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A rotary machine is provided with a plurality of impellers (3) 
(21) Appl. No.: 15/503,237 which have a disk (31) rotating with a rotary shaft (2), the 

impellers being arranged side by side; and a casing (4) in 
(22) PCT Filed: Sep. 8, 2014 which a casing flow passage (43) is formed to distribute a 

working medium therein. An impeller (3) disposed farthest 
(86). PCT No.: PCT/UP2014/073685 away from a second side in the axial direction is disposed in 

S 371 (c)(1), a space communicating with an upstream part of the casing 
(2) Date: Feb. 10, 2017 flow passage (43), and a protrusion portion (5) protruding 

from a back side (311) of the disk (31). The protrusion 
Publication Classification portion (5) has a sealing surface (51) which is formed to be 

(51) Int. Cl. parallel to an outer surface (21) of the rotary shaft (2) to seal 
F4D L/08 (2006.01) a gap between itself and the casing (4), and a pressure 
F4D 29/16 (2006.01) receiving surface (51) which extends from the outer surface 
F4D 29/52 (2006.01) (21) to the sealing surface (51). 
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ROTARY MACHINE 

TECHNICAL FIELD 

0001. The present invention relates to a rotary machine. 

BACKGROUND ART 

0002. A rotary machine such as a centrifugal compressor 
compresses a working fluid using a centrifugal force gen 
erated when an impeller rotates, by flowing the working 
fluid inside the rotating impeller. As a centrifugal compres 
Sor, a multistage centrifugal compressor is known which 
gradually compresses the working fluid using a plurality of 
impellers. 
0003. An example of such a multistage centrifugal com 
pressor is described in Patent Literature 1. The centrifugal 
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 compressor, a plurality of 
impellers 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 impeller 
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 compres 
Sor, the thrust force increases. 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 multistage 
centrifugal compressor in which the high-pressure working 
fluid is distributed, a high-pressure working fluid enters a 
gap 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 deposition 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 invention, 
there is provided a rotary machine which is provided with a 
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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 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 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 disposed 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 portion 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 
a result, a thrust force directed in the opposite direction to 
the thrust force generated by the plurality of other impellers 
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 portion integrally 
formed with the disk, the balance piston and the disk can 
Substantially be integrally formed. Accordingly, it is unnec 
essary to use a separate member, and it is possible to prevent 
formation of an unnecessary gap. 
0010. In the rotary machine according to another aspect 
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 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 aspect 
of the present invention, the protrusion portion may have a 
recess portion which is recessed from the pressure-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 inven 
tion, 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 
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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 the impeller 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 machine, 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 centrifu 
gal compressor in an embodiment of the present invention. 
0017 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. 

DESCRIPTION OF EMBODIMENTS 

0018. Hereinafter, an embodiment of the present inven 
tion will be described with reference to FIGS. 1 and 2. 
0019. A rotary machine of the present embodiment is a 
centrifugal compressor 1, and is a single-shaft multistage 
centrifugal compressor in the present embodiment. 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 of the present 
embodiment includes a rotary 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. 
0020. The rotary shaft 2 has a columnar shape extending 
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 externally 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). 
0021. 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 compressor 1 of the 
present embodiment includes five compressor 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 
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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. 
0022. 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 direction 
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 reduces 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 
upstream side from this low-pressure space 44) of the casing 
flow passage 43 is formed. 
0023 The casing flow passage 43 communicates with the 
interior of the casing 4 via the impeller 3, from a suction port 
431 which causes the working fluid F to flow in from the 
outside, to a discharge port 434 which discharges the work 
ing 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). 
0024 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 discharge port 
434. The suction port 431 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 impeller 3 to be described 
later into the diffuser flow passage 432. The working fluid F 
is introduced from the diffuser 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. 
0025. The suction port 431 communicates with the out 
side 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 passage 34 of the 
foremost stage impeller 3 provided at the end portion of the 
first side in the direction of the axis O. 
0026. In the diffuser flow passage 432, the radially inner 
side of the casing 4 centered around the rotary shall 2 
communicates with the outlet of the internal flow passage 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. 
0027. A first end side of the return flow passage 433 
communicates with the diffuser flow passage 432. A second 
end side of the return flow passage 433 communicates with 
the inlet of the internal flow passage 34 of the impeller 3. 
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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. 

