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(54) IMPELLER FOR COMPRESSOR

(57)  An object is to improve the efficiency of a com-
pressor by preventing localized concentration of abound-
ary layer occurring on the surface of a hub, and by in-
ducing areduction in the thickness of the boundary layer.
There is a compressor impeller having a plurality of
blades, and a hub disposed at the root of this plurality of
blades, and in which at least part of the surface of the
hub on which a fluid flows is inclined in relation to an axis
ofrotation, wherein a boundary layer reduction part which
induces a reduction in the thickness of a boundary layer
occurring due to a flow of fluid is provided on the surface
of the hub.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an impeller for
a centrifugal compressor or a mixed-flow compressor,
for example, an impeller for a centrifugal compressor or
a mixed-flow compressor employed in an aeronautical
gas turbine, a marine supercharger, a motor vehicle su-
percharger, and the like.

BACKGROUND ART

[0002] Up to now, the surface of the hub of impellers
employed in centrifugal compressors and mixed-flow
compressors has not been the focus of much research,
and improvements have not been made to the surface
ofthe impellerhub (see forexample, Patent Document 1).
Patent Document 1: Japanese Unexamined Patent Ap-
plication, First Publication No. Sho 55-35173

DISCLOSURE OF INVENTION

[0003] The inventors of the present application have
therefore focused on research on the surface of the hub
of the rotating impeller, and as a result, have become
aware of the occurrence of the following phenomenon
on the hub surface.

For example, in animpeller 100 of a centrifugal compres-
sorshownin FIG. 14A, when the velocity of rotation about
the axis of rotation C is imparted to the flow entering from
the impeller inlet 10, by blades 11 of the impeller 100, a
centrifugal force F1 acts upon this flow. This centrifugal
force F1 can be resolved into components in a direction
perpendicular to the hub surface 12c and in a direction
orthogonal to this perpendicular direction. A force F2 act-
ing in the direction perpendicular to the hub surface 12¢
acts in a direction separating the flow from the hub sur-
face 12c, and thus, it is known that the boundary layer is
enlarged (or in extreme cases the flow is reversed in the
proximity of the hub, or the flow is separated from the
hub surface 12c), thereby increasing losses in the interior
of the impeller, and inviting a reduction in the efficiency
of the centrifugal compressor 100.

Since at the impeller outlet 102, the direction of the cen-
trifugal force F1 and the direction of the tangent to the
hub surface 12c are the same (that is to say, the force
F2 acting in the direction perpendicular to the hub surface
is zero), the force acting to separate the flow from the
hub surface 12c disappears.

Furthermore, reference symbols 12, 12a, 12b, LE, TE,
and B in the figure illustrate respectively the hub, the
minor diameter of the hub, the major diameter of the hub,
the leading edge of the blade 11, the trailing edge of the
blade 11, and the region of marked enlargement of the
boundary layer (that is to say, the region in which the
thickness of the boundary layer is markedly increased).
[0004] Moreover, the same phenomenon also occurs
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in the mixed-flow compressor impeller 200 shown in FIG.
14B. Particularly with mixed-flow compressors, since the
force F2 tending to separate the flow from the hub surface
12c acts up to the impeller outlet 102 where the hub sur-
face 12c is inclined, it is known that distortion of flow
velocity remains due to enlargement of the boundary lay-
er up to the impeller outlet 102, and losses at the impeller
outlet 102 increase, inviting a reduction in efficiency of
the mixed-flow compressor 200.

[0005] With the foregoing in view, it is an object of the
present invention to improve the efficiency of the com-
pressor by preventing localized concentration of the
boundary layer occurring on the surface of the hub, and
by inducing a reduction in the thickness of the boundary
layer.

[0006] In the present invention, the following means
have been adopted to solve the aforementioned prob-
lems.

The compressor impeller according to the present inven-
tion has a plurality of blades, and a hub disposed at the
root of this plurality of blades, and at least part of the
surface of the hub on which a fluid flows is inclined in
relation to an axis of rotation, and a boundary layer re-
duction part which induces a reduction in the thickness
of a boundary layer occurring due to a flow of fluid, is
provided on the surface of the hub.

