaces of the cylinder bore 44b
and the piston 47 via an orifice 44c. The position of the
orifice 44c of the cylinder 44 is set so that it stays within
the sliding surface of the piston 47 when the piston 47
moves between top dead center and bottom dead cent-
er.

[0026] As s clear from FIG. 3 and FIG. 9, the first wa-
ter passage W1 formed in the lubricating water supply
member 24 communicates with the small diameter por-
tion 55a of said one of the pipe members 55 via a second
water passage W2 formed in the seal block 25, third wa-
ter passages W3 formed in the small diameter portion
21b of the rotating shaft 21, an annular channel 68a
formed in the outer periphery of a water passage form-
ing member 68 fitted in the center of the rotating shaft
21, a fourth water passage W4 formed in the rotating
shaft 21, a pipe member 69 bridging the rotor core 42
and the rotor segments 43, and fifth water passages W5
formed so as to bypass the knock pin 52 on the radially
inner side of the rotor segment 43.

[0027] AsshowninFIG.7,FIG.9,and FIG. 11, twelve
vane channels 49 are formed between adjacent rotor
segments 43 of the rotor 41 so as to extend in the radial
direction, and the plate-shaped vanes 48 are slidably
fitted in the respective vane channels 49. Each of the
vanes 48 has a substantially U-shaped form comprising
parallel faces 48a following the parallel faces 14a of the
rotor chamber 14, an arc-shaped face 48b following the
arc-shaped face 14b of the rotor chamber 14, and a
notch 48c positioned between the parallel faces 48a.
Rollers 71 having a roller bearing structure are rotatably
supported on a pair of support shafts 48d projecting from
the parallel faces 48a.

[0028] A U-shaped synthetic resin seal 72 is retained
in the arc-shaped face 48b of the vane 48, and the ex-
tremity of the seal 72 projects slightly from the arc-
shaped face 48b of the vane 48 and comes into sliding
contact with the arc-shaped face 14b of the rotor cham-
ber 14. Two recesses 48e are formed on each side of
the vane 48, and these recesses 48e are opposite the
two radially inner lubricating water outlets 43e that open
on the end faces of the rotor segment 43. A piston re-
ceiving member 73, which is provided so as to project
radially inward in the middle of the notch 48c¢ of the vane
48, abuts against the radially outer end of the piston 47.
[0029] As is clear from FIG. 4, two pseudo-elliptical
annular channels 74 having a similar shape to that of a
rhombus with its four apexes rounded are provided in
the flat faces 14a of the rotor chamber 14 defined by the
first and second casing halves 12 and 13, and the pair
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of rollers 71 of each of the vanes 48 are rollably engaged
with these annular channels 74. The distance between
these annular channels 74 and the arc-shaped face 14b
of the rotor chamber 14 is constant throughout the whole
circumference. Therefore, when the rotor 41 rotates, the
vane 48 having the rollers 71 guided by the annular
channels 74 reciprocates radially within the vane chan-
nel 49, and the seal 72 mounted on the arc-shaped face
48b of the vane 48 slides along the arc-shaped face 14b
of the rotor chamber 14 with a constant amount of com-
pression. This enables direct physical contact between
the rotor chamber 14 and the vanes 48 to be prevented
and vane chambers 75 defined between adjacent vanes
48 to be reliably sealed while preventing any increase
in the sliding resistance or the occurrence of wear.
[0030] As is clear from FIG. 2, a pair of circular seal
channels 76 are formed in the flat faces 14a of the rotor
chamber 14 so as to surround the outside of the annular
channels 74. A pair of ring seals 79 equipped with two
O rings 77 and 78 are slidably fitted in the circular seal
channels 76, and the seal surfaces are opposite the re-
cesses 43a and 43b (see FIG. 4) formed in each of the
rotor segments 43. The pair of ring seals 79 are prevent-
ed from rotating relative to the first and second casing
halves 12 and 13 by knock pins 80.

[0031] AsisclearfromFIG. 2, FIG. 3, and FIG. 10, an
opening 16b is formed at the center of the transit cham-
ber outer wall 16; a boss portion 81a of a fixed shaft
support member 81 disposed on the axis L is secured
to the inner face of the opening 16b by a plurality of bolts
82, and secured to the first casing half 12 by means of
a nut 83. A cylinder-shaped ceramic sleeve 84 is fixed
to the hollow portion 21a of the rotating shaft 21. The
outer peripheral face of the fixed shaft 85, which is inte-
gral with the fixed shaft support member 81, is relatively
rotatably fitted within the inner peripheral face of this
sleeve 84. A gap between the left-hand end of the fixed
shaft 85 and the first casing half 12 is sealed by a seal
86, and a gap between the right-hand end of the fixed
shaft 85 and the rotating shaft 21 is sealed by a seal 87.
[0032] A steam supply pipe 88 is fitted into the fixed
shaft support member 81, which is disposed on the axis
L, and is secured by a nut 89, and the right-hand end of
the steam supply pipe 88 is press-fitted into the center
of the fixed shaft 85. The first steam passage S1, which
communicates with the steam supply pipe 88, is formed
in the center of the fixed shaft 85 in the axial direction,
and the pair of second steam passages S2 run radially
through the fixed shaft 85 with a phase difference of
180°. As described above, the twelve third steam pas-
sages S3 run through the sleeve 84 and the small diam-
eter portions 44a of the twelve cylinders 44 retained at
intervals of 30° in the rotor 41 fixed to the rotating shaft
21, and radially inner end portions of these third steam
passages S3 are opposite the radially outer end portions
of the second steam passages S2 so as to be able to
communicate therewith.

