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(54) ROTATING MACHINERY

(67)  There is provided a rotating machinery includ-
ing: a rotating body R which is rotatable around an axis
O and has a first facing surface Pl that widens in a plane
intersecting the axis O; a stationary body S which faces
the first facing surface P1 from the axial direction O, and
has a second facing surface P2 forming a flow path FI
through which a fluid flows from a radially inner side to-
ward the radially outer side between the first facing sur-
face Pl and the second facing surface P2; and a rotation
side projection portion 80 which projects from the first
facing surface Pl toward the second facing surface P2,
has an annular shape around the axis O, and faces the
second facing surface P2 via a clearance C.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001]
chinery.

The present invention relates to a rotating ma-

Description of Related Art

[0002] For example, a rotating machinery, such as a
centrifugal compressor, a centrifugal pump, a generator,
oraturbine, includes a rotor as arotating body that rotates
around an axis, and a casing as a stationary body that
covers the rotor from the outside. Between the rotating
rotor and the stationary casing, a frictional resistance
(disk friction loss) is generated via a working fluid. In par-
ticular, in a case of the centrifugal compressor, itis known
that the disk friction loss increases because an outer di-
ameter of an impeller increases in order to obtain a high
lifting height with respect to a discharge flow rate.
[0003] As a technique for reducing such a disk friction
loss, a technique described in Japanese Unexamined
Patent Application, First Publication No. H3-11198 is
known. In Japanese Unexamined Patent Application,
First Publication No. H3-11198, a space on a back sur-
face side is divided into a plurality of spaces by providing
a plurality of fences at intervals in a radial direction on
an impeller back surface side of the centrifugal compres-
sor. Accordingly, the velocity distribution in each space
is controlled, and the disk friction loss can be reduced.

SUMMARY OF THE INVENTION

[0004] However, in an apparatus described in Japa-
nese Unexamined Patent Application, First Publication
No. H3-11198, a fluid that flows in the divided space is
in contact with an inner surface of the casing which is a
stationary body. Therefore, a friction loss exists between
the impeller back surface and the casing. In other words,
there is still room for improvement in the apparatus de-
scribed in Japanese Unexamined Patent Application,
First Publication No. H3-11198.

[0005] The present invention provides a rotating ma-
chinery with improved efficiency by further reducing a
friction loss.

[0006] Accordingtoan aspect of the presentinvention,
there is provided a rotating machinery including: a rotat-
ing body which is rotatable around an axis and has a first
facing surface that widens in a plane intersecting the axis;
a stationary body has a second facing surface which fac-
es the first facing surface in an axial direction and forms
a flow path through which a fluid flows from a radially
inner side toward a radially outer side between the first
facing surface and the second facing surface; and atleast
one rotation side projection portion which projects from
the first facing surface toward the second facing surface,
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has an annular shape around the axis, and faces the
second facing surface via a clearance.

[0007] According to the configuration, the fluid that
flows toward the radially outer side in the flow path flows
toward the second facing surface side along the rotation
side projection portion provided on the first facing sur-
face. In other words, the flow of the fluid is peeled off
from the first facing surface and flows to the stationary
body side. Thereafter, the fluid passes through the clear-
ance between the rotation side projection portion and the
second facing surface. At this time, a flow velocity of the
fluid increases. From the flow of the fluid having a high
flow velocity, some components are peeled toward the
rotating body side (that is, the first facing surface side).
The peeled flow forms a vortex (stagnation) in a region
close to the first facing surface and on the radially outer
side of the rotation side projection portion. More specif-
ically, the vortex flows toward the radially outer side, and
then flows from the radially outer side toward the rotation
side projection portion along the first facing surface. By
forming such a vortex constantly, the remaining flow com-
ponents except for the vortex are inhibited by the vortex
and flow toward the radially outer side at a position close
to the stationary body side (second facing surface side).
As aresult, a friction loss between the first facing surface
and the second facing surface can be reduced.

[0008] In the rotating machinery, positions of a first in-
ner region which is a region on the radially inner side with
respect to the at least one rotation side projection portion
and a first outer region which is a region on the radially
outer side with respect to the at least one rotation side
projection portion on the first facing surface, may be the
same in the axial direction.

[0009] According to the configuration, the firstinner re-
gion and the first outer region are provided at the same
position in the axial direction. In other words, the first
inner region and the first outer region can be formed only
by providing the rotation side projection portion on the
first facing surface formed in advance in a planar shape.
Accordingly, the cost and time required for manufacturing
the rotating machinery can be reduced.

[0010] In the rotating machinery, a first outer region
which is a region on the radially outer side with respect
to the at least one the rotation side projection portion on
the first facing surface may widen to a position further
away from the second facing surface in the axial direction
than a first inner region which is a region on the radially
inner side with respect to the at least one rotation side
projection portion on the first facing surface.

[0011] According to the configuration, the first outer
region positioned on the radially outer side nipping the
rotation side projection portion widens to the position fur-
ther away from the second facing surface than the first
inner region positioned on the radially inner side. There-
fore, the region where the vortex is formed on the first
outer region side can be enlarged. Accordingly, as the
remaining flow components except for the vortex are in-
hibited by the vortex, the remaining flow components flow
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toward the radially outer side at a position close to the
stationary body side (second facing surface side). As a
result, friction loss between the first facing surface and
the second facing surface can further be reduced.
[0012] In the rotating machinery, the first outer region
may extend in a direction gradually spaced apart from
the second facing surface as going from the radially inner
side toward the radially outer side in a sectional view
including the axis.

[0013] According to the configuration, the first outer
region may extend in the direction gradually spaced apart
from the second facing surface as going toward the ra-
dially outer side in a sectional view including the axis.
Therefore, the region where the vortex is formed on the
first outer region side can further be enlarged. Accord-
ingly, as the remaining flow components except for the
vortex are inhibited by the vortex, the remaining flow com-
ponents flow toward the radially outer side at a position
close to the stationary body side (second facing surface
side). As a result, a friction loss between the first facing
surface and the second facing surface can further be
reduced.

[0014] Inthe rotating machinery, a second outer region
which is a region on the radially outer side with respect
to the at least one the rotation side projection portion on
the second facing surface may extend in a direction grad-
ually spaced apart from the first facing surface as going
from the radially inner side toward the radially outer side
in a sectional view including the axis.

[0015] Accordingto the configuration, the second outer
region on the second facing surface extends in the direc-
tion gradually spaced apart from the first facing surface
as going toward the radially outer side in a sectional view
including the axis. Accordingly, as the flow path sectional
area between the second outer region and the first facing
surface is gradually enlarged as going toward the radially
outer side, an effect as a diffuser can be achieved. As a
result, the flow velocity of the fluid that flows through the
second outer region decreases, and the formation of the
vortex on the first outer region side can be promoted.
[0016] Intherotating machinery, atleastone stationary
side projection portion which is provided at a position
facing the at least one rotation side projection portion on
the second facing surface and projects toward the atleast
one projection portion, may be provided.

[0017] According to the configuration, the stationary
side projection portion which projects toward the rotation
side projection portion is provided at the position facing
the rotation side projection portion on the second facing
surface. By providing the stationary side projection por-
tion, the position of the clearance formed between the
rotation side projection portion and the stationary side
projection portion in the axial direction can be adjusted.
Accordingly, the position of the region where the vortex
is formed can be adjusted appropriately.

[0018] Inthe rotating machinery, an end surface facing
the first facing surface in the at least one stationary side
projection portion may be formed in a planar shape that

10

15

20

25

30

35

40

45

50

55

widens in a plane intersecting the axis.

