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Description
[Technical Field]

[0001]
chine.

The present invention relates to a rotary ma-

[Background Art]

[0002] A rotary machine such as a centrifugal com-
pressor compresses a working fluid using a centrifugal
force generated when an impeller rotates, by flowing the
working fluid inside the rotating impeller. As a centrifugal
compressor, a multistage centrifugal compressor is
known which gradually compresses the working fluid us-
ing a plurality of impellers.

[0003] An example of such a multistage centrifugal
compressor is described in Patent Literature 1. The cen-
trifugal compressor described in Patent Literature 1 is a
single-shaft multistage centrifugal compressor in which
a plurality of impellers are mounted on the same rotary
shaft. In the single-shaft multistage centrifugal compres-
sor, a plurality ofimpellers are mounted to the rotary shaft
in the casing side by side in the axial direction.

[Citation List]
[Patent Literature]
[Patent Literature 1]

[0004] Japanese Unexamined Patent Application,
First Publication No.2001-107888

[Summary of Invention]
[Technical Problem]

[0005] Incidentally, in the aforementioned centrifugal
compressor, a thrust force is generated so that the im-
peller turns and compresses the working fluid to press
the impeller toward a first side in the axial direction in
which the working fluid flows with respect to the rotary
shaft. In particular, in a structure in which a plurality of
impellers are disposed in the same direction like in a
multistage centrifugal compressor, the thrust force in-
creases. Thus, in such a centrifugal compressor, in order
to weaken the thrust force to the first side in the axial
direction generated by the impellers, a balance piston,
which balances the thrust forces acting on the rotary shaft
by generating a thrust force in the opposite direction, is
disposed to be adjacent to the last stage of the impellers.
[0006] However, in a rotary machine such as a multi-
stage centrifugal compressor in which the high-pressure
working fluid is distributed, a high-pressure working fluid
enters agap between the impeller and the balance piston.
For this reason, when using the working fluid in which a
solid product is easily generated, there is a risk of dep-
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osition of the solid product in such a gap, which may
hinder the operation of the rotary machine.

[0007] An object of the present invention is to provide
a rotary machine capable of balancing the thrust forces
acting on the rotary shaft by preventing formation of this

gap.
[Solution to Problem]

[0008] According to a first aspect of the present inven-
tion, there is provided a rotary machine which is provided
with a rotary shaft which rotates about an axis; a plurality
of impellers which have a disk rotating with the rotary
shaft, and an internal flow passage formed to discharge
a working fluid, which flows in from a first side in an axial
direction in which the axis extends, toward an outer side
in a radial direction, the plurality of impellers being dis-
posed side by side in the axial direction; and a casing in
which a casing flow passage is formed to flow the working
fluid from the impeller disposed on the first side in the
axial direction to the impeller adjacent to a second side,
wherein among the plurality of impellers, an impeller dis-
posed nearest to the second side in the axial direction
has a protrusion portion which is disposed in a space
communicating with an upstream part of the casing flow
passage, which protrudes from a back side facing the
second side of the disk in the axial direction, and which
is integrally formed with the disk, and the protrusion por-
tion has a sealing surface which is formed to be parallel
to an outer surface of the rotary shaft to seal a gap in a
radial direction between the protrusion portion and the
casing, and a pressure-receiving surface which extends
from the outer surface of the rotary shaft to the sealing
surface.

[0009] According to such a rotary machine, since the
protrusion portion is provided on the disk of the last stage
impeller nearest to the second side in the axial direction.
As aresult, athrustforce directed in the opposite direction
to the thrust force generated by the plurality of other im-
pellers can be generated on the rotary shaft by the last
stage impeller. Thus, the thrust force acting on the rotary
shaft can be adjusted. Further, by adjusting the thrust
force generated on the rotary shaft by the protrusion por-
tion integrally formed with the disk, the balance piston
and the disk can substantially be integrally formed. Ac-
cordingly, it is unnecessary to use a separate member,
and it is possible to prevent formation of an unnecessary
gap.

