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(54) CENTRIFUGAL FLUID MACHINE

(57) Provided is a centrifugal fluid machine in which
flow separation due to the inconsistency in angles be-
tween a flow discharged from an impeller and a flow at
vane inlet is suppressed and in which the performance
of a bladed diffuser is enhanced. The present invention
is a centrifugal compressor that is provided with a plurality
of blades and an impeller having the plurality of blades;
and a diffuser (21) that is provided on a downstream of
the impeller and that has a plurality of vanes (24) between
a shroud-side wall surface (22) and a hub-side wall sur-
face (23) that face each other, and that is configured so

that a fluid that is pressurized by means of rotation of the
impeller flows out by passing through the diffuser (21),
and the centrifugal compressor is provided with one or
plurality of working fluid injection ports (25) that form
openings at the hub-side wall surface (23) and that inject
the working fluid in a main flow direction along pressure
surfaces (24a) of the vanes (24), wherein the working
fluid injection ports (25) are provided at radial positions
closer to leading edges of the vanes (24) than to a throat
radius (R2).
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Description

{Technical Field}

[0001] The present invention relates to a centrifugal
fluid machine equipped with a bladed diffuser, that is usu-
aly used for a marine, a automotive, and a gas turbine
engine for an aircraft, and so forth.

{Background Art}

[0002] A centrifugal fluid machine employed in a cen-
trifugal compressor of a supercharger or the like is con-
figured such that, by rotating an impeller in a casing, a
fluid (gas) to be pressurized flows while passing through
most of the flow channels in the impeller in the radial
direction, so that the fluid is pressurized mainly by means
of centrifugal force. To achieve a high pressure ratio, high
efficiency, and a wide operational range are required for
such a centrifugal fluid machine, a bladed diffuser, that
is to say, provided with a plurality of vanes (diffuser
blades), is provided downstream of the impeller, and it
is essential to increase the performance of this bladed
diffuser.
[0003] In the centrifugal compressor of Patent Litera-
ture 1, in order to prevent the flow separation from the
vanes, communicating pathways that communicate be-
tween suction surfaces of the vanes and pressure sur-
faces thereof are formed.
[0004] The centrifugal fluid machine disclosed in Pat-
ent Literature 2 has a configuration in which radially-out-
er-side surfaces of vanes and radially-inner-side surfac-
es thereof communicate by means of a groove provided
in at least one of the wall surfaces, namely, a shroud-
side wall surface or a hub-side wall surface, or by means
of communicating holes provided at tips of the vanes lo-
cated close to a wall surface. With such a configuration,
because the thickness of a boundary layer formed at the
radially-inner-side surfaces of the vanes is reduced, the
stall limit of a diffuser can be increased toward a lower
flow ratio, which enables stable operation with a wider
range.

{Citation List}

{Patent Literature}

[0005]

{PTL 1} Japanese Unexamined Patent Application,
Publication No. Hei 10-331794
{PTL 2} Japanese Unexamined Patent Application,
Publication No. 2005-155565

{Summary of Invention}

{Technical Problem}

[0006] Pressurized fluid discharged from an impeller
flows into the vanes of a centrifugal fluid machine is dis-
torted. Because of this, improvements that take account
of the flow at the impeller exit are necessary to enhance
the performance of the vanes.
[0007] To specifically describe the distorted flow, a
pressurized fluid having a velocity distribution in the
blade-height direction flows into the vanes of the diffuser.
Because of this, an inconsistency occurs between the
flow angle and the blade inlet angle at the vane inlet.
Because such an inconsistency in the angles causes the
flow of the fluid pressurized at the leading edges of the
vanes to separate therefrom, there is a problem, which
must be solved, that this separation causes a reduction
in the efficiency of the bladed diffuser and stalling of the
vanes.
[0008] The present invention has been conceived in
light of the above-described circumstances, and an ob-
ject thereof is to provide a centrifugal fluid machine in
which flow separation due to the inconsistency in angles
between a flow discharged from an impeller and a flow
at the vane inlet is suppressed and in which the perform-
ance of a bladed diffuser is enhanced.