[0033] A pair of notches 85a are formed on the outer
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peripheral face of the fixed shaft 85 with a phase differ-
ence of 180°, and these notches 85a can communicate
with the third steam passages S3. The notches 85a and
the transit chamber 19 communicate with each other via
a pair of fourth steam passages S4 formed axially in the
fixed shaft 85, a fifth annular steam passage S5 formed
axially in the fixed shaft support member 81, and
through holes 81b opening on the outer periphery of the
boss portion 81a of the fixed shaft support member 81.
[0034] As shown in FIG. 2 and FIG. 4, a plurality of
radially aligned intake ports 90 are formed in the first
casing half 12 and the second casing half 13 at positions
that are advanced by 15° in the direction of rotation R
of the rotor 41 relative to the minor axis of the rotor
chamber 14. The interior space of the rotor chamber 14
communicates with the transit chamber 19 by means of
these intake ports 90. Furthermore, a plurality of ex-
haust ports 91 are formed in the second casing half 13
at positions that are retarded by 15° to 75° in the direc-
tion of rotation R of the rotor 41 relative to the minor axis
of the rotor chamber 14. The interior space of the rotor
chamber 14 communicates with the exhaust chamber
20 by means of these exhaust ports 91. These exhaust
ports 91 open in shallow depressions 13d formed within
the second casing half 13 so that the seals 72 of the
vanes 48 are not damaged by the edges of the exhaust
ports 91.

[0035] The second steam passages S2 and the third
steam passages S3, and the notches 85a of the fixed
shaft 85 and the third steam passages S3, form a rotary
valve V, which provides periodic communication there-
between by rotation of the rotating shaft 21 relative to
the fixed shaft 85 (see FIG. 10).

[0036] Asis clear from FIG. 2, pressure chambers 92
are formed at the rear face of the ring seals 79 fitted in
the circular seal channels 76 of the first and second cas-
ing halves 12 and 13. An eleventh water passage W11
formed in the first and second casing halves 12 and 13
communicates with the two pressure chambers 92 via
a twelfth water passage W12 and a thirteenth water pas-
sage W13, which are formed from pipes, and the ring
seals 79 are urged toward the side face of the rotor 41
by virtue of water pressure applied to the two pressure
chambers 92.

[0037] The eleventh water passage W11 communi-
cates with the outer peripheral face of the annular filter
30 via a fourteenth water passage W14, which is a pipe,
and the inner peripheral face of the filter 30 communi-
cates with a sixteenth water passage W16 formed in the
second casing half 13 via a fifteenth water passage W15
formed in the second casing half 13. Water supplied to
the sixteenth water passage W16 lubricates sliding sur-
faces of the fixed shaft 85 and the sleeve 84. Water sup-
plied to the outer periphery of the bearing member 23
from the inner peripheral face of the filter 30 via a sev-
enteenth water passage W17 lubricates the outer pe-
ripheral face of the rotating shaft 21 through an orifice
penetrating the bearing members 23. On the other hand,
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water supplied to the outer periphery of the bearing
members 22 from the eleventh water passage W11 via
an eighteenth water passage W18, which is a pipe, lu-
bricates the outer peripheral face of the rotating shaft
21 through an orifice penetrating the bearing member
22, and then lubricates the sliding surfaces between the
fixed shaft 85 and the sleeve 84.

[0038] Operation of the present embodiment having
the above-mentioned arrangement is now explained.
[0039] Operation of the expander 4 is first explained.
In FIG. 3, high temperature, high pressure steam from
the evaporator 3 is supplied to the steam supply pipe
88, the first steam passage S1 passing through the cent-
er of the fixed shaft 85, and the pair of second steam
passages S2 passing radially through the fixed shaft 85.
In FIG. 10, when the sleeve 84 that rotates integrally
with the rotor 41 and the rotating shaft 21 in the direction
shown by the arrow R reaches a predetermined phase
relative to the fixed shaft 85, the pair of third steam pas-
sages S3 that are present on the advanced side in the
direction of rotation R of the rotor 41 relative to the po-
sition of the minor axis of the rotor chamber 14 are made
to communicate with the pair of second steam passages
S2, and the high temperature, high pressure steam of
the second steam passages S2 is supplied to the inte-
riors of a pair of the cylinders 44 via the third steam pas-
sages S3 and pushes the pistons 47 radially outward.
In FIG. 4, when the vanes 48 pushed by the pistons 47
move radially outward, since the pair of rollers 71 pro-
vided on the vanes 48 are engaged with the annular
channels 74, the forward movement of the pistons 47 is
converted into rotational movement of the rotor 41.
[0040] Even after the communication between the
second steam passages S2 and the third steam passag-
es S3 is blocked as a result of the rotation of the rotor
41, the high temperature, high pressure steam within the
cylinders 44 continues to expand, thus making the pis-
tons 47 move further forward and thereby enabling the
rotor 41 to continue to rotate. When the vanes 48 reach
the position of the major axis of the rotor chamber 14,
the third steam passages S3 communicating with the
corresponding cylinders 44 also communicate with the
notches 85a of the fixed shaft 85, the pistons 47 are
pushed by the vanes 48 whose rollers 71 are guided by
the annular channels 74 and move radially inward, and
the steam within the cylinders 44 accordingly passes
through the third steam passages S3, the notches 853,
the fourth passages S4, the fifth passage S5, and the
through holes 81b, and is supplied to the transit cham-
ber 19 as a first decreased temperature, decreased
pressure steam. The first decreased temperature, de-
creased pressure steam is the high temperature, high
pressure steam that has been supplied from the steam
supply pipe 88, has finished the work of driving the pis-
tons 47 and, as a result, has a decreased temperature
and pressure. The thermal energy and the pressure en-
ergy of the first decreased temperature, decreased
pressure steam are lower than those of the high tem-



11 EP 1 428 978 A1 12

perature, high pressure steam, but are still sufficient for
driving the vanes 48.