[0010] In the rotary machine according to another as-
pect of the present invention, a suction port may be
formed in the casing to allow the working fluid to flow into
the casing flow passage from the outside, and the suction
port and the space may communicate with each other.
[0011] According to such a rotary machine, since the
space communicates with the suction port, it is possible
to maximize the force acting on the pressure-receiving
surface pulling from the first side toward the second side
in the axial direction. Therefore, it is possible to increase
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the thrust force directed toward the second side in the
axial direction acting on the rotary shaft from the impellers
via the disk provided with the protrusion portion. Thus,
even when a large thrust force is generated on the rotary
shaft, it is possible to stably balance the thrust forces
generated on the rotary shaft.

[0012] In the rotary machine according to another as-
pect of the present invention, the protrusion portion may
have a recess portion which is recessed from the pres-
sure-receiving surface toward the first side in the axial
direction, at a radially inner side of the sealing surface.
[0013] According to such a centrifugal compressor, by
forming the recess portion, an increase in weight of the
impeller having the protrusion portion can be limited.
[0014] According to a second aspect of the present
invention, there is provided an impeller disposed nearest
to a second side of a rotary machine in an axial direction,
and the rotary machine includes, a rotary shaft which
rotates about an axis, a plurality of impellers which have
a disk rotating with the rotary shaft, and an internal flow
passage formed to discharge a working fluid, which flows
in from a first side in the axial direction in which the axis
extends, toward an outer side in a radial direction, the
plurality of impellers being disposed side by side in the
axial direction, and a casing in which a casing flow pas-
sage is formed to circulate the working fluid from the im-
peller disposed on the first side in the axial direction to
the impeller adjacent to the second side, the impeller
includes: a protrusion portion which protrudes from a
back side facing the second side of the disk in the axial
direction, and which is integrally formed with the disk,
and which is disposed in a space communicating with an
upstream side of the casing flow passage, wherein the
protrusion portion has a sealing surface which is formed
to be parallel to an outer surface of the rotary shaft to
seal a gap in the radial direction between the protrusion
portion and the casing, and a pressure-receiving surface
which extends from the outer surface of the rotary shaft
to the sealing surface.

[Advantageous Effects of Invention]

[0015] According to the aforementioned rotary ma-
chine, it is possible to balance the thrust forces acting on
the rotary shaft by the protrusion portion integrally formed
with the disk. Further, it is possible to prevent formation
of a gap on the rear surface of the disk.

[Brief Description of Drawings]
[0016]

Fig. 1 is a schematic diagram showing a centrifugal
compressor in an embodiment of the present inven-
tion.

Fig. 2 is an enlarged view showing an impeller of the
last stage of the centrifugal compressor according
to the embodiment of the present invention.
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[Description of Embodiments]

[0017] Hereinafter, an embodiment of the present in-
vention will be described with reference to Figs. 1 and 2.
[0018] A rotary machine of the present embodiment is
a centrifugal compressor 1, and is a single-shaft multi-
stage centrifugal compressor in the presentembodiment.
The centrifugal compressor 1 of the present embodiment
is used, for example, in a nitric acid plant or the like, and
distributes and compresses the nitric acid as a working
fluid F. As shown in Fig. 1, the centrifugal compressor 1
ofthe presentembodimentincludes arotary shaft 2 which
rotates about an axis O, a plurality of impellers 3 fixed to
the rotary shaft 2 to be integrally rotatable, and a casing
4 which houses the rotary shaft 2 and the impellers 3
therein.

[0019] The rotary shaft 2 has a columnar shape ex-
tending along the axis O and is rotated around the axis
O by a power source such as an electric motor (not
shown). The impellers 3 housed in the casing 4 are ex-
ternally fitted to the rotary shaft 2. The rotary shaft 2 and
the impellers 3 turn together about the axis O. The rotary
shaft 2 is rotatably supported on the casing 4 by a journal
bearing 41 and a thrust bearing 42, and is rotationally
driven by an electric motor (not shown).

[0020] The plurality of impellers 3 are disposed side
by side at intervals in the direction of the axis O (i.e.,
extending direction of the axis O of the rotary shaft 2),
and are housed inside the casing 4. The centrifugal com-
pressor 1 of the present embodiment includes five com-
pressor stages 11, 12, 13, 14 and 15 to correspond to
the respective impellers 3 disposed in the direction of the
axis O. The five compressor stages include a first stage
compressor stage (a foremost stage compressor stage)
11 disposed at a foremost stage nearest to the first side
(the left side of the sheet in Fig. 1) in the direction of the
axis O to a fifth stage compressor stage (a last stage
compressor stage) 15 disposed at a last stage nearest
to the second side (the right side of the sheet in Fig. 1)
in the direction of the axis O.