[0019] According to the configuration, the end surface
of the stationary side projection portion is formed in a
planar shape that widens in a plane intersecting the axis.
Therefore, forexample, even in a case where the rotation
side projection portion is relatively displaced in the radial
direction with respect to the stationary side projection
portion, it is possible to reduce a possibility that the size
or the opening direction of the clearance between the
rotation side projection portion and the stationary side
projection portion changes.

[0020] In the rotating machinery, the at least one sta-
tionary side projection portion includes a plurality of sta-
tionary side projection portions; and the plurality of sta-
tionary side projection portions may be arranged at in-
tervals in a circumferential direction and extend to a front
side in a rotational direction of the rotating body as going
from the radially inner side toward the radially outer side.
[0021] According to the configuration, a plurality of the
stationary side projection portions are arranged in a cir-
cumferential direction and extend to a front side in a ro-
tational direction of the rotating body as going toward the
radially outer side. Accordingly, when the fluid passes
between the plurality of stationary side projection por-
tions, it is possible to add a swirl flow component toward
the front side in a rotational direction of the rotating body
with respect to the fluid. As a result, the peeling of the
flow from the second facing surface is promoted, and an
increase in the circumferential velocity component of the
vortex on the first facing surface side can be promoted.
[0022] Inthe rotating machinery, a second outer region
which is a region on the radially outer side with respect
to the atleast one the rotation side projection portion may
extend in a direction gradually spaced apart from the first
facing surface starting from an end edge of the at least
one stationary side projection portion on a first facing
surface side as going from the radially inner side toward
the radially outer side in a sectional view including the
axis.

[0023] Accordingtothe configuration, the second outer
region on the second facing surface extends in the direc-
tion gradually spaced apart from the first facing surface
starting from the end edge of the stationary side projec-
tion portion as going toward the radially outer side in a
sectional view including the axis. Accordingly, as the flow
path sectional area between the second outer region and
the first facing surface is gradually enlarged as going
toward the radially outer side, an effect as a diffuser can
be achieved. As a result, the flow velocity of the fluid that
flows through the second outer region decreases, and
the formation of the vortex on the first outer region side
can be promoted.

[0024] In the rotating machinery, the at least one rota-
tion side projection portion includes a plurality of rotation
side projection portions; and the plurality of rotation side
projection portions may be provided atintervals in aradial
direction on the first facing surface.

[0025] According to the configuration, since the plural-
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ity of rotation side projection portions are provided at in-
tervals in the radial direction on the first facing surface,
in a wider region on the first facing surface, the friction
loss between the rotating body side and the stationary
body side can be reduced uniformly.

[0026] In the rotating machinery, the at least one rota-
tion side projection portion may have a radial dimension
that decreases going from the first facing surface side
toward the second facing surface side.

[0027] According to the configuration, the rotation side
projection portion is formed in a tapered shape as the
dimension in radial direction decreases going toward the
second facing surface side. Accordingly, the fluid that
passes through the clearance can be further accelerated.
[0028] According to another aspect of the present in-
vention, there is provided a rotating machinery including:
a rotating body which is rotatable around an axis and has
a first facing surface that widens in a plane intersecting
the axis; a stationary body has a second facing surface
which faces the first facing surface in an axial direction
and forms a flow path through which a fluid flows from a
radially outer side toward a radially inner side between
the first facing surface and the second facing surface;
and at least one rotation side projection portion which is
provided at a position on the most radially outer side on
the first facing surface, projects toward the second facing
surface, has an annular shape around the axis, and faces
the second facing surface via a clearance.

[0029] According to the configuration, the fluid that
flows toward the radially inner side in the flow path flows
toward the second facing surface side along the projec-
tion portion provided on the first facing surface. In other
words, the flow of the fluid is peeled off from the first
facing surface and flows to the stationary body side.
Thereatfter, the fluid passes through the clearance be-
tween the rotation side projection portion and the second
facing surface. At this time, a flow velocity of the fluid
increases. From the flow of the fluid having a high flow
velocity, some components are peeled toward the rotat-
ing body side (that is, the first facing surface side). The
peeled flow forms the vortex (stagnation) in the region
close to the first facing surface and on the radially inner
side of the rotation side projection portion. More specif-
ically, the vortex flows toward the radially inner side, and
then flows from the radially outer side toward the projec-
tion portion along the first facing surface. By forming such
a vortex constantly, the remaining flow components ex-
cept for the vortex are inhibited by the vortex and flow
toward the radially inner side at a position close to the
stationary body side (second facing surface side). As a
result, a friction loss between the first facing surface and
the second facing surface can be reduced.

[0030] In the rotating machinery, a recess portion pro-
vided adjacent to the radially inner side with respect to
the at least one rotation side projection portion on the
first facing surface and recessed in a direction spaced
apart from the second facing surface, may further be pro-
vided.

10

15

20

25

30

35

40

45

50

55

[0031] According to the configuration, the recess por-
tion is formed adjacent to the radially inner side of the
rotation side projection portion. By providing the recess
portion, the region where the vortex is formed can be
enlarged. Accordingly, as the remaining flow compo-
nents except for the vortex are inhibited by the vortex,
the remaining flow components flow toward the radially
inner side at a position close to the stationary body side
(second facing surface side). As a result, a friction loss
between the first facing surface and the second facing
surface can further be reduced.

[0032] Inthe rotating machinery, the bottom surface of
the recess portion may extend in a direction gradually
spaced apart from the second facing surface as going
from a radially inner side toward the radially outer side
in a sectional view including the axis.

[0033] According to the configuration, the bottom sur-
face of the recess portion may extend in the direction
gradually spaced apart from the second facing surface
as going toward the radially inner side in a sectional view
including the axis. Therefore, the region where the vortex
is formed can be further enlarged. Accordingly, as the
remaining flow components except for the vortex are in-
hibited by the vortex, the remaining flow components flow
toward the radially inner side at a position close to the
stationary body side (second facing surface side). As a
result, a friction loss between the first facing surface and
the second facing surface can further be reduced.
[0034] In the rotating machinery, a stationary side re-
cess portion may be provided in a region facing the re-
cess portion on the second facing surface, and recessed
in a direction spaced apart from the first facing surface,
in which a bottom surface of the stationary side recess
portion may extend in a direction gradually spaced apart
from the first facing surface as going from the radially
outer side toward the radially inner side in a sectional
view including the axis.

[0035] According to the configuration, the stationary
side recess portion is formed in the region facing the re-
cess portion on the second facing surface. Furthermore,
the bottom surface of the stationary side recess portion
extends in the direction gradually spaced apart from the
first facing surface as going toward the radially inner side
in a sectional view including the axis. Accordingly, as the
flow path sectional area between the recess portion and
the stationary side recess portion is gradually enlarged
as going toward the radially inner side, an effect as a
diffuser can be achieved. As a result, the flow velocity of
the fluid that flows into the recess portion decreases, and
the formation of the vortex in the recess portion can be
promoted.

[0036] Intherotating machinery, atleast one stationary
side projection portion which is provided at a position
facing the at least one rotation side projection portion on
the second facing surface and projects toward the at least
one projection portion, may further be provided.

[0037] According to the configuration, the stationary
side projection portion which projects toward the rotation
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side projection portion is provided at the position facing
the rotation side projection portion on the second facing
surface. By providing the stationary side projection por-
tion, the position of the clearance formed between the
projection portion and the stationary side projection por-
tion in the axial direction can be adjusted. Accordingly,
the position of the region where the vortex is formed can
be adjusted appropriately.