[0041] The first decreased temperature, decreased
pressure steam within the transit chamber 19 is supplied
to the vane chambers 75 within the rotor chamber 14
via the intake ports 90 of the first and second casing
halves 12 and 13, and further expands therein to push
the vanes 48, thus rotating the rotor 41. A second de-
creased temperature, decreased pressure steam that
has finished work and accordingly has a further de-
creased temperature and pressure is discharged from
the exhaust ports 91 of the second casing half 13 into
the exhaust chamber 20, and is supplied therefrom to
the condenser 5.

[0042] In this way, the expansion of the high temper-
ature, high pressure steam enables the twelve pistons
47 to operate in turn to rotate the rotor 41 via the rollers
71 and the annular channels 74, and the expansion of
the first decreased temperature, decreased pressure
steam, which is the high temperature, high pressure
steam whose temperature and pressure have de-
creased, enables the rotor 41 to rotate via the vanes 48,
thereby providing an output from the rotating shaft 21.

[0043] Lubrication of the vanes 48 and the pistons 47
of the expander 4 with water is now explained.

[0044] Supply of lubricating water is carried out by uti-
lizing the supply pump 6 (see FIG. 1) for supplying under
pressure water from the condenser 5 to the evaporator
3, and a portion of the water discharged from the supply
pump 6 is supplied to the first water passage W1 of the
casing 11 for lubrication. Utilizing the feed pump 6 in this
way for supplying water for hydrostatic bearings of each
section of the expander 4 eliminates the need for a spe-
cial pump and enables the number of components to be
reduced.

[0045] In FIG. 3 and FIG. 8, the water that has been
supplied to the first water passage W1 of the lubricating
water supply member 24 flows into the small diameter
portion 55a of one of the pipe members 55 via the sec-
ond water passages W2 of the seal block 25, the third
water passages W3 of the rotating shaft 21, the annular
channel 68a of the water passage forming member 68,
the fourth water passage W4 of the rotating shaft 21,
and the fifth water passages W5 formed in the pipe
member 69 and the rotor segment 43, and the water that
has flowed into the small diameter portion 55a flows into
the small diameter portion 56a of the other pipe member
56 via the through hole 55b of said one of the pipe mem-
bers 55, the sixth water passage W6 formed in the pipe
members 55 and 56, and the through hole 56b formed
in the other pipe member 56.

[0046] A portion of the water that has passed through
the six orifices 61b, 61c, and 61d of the orifice-forming
plate 61 from the small diameter portions 55a and 56a
of the pipe members 55 and 56 via the distribution chan-
nel 62b of the lubricating water distribution member 62
issues from the four lubricating water outlets 43e and
43f that open on the end faces of the rotor segment 43,
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and another portion of the water issues from the lubri-
cating water outlets 43c and 43d within the arc-shaped
recesses 43a and 43b formed on the side faces of the
rotor segment 43.

[0047] In this way, the water issuing from the lubricat-
ing water outlets 43e and 43f on the end faces of each
of the rotor segments 43 into the vane channel 49 sup-
ports the vane 48 in a floating state by forming a hydro-
static bearing between the vane channel 49 and the
vane 48, which is slidably fitted in the vane channel 49,
thus preventing physical contact between the end face
of the rotor segment 43 and the vane 48 and thereby
preventing the occurrence of seizing and wear. Supply-
ing the water for lubricating the sliding surfaces of the
vane 48 via the water passages provided in a radial
shape within the rotor 41 in this way not only enables
the water to be pressurized by virtue of centrifugal force
but also enables the temperature of the periphery of the
rotor 41 to be stabilized, thus lessening the effect of ther-
mal expansion and thereby minimizing the leakage of
steam by maintaining a preset clearance.

[0048] Since water is retained in the recesses 48e,
two of which are formed on each of the opposite faces
of the vane 48, these recesses 48e function as pressure
reservoirs, thereby suppressing any decrease in pres-
sure due to leakage of water. As a result the vane 48,
which is held between the end faces of the pair of rotor
segments 43, is in a floating state due to the water, and
the sliding resistance can thereby be reduced effective-
ly. Furthermore, when the vane 48 reciprocates, the ra-
dial position of the vane 48 relative to the rotor 41 chang-
es, and since the recesses 48e are provided not on the
rotor segment 43 side but on the vane 48 side and in
the vicinity of the rollers 71, where the largest load is
imposed on the vane 48, the reciprocating vane 48 can
always be kept in a floating state, and the sliding resist-
ance can thereby be reduced effectively.

[0049] Water that has lubricated the surface of the
vane 48 that slides against the rotor segment 43 moves
radially outward by virtue of centrifugal force, and lubri-
cates the sliding sections of the arc-shaped face 14b of
the rotor chamber 14 and the seal 72 provided on the
arc-shaped face 48b of the vane 48. Water that has com-
pleted the lubrication is discharged from the rotor cham-
ber 14 via the exhaust ports 91.