[0021] The casing 4 is formed to make a substantially
columnar outline and the rotary shaft 2 is disposed to
penetrate through the center thereof. The casing 4 is pro-
vided with journal bearings 41 on both sides in the direc-
tion of the axis O. The casing 4 is provided with a thrust
bearing 42 on the first side in the direction of the axis O.
That is, the casing 4 supports the rotary shaft 2 via the
journal bearings 41 and the thrust bearing 42. The casing
4 is provided with an internal space that repeatedly re-
duces and expands in diameter. The casing 4 houses
the plurality of impellers 3 in the internal space. A casing
flow passage 43 is formed in the casing 4 to distribute
the working fluid F from the impeller 3 disposed on the
upstream side (i.e., the first side in the direction of the
axis O) to the impeller 3 adjacent on the downstream
side (i.e., the second side in the direction of the axis O).
In the casing 4, a low-pressure space 44 as a space
communicating with the upstream part (which is the up-
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stream side from this low-pressure space 44) of the cas-
ing flow passage 43 is formed.

[0022] The casingflow passage 43 communicates with
the interior of the casing 4 via the impeller 3, from a suc-
tion port 431 which causes the working fluid F to flow in
from the outside, to a discharge port 434 which discharg-
es the working fluid F to the outside. The suction port 431
is provided at the end portion of the casing 4 of one side
(i.e., the first side of the rotary shaft 2 in the direction of
the axis O) which causes the working fluid F to flow in
from the outside. The discharge port 434 is provided at
the end portion of the other side (i.e., the second side
facing the opposite side to the first side in the direction
of the axis O).

[0023] Specifically, the casing flow passage 43 of the
present embodiment has a suction port 431, a diffuser
flow passage 432, a return flow passage 433, and a dis-
charge port434. The suction port431 causes the working
fluid F to flow in from the outside. The working fluid F is
introduced from the internal flow passage 34 of the im-
peller 3 to be described later into the diffuser flow pas-
sage 432. The working fluid F is introduced from the dif-
fuser flow passage 432 into the return flow passage 433
and introduce the working fluid F into the internal flow
passage 34 of the impeller 3 from the return flow passage
433. The discharge port 434 discharges the working fluid
F to the outside.

[0024] The suction port 431 communicates with the
outside of the casing 4 at the end portion of the first side
of the casing 4 in the direction of the axis O. The suction
port 431 is connected to an inlet of the internal flow pas-
sage 34 of the foremost stage impeller 3 provided at the
end portion of the first side in the direction of the axis O.
[0025] In the diffuser flow passage 432, the radially
inner side of the casing 4 centered around the rotary shaft
2 communicates with the outlet of the internal flow pas-
sage 34 of the impeller 3 to distribute the working fluid F
increased in pressure by the impeller 3 toward the outside
in the radial direction.

[0026] A first end side of the return flow passage 433
communicates with the diffuser flow passage 432. A sec-
ond end side of the return flow passage 433 communi-
cates with the inlet of the internal flow passage 34 of the
impeller 3. The return flow passage 433 reverses the flow
direction of the working fluid F, which has flowed toward
the outside in the radial direction through the diffuser flow
passage 432, to face inward in the radial direction.
[0027] The discharge port 434 communicates with the
outside of the casing 4 at the second end portion of the
casing 4 in the direction of the axis O. The discharge port
434 is connected to the outlet of the internal flow passage
34 of the last stage impeller 3 provided at the second end
portion in the direction of the axis O.

[0028] The low-pressure space 44 is formed on the
second side of the last stage impeller 3 of the casing 4
in the direction of the axis O. The low-pressure space 44
communicates with the casing flow passage 43 on the
upstream side of the last stage impeller 3. That is, the
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low-pressure space 44 communicates with a portion in
the casing flow passage 43 that has a pressure lower
than that of the working fluid F compressed by the last
stage impeller 3. In the present embodiment, the low-
pressure space 44 communicates with the suction port
431 having the lowest pressure in the casing flow pas-
sage 43, and has the same pressure as the suction port
431.