According to such a compressor impeller, localized con-
centration of the boundary layer formed on the surface
of the hub is prevented by the boundary layer reduction
part provided on the surface of the hub (hub surface),
and the thickness of the boundary layer is thus reduced
more than for impellers not having the boundary layer
reduction part.

[0007] In the compressor impeller according to the
present invention, preferably the boundary layer reduc-
tion part is provided at a position at which the centrifugal
force acting on the flow of fluid acts in a direction to sep-
arate the flow of fluid from the surface of the hub.
According to such a compressor impeller, a compara-
tively large centrifugal force acts, and the boundary layer
reduction part is preferably provided on the surface of
the hub inclined at an angle in relation to the axis of ro-
tation of the impeller, that is to say, on the surface of the
inclined hub separated a certain distance from the axis
of rotation of the impeller.

[0008] In the compressor impeller according to the
present invention, preferably the boundary layer reduc-
tion part is provided on the downstream side from a po-
sition approximately 1/4 of the distance from the edge of
the impeller inlet to the edge of the outlet, from the edge
of the impeller inlet.

According such a compressor impeller, the start point of
the boundary layer reduction part is positioned at a po-
sition separated by a prescribed distance from the edge
of the impeller inlet. That is to say, the boundary layer
reduction part is not provided close to the edge of the
inlet on the downstream side.

[0009] In the compressor impeller according to the
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present invention, preferably the boundary layer reduc-
tion part is formed as a convex part projecting perpen-
dicularly to the surface of the hub.

According to such a compressor impeller, a flow (here-
after referred to as "secondary flow") towards the flow
path formed on the surface of the convex part, from the
surface of the hub to the blades occurs due to the force
(F2) acting perpendicularly to the surface of the hub. The
boundary layer formed on the surface of the hub or on
the surface of the convex part migrates in the direction
of the flow path formed between the blades due to this
secondary flow, and is dragged into the primary flow in
the flow path, and is carried away downstream together
with this primary flow.

[0010] In the compressor impeller according to the
present invention, preferably the convex part is provided
as at least one small blade formed along the surface of
the blade, between the blades.

According to such a compressorimpeller, secondary flow
occurs on the surface of the small blade which is formed
so that primary flow is not hindered and losses are min-
imized, and which has a surface area greater than the
convex part, and a greater portion of the boundary layer
formed on the surface of the hub or on the surface of the
small blade is carried away downstream by the primary
flow in the flow path.

[0011] In the compressor impeller according to the
present invention, preferably a height of the small blade
is set at between approximately 1/10 and approximately
1/2 of the height of the blade.

According to such a compressor impeller, since the lead-
ing edge of the small blade is configured to enter the
primary flow of fluid, the secondary flow occurring on the
surface of the small blade is guided reliably and effec-
tively within the primary flow passing between the blades,
and the thickness of the boundary layer is further re-
duced.

[0012] In the compressor impeller according to the
present invention, preferably a maximum distance be-
tween the small blades is set so as to be greater than
twice the thickness of the boundary layer occurring due
to the flow of fluid, on the surface of the hub.

According to such a compressor impeller, the spacing of
the small blades is formed so as to be greater than twice
the thickness of the boundary layer occurring on the sur-
face of the hub due to the flow of fluid, and the primary
flow passes between small blade and small blade. There-
fore merging of the secondary flow occurring on the sur-
face of the small blade, and the primary flow, is promoted
and the thickness of the boundary layer is further re-
duced.

[0013] The compressor impeller according to the
present invention, is preferably a centrifugal compressor
impeller, and the boundary layer reduction part is provid-
ed up to a position at which a force acting perpendicularly
to the hub surface becomes zero.

According to such a compressor impeller, the boundary
layer reduction part is provided at a location at which the
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centrifugal force acting on the flow of fluid acts in a di-
rection to separate the flow of fluid from the surface of
the hub, that is to say, the boundary layer reduction part
is provided from a position approximately 1/4 of the dis-
tance from the edge of the impeller inlet to the edge of
the outlet, from the edge of the impeller inlet, up to a
position at which the force acting perpendicularly to the
hub surface is zero. As a result, the thickness of the
boundary layer formed close to the hub surface is re-
duced across the entire hub surface.

