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(54) CENTRIFUGAL COMPRESSOR

(57) In order to suppress surging and to increase op-
erational efficiency while expanding the operational
range, a high-pressure compressed fluid is fed from a
volute part (22) through connecting parts (40A) and into
a diffuser flow path (35), said diffuser flow path (35) being

formed between an annular disk part (31) and an annular
disk (32) in a diffuser part (30). Thus, it is possible to
prevent a reverse flow region (H) from extending toward
the rear edge of the diffuser part (30) due to detachment
occurring from the annular disk (32).



EP 2 886 875 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a centrifugal
compressor which increases a pressure of a fluid to gen-
erate a compressed fluid, and particularly, relates to a
centrifugal compressor which includes a diffuser part pro-
vided on a discharge side of the compressor fluid.

Background Art

[0002] A centrifugal compressor is mainly configured
of an impeller which includes a rotating hub and a plurality
of centrifugal blades attached to the outer peripheral sur-
face of the hub, and a casing which accommodates the
impeller and forms a flow path for a fluid.
[0003] In the flow path for the fluid, there are provided
a suction flow path through which the fluid is sucked from
the outside by rotation of the impeller and the fluid is
introduced into the impeller, a diffuser part which is ap-
proximately annularly formed on the outer peripheral side
of the impeller and recovers a static pressure by decreas-
ing the speed of airflow discharged from the impeller, and
a spiral volute part and a discharge pipe which are pro-
vided on the outer peripheral side of the diffuser part, are
formed so that the cross-sectional areas are enlarged
along the peripheral directions, decrease the speed of
the airflow, and increase the static pressure of the airflow.
[0004] In this centrifugal compressor, when the impel-
ler is rotated, the impeller compresses the fluid such as
gas, air, or the like introduced from the outside. The flow
(airflow) of the fluid formed in this way is discharged from
the outer peripheral end of the impeller to the outside
through the discharge pipe via the diffuser part and the
volute part.
[0005] Meanwhile, in the centrifugal compressor, the
compressed air is discharged during a specific period,
and thus, the pressure and the flow rate are changed,
and a phenomenon such as surging which generates
self-excitation vibration occurs. The pressure and the
flow rate generated by the surging determine an opera-
tion limit of a small flow rate side.
[0006] On the other hand, if the flow rate is increased,
occlusion of the fluid referred to as choking occurs in the
impeller or the diffuser part, and thus, the flow rate range
of a large flow rate side is limited.
[0007] Accordingly, in order to realize a stable opera-
tion in the centrifugal compressor, it is necessary to op-
erate an operational range so that the surging does not
occur in the small flow rate side and the choking does
not occur in the large flow rate side.
[0008] Then, in the diffuser part, seperation occurs on
the low flow rate condition, a reverse flow from the volute
part reaches the impeller when a reverse flow region gen-
erated due to the seperation reaches the rear edge of
the diffuser part, and thus, surging occurs.
[0009] Accordingly, for example, in the technology dis-

closed in PTL 1, a circulation passage is provided on a
rear side of a wall surface of a diffuser along the flow
direction of a fluid, a first opening of the circulation pas-
sage is formed on a fluid outlet side of an impeller of the
wall surface of the diffuser, and a second opening is
formed on a discharge port side of the wall surface of the
diffuser.
[0010] In this configuration, the fluid, which flows in the
vicinity of the wall surface of the diffuser and in which the
reverse flow easily occurs, becomes a circulation flow in
which the fluid enters from the second opening to the
circulation passage and is discharged from the first open-
ing, and thus, an apparent flow rate of the diffuser is in-
creased. Accordingly, the flow in the vicinity of the wall
surface is smooth, occurrence of the reverse flow of the
fluid is suppressed, and thus, it is possible to increase a
flow rate range up to the surge. As a result, it is possible
to suppress occurrence of the surging with certainty, due
to the reverse flow of the fluid during a low flow rate with-
out damaging the functionality of the diffuser.
[0011] In addition, a technology disclosed in PTL 2 in-
cludes a configuration in which a circulation flow path is
provided, through which a part of a fluid flowing in a dif-
fuser flow path is returned as a circulation fluid from a
downstream side region to an upstream side region in
the diffuser flow path, and the fluid flowing in the circu-
lation flow path is cooled by cooling means.
[0012] Accordingly, the fluid flowing in the circulation
flow path is cooled, and is returned to the upstream side
region of the diffuser flow path. Therefore, compression
performance of the centrifugal compression is improved.