[0029] As shown in Fig. 2, each of the impellers 3 has
a substantially disc-like disk 31 and a plurality of blades
32. The disk 31 gradually increases in diameter toward
the outside in the radial direction. The blades 32 are ra-
dially attached to the disk 31 and arranged in the circum-
ferential direction to stand from the surface of the disk
31 toward a first side of the rotary shaft 2 in the direction
of the axis O. The impeller 3 has a cover 33 attached to
cover the plurality of blades 32 in the circumferential di-
rection from the first side in the direction of the axis O.
[0030] Each impeller 3 may be an open impeller that
does not have the cover 33.

[0031] The impeller 3 is formed with an internal flow
passage 34 which is a space through which the working
fluid F flowing in from the first side in the direction of the
axis O is circulated to be discharged toward the outside
in the radial direction.

[0032] This internal flow passage 34 is defined by two
surfaces of the pair of blades 32 adjacent to each other
in the circumferential direction, and by surfaces of the
disk 31 and the cover 33 which are provided on both
sides of the blade 32 in the direction of the axis O. The
internal flow passage 34 takes in and discharges the
working fluid F by the blade 32 being rotated integrally
with the disk 31. Specifically, the internal flow passage
34 serves as an inlet through which the working fluid F
flows into the first side in the direction of the axis O of
the blade 32, that is, the inside in the radial direction of
the blade 32, and takes in the working fluid F from this
inlet. The internal flow passage 34 serves as an outlet
from which the working fluid F flows out in the radial di-
rection, and discharges the guided working fluid F from
this outlet..

[0033] The disk 31 has a small diameter on the front
side facing the first side in the direction of the axis O, and
a large diameter on a back side 311 facing the second
side inthe axis O direction. The disk 31 gradually increas-
es in diameter from the front side which is the first side
in the direction of the axis O toward the back side 311
which is the second side. That is, the disk 31 has a sub-
stantially disk shape when viewed in the direction of the
axis O, and has an approximately umbrella shape as a
whole.

[0034] On the radially inner side of the disk 31, a
through-hole penetrating the disk 31 in the direction of
the axis O is formed. By inserting the rotary shaft 2 into
the through-hole to be fitted via shrinkage fitting (not
shown) or a key, the impeller 3 is fixed to the rotary shaft
2 and can turn integrally with the rotary shaft 2.

[0035] Among the plurality of impellers 3, at least the
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impeller 3 disposed nearest to the second side in the
direction of the axis O has a protrusion portion 5 which
is formed integrally with the disk 31. In the present em-
bodiment, as shown in Fig. 1, only the impeller 3 disposed
at the fifth stage compressor stage 15 of the last stage
which is the second most side in the direction of the axis
O has the protrusion portion 5.

[0036] The protrusion portion 5 protrudes rearward in
the direction of the axis O from the back side 311 of the
disk 31 which is a surface intersecting with the outer sur-
face 21 of the rotary shaft 2. The protrusion portion 5 is
disposed in the low-pressure space 44. The protrusion
portion 5 of this embodiment annularly protrudes from
the back side 311 of the disk 31 to surround the through-
hole of the disk 31. As shown in Fig. 2, the protrusion
portion 5 of the present embodiment has a sealing sur-
face 51, a pressure-receiving surface 52 and a recess
portion 53. The sealing surface 51 is formed to be parallel
to the outer surface 21 of the rotary shaft2. The pressure-
receiving surface 52 is extending from the outer surface
21 of the rotary shaft 2 to the sealing surface 51. The
recess portion 53 is recessed from the pressure-receiv-
ing surface 52.