[0038] In the rotating machinery, an end surface facing
the first facing surface in the at least one stationary side
projection portion may be formed in a planar shape that
widens in the radial direction.

[0039] According to the configuration, the end surface
of the stationary side projection portion is formed in a
planar shape that widens in a plane intersecting the axis.
Therefore, for example, even in a case where the rotation
side projection portion is relatively displaced in the radial
direction with respect to the stationary side projection
portion, it is possible to reduce a possibility that the size
or the opening direction of the clearance between the
rotation side projection portion and the stationary side
projection portion changes.

[0040] In the rotating machinery, the at least one sta-
tionary side projection portion includes a plurality of sta-
tionary side projection portions; and the plurality of sta-
tionary side projection portions may be arranged at in-
tervals in a circumferential direction and extend to a front
side in a rotational direction of the rotating body as going
from the radially outer side toward the radially inner side.
[0041] According to the configuration, a plurality of the
stationary side projection portions are arranged in a cir-
cumferential direction and extend to a front side in a ro-
tational direction of the rotating body as going toward the
radially inner side. Accordingly, when the fluid passes
between the plurality of stationary side projection por-
tions, itis possible to add a swirl flow component toward
the front side in a rotational direction of the rotating body
with respect to the fluid. As a result, the peeling of the
flow from the second facing surface is promoted, and an
increase in the circumferential velocity component of the
vortex on the first facing surface side can further be pro-
moted.

[0042] In the rotating machinery, a region facing the
recess portion on the second facing surface may extend
in a direction gradually spaced apart from the first facing
surface as going from the radially outer side toward the
radially inner side in a sectional view including the axis.
[0043] Accordingtothe configuration, the region facing
the recess portion on the second facing surface extends
inthe direction gradually spaced apartfrom the firstfacing
surface as going toward the radially inner side in a sec-
tional view including the axis. Accordingly, as the flow
path sectional area between the second facing surface
and the recess portion is gradually enlarged as going
toward the radially inner side, an effect as a diffuser can
be achieved. As a result, the flow velocity of the fluid that
flows between the second facing surface and the recess
portion decreases, and the formation of the vortex in the
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recess portion can be promoted.

[0044] In the rotating machinery, the at least one rota-
tion side projection portion includes a plurality of rotation
side projection portions; and the plurality of rotation side
projection portions may be provided at intervals in the
radial direction on the first facing surface.

[0045] According to the configuration, since the plural-
ity of rotation side projection portions are provided at in-
tervals in the radial direction on the first facing surface,
in a wider region on the first facing surface, the friction
loss between the rotating body side and the stationary
body side can be reduced uniformly.

[0046] In the rotating machinery, the at least one rota-
tion side projection portion may have a radial dimension
that decreases going from the first facing surface side
toward the second facing surface side.

[0047] According to the configuration, the rotation side
projection portion is formed in a tapered shape as the
dimension in radial direction decreases going toward the
second facing surface side. Accordingly, the fluid that
passes through the clearance can be further accelerated.
[0048] According to the presentinvention, itis possible
to provide a rotating machinery with improved efficiency
by further reducing a friction loss.

BRIEF DESCRIPTION OF THE DRAWINGS
[0049]

FIG. 1 is a sectional view showing a configuration of
a centrifugal compressor as a rotating machinery ac-
cording to a first embodiment of the present inven-
tion.

FIG. 2 is an enlarged view showing a configuration
around an impeller of the centrifugal compressor ac-
cording to the first embodiment of the present inven-
tion.

FIG. 3 is an enlarged sectional view of a main part
of the centrifugal compressor according to the first
embodiment of the present invention.

FIG. 4 is an enlarged sectional view of a main part
of a centrifugal compressor according to a second
embodiment of the present invention.

FIG. 5 is an enlarged sectional view of a main part
showing a modification example of the centrifugal
compressor according to the second embodiment of
the present invention.

FIG. 6 is an enlarged sectional view of a main part
of a centrifugal compressor according to a third em-
bodiment of the present invention.

FIG. 7 is an enlarged sectional view of a main part
showing a modification example of the centrifugal
compressor according to the third embodiment of
the present invention.

FIG. 8 is a view when a stationary side projection
portion in FIG. 7 is viewed from an axial direction.
FIG. 9 is an enlarged sectional view of a main part
of a centrifugal compressor according to a fourth em-
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bodiment of the present invention.

FIG. 10 is an enlarged sectional view of a main part
of a centrifugal compressor according to a fifth em-
bodiment of the present invention.

FIG. 11 is an enlarged sectional view of a main part
of a centrifugal compressor according to a sixth em-
bodiment of the present invention.

FIG. 12 is an enlarged sectional view of a main part
of a centrifugal compressor according to a seventh
embodiment of the present invention.

FIG. 13 is an enlarged sectional view of a main part
of a centrifugal compressor according to an eighth
embodiment of the present invention.

FIG. 14 is an enlarged sectional view of a main part
of a centrifugal compressor according to a ninth em-
bodiment of the present invention.

FIG. 15 is an enlarged sectional view of a main part
of a centrifugal compressor according to a tenth em-
bodiment of the present invention.

FIG. 16 is an enlarged sectional view of a main part
of a centrifugal compressor according to an eleventh
embodiment of the present invention.

FIG. 17 is an enlarged sectional view of a main part
of a centrifugal compressor according to a twelfth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[First Embodiment]

[0050] A first embodiment of the present invention will
be described with reference to FIGS. 1 to 3. Inthe present
embodiment, a multistage centrifugal compressor as a
rotating machinery will be described as an example. In
addition, it is also possible to apply the configuration of
the present embodiment to a single-stage centrifugal
compressor, a centrifugal pump, a generator, or a tur-
bine, as a rotating machinery.

[0051] A centrifugal compressor 100 includes a rotat-
ing shaft 1 that rotates around an axis, a casing 3 as a
stationary body S that forms a fluid flow path 2 by covering
the periphery of the rotating shaft 1, and a plurality of
impellers 4 as rotating bodies R provided on the rotating
shaft 1.

[0052] The casing 3 is formed in a cylindrical shape
that extends along an axis O. Therotating shaft 1 extends
so as to penetrate the inside of the casing 3 along the
axis O. Journal bearings 5 and thrust bearings 6 are pro-
vided in both end portions of the casing 3 in the direction
of the axis O, respectively. The rotating shaft 1 is sup-
ported by the journal bearings 5 and the thrust bearings
6 so as to be rotatable around the axis O.

[0053] An intake port 7 for taking in air as a working
fluid G from the outside is provided on one side of the
casing 3 in the direction of the axis O. Furthermore, an
exhaust port 8 through which the working fluid G com-
pressed inside the casing 3 is exhausted is provided on
the other side of the casing 3 in the direction of the axis O.
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[0054] Inside the casing 3, an internal space in which
the intake port 7 and the exhaust port 8 communicate
with each other and which repeats the diameter reduction
and the diameter expansionis formed. The internal space
accommodates the plurality of impellers 4 and forms a
part of the fluid flow path 2. In the following description,
a side on which the intake port 7 is positioned on the fluid
flow path 2 is referred to as an upstream side. Further,
the side on which the exhaust port 8 is positioned on the
fluid flow path 2 is referred to as a downstream side.
[0055] The rotating shaft 1 is provided with a plurality
(six) ofimpellers 4 atintervals on the outer circumferential
surface in the direction of the axis O. As shown in FIG.
2, each impeller 4 includes a disk 41 having a substan-
tially circular section when viewed from the direction of
the axis O, a plurality of blades 42 provided on a surface
on the upstream side of the disk 41, and a cover 43 that
covers the plurality of blades 42 from the upstream side.
[0056] The disk 41 is formed such that the radial di-
mension is gradually enlarged as going from one side
toward the other side in the direction of the axis O when
viewed from the direction intersecting the axis O. Accord-
ingly, the disk 41 has a generally conical shape.