{Solution to Problem}

[0009] In order to solve the above-described problems,
the present invention employs the following solutions.
[0010] A centrifugal fluid machine according to a first
aspect of the present invention includes a plurality of
blades and an impeller having the plurality of blades; and
a diffuser that is provided on a downstream of the impeller
and that has a plurality of vanes between a shroud-side
wall surface and a hub-side wall surface that face each
other, and is configured so that a fluid pressurized by
means of rotation of the impeller flows out from the dif-
fuser by passing therethrough. The centrifugal fluid ma-
chine is provided with one or a plurality of working fluid
injection ports that form openings at the hub-side wall
surface and that inject the working fluid in a fluid flow
direction along pressure surfaces of the vanes, wherein
the working fluid injection ports are provided at radial
positions closer to leading edges of the vanes than to a
throat radius (R2).
[0011] Because such a centrifugal fluid machine is pro-
vided with one or a plurality of working fluid injection ports
that form openings at the hub-side wall surface and inject
the working fluid in the main flow direction along the pres-
sure surfaces of the vanes, and because these working
fluid injection ports are provided at radial positions closer
to the leading edges of the vanes than to the throat radius
(R2), the working fluid that is injected toward the hub side
of the pressure surfaces of the vanes joins a distorted
flow that is discharged from the impeller and suppresses
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flow separation caused by the inconsistency in angles
between a flow angle and a blade inlet angle.
[0012] Specifically, because a flow that tends to sep-
arate from the pressure surfaces at the leading-edge por-
tions of the vanes is subjected to the influence of the
working fluid that is injected from the working fluid injec-
ction ports in the main flow direction along the pressure
surfaces, the flow is less likely to move away from the
pressure surfaces. In this case, in order to suppress flow
separation at the pressure surface side, it is desirable
that the working fluid injection ports be formed as open-
ings in regions on the pressure surface side that occupy
20 % or less of the throat width, and that the working fluid
be injected therefrom.
[0013] A centrifugal fluid machine according to a sec-
ond aspect of the present invention includes a plurality
of blades; an impeller having the plurality of blades; and
a diffuser that is provided on a downstream of the impeller
and that has a plurality of vanes between a shroud-side
wall surface and a hub-side wall surface that face each
other, and is configured so that a fluid pressurized by
means of rotation of the impeller flows out from the dif-
fuser by passing therethrough. The centrifugal fluid ma-
chine is provided with one or a plurality of working fluid
injection ports that form openings at the shroud-side wall
surface and that inject the working fluid in a main flow
direction along suction surfaces of the vanes, wherein
the working fluid injection ports are provided at radial
positions closer to leading edges of the vanes than to a
throat radius (R2).
[0014] Because such a centrifugal fluid machine is pro-
vided with one or a plurality of working fluid injection ports
that form openings at the shroud-side wall surface and
that inject the working fluid in the fluid flow direction along
the suction surfaces of the vanes, and because these
working fluid injection ports are provided at radial posi-
tions closer to the leading edges of the vanes than to the
throat radius (R2), the working fluid that is injected toward
the shroud side of the suction surfaces of the vanes joins
a distorted flow that is discharged from the impeller and
suppresses flow separation caused by the inconsistency
in angles between a flow angle and a blade inlet angle.
[0015] Specifically, because a flow that tends to sep-
arate from the suction surfaces at the leading-edge por-
tions of the vanes is subjected to the influence of the
working fluid that is injected from the working fluid injec-
tion ports in the main flow direction along the suction
surfaces, the flow is less likely to move away from the
suction surfaces. In this case, to suppress flow separa-
tion at the suction surfaces, it is desirable that the working
fluid injection ports be formed as openings in regions on
the suction surface side that occupy 20 % or less of the
throat width, and that the working fluid be injected there-
from.
[0016] In the above-described centrifugal fluid ma-
chine, it is preferable that the radial positions at which
the working fluid injection ports are provided have an
inner circumferential limit at a 95 % minimum radius (Ro)

with reference to a leading edge radius (R1) of the vanes,
and an outer circumferential limit at the throat radius (R2);
by doing so, the working fluid is injected into the region
near the leading edges of the vanes, and thus, it is pos-
sible to efficiently suppress flow separation caused by
the inconsistency in angles between a flow discharged
from the impeller and a flow at vane inlet by using a min-
imum injection amount of the working fluid.
[0017] In the above-described centrifugal fluid ma-
chine, it is preferable that a working fluid injection angle
(θ) of the working fluid injection ports from a wall surface
be set so as to be 60° or less with respect to the fluid flow
direction; by doing so, the injected working fluid efficiently
forms a flow from the leading edges of the vanes toward
the hub side of the pressure surfaces or the shroud side
of the suction surfaces, thus enhancing the efficiency of
flow separation suppression by the injected working fluid.
[0018] In the above-described centrifugal fluid ma-
chine, it is preferable that a fluid in which a portion thereof
is returned from the downstream of the diffuser or a fluid
that is introduced from an external pressure source be
used as the working fluid.