[0037] The sealing surface 51 seals a radial gap be-
tween the casing 4 and the disk 31. The sealing surface
51 is a horizontal surface that faces the radially outer
side of the protrusion portion 5 and extends to be parallel
to the axis O. The sealing surface 51 of the present em-
bodiment has a labyrinth seal 51a. The sealing surface
51 extends from the back side 311 of the disk 31 by a
width necessary for sealing the working fluid F from a
first side to a second side in the direction of the axis O.
Thatis, the sealing surface 51 of the present embodiment
seals between the the disk 31 and the horizontal plane
facing the radially inner side of the casing 4. Therefore,
the sealing surface 51 limits leakage of the high-pressure
working fluid F discharged from the internal flow passage
34 of the impeller 3 toward the low-pressure space 44.

[0038] Inthe presentembodiment, a protrusion portion
amount of the protrusion portion 5 from the back side 311
of the disk 31 is determined by the width of the sealing
surface 51 in the direction of the axis O.

[0039] The sealing surface 51 is formed at a position
spaced apart from the outer surface 21 of the rotary shaft
2 by a predetermined distance. Specifically, the prede-
termined distance from the outer surface 21 of the rotary
shaft 2, on which the sealing surface 51 is formed in this
embodiment, is a radial length of the pressure-receiving
surface 52 from the outer surface 21 of the rotary shaft
2 when the pressure-receiving surface 52 is viewed from
the second side in the direction of the axis O. The pre-
determined distance is a value which is preset for each
centrifugal compressor 1. The predetermined distance
is determined depending on the magnitude of the force
received by the pressure-receiving surface 52 to balance
the thrust forces acting on the rotary shaft 2. The prede-
termined distance of the present embodiment is deter-
mined by the ratio of the magnitude of the pressure of
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the low-pressure space 44 to the magnitude of the pres-
sure of the working fluid F compressed by the last stage
impeller 3.

[0040] Therefore, the sealing surface 51 of the present
embodiment is determined, for example, such that a
force, which has the same magnitude as the thrust force
to the first side in the direction of the axis O generated
on the rotary shaft 2 by the other four impellers 3 other
than the last stage impeller 3, and has a magnitude ca-
pable of generating a force to the second side in the di-
rection of axis O as the opposite side to the first side on
the rotary shaft 2, acts on the pressure-receiving surface
52 only via the last stage impeller 3 provided with the
protrusion portion 5.

[0041] The pressure-receiving surface 52 is a surface
which is formed to face the low-pressure space 44 and
faces the second side of the protrusion portion 5 in the
direction of the axis O. The pressure-receiving surface
52 receives a force so as to be drawn toward the low-
pressure space 44 to the second side in the direction of
the axis O. The pressure-receiving surface 52 of the
present embodiment includes a main pressure-receiving
surface 521 and a first pressure-receiving surface 522
and a second pressure-receiving surface 523. The main
pressure-receiving surface 521 is formed by being con-
nected to the second end portion of the sealing surface
51 in the direction of the axis O. The first pressure-re-
ceiving surface 522 and the second pressure-receiving
surface 523 are formed by the recess portion 53 to be
described later.

[0042] The main pressure-receiving surface 521 is a
surface which perpendicularly extends radially inward
from the second end portion of the sealing surface 51 in
the direction of the axis O. That is, the main pressure-
receiving surface 521 is a surface orthogonal to the outer
surface 21 of the rotary shaft 2 and faces the second side
in the direction of the axis O.

[0043] The recess portion 53 is recessed to the first
side in the direction of the axis O from the pressure-re-
ceiving surface 52 on the radially inner side of the sealing
surface 51. The recess portion 53 of the present embod-
iment is recessed from the main pressure-receiving sur-
face 521 to form a first pressure-receiving surface 522
and a second pressure-receiving surface 523. The first
pressure-receiving surface 522 is a part of the pressure-
receiving surface 52 and is orthogonal to the outer sur-
face 21 of the rotary shaft 2. The second pressure-re-
ceiving surface 523 is inclined to face the outer surface
21 of the rotary shaft 2 on the radially outer side of the
first pressure-receiving surface 522.

[0044] The first pressure-receiving surface 522 is a
surface which vertically extends radially outward from
the second end portion of the through-hole of the disk 31
in the direction of the axis O. That is, the first pressure-
receiving surface 522 is formed to be parallel to the main
pressure-receiving surface 521 and the back side 311 of
the disk 31. The first pressure-receiving surface 522 fac-
es the second side in the direction of the axis O. The first



9 EP 3 168 479 A1 10

pressure-receiving surface 522 of the present embodi-
ment is formed such that the position in the direction of
the axis O is the same as the position of the rear surface
311 of the disk 31.