[0050] InFIG. 2, by supplying water into the pressure
chambers 92 at the bottom portions of the circular seal
channels 76 of the first casing half 12 and the second
casing half 13 so as to urge the ring seals 79 toward the
side faces of the rotor 41, and making the water issue
from the lubricating water outlets 43c and 43d formed
within the recesses 43a and 43b of each of the rotor seg-
ments 43 so as to form a hydrostatic bearing on the slid-
ing surfaces with the flat faces 14a of the rotor chamber
14, the flat faces 41a of the rotor 41 can be sealed by
the ring seals 79 that are in a floating state within the
circular seal channels 76 and, as a result, the steam
within the rotor chamber 14 can be prevented from leak-
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ing through a gap with the rotor 41. In this process, the
ring seals 79 and the rotor 41 are isolated from each
other by a film of water supplied from the lubricating wa-
ter outlets 43c and 43d and do not make physical con-
tact with each other, and even if the rotor 41 tilts, tilting
of the ring seals 79 within the circular seal channels 76
so as to track the tilting of the rotor 41 enables stable
sealing characteristics to be maintained while minimiz-
ing the frictional force.

[0051] The water that has lubricated the sliding sec-
tion between the ring seals 79 and the rotor 41 is sup-
plied to the rotor chamber 14 by virtue of centrifugal
force, and discharged therefrom to the exterior of the
casing 11 via the exhaust ports 91.

[0052] Furthermore, in FIG. 5, water that has been
supplied from the sixth water passage W6 within the
pipe member 55 to the sliding surfaces between the cyl-
inder 44 and the piston 47 via the tenth water passage
W10 within the rotor segments 43 and the annular chan-
nel 67 of the outer periphery of the cylinder 44 exhibits
a sealing function by virtue of the viscous properties of
the film of water formed on the sliding surfaces, thereby
preventing effectively the high temperature, high pres-
sure steam supplied to the cylinder 44 from leaking past
the sliding surfaces with the piston 47. Since the water
that is supplied to the sliding surfaces between the cyl-
inder 44 and the piston 47 through the interior of the
expander 4, which is in a high temperature state, is heat-
ed, it is possible to minimize any decrease in output of
the expander 4 that might be caused by this water cool-
ing the high temperature, high pressure steam supplied
to the cylinder 44.

[0053] Furthermore, the first water passage W1 and
the eleventh water passage W11 are independent from
each other, and water is supplied at a pressure that is
required for each of the lubrication sections. More spe-
cifically, the water that is supplied from the first water
passage W1 is mainly for floatingly supporting the vanes
48 and the rotor 41 by means of a hydrostatic bearing
as described above, and it is required to have a high
pressure that can counterbalance variations in the load.
In contrast, the water that is supplied from the eleventh
water passage W11 mainly lubricates the surroundings
of the fixed shaft 85, and since it is for sealing the high
temperature, high pressure steam that leaks from the
third steam passages S3 past the outer periphery of the
fixed shaft 85 so as to reduce the influence of thermal
expansion of the fixed shaft 85, the rotating shaft 21, the
rotor 41, etc., it is only required to have a pressure that
is at least higher than the pressure of the transit cham-
ber 19.

[0054] Since there are provided in this way two water
supply lines, that is, the first water passage W1 for sup-
plying high pressure water and the eleventh water pas-
sage W11 for supplying lower pressure water, problems
caused when only one water supply line for supplying
high pressure water is provided can be eliminated. That
is, the problem of water having excess pressure being

10

15

20

25

30

35

40

45

50

55

supplied to the surroundings of the fixed shaft 85, thus
increasing the amount of water flowing into the transit
chamber 19, and the problem of the fixed shaft 85, the
rotating shaft 21, the rotor 41, etc. being overcooled,
thus decreasing the temperature of the steam, can be
prevented, and as a result the output of the expander 4
can be increased while reducing the amount of water
supplied.

[0055] Moreover, since water, which is the same sub-
stance as steam, is used as a medium for sealing, there
will be no problem even if the steam is contaminated
with water. If the sliding surfaces of the cylinder 44 and
the piston 47 were sealed by an oil, since it would be
impossible to prevent the oil from contaminating the wa-
ter or the steam, a special filter device for separating the
oil would be required. Furthermore, since a portion of
the water for lubricating the sliding surfaces of the vane
48 and the vane channels 49 is separated for sealing
the sliding surfaces of the cylinder 44 and the piston 47,
itis unnecessary to specially provide an extra water pas-
sage for guiding the water to the sliding surfaces, thus
simplifying the structure.

[0056] FIG. 14A shows the shape of the annular chan-
nel 74 of the present embodiment, and FIG. 14B shows
the shape of an annular channel 74 of a conventional
example. Whereas the annular channel 74 of the con-
ventional example is elliptical, the shape of the annular
channel 74 of the present invention is a rhombus having
its four apexes rounded. As a result, in the conventional
example, the clearance between an inner peripheral
face 93 of the rotor chamber 14 and an outer peripheral
face 94 of the rotor 41 becomes a minimum at a point
P1 where the phase is 0° and a point P2 where the
phase is 180°, and the clearance gradually increases
before and after the minimum. On the other hand, in the
present embodiment, the clearance between the inner
peripheral face 93 of the rotor chamber 14 and the outer
peripheral face 94 of the rotor 41 is maintained at a con-
stant minimum value over the range of £16° with refer-
ence to points P1 and P2, and the clearance gradually
increases before and after this range. That is, in the
above range of £16° the inner peripheral face 93 of the
rotor chamber 14 and the annular channel 74 form a par-
tial arc shape with the axis L as the center.

