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Description
TECHNICAL FIELD

[0001] The present invention relates to a centrifugal
compressor, and particularly to a centrifugal compressor
with a large flow rate.

BACKGROUND ART

[0002] For improving the performances of products
such as superchargers, gas turbines, and industrial com-
pressors, it is a critical issue to increase the flow rate.
Increasing the flow rate of a centrifugal compressor
means to increase the discharge flow rate of a compres-
sor with the same shell size, and further of an impeller
with the same outer diameter.

[0003] One of the problems associated with the in-
crease in flow rate is a decrease in efficiency. For this
reason, a technique of increasing the flow rate while sup-
pressing the decrease in efficiency is industrially very
significant.

[0004] A conventional centrifugal compressor will be
described by using FIG. 6. The centrifugal compressor
mainly includes a suction inlet 1, an impeller 2, a hub 3,
a rotary shaft 4, a diffuser 5, and a scroll 6.

[0005] The impeller 2 is connected to the rotary shaft
4 via the hub 3. The diffuser 5 is provided downstream
of the impeller 2, has a flow passage extending in a di-
rection away from the rotary shaft 4, and has an outlet
directed in a radial direction in a meridian plane. Moreo-
ver, the scroll 6 is provided downstream of the diffuser 5
and communicates with the outlet of the diffuser 5.
[0006] The suction inlet 1 plays a roll of guiding a gas
to the impeller 2. The centrifugal compressor is config-
ured such that the gas guided to the impeller 2 is sucked
into the centrifugal compressor by the impeller 2 being
rotated by the rotary shaft 4. The velocity of the gas hav-
ing passed through the impeller 2 is decreased, and the
pressure of the gas is increased, in the diffuser 5. The
gas having passed through the diffuser 5 flows into the
scroll 6, and thereafter flows into a discharge port, which
is not shown. In this way, the centrifugal compressor con-
verts the kinetic energy of the gas to a pressure.

[0007] FIG. 7 is a cross-sectional view of the diffuser
5 and the impeller 2 of the conventional centrifugal com-
pressor. The more the velocity vector of the gas (the ar-
row in the figure) is directed in a radial direction in the
meridian plane, the less the energy loss is. However, a
large flow rate causes the velocity distribution of the gas
sacked through an impeller inlet 2a to be skewed to the
hub 3 side atan impeller outlet 2b. As aresult, the velocity
vector is inclined toward an axial direction from the radial
direction. In addition, if the gas flows further inside the
diffuser 5 in this state, the velocity distribution is further
skewed to become a cause of occurrence of shear stress,
reducing the amount of static pressure recovery, and in
turn leading to a decrease in efficiency of the entire com-
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pressor.
[0008] To solve the above-described problem, there is
a method of bringing the velocity distribution of the gas
into a more uniform distribution by providing the inside
of the diffuser with a guide blade (see Patent Document
1) or aguide flow passage to the impellerinlet (see Patent
Document 2).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0009]

PATENT DOCUMENT 1: Japanese Patent No.
2569143
PATENT DOCUMENT 2: Japanese Patent No.
2703055

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0010] However, the above-described apparatuses re-
quire that new mechanisms should be provided in the
diffuser, and have a possibility that the production costs
and working hours are wasted.

[0011] Inview of this, an object of the presentinvention
is to solve the problems of the conventional techniques
and to achieve higher efficiency in a centrifugal compres-
sor with a large flow rate, not by providing a new mech-
anism, but by changing a shape of a diffuser.