{Advantageous Effects of Invention}

[0019] The present invention described above affords
a notable advantage in that a centrifugal fluid machine
is provided, in which flow separation due to the incon-
sistency in angles between the flow discharged from an
impeller and the flow at vane inlet is suppressed and in
which the performance of a bladed diffuser is enhanced.
[0020] In particular, because the working fluid injected
toward the hub side of the pressure surfaces of the vanes
is effective for enhancing the performance, and because
the working fluid injected toward the shroud side of the
suction surfaces of the vanes is effective for increasing
the operation range, by injecting the working fluid toward
both the hub side of the pressure surfaces and the shroud
side of the suction surfaces, it is possible to realize a
centrifugal fluid machine having a high pressure ratio,
high efficiency, and a wide operation range.

{Brief Description of Drawings}

[0021]

{Fig. 1A} Fig. 1A is a diagram showing an embodi-
ment of a centrifugal fluid machine according to the
present invention and is a perspective view showing
an example configuration of a relevant portion of a
bladed diffuser.
{Fig. 1B} Fig. 1B is a diagram showing the embodi-
ment of the centrifugal fluid machine according to
the present invention and is a cross-sectional view
of the bladed diffuser in Fig. 1A viewed from a shroud
side.
{Fig. 1C} Fig. 1C is a diagram showing the embodi-
ment of the centrifugal fluid machine according to
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the present invention and is a cross-sectional view
taken along A-A in Fig. 1B.
{Fig. 2} Fig. 2 is a longitudinal cross-sectional view
of an impeller and a bladed diffuser, showing an out-
line of the centrifugal fluid machine.
{Fig. 3} Fig. 3 is a diagram of the centrifugal fluid
machine in Fig. 2 viewed from the upstream of the
impeller.

{Description of Embodiment}

[0022] An embodiment of a centrifugal fluid machine
according to the present invention will be described be-
low (a centrifugal compressor will be described below as
an example) based on the drawings.
[0023] As shown in Figs. 2 and 3, a centrifugal com-
pressor 10 is configured having an impeller 11 and a
diffuser 21 as main components and discharges a fluid
introduced thereinto after pressurizing the fluid. The im-
peller 11 has a plurality of blades 12 and a hub 13 dis-
posed at base portions R of these blades 12, and the
individual blades 12 are disposed at a surface of the hub
13 so that leading edges LE thereof are positioned at a
small-diameter-side end portion 13a of the hub 13 and
so that trailing edges TE thereof are positioned at a large-
diameter-side end portion 13b of the hub 13.
[0024] In the drawings, reference sign 14 indicates a
shroud that is disposed so as to cover tips of the blades
12.
[0025] The diffuser 21 is provided on the downstream
of the impeller 11 described above, has a plurality of
vanes (diffuser blades) 24 between a shroud-side wall
surface 22 and a hub-side wall surface 23 that face each
other, and has a function for converting the kinetic energy
possessed by the fluid (gas), which is pressurized by
passing through the impeller 11, into pressure energy.
Specifically, at the diffuser 21, the dynamic pressure of
a flow is converted to an increase in the static pressure
by decelerating the flow speed of the fluid.
[0026] The flow whose static pressure is increased in
this way is guided to an outlet of the centrifugal compres-
sor 10 by a spiral volute 31.
[0027] In other words, the centrifugal compressor 10
is provided with the impeller 11, which has the plurality
of blades 12 and the hub 13 disposed at the base portions
R of the plurality of blades 12, and the diffuser 21, which
is provided on the downstream of the impeller 11 and
which has the plurality of vanes 24 between the shroud-
side wall surface 22 and the hub-side wall surface 23 that
face each other, and is configured so that the fluid pres-
surized by means of rotation of the impeller 11 flows out
from the diffuser 21 by passing therethrough.
[0028] Fig. 1A is a perspective view in which a portion
of the diffuser 21 is enlarged, and is a diagram viewed
from the trailing edge TE side of the blades 12, which is
the exit side for the fluid that has passed through the
impeller 11, that is to say, as viewed from the inlet side
of the diffuser 21.