[0057] With regard to the rotary valve V, communica-
tion between the notch 85a of the fixed shaft 85 and the
third steam passage S3 is blocked at the position of -16°
with reference to point P1 having a phase of 0° and point
P2 having a phase of 180°, thus ending the discharge
of steam, and communication between the second
steam passage S2 and the third steam passage S3 is
provided at the position of +16° with reference to point
P1 having a phase of 0° and point P2 having a phase
of 180°, thus starting the supply of steam. Therefore,
the interior space of the cylinder 44 is hermetically
sealed over the range of £16° with reference to point P1
and point P2. When the piston 47 moves in a state in
which the interior space of the cylinder 44 is hermetically
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sealed, there is no problem if steam, which is compress-
ible, is present within the cylinder 44, but if water, which
is non-compressible, is present, the phenomenon of wa-
ter hammer occurs. Although high temperature, high
pressure steam is supplied to the cylinder 44, if the high
temperature, high pressure steam supplied to the cylin-
der 44 is cooled and liquefies when the expander 4 is
started from cold, etc., water builds up within the cylinder
44, thus giving rise to a possibility that the water hammer
phenomenon might occur.

[0058] However, inthe presentembodiment, inthe re-
gion in which the interior space of the cylinder 44 is her-
metically sealed, that is, the range of £16° with refer-
ence to point P1 and point P2, since the annular channel
74 forms a partial arc with the axis L as the center, it is
possible to stop the piston 47 from moving relative to
the cylinder 44, thereby reliably preventing the occur-
rence of the water hammer phenomenon.

[0059] FIG. 15A shows the intake and exhaust timing
of the present embodiment, and FIG. 15B shows the in-
take and exhaust timing of the conventional example. In
both of the above-mentioned cases, twelve vanes 48
are supported on the rotor 41 at equal intervals, and the
central angle formed by a pair of adjacent vanes 48 is
therefore 30°. In the conventional example shown in
FIG. 15B, the phase of the vane 48 for which communi-
cation between the exhaust ports 91 and the vane
chamber 75 defined by a pair of vanes 48 is blocked
(exhaust completion phase) is set at -24° with reference
to point P1 and point P2, and the phase of the vane 48
for which communication between the vane chamber 75
and the intake ports 90 is provided (intake initiation
phase) is set at +4° with reference to point P1 and point
P2. Therefore, at the moment when communication be-
tween the vane chamber 75 and the exhaust ports 91,
which are at low pressure, is blocked, steam is intro-
duced because the vane chamber 75 is already in com-
munication with the intake ports 90, which are at high
pressure. In this process, since the exhaust completion
phase of -24° and the intake initiation phase of +4° are
asymmetric, among the pair of vanes 48 defining the
vane chamber 75, the vane 48 on the retarded side in
the rotational direction R projects by a larger amount
than the vane 48 on the advanced side in the rotational
direction R, and a higher steam pressure is applied to
the vane 48 on the retarded side in the rotational direc-
tion R, thus generating a torque in the opposite direction
to the rotational direction R of the rotor 41. As a result,
there is a possibility that the rotor 41 might rotate back-
ward when starting, or vibration might occur due to
torque variation during operation.

[0060] In the conventional example shown in FIG.
15B, since the difference in phase between the exhaust
completion phase and the intake initiation phase is 28°,
which is less than the angle between the vanes of 30°,
there is a period during which the vane chamber 75 com-
municates simultaneously with the intake ports 90,
which are at high pressure, and the exhaust ports 91,
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which are at low pressure, and during this period a small
amount of steam blows through from the intake ports 90
to the exhaust ports 91. In order to avoid this steam
blowing through, it is necessary to eliminate the period
during which the vane chamber 75 communicates si-
multaneously with the intake ports 91, which are at high
pressure, and the exhaust ports 91, which are at low
pressure, and if, for example, the intake initiation phase
is increased from +4° to +6°, at the moment when com-
munication between the vane chamber 75 and the ex-
haust ports 91, which are at low pressure, is blocked
and the vane chamber 75 communicates with the high
pressure intake ports 90, the volume of the vane cham-
ber 75 temporarily decreases. This is due to the front-
to-back asymmetry of the exhaust completion phase
and the intake initiation phase. When the volume of the
hermetically sealed vane chamber 75 decreases in this
way, if lubricating water or water formed by liquefaction
of steam is trapped in the vane chamber 75, the water
hammer phenomenon might occur, thereby resulting in
vibration, noise, degradation of durability, etc.

[0061] In contrast, in the present embodiment shown
in FIG. 15A, the exhaust completion phase and the in-
take initiation phase are set at -15° and +15° respec-
tively, and in a section in which the phase is -16° to +16°,
the clearance between the inner peripheral face 93 of
the rotor chamber 14 and the outer peripheral face 94
of the rotor 41 is set so as to be constant. Therefore,
when steam is supplied from the high pressure intake
ports 90 to the vane chamber 75, among the pair of
vanes 48 defining the vane chamber 75, both the
amount of projection of the vane 48 on the retarded side
in the rotational direction R and the amount of projection
of the vane 48 on the advanced side in the rotational
direction R are equal to the clearance, and itis thus pos-
sible to prevent a torque from being generated in the
opposite direction to the rotational direction R of the ro-
tor 41, thereby preventing the occurrence of backward
rotation of the rotor 41 and variation in torque. Moreover,
at the moment at which communication between the
vane chamber 75 and the low pressure exhaust ports
91 is blocked and the vane chamber 75 communicates
with the high pressure intake ports 90, the volume of the
vane chamber 75, which has a constant clearance, does
not change, and there is therefore no possibility of the
water hammer phenomenon occurring even if water is
trapped in the vane chamber 75, thereby reliably pre-
venting vibration, noise, degradation of durability, etc.
[0062] In order to efficiently convert the pressure en-
ergy of steam into mechanical energy, it is necessary to
increase the expansion ratio of the steam after it is taken
in from the intake ports 90 into the vane chamber 75 up
to the point where it is discharged via the exhaust ports
91, and it is therefore desirable to advance the intake
initiation phase as much as possible. However, since the
intake initiation phase of the present embodiment is
+15°, which is retarded relative to the intake initiation
phase of +4° of the conventional example, the present
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embodiment is disadvantageous from the viewpoint of
ensuring a large expansion ratio. The present embodi-
ment therefore employs for the inner peripheral face 93
of the rotor chamber 14 a shape that makes the intake
volume of steam at the beginning of the intake stroke
small (that is, the shape of the annular channel 74), thus
ensuring that the expansion ratio is the same as that of
the conventional example.