0028. 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. 
0029. 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 commu 
nicates with the casing flow passage 43 on the upstream side 
of the last stage impeller 3. That is, the 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 passage 43, and has the same pressure as the Suction 
port 431. 
0030. 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 radially 
attached to the disk 31 and arranged in the circumferential 
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 direction from the first 
side in the direction of the axis O. 

0031. Each impeller 3 may be an open impeller that does 
not have the cover 33. 

0032. 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. 

0033. 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 
direction, and discharges the guided working fluid F from 
this outlet. 

0034. 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 in the axis 
O direction. The disk 31 gradually increases in diameter 
from the front side which is the first side in the direction of 
the axis Otoward the back side 311 which is the second side. 
That is, the disk 31 has a substantially disk shape when 
viewed in the direction of the axis O, and has an approxi 
mately umbrella shape as a whole. 
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0035. 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. 
0036 Among the plurality of impellers 3, at least the 
impeller 3 disposed nearest to the second side in the direc 
tion of the axis O has a protrusion portion 5 which is formed 
integrally with the disk 31. In the present embodiment, 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. 
0037. 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 surface 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 Surface 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 
shaft 2. 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-receiving surface 52. 
0038. The sealing surface 51 seals a radial gap between 
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 embodiment 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. That is, 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. 
0039. In the present embodiment, 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. 

0040. 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 predetermined 
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 predetermined 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 predetermined distance of the present embodi 
ment is determined by the ratio of the magnitude of the 
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pressure of the low-pressure space 44 to the magnitude of 
the pressure of the working fluid F compressed by the last 
stage impeller 3. 
0041. 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 capable of generating a 
force to the second side in the direction 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. 
0042. 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 Sur 
face 523. The main pressure-receiving surface 521 is formed 
by being connected to the second end portion of the sealing 
surface 51 in the direction of the axis O. The first pressure 
receiving Surface 522 and the second pressure-receiving 
surface 523 are formed by the recess portion 53 to be 
described later. 
0043. The main pressure-receiving surface 521 is a Sur 
face 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. 
0044) The recess portion 53 is recessed to the first side in 
the direction of the axis O from the pressure-receiving 
surface 52 on the radially inner side of the sealing surface 
51. The recess portion 53 of the present embodiment is 
recessed from the main pressure-receiving surface 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 surface 21 of the rotary shaft 2. 
The second pressure-receiving 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. 
0045. 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 faces the second 
side in the direction of the axis O. The first pressure 
receiving surface 522 of the present embodiment 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. 
0046. The second pressure-receiving surface 523 is a 
Surface which connects the first pressure-receiving Surface 
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 pressure 
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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. 
0047 Next, the operation of the centrifugal compressor 1, 
which is the rotary machine having the above-described 
structure, will be described. 
0048. 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 compressed 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 second 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 passage 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 com 
pressor 1 of the present embodiment, the working fluid F is 
gradually compressed by the plurality of impellers 3, 
thereby obtaining a large compression ratio. 
0049 According to the centrifugal compressor 1 as 
described above, by gradually compressing the working 
fluid Fusing 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 provided 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 
0050 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 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 pres 
Sure-receiving Surface 522, the second pressure-receiving 
surface 523 and the main pressure-receiving surface 521. As 
a result, the thrust force directed toward the second side in 
the direction of the axis O from the last stage impeller via the 
disk 31 provided with the protrusion portion 5 can be 
generated on the rotary shaft 2 
0051. As a result, 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 impeller3. Thus, the 
thrust force acting on the rotary shaft 2 can be adjusted. 
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Therefore, it is possible to prevent the rotary shaft 2 from 
deviating in the direction of the axis O. 
0052 Further, for example, as in the present embodiment, 
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 erroneously 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 disposed 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. 
0053. 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. 
0054 However, by adjusting the thrust force generated 
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 unnec 
essary to use a separate member, and it is possible to prevent 
the formation of an unnecessary gap. 
0055. This enables prevention of the formation of a gap 
and balancing of the thrust forces on the rotary shaft 2. 
0056 Further, since the low-pressure space 44 commu 
nicates 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, it is possible to increase the thrust 
force from the last stage impeller 3 toward the second side 
in the direction of the axis O 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. 
0057. 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 protrusion 
portion 5. 
0058. 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 
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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. 
0059. 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 having 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, 
it is possible to secure the sealing performance, without 
coming into contact with the casing 4. 
0060 Although the embodiments of the present invention 
have been described in detail with reference to the drawings, 
the respective configurations in each embodiment, combi 
nations 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 
present invention is not limited by the embodiments, and is 
limited only by the claims. 
0061. 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 portion 53 may have an 
arbitrary shape such that the recess portion 53 is recessed 
from the main pressure-receiving Surface 521 in a semicir 
cular cross section. In addition, the recess portion 53 itself 
may not be formed in the protrusion portion 5. 
0062. Further, the impeller 3 is not limited to a configu 
ration 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 