[0057] A plurality of blades 42 are radially arranged
toward the radially outer side around the axis O, on the
conical surface facing the upstream side of both surfaces
of the disk 41 in the direction of the axis O. More specif-
ically, the blades are formed by thin plates that are erect-
ed from the surface on the upstream side of the disk 41
toward the upstream side. The plurality of blades 42 are
curved from one side toward the other side in the circum-
ferential direction in a case of being viewed from the di-
rection of the axis O.

[0058] The cover43is provided at an end edge on the
upstream side of the blade 42. In other words, the plurality
of blades 42 are sandwiched by the cover 43 and the
disk 41 from the direction of the axis O. Accordingly, a
space is formed between the cover 43, the disk 41, and
a pair of blades 42 adjacent to each other. The space
forms a part (compression flow path 22) of a fluid flow
path 2 which will be described later.

[0059] The fluid flow path 2 is a space in which the
impeller 4 configured as described above and the internal
space of the casing 3 communicate with each other. In
the present embodiment, description will be made as-
suming that one fluid flow path 2 is formed for each im-
peller 4 (for each compression stage). In other words, in
the centrifugal compressor 100, five fluid flow paths 2
from the upstream side toward the downstream side are
continuously formed corresponding to the five impellers
4 excluding the impeller 4 on the last stage.

[0060] Each fluid flow path 2 has a suction flow path
21, a compression flow path 22, a diffuser flow path 23,
a return bend portion 24, and a guide flow path 25. FIG.
2 shows only the impeller 4 on the first stage among the
fluid flow path 2 and the impeller 4.

[0061] In the impeller 4 on the first stage, the suction
flow path 21 is directly connected to the above-described
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intake port 7. By the suction flow path 21, the external
air is taken into each flow path on the fluid flow path 2 as
a working fluid G. More specifically, the suction flow path
21 is gradually curved from the direction of the axis O
toward the radially outer side as going from the upstream
side toward the downstream side.

[0062] The suction flow path 21 in the impellers 4 on
the second and subsequent stages communicates with
a downstream end of a guide flow path 25 (will be de-
scribed later) in the fluid flow path 2 of the previous stage
(first stage). In other words, similar to the description
above, the flow direction of the working fluid G that has
passed through the guide flow path 25 is changed so as
to face the downstream side along the axis O.

[0063] The compression flow path 22 is a flow path
surrounded by the surface on the upstream side of the
disk 41, the surface on the downstream side of the cover
43, and a pair of blades 42 adjacent to each other in the
circumferential direction. More specifically, the sectional
area of the compression flow path 22 gradually decreas-
es going from the radially inner side toward the radially
outer side. Accordingly, the working fluid G which flows
in the compression flow path 22 in a state where the
impeller 4 is rotating is gradually compressed to become
a high-pressure fluid.

[0064] The diffuser flow path 23 is a flow path that ex-
tends from the radially inner side of the axis O toward
the radially outer side. The end portion on the radially
inner side in the diffuser flow path 23 communicates with
the end portion on the radially outer side of the compres-
sion flow path 22.

[0065] The return bend portion 24 reverses the flow
direction of the working fluid G flowing from the radially
inner side toward the radially outer side through the dif-
fuser flow path 23, toward the radially inner side. One
end side (upstream side) of the return bend portion 24
communicates with the diffuser flow path 23, and the oth-
er end side (downstream side) communicates with the
guide flow path 25. In the middle of the return bend portion
24, a part positioned on the most radially outer side is a
top portion.

[0066] The guide flow path 25 extends toward the ra-
dially inner side from the end portion on the downstream
side of the return bend portion 24. The end portion on
the radially outer side of the guide flow path 25 commu-
nicates with the above-described return bend portion 24.
The end portion on the radially inner side of the guide
flow path 25 communicates with the suction flow path 21
in the fluid flow path 2 on the subsequent stage as de-
scribed above.

[0067] In the centrifugal compressor 100 configured
as described above, a gap is formed between the casing
3 and the impeller 4 in order to realize smooth rotation
of the impeller 4. More specifically, the gap is formed
between a disk back surface 41A facing the downstream
side of the disk 41 and a casing back surface 3A facing
the disk back surface 41A. The gap is a flow path F1
which will be described later. In the flow path F1, as in-
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dicated by an arrow A in FIG. 2, a high-pressure fluid
leaking from the compression flow path 22 on the rear
stage side flows from the radially inner side toward the
radially outer side.

[0068] Furthermore, a gap is formed between a cover
upstream surface 43B facing the upstream side of the
cover 43 and a casing upstream surface 3B facing the
cover upstream surface 43B. The gap is a flow path F2
which will be described later. In the flow path F2, as in-
dicated by an arrow B in FIG. 2, a high-pressure fluid
flowing through the diffuser flow path 23 flows from the
radially outer side toward the radially inner side.

[0069] Here, between the impeller 4 as the rotating
body R and the casing 3 as the stationary body S, a fric-
tional resistance (disk friction loss) is generated via the
fluid flowing through the flow path F1 and the flow path
F2. In particular, in a case of the centrifugal compressor
100, since the outer diameter of the impeller 4 increases
as the lifting height increases, it is known that the disk
friction loss increases.

[0070] Here, in the present embodiment, as shown in
FIG. 3, the disk back surface 41A of the impeller 4 is
provided with a rotation side projection portion 80 (here-
inafter, referred to as a projection portion 80) for control-
ling the flow of the fluid flowing through the flow path F1.
In FIG. 3, the periphery of the disk back surface 41A and
the casing back surface 3A is shown in a simplified man-
ner, and in order to generalize the description, the disk
back surface 41A is referred to as a first facing surface
Pl, and the casing back surface 3A is referred to as a
second facing surface P2. A space between the first fac-
ing surface P1 and the second facing surface P2 corre-
sponds to the above-described flow path F1. The projec-
tion portion 80 is provided on the outer side of the position
of 50% of the radius of the first facing surface P1.
[0071] The projection portion 80 projects in the direc-
tion of the axis O from the first facing surface P1 toward
the second facing surface P2. The dimension of the pro-
jection portion 80 in the radial direction gradually de-
creases going from the first facing surface P1 side toward
the second facing surface P2 side. Accordingly, the pro-
jection portion 80 has a tapered shape in a sectional view
including the axis O. A clearance C is formed between a
tip end of the projection portion 80 and the second facing
surface P2.

[0072] The first facing surface P1 is partitioned into a
firstinner region P11 on the radially inner side and a first
outer region P12 on the radially outer side with the pro-
jection portion 80 as a standard. The first inner region
P11 is parallel to the second facing surface P2 in a sec-
tional view including the axis O. The first outer region
P12 is positioned on the side spaced apart from the sec-
ond facing surface P2 further than the first inner region
P11 in the direction of the axis O. In other words, the
distance between the first outer region P12 and the sec-
ond facing surface P2 is larger than the distance between
the first inner region P11 and the second facing surface
P2.Inaddition, the distance between the first outer region
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P12 and the second facing surface P2 may be the same
as the distance between the first inner region P11 and
the second facing surface P2. Further, the distance be-
tween the first outer region P12 and the second facing
surface P2 may be smaller than the distance between
the first inner region P11 and the second facing surface
P2.