[0063] In the region from the intake initiation position,
which is set at +15°, to the exhaust completion position,
which is set at -15°, there is disposed at least the seal
72 of one of the vanes 48, which are disposed at inter-
vals of 30°. This seal 72 prevents steam from leaking
from the intake ports 90, which are at high pressure, to
the exhaust ports 91, which are at low pressure, but in
practice it is difficult to completely prevent the leakage
of the steam using only the seal 72. In the present em-
bodiment, since the clearance from the outer peripheral
face 94 of the rotor 41 is constant in the section in which
the phase of the inner peripheral face 93 of the rotor
chamber 14 is -16° to +16°, by making the labyrinths
43g provided on the outer periphery of the rotor 41 face
this section, a steam leakage preventing effect is exhib-
ited.

[0064] FIG. 16 shows a state in which a seal 72 (f) on
the advanced side in the rotational direction R of the ro-
tor 41 (hereinafter, simply called the advanced side) has
reached the intake ports 90, and a seal 72 (r) on the
retarded side in the rotational direction R of the rotor 41
(hereinafter, simply called the retarded side) has passed
the exhaust ports 91. In this case, high pressure steam
of the intake ports 90 tries to pass the seal 72 (r) on the
retarded side and leak to the exhaust ports 91, but since
the labyrinths 43g present in the -16° to +16° section
exhibit sealing characteristics due to a labyrinth effect,
it is possible to prevent effectively the leakage of steam
through the seal 72 (r) on the retarded side.

[0065] FIG. 17 shows a state in which the rotor 41 has
rotated further from the state of FIG. 16, and the seal 72
(r) on the retarded side has reached a position substan-
tially midway between the intake ports 90 and the ex-
haust ports 91, and FIG. 18 shows a state in which the
rotor 41 has rotated further from the state of FIG. 17,
and the seal 72 (r) on the retarded side has reached a
position immediately prior to the intake ports 90. In all
of the above-mentioned cases, the labyrinths 43g
present in the -16° to +16° section exhibit sealing char-
acteristics due to the labyrinth effect, and it is therefore
possible to prevent effectively steam from leaking
through the seal 72 (r) on the retarded side.

[0066] Since lubricating water or water that is formed
by the liquefaction of steam easily builds up in the lab-
yrinths 43g, a liquid sealing effect from this water also
improves the sealing characteristics for steam.

[0067] A second embodiment of the present invention
is now explained with reference to FIG. 19 to FIG. 21.
The phases of vanes 48in FIG. 19to FIG. 21 correspond
to the phases of the vanes 48 in FIG. 16 to FIG. 19 re-
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spectively.

[0068] In the first embodiment, the labyrinths 43g are
provided on the entire circumference of the rotor 41, but
in the second embodiment labyrinths 43g are provided
on only about a quarter of each of rotor segments 43 on
the retarded side, and the labyrinths 43g are therefore
provided at a position adjacent to the advanced side of
a seal 72 of the vane 48. The high pressure of intake
ports 90 is therefore reduced in pressure by the labyrinth
effect of the labyrinths 43g adjacent to the advanced
side of the seal 72, and the difference in pressure be-
tween the two sides of the seal 72 can be moderated,
thus preventing effectively the leakage of steam. In ac-
cordance with the present embodiment, the number of
labyrinths 43g can be reduced while maintaining the
steam leakage preventing effect, thereby contributing to
a reduction in the machining cost.

[0069] Otherthan the embodiments described above,
as an arrangement for a power conversion device for
converting the forward movement of pistons 47 into the
rotational movement of a rotor 41, the forward move-
ment of the pistons 47 can be directly transmitted to roll-
ers 71 without involving vanes 48, and can be converted
into rotational movement by engagement with annular
channels 74. Furthermore, as long as the vanes 48 are
always spaced from the inner peripheral face of a rotor
chamber 14 by a substantially constant gap as a result
of cooperation between the rollers 71 and the annular
channels 74 as described above, the pistons 47 and the
rollers 71, and also the vanes 48 and the rollers 71, can
independently work together with the annular channels
74.

[0070] When the expander4 is used as a compressor,
the rotor 41 is rotated by the rotating shaft 21 in a direc-
tion opposite to the arrow R in FIG. 4, outside air is
drawn in by the vanes 48 from the exhaust ports 91 into
the rotor chamber 14 and compressed, and the low
pressure compressed air thus obtained is drawn in from
the intake ports 90 into the cylinders 44 via the transit
chamber 19, the through holes 81b, the fifth steam pas-
sages S5, the fourth steam passages S4, the notches
85a of the fixed shaft 85 and the third steam passages
S3, and compressed there by the pistons 47 to give high
pressure compressed air. The high pressure com-
pressed air thus obtained is discharged from the cylin-
ders 44 via the third steam passages S3, the second
steam passages S2, the first steam passage S1, and
the steam supply pipe 88. When the expander 4 is used
as a compressor, the steam passages S1 to S5 and the
steam supply pipe 88 are read instead as air passages
S1 to S5 and air supply pipe 88.