[0029] In a first aspect of this embodiment shown in
Figs. 1A to 1C, the centrifugal compressor 10 described
above is provided with one or a plurality of working fluid
injection ports 25 that form openings at the hub-side wall
surface 23 and that inject the working fluid (arrow Fa in
the figures) in the fluid flow direction along the pressure
surfaces 24a of the vanes 24. Also, these working fluid
injection ports 25 are provided at radial positions closer
to the leading edges 24c of the vanes 24 than to the throat
radius (R2).
[0030] As the above-described working fluid injection
ports 25, one or a plurality of holes are provided along
the pressure surfaces 24a within an area from a radius
R1, which corresponds to the leading edges 24c of the
vanes 24, that is to say, a 95 % radial position Ro (95 %
R1) determined with reference to the radius R1 of a circle
connecting the positions of the leading edges 24c, to a
radial position R2 where the throats 27 of the vanes 24
and the blade suction surfaces 24b intersect. In other
words, the radial positions (in a region in the radial direc-
tion) at which the working fluid injection ports 25 are pro-
vided are in an area whose inner circumferential limit is
set at the 95 % minimum radius Ro determined with ref-
erence to the leading edge radius R1 of the vanes 24
and whose outer circumferential limit is set at the throat
radius R2.
[0031] The holes that serve as the working fluid injec-
tion ports 25 are set so that, for example, as shown in
Fig. 1C, a working fluid injection angle (θ) is 60° or less
(θ < 60°) from the hub-side wall surface 23 with respect
to the fluid flow direction. Although the working fluid in-
jection ports 25 generally have a circular cross-section,
they are not limited thereto; naturally, the cross-sectional
shape thereof may be elliptical, rectangular, and so forth,
and the working fluid injection ports 25 may be thin, long
slits formed along the pressure surfaces 24a.
[0032] For example, as shown in Fig. 2, a fluid in which
a portion thereof is returned from the downstream of the
diffuser 21 by passing through the extracted-fluid flow
channel 28 or a fluid that is introduced from an external
pressure source 40 may be used as the working fluid to
be injected from the working fluid injection ports 25.
[0033] With the centrifugal compressor 10 having such
working fluid injection ports 25, because the openings
are formed at the hub-side wall surface 23 and the work-
ing fluid Fa is injected toward the pressure surfaces 24a
of the vanes 24, the working fluid injected on the hub side
of the pressure surfaces of the vanes 24 joins a distorted
flow of the pressurized fluid that is discharged from the
impeller 11 and suppresses flow separation caused by
the inconsistency in the angles between the flow angle
and the blade inlet angle.
[0034] Specifically, at the leading-edge portions of the
vanes 24, because a flow of the fluid that tends to sep-
arate from the pressure surfaces 24a in the vicinity of the
leading edges 24c is influenced by the working fluid Fa
that is injected from the working fluid injection ports 25
in the main flow direction along the pressure surfaces
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24a, the flow is less likely to move away from the pressure
surfaces 24a. In other words, in the flow of the fluid that
tends to separate from the pressure surfaces 24a in the
vicinity of the leading-edge portions, a flow in the sepa-
rating direction is suppressed by the flow of the working
fluid Fa injected from the working fluid injection ports 25
in the main flow direction along the pressure surfaces
24a; therefore, the flow is less likely to move away from
the pressure surfaces 24a.
[0035] By injecting the working fluid from the injection
ports 25 toward the hub side of the pressure surfaces of
the vanes 24 in this way, flow separation due to the in-
consistency between the flow discharged from the im-
peller 11 and the blade inlet angle of the vanes 24 is
suppressed, and, as a result, the performance of the dif-
fuser 21 and the centrifugal compressor 10 is enhanced.
[0036] In this case, in order to efficiently suppress the
flow separation of the fluid from the pressure surfaces
24a, it is desirable that, in the width direction of the throats
27, the working fluid injection ports 25 be provided so as
to form openings in regions on the pressure surface 24a
side that occupy 10% or less of the throat width. Specif-
ically, it is desirable that, in the width direction of the
throats 27, the working fluid be injected from positions
close to the pressure surfaces 24a where flow separation
is to be suppressed.
[0037] A injected flow ratio of the working fluid required
for such separation suppression is about 2 to 5 % of the
flow ratio of the fluid to be compressed; at 5 % or greater,
there is almost no change in the separation prevention
effect, and, at 2 % or less, it is not possible to achieve a
satisfactory separation prevention effect.
[0038] Regarding the radial positions at which the
working fluid injecttion ports 25 are provided, the inner
circumferential limit is set at the minimum radius (Ro) in
order to realize the separation prevention effect by the
working fluid from the injection ports, and the outer cir-
cumferential limit is set at the throat radius (R2) because
a further increase achieves almost no change in the sep-
aration prevention effect.
[0039] Next, with a second aspect of this embodiment
shown in Figs. 1A to 1C, the centrifugal compressor 10
described above is provided with one or a plurality of
working fluid injection ports 26 that form openings at the
shroud-side wall surface 22 and that inject the working
fluid (arrow Fa in the figures) in the fluid flow direction
along the suction surfaces 24b of the vanes 24.
[0040] Also, as with the working fluid injection ports 25
described above, these working fluid injection ports 26
are provided at radial positions closer to the leading edg-
es 24c of the vanes 24 than to the throat radius (R2). In
other words, the working fluid injection ports 26 are po-
sitioned at the shroud-side wall surfaces 22, differing
from the first aspect described above; however, with re-
gard to the basic items such as the installation positions
(regions) of the working fluid injection ports 26, the work-
ing fluid, and so forth, the hub-side wall surface 23 can
be taken as the shroud-side wall surface 22, and the pres-