[0073] The end edge on the radially outer side of the
second facing surface P2 is connected to an outer wall
surface P3 that widens in the direction of the axis O. The
outer wall surface P3 corresponds to a casing inner cir-
cumferential surface 3D which is an inner circumferential
surface of the casing facing the end edge on the radially
outer side of the impeller 4 in FIG. 2.

[0074] Next, the behavior of the fluid in the above-de-
scribed flow path F1 will be described. As shown in FIG.
3, the fluid flowing toward the radially outer side in the
flow path F1 flows toward the second facing surface P2
along the projection portion 80 provided on the first facing
surface P1. In other words, the flow of the fluid is peeled
off from the first facing surface P1 and flows to the sta-
tionary body S side. Thereafter, the fluid passes through
the clearance C between the projection portion 80 and
the second facing surface P2. At this time, a flow velocity
of the fluid increases. From the flow of the fluid having a
high flow velocity, some components are separated to-
ward the rotating body R side (that is, the first facing
surface P1 side). The peeled flow forms a vortex (stag-
nation) in a region close to the first facing surface P1 and
on the radially outer side of the projection portion 80.
More specifically, the vortex flows toward the radially out-
erside, and then flows from the radially outer side toward
the projection portion 80 along the first facing surface P1.
By forming such a vortex constantly, the remaining flow
components except for the vortex are inhibited by the
vortex and flow toward the radially outer side at a position
close to the stationary body S side (second facing surface
P2side). As aresult, afriction loss between the first facing
surface P1 and the second facing surface P2 can be re-
duced.

[0075] Furthermore, according tothe configuration, the
first outer region P12 positioned on the radially outer side
nipping the projection portion 80 widens to the position
further away from the second facing surface P2 than the
firstinner region P11 positioned on the radially inner side.
Therefore, the region where the vortex is formed on the
first outer region P12 side can be enlarged. Accordingly,
as the remaining flow components except for the vortex
are inhibited by the vortex, the remaining flow compo-
nents flow toward the radially outer side at a position
close to the stationary body S side (second facing surface
P2side). As aresult, afriction loss between the first facing
surface P1 and the second facing surface P2 can further
be reduced.

[0076] In addition, in the configuration, the projection
portion 80 is provided on the outer side of the position of
50% of the radius of the first facing surface P1. Here, as
the position is on the radially outer side of the first facing
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surface P1 that is the rotating body R, the speed in the
rotational direction with respect to the stationary body S
increases, and thus, the friction at the position increases.
According to the configuration, since the projection por-
tion 80 is provided at a position where the friction is large
in this manner, the friction reduction by the projection
portion 80 can be realized more effectively.

[0077] The first embodiment of the present invention
has been described above. In addition, various changes
and modifications can be made to the above-described
configuration without departing from the gist of the
presentinvention. For example, the firstinnerregion P11
and the first outer region P12 may have the same position
in the direction of the axis O. According to the configu-
ration, the firstinner region P11 and the first outer region
P12 can be formed only by providing the projection por-
tion 80 on the first facing surface P1 formed in advance
inaplanar shape. Accordingly, the costand time required
for manufacturing the apparatus can be reduced.

[Second Embodiment]

[0078] Next, a second embodiment of the present in-
vention will be described with reference to FIG. 4. In ad-
dition, the same configuration elements as those of the
first embodiment will be given the same reference nu-
merals, and the detailed description thereof will be omit-
ted. As shown in FIG. 4, in the present embodiment, a
configuration of a first outer region P12’ is different from
that of the first embodiment. The first outer region P12’
extends in the direction gradually spaced apart from the
second facing surface P2 as going from the radially inner
side toward the radially outer side in a sectional view
including the axis O. In other words, the first outer region
P12’ is inclined with respect to the second facing surface
P2. Further, an end edge on the radially inner side of the
first outer region P12’ is positioned on the side spaced
apart from the second facing surface P2 further than the
first inner region P11 in the direction of the axis O.
[0079] According to the configuration, the first outer
region P12’ extends in the direction gradually spaced
apart from the second facing surface P2 as going toward
the radially outer side in a sectional view including the
axis O. Therefore, the region where the vortex is formed
onthefirstouter region P12’ side can further be enlarged.
Accordingly, as the remaining flow components except
for the vortex are inhibited by the vortex, the remaining
flow components flow toward the radially outer side at a
position close to the stationary body S side (second fac-
ing surface P2 side). As a result, a friction loss between
the first facing surface P1 and the second facing surface
P2 can further be reduced.

[0080] The second embodiment of the present inven-
tion has been described above. In addition, various
changes and modifications can be made to the above-
described configuration without departing from the gist
of the present invention. For example, it is also possible
to adopt a configuration shown in FIG. 5. In the example
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of the same drawing, the second outer region P21 which
is a region on the radially outer side of the projection
portion 80 on the second facing surface P2 extends in a
direction gradually spaced apart from the first facing sur-
face P1 as going from the radially inner side toward the
radially outer side in a sectional view including the axis
0. According to such a configuration, the flow path sec-
tional area between the second outer region P21 and the
first facing surface P1 is gradually enlarged toward the
radially outer side in the radial direction, and accordingly
an effect as a diffuser is achieved. As a result, the flow
velocity of the fluid that flows through the second outer
region P21 decreases, and the formation of the vortex
on the first outer region P12’ side can be promoted.

[Third Embodiment]

[0081] Next, a third embodiment of the present inven-
tion will be described with reference to FIG. 6. In addition,
the same configuration elements as those of each of the
embodiments will be given the same reference numerals,
and the detailed description thereof will be omitted. As
shown in FIG. 6, in the present embodiment, a stationary
side projection portion 90 is provided at a position facing
the projection portion 80 on the second facing surface
P2. The stationary side projection portion 90 projects
from the second facing surface P2 toward the first facing
surface P1 side. The stationary side projection portion
90 has a rectangular sectional shape in a sectional view
including the axis O. In other words, the end surface fac-
ing the first facing surface P1 side in the stationary side
projection portion 90 is formed in a planar shape that
widens in a plane intersecting the axis O. The clearance
Cisformed between the stationary side projection portion
90 and the projection portion 80.

[0082] According to the configuration, the stationary
side projection portion 90 which projects toward the pro-
jection portion 80 is provided at the position facing the
projection portion 80 on the second facing surface P2.
By providing the stationary side projection portion 90, the
position of the clearance C formed between the projec-
tion portion 80 and the stationary side projection portion
90 in the direction of the axis O can be adjusted. Accord-
ingly, the position of the region where the vortex is formed
can be adjusted appropriately.

[0083] Furthermore, accordingtothe configuration, the
end surface of the stationary side projection portion 90
is formed in a planar shape that widens in a plane inter-
secting the axis O. Therefore, forexample, evenin acase
where the projection portion 80 is relatively displaced in
the radial direction with respect to the stationary side pro-
jection portion 90, it is possible to reduce a possibility
that the size or the opening direction of the clearance C
between the projection portion 80 and the stationary side
projection portion 90 changes.

[0084] The third embodiment of the present invention
has been described above. In addition, various changes
and modifications can be made to the above-described
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configuration without departing from the gist of the
present invention. For example, the stationary side pro-
jection portion 90 described in the third embodiment can
also be configured as shown in FIGS. 7 and 8. In the
example of the drawings, a plurality of stationary side
projection portions 90B is provided at intervals in the cir-
cumferential direction with respect to the axis O. Further-
more, each stationary side projection portion 90B has an
airfoil shape that extends toward a front side in a rota-
tional direction Dr of the rotating body R as going from
the radially inner side toward the radially outer side when
viewed from the direction of the axis O. According to the
configuration, when the fluid passes between the plurality
of stationary side projection portions 90B, a swirl flow
component toward the front side in a rotational direction
Dr of the rotating body R can be added to the fluid. As a
result, the peeling of the flow from the second facing sur-
face P2 is promoted, and an increase in the circumfer-
ential velocity component of the vortex on the first facing
surface P1 side can be promoted.