[0071] Although embodiments of the present inven-
tion are described in detail above, the present invention
can be modified in a variety of ways without departing
from the scope and spirit thereof.

[0072] Forexample, inthe embodiments, the expand-
er 4 is illustrated as the rotary fluid machine, but the
present invention can also be applied to a compressor.
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[0073] Furthermore, in the embodiments, steam and
water are used as the gas-phase working medium and
the liquid-phase working medium, but other appropriate
working media can also be employed.

[0074] Moreover, in the embodiments, the labyrinths
43g are provided on the rotor 41 side, but the same op-
erational effect can be achieved by providing labyrinths
on the rotor chamber 14 side.

[0075] Furthermore, the labyrinths 43g of the embod-
iments are U-shaped channels extending within a plane
containing the axis L, but they may be divided into a plu-
rality of small cells by means of partitions extending in
the circumferential direction.

INDUSTRIAL APPLICABILITY

[0076] The presentinvention can desirably be applied
to an expander employing steam (water) as a working
medium, but can also be applied to an expander em-
ploying any other working medium and a compressor
employing any working medium.

Claims

1. A rotary fluid machine comprising a rotor chamber
(14) formed in a casing (11), a rotor (41) rotatably
housed within the rotor chamber (14), a plurality of
vane channels (49) formed radially in the rotor (41),
a plurality of vanes (48) slidably supported in the
respective vane channels (49), vane chambers (75)
defined by the rotor (41), the casing (11), and the
vanes (48), and an intake port (90) and an exhaust
port (91) for supplying and discharging a gas-phase
working medium to and from the vane chambers
(75);

characterized in that gas-phase working
medium leakage preventing means is provided on
at least one of the outer peripheral face of the rotor
(41) and the inner peripheral face of the rotor cham-
ber (14) in a region in which there is a large differ-
ence in pressure between adjacent vane chambers
(75) that are in between the trailing edge of the ex-
haust port (91) and the leading edge of the intake
port (90).

2. The rotary fluid machine according to Claim 1,
wherein the leakage preventing means is a laby-
rinth (43Q).

10

15

20

25

30

35

40

45

50

55

11

20






16

N

16b-

88,
89

EP 1 428 978 A1

FIG.2
12b
W11
41\ T/ 13p
4 16a—
11 1815 17aW
\ 13 47
780 0
W14
4"—__‘
1 — N 20
19 /92 20N 9253
12a Ji Va7 () W15
12¢ ﬂ N ﬂ WA
=S 1D . i 5SS Wi
T (1 N T Y\\Q‘i\ L
4, 22 8444 | 31 23W17 ‘ﬁ_ |
; u =86 85 85 . 5126- }
o &\\\c\\\\\\\ TR RS :
%5 s TETTIEA 21b
83 / 8'}><30 26
81a 7 2524
M—78 7471 ~34
80 : 78 |
79 76|79 80
77034 N
12 14a <
| 13
41 ! I 14a
14b 6
18 S
4+

13



EP 1 428 978 A1

G2 gz 6¢ mmm M

A
ke i\ SN

d. \A) -
_ V &/,
SN i
| feezzz — —189 ., A
v8 A
R NI QI S
2 PN g
,_ A X N
MM 7 NEIF
9¢ \ mmNM¥ Lg (o€l €2 v/ .
vz L LIM Qg L.

14



EP 1 428 978 A1

FIG.4
12b 1o
18 5 /
48
72 | 14 @ 18
13d 43
o 75 ’ 72
D o 41
Lihas
439 | (A 4 48
. %3 '/'O/ Ob 43
> O J : O
N 2l S
el | 3b
71 DS 90 ¢
----- — RN 71 91
X @ N 2
_ 43b-= ‘ |85 4
128853 ~o @0
48 | WL R
46 27
72 439 75|4| 75 o1
A 13% 18
727 ]
@ 48
18
2




EP 1 428 978 A1

FIG.5

52

73 35
50 42 49 /%

-
-

& 8

. 4

.

N

91 Y k
~ . \

=TS ‘
"

13d

16




EP 1 428 978 A1

FIG.6 P
6

85 ¢ ©°

3 ; 49 ===
L N >, I /72
Y X S5 RS A i L —.

WAL A S 7 :
! e 0 0 X061 ~g

5% 2©s 52 7 J==%43g

69 .5 ‘\‘ X \ o©O A ‘48 91 ::-_:_

h ’, . , <~ RRETS
W5 o2 ‘ s =y
Z S . N .
X R Y >~
‘ rot ' s
Py 4 A ’ S
’, ‘\_"l .\

N

52 " % ¥,
o ; / . 72

1*“

.......

N EETANEA AR
R : 91
= 13d

14

17



EP 1 428 978 A1

|
T4
1

4

N )\)
’
7

43e-
44~/

18



EP 1 428 978 A1

FIG.8

T

| | |
| ! | 91 Al
AT el e <o

! N7 :
N K

N |
\ ]

»

1 | oot S o8 s

717 -56’ v //

19



EP 1 428 978 A1

20

72
41
43
4‘3 72 439 NN,
=\ i HH.MMW
3\ QO Y\_, ) \ ‘ | ) /
N /
43f 49 49 \
\ AN wg  43c W8 \
) 43d ‘
|4 e W9 43f, j
: g 49|
o 48 '~ . \
/ \ 64 \ x
\ 62 48\
‘\ : W6 ;
| 43¢ NE<—43e |
.-’ W7 \ /
/\ | . w7 L
. 48e- \
[ 748e
' 52/ /
A 64 } < p
N\, . \ / i
\.‘\ W5\ s / 71/
" ~. /7
N ~
21— XSS
84



EP 1 428 978 A1

FIG.10

85

S3

21



EP 1 428 978 A1

FIG.11

22



EP 1 428 978 A1

23



EP 1 428 978 A1

FIG.13

|
_
— .
o
w_ |
o
mp
T @ |
< M |
..T||_ﬂ 4 C 4.
\\\\” _
iy ﬁ |
R S L *_
o ' | _
S N\ F y
S N N i
o ,. | i
5 - S

C— ~ 1

<

24



FIG.14A

FIG.14B

EP 1 428 978 A1

25



EP 1 428 978 A1

G |
8% \ !
L0E SANVA 2 SL|

N3I3ami3g 3oNy G2 \

|

_

SL- ASYHJ |
NOILI1dNOD  9L- ¥ |
LSNVHX3 _
*

_

(2d) td
(,081) .0-- \.