MEANS FOR SOLVING THE PROBLEMS

[0012] A centrifugal compressor according to a firstin-
vention for solving the above-described problems is a
centrifugal compressor comprising:

an impeller connected to a rotary shaft via a hub; and
a diffuser provided downstream of the impeller, the
diffuser having a flow passage which extends in a
direction away from the rotary shaft and an outlet
which is directed in a radial direction in a meridian
plane, characterized in that

the centrifugal compressor satisfies 6-0>0°

where

0 is an angle formed by a diffuser inlet hub-side line
with the radial direction in the meridian plane at a
point closest to an outlet of the impeller in the diffuser
inlet hub-side line, the diffuser inlet hub-side line be-
ingalineonthe hub sidein aninlet of the diffuser, and
o is an angle formed by a tangent line of an impeller
hub-side line with the radial direction in the meridian
plane at a point closest to the inlet of the diffuser in
the impeller hub-side line, the impeller hub-side line
being a line on the hub side in the impeller.
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[0013] A centrifugal compressoraccording to a second
invention for solving the above-described problems is the
centrifugal compressor according to the first invention,
characterized in that the 9 is such that 0°<6<34°.
[0014] A centrifugal compressor according to a third
invention for solving the above-described problems is the
centrifugal compressor according to the first or second
invention, characterized in that

the diffuser inlet hub-side line is a concave curved line.

EFFECT OF THE INVENTION

[0015] According to the centrifugal compressor of the
first invention, since 6-0>0°, skewing of the velocity dis-
tribution of the gas is eliminated, and accordingly a de-
crease in amount of static pressure recovery is sup-
pressed. Therefore, a higher efficiency of the entire com-
pressor can be achieved.

[0016] According to the centrifugal compressor of the
second invention, since 0°<6<34°, the skewing of the ve-
locity distribution of the gas can be further eliminated.
[0017] According to the centrifugal compressor of the
third invention, since the diffuser inlet hub-side line is a
concave curved line, a stagnation region inside the dif-
fuser is reduced. Therefore, a further higher efficiency
can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

[FIG. 1] FIG. 1 is a cross-sectional view of a diffuser
and an impeller of a centrifugal compressor accord-
ing to Embodiment 1 of the present invention.

[FIG. 2] FIG. 2 is a graph showing a relationship be-
tween 6 and an efficiency improvement rate of the
centrifugal compressor according to Embodiment 1
of the present invention.

[FIG. 3] FIG. 3 is a cross-sectional view of a diffuser
and an impeller of a centrifugal compressor accord-
ing to Embodiment 2 of the present invention.

[FIG. 4] FIG. 4 is a schematic view showing differ-
ences between the centrifugal compressor accord-
ing to Embodiment 1 of the present invention and
the centrifugal compressor according to Embodi-
ment 2 of the present invention.

[FIG. 5] FIG. 5 is a schematic diagram showing a
relationship between 8 and a of the centrifugal com-
pressor according to Embodiment 1 or 2 of the
present invention.

[FIG. 6] FIG. 6 is a cross-sectional view of a conven-
tional centrifugal compressor.

[FIG. 7] FIG. 7 is a cross-sectional view of a diffuser
and an impeller of the conventional centrifugal com-
pressor.
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MODES FOR CARRYING OUT THE INVENTION

[0019] Hereinafter, a centrifugal compressor accord-
ing to the present invention will be described referring to
embodiments by use of the drawings.

Embodiment 1

[0020] An apparatus according to Embodiment 1 of the
present invention will be described by use of FIG. 1. The
apparatus mainly includes a suction inlet 1, an impeller
2, a hub 3, a rotary shaft 4, a diffuser 5, and a scroll 6,
asinthe case of the conventional centrifugal compressor.
The impeller 2 is connected to the rotary shaft 4 via the
hub 3. In addition, the diffuser 5 is provided downstream
of the impeller 2, has a flow passage directed in a direc-
tion away from the rotary shaft 4, and has an outlet di-
rected in a radial direction in a meridian plane. Moreover,
the scroll 6 is provided downstream of the diffuser 5, and
communicates with an outlet of the diffuser 5. Note that
the rotary shaft 4 and the scroll 6 are not shown in FIG.
1, but are assumed to be the same as those of the con-
ventional technical.