Citation List

Patent Literature

[0013]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 2005-240680
[PTL 2] Japanese Unexamined Patent Application
Publication No. 2010-151034

Summary of Invention

Technical Problem

[0014] However, it is constantly necessary to further
expand an operational range of a centrifugal compressor,
and thus, there is still needs for improvement.
[0015] In the technologies disclosed in PTL 1 and PTL
2, occurrence of the reverse flows of the fluid is sup-
pressed by circulating a part of the fluid flowing in the
diffuser flow path and increasing the flow rate of the ap-
pearance, and thus, operational efficiency is substantial-
ly decreased.
[0016] The present invention is made in consideration
of the above-described circumstances, and an object
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thereof is to provide a centrifugal compressor capable of
increasing the operational efficiency while suppressing
occurrence of the surging and further expanding the op-
erational range.

Solution to Problem

[0017] According to the present invention, a centrifugal
compressor including: an impeller which includes a hub
and a plurality of blades attached to the outer peripheral
surface of the hub; and a casing which rotatably accom-
modates the impeller, in which the casing includes: a
suction flow path through which a fluid sucked from the
outside by rotation of the impeller is introduced to the
impeller; a diffuser part which is annularly formed on an
outer peripheral side of the impeller, and decelerates the
flow of the fluid discharged to the outer peripheral side
by the rotation of the impeller; a spiral volute part which
is formed on an outer peripheral side of the diffuser part
and in which a cross-sectional area is gradually in-
creased along a circumferential direction; a discharge
pipe which extends from a part having the largest cross-
section area of the volute part toward the outer peripheral
side; and a connecting part which is formed on a side
wall surface of a diffuser flow path through which the fluid
flows in the diffuser part, and causes the inner portion of
the volute part and the inner portion of the diffuser flow
path to communicate with each other, in which an open-
ing part of the diffuser flow path side of the connecting
part is formed on a downstream side of the diffuser flow
path.
[0018] In the centrifugal compressor, the fluid sucked
from the outside by the rotation of the impeller is dis-
charged to the diffuser part of the outer peripheral side
of the impeller via the suction flow path and is deceler-
ated, and thus, the fluid flows into the volute part. In the
volute part, the fluid flows from the side in which the cross-
sectional area is small to the side in which the cross-
sectional area is large, and is discharged from the dis-
charge pipe to the outside as a high-pressure com-
pressed fluid.
[0019] In this case, in the diffuser part, the high-pres-
sure compressed fluid inside the volute part is discharged
into the diffuser flow path through the connecting part.
Accordingly, a flow rate in which a reverse flow region
due to seperation occurring on the diffuser wall surface
reaches a rear edge of the diffuser part is further de-
creased, and thus, it is possible to increase the flow rate
range up to the surge. In addition, since the high-pressure
compressed fluid passing through the diffuser part is cir-
culated from the volute part, efficiency in the diffuser part
is not decreased.
[0020] Preferably, a plurality of the connecting parts
are formed at set intervals along the circumferential di-
rection of the diffuser part. The connecting part may be
a through hole, and may be a slit which is continuous in
the circumferential direction of the diffuser part.
[0021] Then, in many cases, an axially asymmetrical

structure such as a volute part in which the cross-sec-
tional area is spirally increased along the circumferential
direction, may exist in the downstream side of the diffus-
er. According to this influence, a non-uniform static pres-
sure distribution in the circumferential direction exists in
the downstream side of the diffuser. According to the
non-uniform static pressure distribution, lengths in a ra-
dial direction of the reverse flow region with respect to
the diffuser flow path wall are different from each other
in the circumferential direction. In addition, it is consid-
ered that the surging is generated from a location at which
the reverse flow region reaches the rear edge the earliest.
[0022] Accordingly, preferably, the connecting part is
formed at least on an inner peripheral side of the part
having the largest cross-section area of the volute part.
[0023] In addition, preferably, in the connecting part,
at least an end part of the side wall surface side is formed
so as to be inclined from the inner peripheral side of the
diffuser part toward the outer peripheral side. According-
ly, the high-pressure compressed fluid discharged into
the diffuser flow path from the connecting part can flow
along the diffuser wall surface, and thus, it is possible to
effectively suppress occurrence of the reverse flow of the
fluid.
[0024] Moreover, in the connecting part, at least the
end part of the side wall surface side may be formed so
as to be parallel with an outer peripheral side end part of
the centrifugal blade.