[Fourth Embodiment]

[0085] Next, afourthembodiment of the presentinven-
tion will be described with reference to FIG. 9. In addition,
the same configuration elements as those of each of the
embodiments will be given the same reference numerals,
and the detailed description thereof will be omitted. As
shown in FIG. 9, in the present embodiment, a second
outer region P21’ which is a region on the radially outer
side from the projection portion 80 on the second facing
surface P2 extends in a direction gradually spaced apart
from the first facing surface P1 starting from an end edge
of the stationary side projection portion 90 on the first
facing surface P1 side as going from the radially inner
side toward the radially outer side in a sectional view
including the axis O. In other words, the second outer
region P21’ is inclined with respect to the first facing sur-
face P1.

[0086] Accordingtothe configuration, the second outer
region P21’ on the second facing surface P2 extends in
the direction gradually spaced apart from the first facing
surface P1 starting from the end edge of the projection
portion 80 as going toward the radially outer side in a
sectional view including the axis O. Accordingly, as the
flow path sectional area between the second outer region
P21’ and the first facing surface P1 is gradually enlarged
as going toward the radially outer side, an effect as a
diffuser can be achieved. As a result, the flow velocity of
the fluid that flows along the second outer region P21’
decreases, and the formation of the vortex in the vicinity
of the second outer region side P21’ can be promoted.
[0087] The fourth embodiment of the presentinvention
has been described above. In addition, various changes
and modifications can be made to the above-described
configuration without departing from the gist of the
present invention.
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[Fifth Embodiment]

[0088] Next, a fifth embodiment of the present inven-
tion will be described with reference to FIG. 10. In addi-
tion, the same configuration elements as those of each
of the embodiments will be given the same reference
numerals, and the detailed description thereof will be
omitted. As shownin FIG. 10, in the presentembodiment,
a plurality (two) of projection portions 80 are provided at
intervals in the radial direction on the first facing surface
P1. The two projection portions 80 have the same shape.
[0089] According to the configuration, since the plural-
ity of projection portions 80 are provided at intervals in
the radial direction on the firstfacing surface PI, in a wider
region on the first facing surface PI, the friction loss be-
tween the rotating body R side and the stationary body
S side can be reduced uniformly.

[0090] The fifth embodiment of the present invention
has been described above. In addition, various changes
and modifications can be made to the above-described
configuration without departing from the gist of the
present invention. For example, in the fifth embodiment,
an example in which the two projection portions 80 are
provided at intervals in the radial direction has been de-
scribed. However, the number of the provided projection
portions 80 is not limited to the description above, and
may be three or more.

[Sixth Embodiment]

[0091] Next, a sixth embodiment of the present inven-
tion will be described with reference to FIG. 11. In addi-
tion, the same configuration elements as those of each
of the embodiments will be given the same reference
numerals, and the detailed description thereof will be
omitted. In the present embodiment, the periphery of the
cover upstream surface 43B and the casing upstream
surface 3B described with reference to FIG. 2 in the first
embodiment will be described. In FIG. 11, the periphery
of the cover upstream surface 43B and the casing up-
stream surface 3B is shown in a simplified manner, and
in orderto generalize the description, the cover upstream
surface 43B is referred to as the first facing surface P1
and the casing upstream surface 3B is referred to as a
second facing surface P2. A space between the first fac-
ing surface P1 and the second facing surface P2 corre-
sponds to the flow path F2 described in the first embod-
iment. In the flow path F2, as indicated by an arrow B in
FIG. 2, a high-pressure fluid flowing through the diffuser
flow path 23 flows from the radially outer side toward the
radially inner side.

[0092] Here, between the impeller 4 as the rotating
body R and the casing 3 as the stationary body S, a fric-
tional resistance (disk friction loss) is generated via the
fluid flowing through the above-described flow path F2.
In particular, in a case of the centrifugal compressor 100,
since the outer diameter of the impeller 4 increases as
the lifting heightincreases, itis known that the disk friction
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loss increases. Here, in the present embodiment, as
shown in FIG. 11, on the first facing surface PI, a projec-
tion portion 80B is provided for controlling the flow of the
fluid flowing through the flow path F2.

[0093] The projection portion 80B is provided at a po-
sition on the most radially outer side on the first facing
surface P1. The projection portion 80B projects toward
the second facing surface P2 and has an annular shape
around the axis O. The projection portion 80B faces the
second facing surface P2 with a clearance C therebe-
tween.

[0094] According to the configuration, the fluid that
flows toward the radially inner side in the flow path F2
flows toward the second facing surface P2 side along the
projection portion 80B provided on the first facing surface
P1. In other words, the flow of the fluid is peeled off from
the firstfacing surface P1 and flows to the stationary body
Sside. Thereafter, the fluid passes through the clearance
C between the projection portion 80B and the second
facing surface P2. At this time, a flow velocity of the fluid
increases. From the flow of the fluid having a high flow
velocity, some components are separated toward the ro-
tating body R side (that is, the first facing surface P1
side). The peeled flow forms a vortex (stagnation) in a
region close to the first facing surface P1 and on the
radially inner side of the projection portion 80B. More
specifically, the vortex flows toward the radially inner
side, and then flows from the radially outer side to the
radially inner side toward the projection portion 80B along
the first facing surface P1. By forming such a vortex con-
stantly, the remaining flow components except for the
vortex are inhibited by the vortex and flow toward the
radially inner side at a position close to the stationary
body S side (second facing surface P2 side). As a result,
a friction loss between the first facing surface P1 and the
second facing surface P2 can be reduced.

[0095] The sixth embodiment of the present invention
has been described above. In addition, various changes
and modifications can be made to the above-described
configuration without departing from the gist of the
present invention.

[Seventh Embodiment]

[0096] Next, a seventh embodiment of the present in-
vention will be described with reference to FIG. 12. In
addition, the same configuration elements as those of
each of the embodiments will be given the same refer-
ence numerals, and the detailed description thereof will
be omitted. As shown in FIG. 12, in the present embod-
iment, a recess portion 10 is formed at the position ad-
jacent to the radially inner side of the projection portion
80B on the first facing surface P1. The recess portion 10
is recessed in a direction spaced apart from the second
facing surface P2. In a sectional view including the axis
O, the recess portion 10 has a rectangular sectional
shape. A recess portion bottom surface P4 which is a
bottom surface (the surface facing the second facing sur-
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face P2) of the recess portion 10 widens in the radial
direction with respect to the axis O.

[0097] According to the configuration, the recess por-
tion 10 is formed adjacent to the radially inner side of the
projection portion 80B. By providing the recess portion
10, the region where the vortex is formed can be en-
larged. Accordingly, as the remaining flow components
except for the vortex are inhibited by the vortex, the re-
maining flow components flow toward the radially inner
side at a position close to the stationary body S side (sec-
ond facing surface P2 side). As a result, a friction loss
between the first facing surface P1 and the second facing
surface P2 can further be reduced.

[0098] The seventh embodiment of the presentinven-
tion has been described above. In addition, various
changes and modifications can be made to the above-
described configuration without departing from the gist
of the present invention.