sure surfaces 24a can be taken as the suction surfaces
24b.
[0041] Because such a centrifugal compressor 10 is
provided with one or a plurality of working fluid injection
ports 26 that form openings at the shroud-side wall sur-
face 22 and that inject the working fluid in the fluid flow
direction along the suction surfaces 24b of the vanes 24,
and because these working fluid injection ports 26 are
provided at the radial positions closer to the leading edg-
es 24c of the vanes 24 than to the throat radius (R2), the
working fluid injected toward the shroud side of the suc-
tion surfaces of the vanes 24 joins the distorted flow dis-
charged from the impeller 11 and suppresses flow sep-
aration caused by the inconsistency in the angles be-
tween the flow angle and the blade inlet angle. As a result,
it is possible to increase the operational range of the dif-
fuser 21 and the centrifugal compressor 10, specifically,
the operational flow ratio range from a low flow ratio (low-
er-limit value), determined by a flow ratio value at which
surging occurs, to a high flow ratio (upper-limit value),
determined by a flow ratio value at which choking occurs.
[0042] Specifically, because a flow that tends to sep-
arate from the suction surfaces 24b at the leading-edge
24c of the vanes 24 is affected by the working fluid that
is injected from the injection ports 26 in the main flow
direction along the suction surfaces 24b, the flow is less
likely to move away from the suction surfaces 24b. In this
case, in order to suppress flow separation at the suction
surfaces 24b, it is desirable that, as with the working fluid
injection ports 25, the working fluid injection ports 26 be
formed as openings in regions on the suction surface 24b
side that occupy 10% or less of the throat width, and that
the working fluid be injected therefrom.
[0043] The ratio of the injection flow to the main flow
ratio to be compressed, the reason for setting the inner
circumferential limit at the minimum radius (Ro), the rea-
son for setting the outer circumferential limit at the throat
radius (R2), the reason for setting the working fluid injec-
tion angle (θ) equal to 60° or less, the supply source of
the working fluid, and so forth are the same as those for
the above-described working fluid injection ports 25 at
the hub-side wall surface 23.
[0044] Finally, with a third aspect of this embodiment
shown in Figs. 1A to 1C, the above-described centrifugal
compressor 10 is provided with one or a plurality of work-
ing fluid injection ports 25 that form openings at the hub-
side wall surface 23 and that injects the working fluid in
the main flow direction along the pressure surfaces 24a
of the vanes 24 and one or a plurality of working fluid
injection ports 26 that form openings at the shroud-side
wall surface 22 and that injects the working fluid in the
main flow direction along the suction surfaces 24b of the
vanes 24. In other words, this configuration includes both
the working fluid injection ports 25 and 26 of the first
aspect and the second aspect, described above.
[0045] Because it is possible to achieve the operational
advantages of the first aspect and the second aspect
described above by employing such a configuration, it is
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possible to enhance the performance of the diffuser 21
and the centrifugal compressor 10 and to increase the
operational range thereof.
[0046] As described above, with this embodiment de-
scribed above, it is possible to provide a centrifugal fluid
machine, such as the centrifugal compressor 10 or the
like, in which flow separation due to the inconsistency in
angles between the flow discharged from the impeller 11
and the flow at the vane inlet is suppressed and in which
the performance of the diffuser 21 provided with the
vanes 24 is enhanced.
[0047] In particular, because the working fluid injected
from the working fluid injection ports 25 toward the hub
side of the pressure surfaces of the vanes 24 is effective
for enhancing the performance, and because the working
fluid injected from the working fluid injection ports 26 to-
ward the shroud side of the suction surfaces of the vanes
24 is effective for increasing the operational range, by
injecting the working fluid toward both the hub side of the
pressure surfaces and the shroud side of the suction sur-
faces, it is possible to realize a centrifugal fluid machine
having a high pressure ratio, high efficiency, and a wide
operational range.
[0048] The present invention is not limited to the em-
bodiment described above, and, for example, the cen-
trifugal fluid machine is not limited to a centrifugal fluid
machine (turbocharger for marine use, an automobile su-
percharger, an aircraft gas turbine, and so forth) and also
encompasses a centrifugal pump and a centrifugal blow-
er, thus allowing appropriate alterations within a range
that does not depart from the scope of the present inven-
tion.