Advantageous Effects of Invention

[0025] According to a centrifugal compressor of the
present invention, occurrence of the surging is sup-
pressed, and it is possible to increase the operational
efficiency while further expanding the operational range.

Brief Description of Drawings

[0026]

Fig. 1 is a view showing a component configuration
of a centrifugal compressor according to a first em-
bodiment of the present invention.
Fig. 2 is a half cross-sectional view along an axis of
the centrifugal compressor according to the first em-
bodiment.
Fig. 3 is a view showing an aspect of the flow of a
fluid in a diffuser part of the centrifugal compressor
according to the first embodiment of the present in-
vention.
Fig. 4 is a view showing configurations of main por-
tions of a centrifugal compressor according to a sec-
ond embodiment of the present invention.

Description of Embodiments

[0027] Hereinafter, embodiments of a centrifugal com-
pressor according to the present invention will be de-
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scribed with reference to the drawings.

[First Embodiment]

[0028] A centrifugal compressor 10 according to a first
embodiment of the present invention will be described.
[0029] As shown in Figs. 1 and 2, the centrifugal com-
pressor 10 includes a rotary shaft 11 which is rotationally
driven by a driving device such as a motor (not shown)
or a turbine (not shown), an impeller 12 which is rotated
around the rotary shaft 11, and a casing 20 which ac-
commodates the rotary shaft 11 and the impeller 12 and
forms a flow path for the fluid.
[0030] The impeller 12 includes a hub 13 which is in-
tegrally provided with the rotary shaft 11 and a plurality
of blades 14 which are provided on an outer peripheral
surface of the hub 13. In the hub 13, a curved surface
13c in which the outer diameter is gradually increased
from an end part 13a of one end side of the rotary shaft
11 toward an end part 13b of the other end side is formed.
The plurality of blades 14 are disposed on the curved
surface 13c of the hub 13 in the circumferential direction.
Here, as shown in Fig. 1, the blades 14 are configured
of inner peripheral blades 14A provided on the inner pe-
ripheral side of the hub 13 and outer peripheral blades
14B provided on the outer peripheral side of the hub 13,
and thus, may be a multiple configuration.
[0031] The casing 20 includes a suction flow path 21
which is continuous along an axial direction of the rotary
shaft 11 from a suction port 29 formed on one end 20a
side toward the impeller 12, a diffuser part 30 which is
annularly formed on the outer peripheral side of the im-
peller 12, a spiral volute part 22 which is continuously
formed in the circumferential direction on the outer pe-
ripheral (downstream) side of the diffuser part 30 and in
which a cross-sectional area in a cross-section orthogo-
nal to the circumferential direction is gradually increased
along the circumferential direction, and a discharge pipe
23 which is connected to a maximum area part 22b of
the volute part 22 and extends in a tangential direction.
[0032] Here, a minimum area part 22a and the dis-
charge pipe 23 are adjacent to the maximum area part
22b in the circumferential direction of the volute part 22.
In addition, a tongue 28 is formed between the minimum
area part 22a of the volute part 22 and the discharge pipe
23.
[0033] The diffuser part 30 is opened to the inner pe-
ripheral side (impeller 12 side) and the outer peripheral
side (volute part 22 side) over the entire circumference
of the outer peripheral part of the impeller 12. The diffuser
part 30 includes an annular disk part 31 which is formed
on a part of the casing 20, an annular disk 32 which is
disposed to oppose the annular disk part 31 at a set in-
terval, and diffuser vanes 33 which are integrally formed
with the annular disk 32 and provided at equal intervals
in the circumferential direction of the annular disk 32. The
diffuser vanes 33 are formed so as to be inclined in the
radial direction of the annular disk 32. Accordingly, the