0063. According to the aforementioned rotary machine, it 
is 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 

0064 O Axis 
0065 F working fluid 
0.066. 1 Centrifugal compressor 
0067 2 Rotary shaft 
0068 21 Outer surface 
0069. 3 Impeller 
0070 31 Disk 
(0071 311 Back side 
0072 32 Blade 
0.073 33 Cover 
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0074 34 Internal flow passage 
(0075) 5 Protrusion portion 
(0076 51 Sealing surface 
(0077 51a Labyrinth seal 
(0078) 52 Pressure-receiving surface 
(0079 521 Main pressure-receiving surface 
0080 522 First pressure-receiving surface 
I0081 523 Second pressure-receiving surface 
I0082 53 Recess portion 
I0083. 4 Casing 
I0084. 41 Journal bearing 
I0085 42 Thrust bearing 
I0086 43 Casing flow passage 
I0087 431 Suction port 
I0088 432 Diffuser flow passage 
I0089 433 Return flow passage 
(0090. 434 Discharge port 
0091 44 Low-pressure space 
1. 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 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 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 impeller 
disposed nearest to the second side in the axial direc 
tion 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 formed integrally with the disk, 

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 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, and 

the pressure-receiving Surface has: 
a main pressure-receiving Surface formed by being con 

nected to a second end portion of the sealing Surface in 
the axial direction, 

a first pressure-receiving Surface which vertically extends 
radially outward from a second end portion in the axial 
direction of a through-hole which is formed in the disk 
and into which the rotary shaft is inserted, and 
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a second pressure-receiving Surface inclined to face the 
outer surface of the rotary shaft on the radially outer 
side of the first pressure-receiving Surface and connects 
the first pressure-receiving Surface and the main pres 
Sure-receiving Surface. 

2. The rotary machine according to claim 1, wherein a 
Suction port is 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 communicate with each 
other. 

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

4. An impeller disposed nearest to a second side of a 
rotary machine in an axial direction, the rotary machine 
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 dis 
charge 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 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 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, and 

the pressure-receiving Surface has: 
a main pressure-receiving Surface formed by being con 

nected to a second end portion of the sealing Surface in 
the axial direction, 

a first pressure-receiving Surface which vertically extends 
radially outward from a second end portion in the axial 
direction of a through-hole which is formed in the disk 
and into which the rotary shaft is inserted, and 

a second pressure-receiving Surface inclined to face the 
outer surface of the rotary shaft on the radially outer 
side of the first pressure-receiving Surface and connects 
the first pressure-receiving Surface and the main pres 
Sure-receiving Surface. 
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