[0021] Furthermore, like the conventional technique,
the suction inlet 1 plays a role of guiding a gas to the
impeller 2. The centrifugal compressor is configured such
that the gas guided to the impeller 2 is sucked into the
centrifugal compressor by the impeller 2 being rotated
by the rotary shaft 4. The velocity of the gas having
passed through the impeller 2 is decreased, and the pres-
sure of the gas is increased, in the diffuser 5. The gas
having passed through the diffuser 5 flows into the scroll
6, and thereafter flows into a discharge port.

[0022] Here, aline on the hub 3 side in the inlet of the
diffuser 5 (hereinafter, stated as a diffuser inlet hub-side
line 5a) isinclined toward an axial direction from the radial
direction in the meridian plane. At this time, an angle
formed by the diffuserinlet hub-side line 5a with the radial
direction at a point B closest to the impeller outlet 2b in
the diffuser inlet hub-side line 5a is represented by 6.
[0023] Next, an angle formed by a tangent line 3b of a
line on the hub 3 side in the impeller 2 (hereinafter, stated
as an impeller hub-side line 3a) with the radial direction
at a point A closest to an inlet of the diffuser 5 in the
impeller hub-side line 3a is represented by a.

[0024] The conventional techniqueis set such that 6=a
in order to smoothly connect the impeller hub-side line
3a and the diffuser inlet hub-side line 5a. On the other
hand, the present apparatus is set such that 6-0>0° as
shown in FIG. 5, and further 0 is set such that 0°<0<34°.
[0025] Inaddition, an angle formed by the impeller rear
edge 2c with the axial direction is represented by p. Here,
B has not necessary to be limited, but is set such that 0
°<B<35°, which is a value used in a general centrifugal
CoOmpressor.

[0026] Note that a line of the shroud 7 is also inclined
in conjunction with the inclination of 6 to confirm with a
diffuser width ratio of the conventional shape. The diffus-
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er width ratio is bs/b, (see FIG. 1), and has a value set
for each impeller. In general, the value of the diffuser
width ratio is set such that bs/b,=0.6 to 1.0.

[0027] With the above-described structure, while the
velocity vector of the gas at the time when the gas has
flowed from the impeller outlet 2b to the diffuser 5 is not
changed from that of the conventional one, the skewing
of the velocity distribution can be suppressed.

[0028] FIG. 2 shows a result of simulation of the com-
pressor efficiency of the present apparatus, conducted
under conditions that o and  are certain constant values
andonly 6 is avariable. In agraph of FIG. 2, the horizontal
axis represents 0 and the vertical axis represents a com-
pressor efficiency improvement rate. The compressor ef-
ficiency improvement rate represents a difference, ex-
pressed in percentage, between the compressor efficien-
cy of the present apparatus and the compressor efficien-
cy of the conventional technique. As becoming higher in
the graph, the compressor efficiency improvement rate
indicates that the compressor efficiency of the present
apparatus is higher. It can be understood from the graph
that the compressor efficiency is improved when
0°<p<34°.

[0029] Accordingly, in the present apparatus, the
skewing of the velocity distribution of the gas in the dif-
fuser, which has conventionally occurred, is eliminated,
and accordingly a decrease in the amount of static pres-
sure recovery in the diffuser is suppressed. Therefore, a
higher efficiency of the entire compressor can be
achieved.

Embodiment 2

[0030] Anapparatus according to Embodiment 2 of the
present invention is one obtained by improving the ap-
paratus according to Embodiment 1. FIG. 4 shows dif-
ferences between the apparatus according to Embodi-
ment 1 and the present apparatus. In the apparatus ac-
cording to Embodiment 1, since the diffuser inlet hub-
side line 5a is a straight line, directing the outlet of the
diffuser 5 in the radial direction requires that the angle of
the diffuser 5 has to be changed at a certain portion. As
aresult, as shownin FIG. 4, a stagnation region 11 where
the flow of the gas stagnates is formed. Shear stress acts
between the gas stagnating in the stagnation region 11
and the flowing gas, leading to a possibility of occurrence
of an energy loss. The present apparatus reduces the
stagnation region 11.