[Eighth Embodiment]

[0099] Next, an eighth embodiment of the present in-
vention will be described with reference to FIG. 13. In
addition, the same configuration elements as those of
each of the embodiments will be given the same refer-
ence numerals, and the detailed description thereof will
be omitted. As shown in FIG. 13, in the present embod-
iment, the bottom surface (recess portion bottom surface
P4’) of the recess portion 10 described in the seventh
embodimentis inclined with respect to the radial direction
of the axis O. More specifically, the recess portion bottom
surface P4’ extends in the direction gradually spaced
apart from the second facing surface P2 as going from
the radially inner side toward the radially outer side in a
sectional view including the axis O.

[0100] According to the configuration, the recess por-
tion bottom surface P4’ extends in the direction gradually
spaced apart from the second facing surface P2 as going
toward the radially outer side in a sectional view including
the axis O. Therefore, the region where the vortex is
formed can be further enlarged. Accordingly, as the re-
maining flow components except for the vortex are inhib-
ited by the vortex, the remaining flow components flow
toward the radially inner side at a position close to the
stationary body S side (second facing surface P2 side).
As aresult, afriction loss between the first facing surface
P1 and the second facing surface can further be reduced.
[0101] Theeighth embodimentofthe presentinvention
has been described above. In addition, various changes
and modifications can be made to the above-described
configuration without departing from the gist of the
present invention.

[Ninth Embodiment]
[0102] Next, a ninth embodiment of the present inven-

tion will be described with reference to FIG. 14. In addi-
tion, the same configuration elements as those of each
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of the embodiments will be given the same reference
numerals, and the detailed description thereof will be
omitted. Asshownin FIG. 14, in the presentembodiment,
a stationary side recess portion 11 is provided in the re-
gion facing the recess portion 10 on the second facing
surface P2. The stationary side recess portion 11 is re-
cessed in a direction spaced apart from the first facing
surface P1. The bottom surface (recess portion bottom
surface P5) of the stationary side recess portion 11 ex-
tends in the direction gradually spaced apart from the
first facing surface P1 as going from the radially outer
side toward the radially inner side in a sectional view
including the axis O. In other words, the recess portion
bottom surface P5 is inclined with respect to the first fac-
ing surface P1. Furthermore, the end edge on the radially
inner side of the recess portion bottom surface P5 is con-
nected to the end edge on the radially outer side of the
second facing surface P2 that widens in the radial direc-
tion.

[0103] According to the configuration, the stationary
side recess portion 11 is formed in the region facing the
recess portion 10 on the second facing surface P2. Fur-
thermore, the bottom surface (recess portion bottom sur-
face P5) of the stationary side recess portion 11 extends
inthe direction gradually spaced apartfromthe first facing
surface P1 as going toward the radially inner side in a
sectional view including the axis O. Accordingly, as the
flow path sectional area between the recess portion 10
and the stationary side recess portion 11 is gradually
enlarged as going toward the radially inner side, an effect
as adiffuser can be achieved. As aresult, the flow velocity
of the fluid that flows into the recess portion 10 decreases,
and the formation of the vortex in the recess portion 10
can be promoted.

[0104] The ninth embodiment of the present invention
has been described above. In addition, various changes
and modifications can be made to the above-described
configuration without departing from the gist of the
present invention.

[Tenth Embodiment]

[0105] Next, atenth embodiment of the present inven-
tion will be described with reference to FIG. 15. In addi-
tion, the same configuration elements as those of each
of the embodiments will be given the same reference
numerals, and a detailed description thereof will be omit-
ted. As shown in FIG. 15, in the present embodiment,
the stationary side projection portion 90B is provided at
a position facing the projection portion 80B on the second
facing surface P2. The stationary side projection portion
90B projects toward the projection portion 80B. The sta-
tionary side projection portion 90B projects from the sec-
ond facing surface P2 toward the first facing surface P1
side. The stationary side projection portion 90B has a
rectangular sectional shape in a sectional view including
the axis O. In other words, the end surface facing the first
facing surface P1 side in the stationary side projection
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portion 90B is formed in a planar shape that widens in a
plane intersecting the axis O. The clearance C is formed
between the stationary side projection portion 90B and
the projection portion 80B.

[0106] According to the configuration, the stationary
side projection portion 90B which projects toward the pro-
jection portion 80B is provided at the position facing the
projection portion 80B on the second facing surface P2.
By providing the stationary side projection portion 90B,
the position of the clearance C formed between the pro-
jection portion 80B and the stationary side projection por-
tion 90B in the direction of the axis O can be adjusted.
Accordingly, the position of the region where the vortex
is formed can be adjusted appropriately.

[0107] Furthermore, according tothe configuration, the
end surface of the stationary side projection portion 90B
is formed in a planar shape that widens in a plane inter-
secting the axis O. Therefore, forexample, evenin acase
where the projection portion 80B is relatively displaced
in the radial direction with respect to the stationary side
projection portion 90B, itis possible to reduce a possibility
that the size or the opening direction of the clearance C
between the projection portion 80B and the stationary
side projection portion 90B changes.

[0108] The tenth embodiment of the present invention
has been described above. In addition, various changes
and modifications can be made to the above-described
configuration without departing from the gist of the
present invention. For example, the stationary side pro-
jection portion 90B in the tenth embodiment can also be
configured as described with reference to FIGS. 7 and 8
as a modification example of the above-described fourth
embodiment. In other words, a configuration in which the
plurality of stationary side projection portions 90B are
arranged at intervals in the circumferential direction, and
each stationary side projection portion 90B extends to-
ward the front side in a rotational direction Dr of the ro-
tating body R as going from the radially outer side toward
the radially inner side, can be employed.

[Eleventh Embodiment]

[0109] Next, an eleventh embodiment of the present
invention will be described with reference to FIG. 16. In
addition, the same configuration elements as those of
each of the embodiments will be given the same refer-
ence numerals, and the detailed description thereof will
be omitted. As shown in FIG. 16, the region facing the
recess portion 10 on the second facing surface P2 (re-
cess portion facing surface P6) extends in a direction
gradually spaced apart from the first facing surface P1
as going from the radially outer side toward the radially
inner side in a sectional view including the axis O. More
specifically, the recess portion facing surface P6 extends
radially inward starting from the tip end of the stationary
side projection portion 90B.

[0110] According to the configuration, the recess por-
tion facing surface P6 facing the recess portion 10 on the
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second facing surface P2 extends in the direction grad-
ually spaced apart from the first facing surface P1 as
going toward the radially inner side in a sectional view
including the axis O. Accordingly, as the flow path sec-
tional area between the second facing surface P2 and
the recess portion 10 is gradually enlarged as going to-
ward the radially inner side, an effect as a diffuser can
be achieved. As a result, the flow velocity of the fluid that
flows between the second facing surface P2 and the re-
cess portion 10 decreases, and the formation of the vor-
tex in the recess portion 10 can be promoted.

[0111] The eleventh embodiment of the present inven-
tion has been described above. In addition, various
changes and modifications can be made to the above-
described configuration without departing from the gist
of the present invention.

[Twelfth Embodiment]

[0112] Next, a twelfth embodiment of the present in-
vention will be described with reference to FIG. 17. In
addition, the same configuration elements as those of
each of the embodiments will be given the same refer-
ence numerals, and the detailed description thereof will
be omitted. As shown in FIG. 17, in the present embod-
iment, the plurality (two) of projection portions 80B are
provided at intervals in the radial direction on the first
facing surface P1. The two projection portions 80B have
the same shape.