[0045] The second pressure-receiving surface 523 is
a surface which connects the first pressure-receiving sur-
face 522 and the main pressure-receiving surface 521.
More specifically, the second pressure-receiving surface
523 is extending to the second side in the direction of the
axis O from the radially outer end portion of the first pres-
sure-receiving surface 522 toward the outer side in the
radial direction. The second pressure-receiving surface
523 is formed to be connected to the radially inner end
portion of the main pressure-receiving surface 521. That
is, the second pressure-receiving surface 523 is inclined
to face the second side in the direction of the axis O and
the inner side in the radial direction.

[0046] Next, the operation of the centrifugal compres-
sor 1, which is the rotary machine having the above-de-
scribed structure, will be described.

[0047] In the centrifugal compressor 1 as described
above, the working fluid F flowing into the suction port
431 flows, while being compressed in the order of the
internal flow passage 34, the diffuser flow passage 432
and the return flow passage 433 of the first stage impeller
3 disposed at the first stage compressor stage 11. And
thereafter, the working fluid F flows, while being com-
pressed in the order of the internal flow passage 34, the
diffuser flow passage 432 and the return flow passage
433 of the second stage impeller 3 disposed at the sec-
ond compressor stage 12. Further, the working fluid F
flowing from the final stage impeller 3 disposed at the
fifth stage compressor stage 15 to the diffuser flow pas-
sage 432 is discharged to the outside via the discharge
port 434. The working fluid F is compressed, by flowing
through the internal flow passage 34 of each impeller 3,
while flowing in the aforementioned order. That is, in the
centrifugal compressor 1 of the present embodiment, the
working fluid F is gradually compressed by the plurality
of impellers 3, thereby obtaining a large compression ra-
tio.

[0048] According to the centrifugal compressor 1 as
described above, by gradually compressing the working
fluid F using the plurality of impellers 3, on the rotary shaft
2 fixed to the impeller 3 via the disk 31, the thrust force
is generated toward the first side in the direction of the
axis O. However, since the protrusion portion 5 is pro-
vided on the disk 31 of the last stage impeller 3 of the
nearest the second side in the direction of the axis O, it
is possible to generate the thrust force directed to the
second side in the direction of the axis O, which is in the
direction opposite to the thrust force generated by the
impellers 3 from the first stage to the fourth stage, on the
rotary shaft 2, by the last stage impeller 3.

[0049] Specifically, the protrusion portion 5 is provided
in the low-pressure space 44, and the high-pressure
working fluid F discharged from the internal flow passage
34 of the last stage impeller 3 is sealed by the sealing
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surface 51 to prevent the working fluid from leaking out
toward the low-pressure space 44. Therefore, with the
sealing surface 51 as a boundary, the pressure of the
low-pressure space 44 on the second side in the direction
of the axis O becomes lower than the pressure around
the impeller 3 on the first side in the direction of the axis
O. Therefore, a pressure lower than that on the cover 33
and the back side 311 acts on the pressure-receiving
surface 52 constituted by the first pressure-receiving sur-
face 522, the second pressure-receiving surface 523 and
the main pressure-receiving surface 521. As aresult, the
thrust force directed toward the second side in the direc-
tion of the axis O from the last stage impeller via the disk
31 provided with the protrusion portion 5 can be gener-
ated on the rotary shaft 2

[0050] As aresult, the thrust force applied to the rotary
shaft 2 by the impellers 3 from the first stage to the fourth
stage can be weakened by the last stage impeller 3. Thus,
the thrust force acting on the rotary shaft 2 can be ad-
justed. Therefore, it is possible to prevent the rotary shaft
2 from deviating in the direction of the axis O.

[0051] Further, for example, as in the present embod-
iment, if the centrifugal compressor 1 is used in a nitric
acid plant and nitric acid is used as the working fluid F,
when some of ammonia used in a previous process er-
roneously flows into the casing flow passage 43, nitric
acid and ammonia react with each other, and ammonium
nitrate is produced as a solid product. Therefore, if an
annular separate member as a balance piston is dis-
posed on the back side 311 of the disk 31 of the last stage
impeller 3 to try to adjust the thrust force generated in
the rotary shaft 2, when the high-pressure working fluid
F flows in, the solid product is accumulated in the gap
formed between the back side 311 of the disk 31 and the
separate member.