interval between the diffuser vanes 33 and 33 adjacent
to each other in the circumferential direction of the an-
nular disk 32 is gradually increased from the inner pe-
ripheral side toward the outer peripheral side.
[0034] In the diffuser part 30, the diffuser flow path 35
is formed between the annular disk part 31 and the an-
nular disk 32.
[0035] In the present embodiment, a diffuser member
34 which includes the annular disk 32 and the diffuser
vanes 33 is separately formed with the casing 20, and
the diffuser member is provided to be interposed between
the annular disk part 31 which forms a part of the casing
20 and a holding part 24 of the casing 20 which is formed
to oppose the annular disk part 31. Moreover, an inner
peripheral side end part 32a of the annular disk 32 is
formed in a curved surface shape in which the interval
between the inner peripheral side end part 32a and the
annular disk part 31 is gradually decreased from an outer
peripheral part 12a of the impeller 12 toward the outer
periphery.
[0036] In addition, an outer peripheral side end part
32b of the annular disk 32 extends the outer peripheral
side from the outer peripheral side end part 24a of the
holding part 24 and is formed to protrude in the volute
part 22. In the annular disk 32, a connecting part 40A
through which a side wall surface 32c facing the diffuser
flow path 35 and a backface 32d opposite to the side wall
surface 32c communicate with each other is formed on
the outer peripheral side from the outer peripheral side
end part 24a of the holding part 24. A plurality of the
connecting parts 40A are formed at set intervals in the
circumferential direction of the annular disk 32, and each
of the connecting parts 40A is formed of a slit 41 which
is continuous in the circumferential direction.
[0037] Here, preferably, the connecting part 40A con-
figured of the slit 41 or the like is formed so as to be
inclined from the inner peripheral side of the diffuser part
30 to the outer peripheral side, from an opening end 40a
of the backface 32d side toward an opening end (opening
part) 40b of the side wall surface 32c side.
[0038] Moreover, in the connecting part 40A, prefera-
bly, the opening end 40b of the diffuser flow path 35 side
is formed on the downstream side of the diffuser flow
path 35. More preferably, the opening end 40b is formed
in the outer peripheral side from a position which is po-
sitioned 75% from the center side of the diffuser part 30
with respect to the radius of the outer peripheral part of
the diffuser part 30. In the inner peripheral side, since a
static pressure difference between the opening end 40a
and the opening end 40b is increased, a speed of the
flow introduced from the connecting part 40A to the dif-
fuser part 30 is increased, and thus, the flow inside the
diffuser deteriorates.
[0039] An operation of the centrifugal compressor 10
configured in this way will be described below.
[0040] The centrifugal compressor 10 rotationally
drives the impeller 12 around the rotary shaft 11 by the
driving device such as the motor (not shown) or a turbine
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(not shown). By the rotation of the impeller 12, the fluid
taken in the casing 20 through the suction port 29 from
the outside flows toward the impeller 12 in the suction
flow path 21.
[0041] Centrifugal force is applied to the fluid intro-
duced into the casing 20 by the rotation of the blades 14
integrally rotated with the hub 13, and is compressed.
The compressed fluid flows from the outer peripheral end
of the impeller 12 into the diffuser part 30 of the outer
peripheral side. In the diffuser part 30, airflow discharged
from the impeller 12 to the outer peripheral side passes
between the diffuser vanes 33 and 33 adjacent to the
each other in the circumferential direction, and thus, the
airflow is decelerated, and the static pressure is recov-
ered. In addition, the fluid flowing in the volute part 22 of
the outer periphery from the diffuser part 30 flows from
the minimum area part 22a toward the maximum area
part 22b, and is discharged from the discharge pipe 23
as a high-pressure compressed fluid.
[0042] Here, as shown in Fig. 3, the high-pressure
compressed fluid flowing in the volute part 22 through
the diffuser part 30 is drawn into the diffuser flow path 35
between the annular disk part 31 and the annular disk
32 through the connecting part 40A. In the diffuser part
30, according to the decreased flow rate, seperation oc-
curs from the annular disk 32 in the diffuser flow path 35,
and a reverse flow region H due to the seperation extends
toward the rear edge (the edge part in the outer peripheral
side) of the diffuser part 30. In this case, it is possible to
increase the flow rate of the fluid in the part along the
annular disk 32 through a flow R of the high-pressure
compressed fluid which flows from the volute part 22 into
the diffuser flow path 35 through the connecting part 40A.
Accordingly, it is possible to prevent the reverse flow re-
gion H, due to large-scale detachment generated from
the annular disk 32, from extending toward the rear edge
of the diffuser part 30.
[0043] Therefore, it is possible to prevent occurrence
of surging in the diffuser part 30, and it is possible to
increase the operational range of the centrifugal com-
pressor 10.
[0044] In addition, the diffuser member 34 including
the annular disk 32 in which the connecting part 40A is
formed and the diffuser vanes 33 may be separately
formed with the casing 20. Accordingly, it is possible to
easily process the connecting part 40A as a single body
of the diffuser member 34.
[0045] Then, the plurality of slits 41 configuring the con-
necting part 40A may be formed over the entire circum-
ference of the diffuser part 30. However the slits may be
formed on only a part in the circumferential direction.
[0046] On the downstream side of the diffuser part 30,
it is known that static pressure distribution which is non-
uniform in the circumferential direction exists in the vicin-
ity of the tongue 28 in the volute part 22 in which the
cross-sectional area is increased along the circumferen-
tial direction.
[0047] Accordingly, the slits 41 configuring the con-