[0031] As in the case of the apparatus according to
Embodiment 1,as showninFIG. 3, the present apparatus
mainly includes a suction inlet 1, an impeller 2, a hub 3,
a rotary shaft 4, a diffuser 5, and a scroll 6. The impeller
2 is connected to the rotary shaft 4 via the hub 3. The
diffuser 5 is provided downstream of the impeller 2, has
a flow passage extending in a direction away from the
rotary shaft 4, and has an outlet directed in a radial di-
rection in a meridian plane. Moreover, the scroll 6 is pro-
vided downstream of the diffuser 5 and communicates
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with the outlet of the diffuser 5. Note that the rotary shaft
4 and the scroll 6 are not shown in FIG. 3, but are as-
sumed to be the same as those of the conventional tech-
nique. Furthermore, the operation of the present appa-
ratus is also the same as those of the apparatus accord-
ing to Embodiment 1 and of the conventional technique,
and is accordingly omitted.

[0032] Here,inthe presentapparatus, the diffuserinlet
hub-side line 5b is made to be a concave curved line. An
angle formed by a tangent line 5¢ of the diffuser inlet hub-
side line 5b with a radial direction at a point B closest to
an impeller outlet 2b in the diffuser inlet hub-side line 5b
is represented by 6. The line of the shroud 7, a, and B
are set such that 0-a>0° as shown in FIG. 5, and further
0is setsuchthat 0°<6<34° asin the case of the apparatus
according to Embodiment 1. Note that the diffuser inlet
hub-side line 5b may be a single arc, or may be a line
obtained by smoothly combining a plurality of arcs or
ovals, as long as it is a curved line.

[0033] With the above-described structure, as shown
in FIG. 4, the present apparatus can reduce the stagna-
tion region 11, which exists in the case of the apparatus
according to Embodiment 1. Therefore, the present ap-
paratus can reduce shear stress and makes it possible
to achieve higher efficiency.

INDUSTRIAL APPLICABILITY
[0034] The present invention is favorable as a centrif-
ugal compressor, and in particular a centrifugal compres-

sor with a large flow rate.

EXPLANATION OF REFERENCE NUMERALS

[0035]
1 suction inlet
2 impeller

2a  impeller inlet

2b  impeller outlet

2c  impeller rear edge

3 hub

3a  impeller hub-side line
3b  tangentline

4 rotary shaft

5 diffuser
5a diffuser inlet hub-side line (in the apparatus ac-
cording

to Embodiment 1 of the present invention)

5b  diffuser inlet hub-side line (in the apparatus ac-
cording

to Embodiment 2 of the present invention)

5c¢  tangentline

6 scroll
shroud

11 stagnation region
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Claims
1. A centrifugal compressor comprising:

animpeller connected to arotary shaftviaahub; %
and

a diffuser provided downstream of the impeller,

the diffuser having a flow passage which ex-
tends in a direction away from the rotary shaft
and an outlet which is directed in a radial direc- 10
tion in a meridian plane, characterized in that

the centrifugal compressor satisfies 0-0>0°
where

0 is an angle formed by a diffuser inlet hub- 75
side line with the radial direction in the me-
ridian plane at a point closest to an outlet of

the impeller in the diffuser inlet hub-side
line, the diffuser inlet hub-side line being a

line onthe hub side in aninlet of the diffuser, 20
and

o is an angle formed by a tangent line of an
impeller hub-side line with the radial direc-

tion in the meridian plane at a point closest
totheinlet of the diffuserin the impellerhub- 25
side line, the impeller hub-side line being a

line on the hub side in the impeller.

2. The centrifugal compressor according to claim 1,
characterized in that 30
the 6 is such that 0°<6<34°.

3. The centrifugal compressor according to claim 1 or
2, characterized in that

the diffuser inlet hub-side line is a concave curved 35
line.
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