2€ NOILO3S %
JONVHYITO A

INVLSNOD
9L+

GL+ 3SYHA ° Y
NOILVILINI IXVLNI

>
(0 0)
<t

W

\y

| HOLOH 40
oLk u_Omm SZ| NoILo3HIa TWNOILV.10E TP I
v6 | <
NOILO3HIA TYNOILV1OY mml €6

1l |

V&Gl bl

o L0E SINVA
NIIMLIgIONVY P

J¢ - 3SVHd
NOILITdINOD
1SNVYHX3

NOILVILINI IHVLNI

.yt dSVHd

asi'old

26



EP 1 428 978 A1

FIG.16

INTAKE STROKE 1

Z]
o
— )
pa I
Q — o
o < N 0
- = N\ =
L < 3
< B | X
- (=) <t o) LU |
Z X D
= <
nmu 7
< .. /; 1O
0 Y,
~ W\ + / ,
s / .
<
A o O I/
A\\\S 20 oﬂy AN B
304 {1} 403 .y -
. 4_ @ . p <
\ , )
/ (OO B 4
// < -F o
!/ s S| ~  \
J / - | " N\,
/\h S e ™~ _ ™~ < > \ \
................... . el I WA S SO W

27



EP 1 428 978 A1

FIG.A7

INTAKE STROKE 2

/]
/I/l ’/’
/

14

7 [INTAKE REGION]|

48 AL 439\ \ 41

RN 72(f)
N\ /43 "

.71 e
% 71-9 O )43

|
i
|
|
|
|
|
AT~V — ||
i Q.’ 4 72(r)

I T B
)

l

' 8

: 74/ N 4_3/6/ = Ad
X =
A \
-
7 SX/439

91/ / [EXHAUST REGION

13d

28



EP 1 428 978 A1

FIG.18

=
QO
- 0
6 o) c
O] QA
Y O 9|
o <
L - o) XL
X = <
™ < = Y S 2 5 i
L |l B (o)) Yo
¢ Z| « (o2 s :
<~ ™ \{ 7
Q < \ | ]
C AV -
T o\ N o
n ; 7
L o \ —_— .
< < S R
O
z ¥ 20 3 3
5_ § =
M~ N\ LI\ SS] - O
/ (@) (@) RN
\ \ o d‘~.$0 . /., D
/ I A@ux = A
I/ : ! ~.. ~_ N\
) - -~ ~ A
i L 0 T - KR < S /,/ \
.................. rlh‘l.ltll.l.llll L%IFILl

29



EP 1 428 978 A1

FIG.19

=
o
O
Ll
o
(]|
- <
L -
X Z
O Sl
oC
T
)]
<
4
A ~—
—
Z
/ \
-
!/
I
-

EXHAUST REGION

30



EP 1 428 978 A1

FIG.20

INTAKE STROKE 2

[INTAKE REGION

[EXHAUST REGION|

31



EP 1 428 978 A1

| . INTAKE STROKE 3
RN
|
|
N
| IINTAKE REGION|
; 72(f)
|
o~
=~/ A
~
e
|
l \y
'R
, |
)
|
|
|
|
|
|
-
s
| EXHAUST REGION
|
|

32



EP 1 428 978 A1

INTERNATIONAL SEARCH KEPOK1 Intermational application No.
PCT/JP02/09720

A. CLASSIFICATION OF SUBJECT MATTER
Int.Cl’ F01C1/344, F01B13/06, F04C18/344, F04B27/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl’ FOlC, FOlB, F04C, F04B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2002
Kokai Jitsuyo Shinan Koho 1971-2002 Toroku Jitsuyo Shinan Koho  1994-2002

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 00/53926 A1 (HONDA GIKEN KOGYC KABUSHIKI 1-2
KAISHA),

02 March, 2000 (02.03.00),

Full text; Figs. 1 to 24

& JP 2000-320453 A & AU 2825300 A
& JP 2000-320301 A & BR 9245 A

& EP 1158162 A

Y JP 2-163492 A (Nippon Carbureter Co., Ltd.), 1-2
22 June, 1990 (22.06.90),

Page 2, upper right column, lines 3 to 7
Figs. 1 to 2

(Family: none)

D Further documents are listed in the continuation of Box C. l:] See patent family annex.

* Special categories of cited documents: “T”  later document published after the intemational filing date or
“A”  document defining the gencral state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention
“E” earlier document but published on or after the international filing “X”  document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“Q” document referring to an oral disclosure, use, exhibition or other cornbined with one or more other such documents, such
means combination being obvious to a person skilled in the art
“p”  document published prior to the international filing date but later ~ “&” document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
02 December, 2002 (02.12.02) 17 December, 2002 (17.12.02)
Name and mailing address of thc ISA/ Authorized officer

Japanese Patent Office

Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 1998)

33




	bibliography
	description
	claims
	drawings
	search report