[0052] Even when the back side 311 of the disk 31 and
the separate member are brought into contact with each
other in a sealable state with metal touch so that no gap
is formed, since the flowing working fluid F is at a high
pressure, it is difficult to prevent the working fluid F from
flowing into the gap.

[0053] However, by adjusting the thrust force generat-
ed on the rotary shaft 2 by the protrusion portion 5 formed
integrally with the disk 31, since the balance piston and
the disk 31 can substantially be integrally formed, it is
unnecessary to use a separate member, anditis possible
to prevent the formation of an unnecessary gap.

[0054] This enables prevention of the formation of a
gap and balancing of the thrust forces on the rotary shaft
2.

[0055] Further, since the low-pressure space 44 com-
municates with the suction port 431 having the lowest
pressure in the casing flow passage 43, it is possible to
maximize the force which acts on the pressure-receiving
surface 52 pulling from the first side toward the second
side in the direction of the axis O. Therefore, itis possible
to increase the thrust force from the last stage impeller
3 toward the second side in the direction of the axis O
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acting on the rotary shaft 2 via the disk 31 provided with
the protrusion portion 5. Thus, by providing a plurality of
impellers 3, even when a large thrust force is generated
on the rotary shaft 2, it is possible to stably balance the
thrust force generated in the rotary shaft 2. Therefore, it
is possible to stably limit the deviation of the rotary shaft
2 in the direction of the axis O.

[0056] Further, since the position in the radial direction
at which the sealing surface 51 is formed is determined
depending on the magnitude of the force acting on the
pressure-receiving surface 52 to the second side in the
direction of the axis O which is the low-pressure space
44 side, when simply forming the protrusion portion 5,
the protrusion portion 5 is formed to be large in the radial
direction. However, since the recess portion 53 recessed
from the pressure-receiving surface 52 is formed, it is
possible to form the protrusion portion 5 to be small by
reducing the thickness of the protrusion portion 5, while
forming the pressure-receiving surface 52. Therefore, by
forming the recess portion 53, it is possible to limit an
increase in the weight of the impeller 3 having the pro-
trusion portion 5.

[0057] Further, since the protrusion portion 5 is formed
integrally with the disk 31, it is not necessary to fix a
separate member such as a balance piston on the back
side 311 of the disk 31. Therefore, it is not necessary to
secure a space on the outer surface 21 of the rotary shaft
2 in order to fix the separate member to the rotary shaft
2 by shrink-fitting. As a result, the length of the rotary
shaft 2 in the direction of the axis O can be shortened,
and vibration of the rotary shaft 2 can be suppressed.
[0058] Further, since the sealing surface 51 is formed
to be parallel with the outer surface 21 of the rotary shaft
2, even when elongation in the direction of the axis O
occurs in the rotary shaft 2, it is possible to prevent the
rotary machine such as the centrifugal compressor 1 hav-
ing a plurality of impellers 3 from being influenced by the
elongation. For example, if the sealing surface 51 is
formed to be inclined or formed in a stepwise shape,
when elongation in the direction of the axis O occurs in
the rotary shaft 2, there is a risk of contact of the sealing
surface 51 with the casing 4. As a result, there is a risk
of damage to the rotary shaft 2 as well as damage to the
sealing performance. However, since the sealing surface
51 is formed to be parallel with the outer surface 21 of
the rotary shaft 2, even when the position of the sealing
surface 51 moves in the direction of the axis O, itis pos-
sible to secure the sealing performance, without coming
into contact with the casing 4.