necting part 40A may be formed only within a range from
the tongue 28 to within 30° of the upstream side based
on the tongue 28.
[0048] In addition, the slits 41 configuring the connect-
ing part 40A may be formed only in an area from within
30° of the upstream side to within 30° of the downstream
side based on the tongue 28 in which the pressure dis-
tribution exists.

[Second Embodiment]

[0049] Next, a second embodiment of the present in-
vention will be described. In the second embodiment de-
scribed below, in the drawings, the same reference nu-
merals are assigned to the configurations common to the
first embodiment, descriptions thereof are omitted, and
differences between the first embodiment and the second
embodiment are mainly described.
[0050] As shown in Fig. 4, in the present embodiment,
the connecting part 40B is formed of through holes 42
instead of slits 41, and the connecting part 40B including
the through holes 42 is formed so as to be parallel with
the outer peripheral side end part 33b of the diffuser vane
33 and to be inclined approximately at the angle in the
radial direction of the annular disk 32, from the opening
end 40a of the backface 32d side of the annular disk 32
toward the opening end 40b of the side wall surface 32c
side.
[0051] Accordingly, the high-pressure compressed flu-
id flowing into the diffuser flow path 35 from the opening
end 40b through the connecting part 40B can suppress
turbulence in the flow between the diffuser vanes 33 and
33 adjacent in the circumferential direction. Therefore, it
is possible to more certainly prevent occurrence of the
surging in the diffuser part 30, and it is possible to further
increase the operational range of the centrifugal com-
pressor 10.
[0052] Also in this case, the connecting part 40B may
be formed in only the range up to within 30° of the up-
stream side with respect to the tongue 28.
[0053] Moreover, the present invention is not limited
to the above-described embodiments, and may be ap-
propriately modified within a range which does not depart
from the gist of the present invention.
[0054] For example, the cross-sectional shapes, sizes,
dispositions, or the like of the connecting parts 40A and
40B are not limited.
[0055] In addition, a plurality of rows (a plurality of plies)
of the connecting parts 40A and 40B may be disposed
on the inner peripheral side and the outer peripheral side.
[0056] Moreover, the diffuser vanes 33 may be re-
moved, and the casing 20 and the holding part 24 may
be an integral structure.

Reference Signs List

[0057]
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10: centrifugal compressor
11: rotary shaft
12: impeller
12a: outer peripheral part
13: hub
13a: end part
13b: end part
13c: curved surface
14: blade (centrifugal blade)
14A: inner peripheral blade
14B: outer peripheral blade
20: casing
20: one end
21: suction flow path
22: volute part
22a: minimum area part
22b: maximum area part
23: discharge pipe
24: holding part
24a: outer peripheral side end part
28: tongue
29: suction port
30: diffuser part
31: annular disk part
32: annular disk
32a: inner peripheral side end part
32b: outer peripheral side end part
32c: side wall surface
32d: backface
33: diffuser vane
33b: outer peripheral side end part
34: diffuser member
35: diffuser flow path
40A and 40B: connecting part
40a: opening end
40b: opening end (opening part)
41: slit
42: through hole