[0113] According to the configuration, since the plural-
ity of projection portions 80 are provided at intervals in
the radial direction on the first facing surface PI, in a wider
region on the first facing surface PI, the friction loss be-
tween the rotating body R side and the stationary body
S side can be reduced uniformly.

[0114] The twelfth embodiment of the present inven-
tion has been described above. In addition, various
changes and modifications can be made to the above-
described configuration without departing from the gist
of the present invention. For example, in the twelfth em-
bodiment, an example in which the two projection por-
tions 80 are provided at intervals in the radial direction
has been described. However, the number of the provid-
ed projection portions 80 is not limited to the description
above, and may be three or more.

Industrial Applicability

[0115] According to the presentinvention, itis possible
to provide a rotating machinery with improved efficiency
by further reducing a friction loss.

EXPLANATION OF REFERENCES

[0116]

100 centrifugal compressor (rotating machinery)
1 rotating shaft
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2 fluid flow path

3 casing

3A casing back surface

3B casing upstream surface

3D casing inner circumferential surface
4 impeller

5 journal bearing

6 thrust bearing

7 intake port

8 exhaust port

10 recess portion

11 stationary side recess portion
21 suction flow path

22 compression flow path

23 diffuser flow path
24 return bend portion
25 guide flow path

41 disk

41A disk back surface
42 blade

43 cover

43B cover upstream surface

50 return vane

80, 80B projection portion (rotation side projection
portion)

90, 90B stationary side projection portion
Dr front side in rotational direction

F1, F2 flow path

O axis

P1 first facing surface

P11 first inner region

P12, P12’ first outer region

P2 second facing surface

P21, P21’ second outer region

P3 outer wall surface

P4, P4’, P5 recess portion bottom surface
P6 recess portion facing surface

R rotating body

S stationary body

Claims

A rotating machinery comprising:

arotating body which is rotatable around an axis
and has a first facing surface that widens in a
plane intersecting the axis;

a stationary body has a second facing surface
which faces the first facing surface in an axial
direction and forms a flow path through which a
fluid flows from a radially inner side toward a
radially outer side between the first facing sur-
face and the second facing surface; and

at least one rotation side projection portion
which projects from the first facing surface to-
ward the second facing surface, has an annular
shape around the axis, and faces the second
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facing surface via a clearance.

The rotating machinery according to claim 1,
wherein positions of a first inner region which is a
region on the radially inner side with respect to the
at least one rotation side projection portion and a
first outer region which is a region on the radially
outer side with respect to the at least one rotation
side projection portion on the first facing surface, are
the same in the axial direction.

The rotating machinery according to claim 1,

wherein a first outer region which is a region on the
radially outer side with respect to the at least one
rotation side projection portion on the first facing sur-
face widens to a position further away from the sec-
ond facing surface in the axial direction than a first
inner region which is a region on the radially inner
side with respect to the at least one rotation side
projection portion on the first facing surface.

The rotating machinery according to claim 3,
wherein the first outer region extends in a direction
gradually spaced apart from the second facing sur-
face as going from the radially inner side toward the
radially outer side in a sectional view including the
axis.

The rotating machinery according to any one of
claims 1 to 4,

wherein a second outer region which is a region on
the radially outer side with respect to the at leastone
rotation side projection portion on the second facing
surface extends in a direction gradually spaced apart
from the first facing surface as going from the radially
inner side toward the radially outer side in a sectional
view including the axis.

The rotating machinery according to any one of
claims 1 to 5, further comprising:

at least one stationary side projection portion which
is provided at a position facing the at least one rota-
tion side projection portion on the second facing sur-
face and projects toward the at least one rotation
side projection portion.

The rotating machinery according to claim 6,
wherein an end surface facing the first facing surface
in the at least one stationary side projection portion
is formed in a planar shape that widens in a plane
intersecting the axis.

The rotating machinery according to claim 6,
wherein the at least one stationary side projection
portion includes a plurality of stationary side projec-
tion portions; and

the plurality of stationary side projection portions are
arranged at intervals in a circumferential direction
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and extend to a front side in a rotational direction of
the rotating body as going from the radially inner side
toward the radially outer side.

The rotating machinery according to any one of
claims 6 to 8,

wherein a second outer region which is a region on
the radially outer side with respect to the atleast one
rotation side projection portion extends in a direction
gradually spaced apart from the first facing surface
starting from an end edge of the at least one station-
ary side projection portion on a first facing surface
side as going from the radially inner side toward the
radially outer side in a sectional view including the
axis.

The rotating machinery according to any one of
claims 1 to 9,

wherein the at least one rotation side projection
portion includes a plurality of rotation side pro-
jection portions; and

the plurality of rotation side projection portions
are provided at intervals in a radial direction on
the first facing surface.

The rotating machinery according to any one of
claims 1 to 10,

wherein the at least one rotation side projection por-
tion has a radial dimension that decreases going
from the first facing surface side toward the second
facing surface side.

A rotating machinery comprising:

arotating body which is rotatable around an axis
and has a first facing surface that widens in a
plane intersecting the axis;

a stationary body which has a second facing sur-
face which faces the first facing surface in an
axial direction and forms a flow path through
which a fluid flows from a radially outer side to-
ward aradially inner side between the first facing
surface and the second facing surface; and

at least one rotation side projection portion
whichis provided in an end portion on the radially
outer side on the first facing surface, projects
toward the second facing surface, has an annu-
lar shape around the axis, and faces the second
facing surface via a clearance.

The rotating machinery according to claim 12, further
comprising:

a recess portion provided adjacent to the radially in-
ner side with respect to the at least one rotation side
projection portion on the first facing surface and re-
cessed in a direction spaced apart from the second
facing surface.
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The rotating machinery according to claim 13,
wherein a bottom surface of the recess portion ex-
tends in a direction gradually spaced apart from the
second facing surface as going from a radially inner
side toward the radially outer side in a sectional view
including the axis.

The rotating machinery according to claim 13 or 14,
further comprising:

a stationary side recess portion provided in a
region facing the recess portion on the second
facing surface, and recessed in a direction
spaced apart from the first facing surface,

wherein a bottom surface of the stationary side
recess portion extends in a direction gradually
spaced apart from the first facing surface as go-
ing from the radially outer side to the radially
inner side in a sectional view including the axis.

The rotating machinery according to any one of
claims 12 to 15, further comprising:

at least one stationary side projection portion which
is provided at a position facing the at least one rota-
tion side projection portion on the second facing sur-
face and projects toward the at least one rotation
side projection portion.

The rotating machinery according to claim 16,
wherein an end surface facing the first facing surface
in the at least one stationary side projection portion
is formed in a planar shape that widens in a radial
direction.

The rotating machinery according to claim 16,

wherein the at least one stationary side projec-
tion portion includes a plurality of stationary side
projection portions; and

the plurality of stationary side projection portions
are arranged at intervals in a circumferential di-
rection and extend to a front side in a rotational
direction of the rotating body as going from the
radially outer side toward the radially inner side.

The rotating machinery according to any one of
claims 13 to 15,

wherein a region facing the recess portion on the
second facing surface extends in a direction gradu-
ally spaced apart from the first facing surface as go-
ing from the radially outer side to the radially inner
side in a sectional view including the axis.

The rotating machinery according to any one of
claims 12 to 19,

wherein the at least one rotation side projection
portion includes a plurality of rotation side pro-
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jection portions; and

the plurality of rotation side projection portions
are provided at intervals in a radial direction on
the first facing surface.

21. The rotating machinery according to any one of
claims 12 to 20,
wherein the at least one rotation side projection por-
tion has a radial dimension that decreases going
from the first facing surface side toward the second 70
facing surface side.
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