[0059] Although the embodiments of the present in-
vention have been described in detail with reference to
the drawings, the respective configurations in each em-
bodiment, combinations thereof, and the like are merely
examples, and additions, omissions substitutions and
other changes of configurations may be made within the
scope that does not depart from the spirit of the present
invention. Also, the presentinvention is not limited by the
embodiments, and is limited only by the claims.
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[0060] In the present embodiment, the recess portion
53 is formed to form the first pressure-receiving surface
522 and the second pressure-receiving surface 523 on
the protrusion portion 5, but the present invention is not
limited to such a structure. For example, the recess por-
tion 53 may have an arbitrary shape such that the recess
portion 53 is recessed from the main pressure-receiving
surface 521 in a semicircular cross section. In addition,
the recess portion 53 itself may not be formed in the pro-
trusion portion 5.

[0061] Further, the impeller 3 is not limited to a config-
uration in which five impellers 3 are disposed as in the
centrifugal compressor 1 of the present embodiment. For
example, impellers 3 with less than four stages may be
provided, and six stages or more of impellers 3 may be
provided.

[Industrial Applicability]

[0062] According to the aforementioned rotary ma-
chine, itis possible to prevent generation of a gap by the
protrusion portion 5 integrally formed with the disk 31,
and it is possible to balance the thrust forces acting on
the rotary shaft 2.

[Reference Signs List]

[0063]

) Axis

F working fluid

1 Centrifugal compressor

2 Rotary shaft

21 Outer surface

3 Impeller

31 Disk

311 Back side

32 Blade

33 Cover

34 Internal flow passage

5 Protrusion portion

51 Sealing surface

51a  Labyrinth seal

52 Pressure-receiving surface
521  Main pressure-receiving surface

522  First pressure-receiving surface
523  Second pressure-receiving surface
53 Recess portion

4 Casing

41 Journal bearing

42 Thrust bearing
43 Casing flow passage

431  Suction port

432  Diffuser flow passage
433  Return flow passage
434  Discharge port

44 Low-pressure space
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Claims

A rotary machine comprising:

a rotary shaft which rotates about an axis;

a plurality of impellers which have a disk rotating
with the rotary shaft, and an internal flow pas-
sage formed to discharge a working fluid, which
flows in from a first side in an axial direction in
which the axis extends, toward an outer side in
aradial direction, the plurality of impellers being
disposed side by side in the axial direction; and
a casing in which a casing flow passage is
formed to flow the working fluid from an impeller
disposed on the first side in the axial direction
to an impeller adjacent to a second side,
wherein among the plurality of impellers, an im-
peller disposed nearest to the second side in the
axial direction has a protrusion portion which is
disposed in a space communicating with an up-
stream part of the casing flow passage, which
protrudes from a back side facing the second
side of the disk in the axial direction, and which
is formed integrally with the disk, and

the protrusion portion has:

a sealing surface which is formed to be par-
allel to an outer surface of the rotary shaft
to seal a gap in a radial direction between
the protrusion portion and the casing, and

apressure-receiving surface which extends
from the outer surface of the rotary shaft to
the sealing surface.

The rotary machine according to claim 1, wherein a
suction port is formed in the casing to allow the work-
ing fluid to flow into the casing flow passage from
the outside, and the suction port and the space com-
municate with each other.

The rotary machine according to claim 1 or 2, where-
in the protrusion portion has a recess portion which
is recessed from the pressure-receiving surface to-
ward the first side in the axial direction on a radially
inner side of the sealing surface.

An impeller disposed nearest to a second side of a
rotary machine in an axial direction, the rotary ma-
chine including, a rotary shaft which rotates about
an axis, a plurality of impellers which have a disk
rotating with the rotary shaft, and an internal flow
passage formed to discharge a working fluid, which
flows in from a first side in the axial direction in which
the axis extends, toward an outer side in a radial
direction, the plurality of impellers being disposed
side by side in the axial direction, and a casing in
which a casing flow passage is formed to circulate
the working fluid from an impeller disposed on the
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first side in the axial direction to an impeller adjacent
to the second side, the impeller comprising:

a protrusion portion which protrudes from a back
side facing the second side of the disk in the
axial direction, which is integrally formed with
the disk, and which is disposed in a space com-
municating with an upstream side of the casing
flow passage,

wherein the protrusion portion has:

a sealing surface which is formed to be par-
allel to an outer surface of the rotary shaft
to seal a gap in the radial direction between
the protrusion portion and the casing, and
apressure-receiving surface which extends
from the outer surface of the rotary shaft to
the sealing surface.
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