Claims

1. A centrifugal compressor comprising:

an impeller which includes a hub and a plurality
of blades attached to the outer peripheral sur-
face of the hub; and
a casing which rotatably accommodates the im-
peller,
wherein the casing includes:

a suction flow path through which a fluid
sucked from the outside by rotation of the
impeller is introduced to the impeller;
a diffuser part which is annularly formed on
an outer peripheral side of the impeller, and
decelerates the flow of the fluid discharged
to the outer peripheral side by the rotation

of the impeller;
a spiral volute part which is formed on an
outer peripheral side of the diffuser part and
in which a cross-sectional area is gradually
increased along a circumferential direction;
a discharge pipe which extends from a part
having the largest cross-section area of the
volute part toward the outer peripheral side;
and
a connecting part which is formed on a side
wall surface of a diffuser flow path through
which the fluid flows in the diffuser part, and
causes the inner portion of the volute part
and the inner portion of the diffuser flow path
to communicate with each other, and
wherein an opening part of the diffuser flow
path side of the connecting part is formed
on a downstream side of the diffuser flow
path.

2. The centrifugal compressor according to claim 1,
wherein a plurality of the connecting parts are formed
at set intervals along the circumferential direction of
the diffuser part.

3. The centrifugal compressor according to claim 1 or 2,
wherein the connecting part is formed at least on an
inner peripheral side of the part having the largest
cross-section area of the volute part.

4. The centrifugal compressor according to any one of
claims 1 to 3,
wherein in the connecting part, at least an end part
of the side wall surface side is formed so as to be
inclined from the inner peripheral side of the diffuser
part toward the outer peripheral side.

5. The centrifugal compressor according to any one of
claims 1 to 4,
wherein in the connecting part, at least the end part
of the side wall surface side is formed so as to be
parallel with an outer peripheral side end part of the
compressor wheel.

Amended claims under Art. 19.1 PCT

1. (amended) A centrifugal compressor comprising:

an impeller which includes a hub and a plurality
of centrifugal blades attached to the outer pe-
ripheral surface of the hub; and
a casing which rotatably accommodates the im-
peller,
wherein the casing includes:

a suction flow path through which a fluid
sucked from the outside by rotation of the

9 10 
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impeller is introduced to the impeller;
a diffuser part which is annularly formed on
an outer peripheral side of the impeller, and
decelerates the flow of the fluid discharged
to the outer peripheral side by the rotation
of the impeller;
a spiral volute part which is formed on an
outer peripheral side of the diffuser part and
in which a cross-sectional area is gradually
increased along a circumferential direction;
a discharge pipe which extends from a part
having the largest cross-section area of the
volute part toward the outer peripheral side;
and
a connecting part which is formed on a side
wall surface of a diffuser flow path through
which the fluid flows in the diffuser part, and
causes the inner portion of the volute part
and the inner portion of the diffuser flow path
to communicate with each other, and
wherein an opening part of the diffuser flow
path side of the connecting part is formed
on a downstream side of the diffuser flow
path, and is formed in only a region from
within 30° of a upstream side of the diffuser
part to within 30° of a downstream side
thereof based on a tongue which is formed
between a minimum area part of the volute
part and the discharge pipe.

2. The centrifugal compressor according to claim 1,
wherein a plurality of the connecting parts are formed
at set intervals along the circumferential direction of
the diffuser part.

3. The centrifugal compressor according to claim 1
or 2,
wherein the connecting part is formed at least on an
inner peripheral side of the part having the largest
cross-section area of the volute part.

4. The centrifugal compressor according to any one
of claims 1 to 3,
wherein in the connecting part, at least an end part
of the side wall surface side is formed so as to be
inclined from the inner peripheral side of the diffuser
part toward the outer peripheral side.

5. The centrifugal compressor according to any one
of claims 1 to 4,
wherein in the connecting part, at least the end part
of the side wall surface side is formed so as to be
parallel with an outer peripheral side end part of the
centrifugal blade.

6. added) The centrifugal compressor according to
any one of claims 1 to 5,
wherein the opening part of the diffuser flow path

side of the connecting part is formed in only a region
from the tongue to within 30° of the upstream side
of the diffuser part based on the tongue.
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