{Reference Signs List}

[0049]

10 centrifugal compressor (centrifugal fluid machine)
11 impeller
12 blade
13 hub
14 shroud
21 diffuser
22 shroud-side wall surface
23 hub-side wall surface
24 vane (diffuser blade)
24a pressure surface
24b suction surface
24c leading edge
25, 26 working fluid injection port
27 throat
28 extracted-fluid flow channel
40 pressure source

Claims

1. A centrifugal fluid machine that is provided with a

plurality of blades and an impeller having the plurality
of blades; and
a diffuser that is provided on a downstream of the
impeller and that has a plurality of vanes between a
shroud-side wall surface and a hub-side wall surface
that face each other,
and that is configured so that a fluid pressurized by
means of rotation of the impeller flows out from the
diffuser by passing therethrough,
the centrifugal fluid machine comprising:

one or a plurality of working fluid injection ports
that form openings at the hub-side wall surface
and that inject the working fluid in a main flow
direction along pressure surfaces of the vanes,
wherein the working fluid injection ports are pro-
vided at radial positions closer to leading edges
of the vanes than to a throat radius (R2).

2. A centrifugal fluid machine that is provided with a
plurality of blades; an impeller having the plurality of
blades; and
a diffuser that is provided on a downstream of the
impeller and that has a plurality of vanes between a
shroud-side wall surface and a hub-side wall surface
that face each other,
and that is configured so that a fluid pressurized by
means of rotation of the impeller flows out from the
diffuser by passing therethrough,
the centrifugal fluid machine comprising:

one or a plurality of working fluid injection ports
that form openings at the shroud-side wall sur-
face and that inject the working fluid in a main
flow direction along suction surfaces of the
vanes,
wherein the working fluid injection ports are pro-
vided at radial positions closer to leading edges
of the vanes than to a throat radius (R2).

3. A centrifugal fluid machine according to Claim 1 or
2, wherein the radial positions at which the working
fluid injection ports are provided have an inner cir-
cumferential limit at a 95 % minimum radius (Ro)
with reference to a leading edge radius (R1) of the
vanes, and an outer circumferential limit at the throat
radius (R2).

4. A centrifugal fluid machine according to any one of
Claims 1 to 3, wherein a working fluid injection angle
(θ) of the working fluid injection ports from a wall
surface is set so as to be 60° or less with respect to
the main flow direction.

5. A centrifugal fluid machine according to any one of
Claims 1 to 4, wherein a fluid in which a portion there-
of is returned from the downstream of the diffuser or
a fluid that is introduced from an external pressure
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source is used as the working fluid.
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