[0014] In the compressor impeller according to the
present invention, preferably the boundary layer reduc-
tion part is also extended downstream beyond a position
at which the force acting perpendicularly to the hub sur-
face is zero.

According to such a compressor impeller, since the
boundary layer reduction part is also extended down-
stream beyond the position at which the force acting per-
pendicularly to the surface of the hub is zero, the bound-
ary layer is discharged outwards in the radial direction of
the impeller along the extended boundary layer reduction
part, and the thickness of the boundary layer is further
reduced.

[0015] In the compressor impeller according to the
present invention, preferably the boundary layer reduc-
tion part is provided up to the edge of the impeller outlet.
According to such a compressor impeller, since the
boundary layer reduction part is provided extended up
to the edge of the impeller outlet, the boundary layer is
discharged outwards in the radial direction of the impeller
along the extended boundary layer reduction part, and
the thickness of the boundary layer is further reduced.
Furthermore, since the fluid flowing out from the edge of
the impeller outlet of the boundary layer reduction part
reaches the diffuser provided downstream by the short-
est path, losses due to flow velocity distortion of the fluid
in the entire centrifugal compressor are reduced.
[0016] The compressor impeller according to the
present invention is preferably a mixed-flow compressor
impeller, and the boundary layer expansion prevention
partis provided up to the edge of the outlet of the impeller.
According to such a compressor impeller, the boundary
layer reduction part is provided at a location at which the
centrifugal force acting on the flow of fluid acts in a di-
rection to separate the flow of fluid from the surface of
the hub, that is to say, the boundary layer reduction part
is provided from a position approximately 1/4 of the dis-
tance from the edge of the impeller inlet to the edge of
the outlet, from the edge of the impeller inlet, up to the
edge of the impeller outlet. As a result the thickness of
the boundary layer formed close to the hub surface is
reduced across the entire hub surface.

[0017] The compressor impeller according to the
present invention has a plurality of blades, and a hub
disposed at the root of this plurality of blades, and at least
part of the surface of the hub on which a fluid flows is
inclined in relation to an axis of rotation, and a boundary
layer expansion prevention part which prevents expan-
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sion of a boundary layer occurring due to a flow of fluid,
may be provided on the surface of the hub.

According to such a compressor impeller, expansion of
the boundary layer formed on the surface of the hub is
prevented by the boundary layer expansion prevention
part provided on the surface of the hub (hub surface),
and the thickness of the boundary layer is reduced in
comparison to an impeller not having a boundary layer
expansion prevention part.

Examples of compressors furnished with impellers hav-
ing at least part of the surface of the hub on which the
fluid flows inclined in relation to the axis of rotation, are
centrifugal compressors and mixed-flow compressors.
[0018] In the compressor impeller according to the
present invention, preferably the boundary layer expan-
sion prevention part is provided at a position at which the
centrifugal force acting on the flow of fluid acts in a di-
rection to separate the flow of fluid from the surface of
the hub.

According to such a compressor impeller, a compara-
tively large centrifugal force acts, and the boundary layer
expansion prevention part is provided on the surface of
the hub having an inclination angle in relation to the axis
of rotation of the impeller, that is to say, on the inclined
surface of the hub separated a certain distance from the
axis of rotation of the impeller.

[0019] In the compressor impeller according to the
present invention, preferably the boundary layer expan-
sion prevention part is provided on the downstream side
from a position approximately 1/4 of the distance from
the edge of the impeller inlet to the edge of the outlet,
from the edge of the impeller inlet.

According to such a compressor impeller, the start point
of the boundary layer expansion prevention part is posi-
tioned at a position separated by a prescribed distance
from the edge of the impeller inlet. That is to say, the
boundary layer expansion prevention part is not provided
close to the edge of the inlet on the downstream side.
[0020] In the compressor impeller according to the
present invention, preferably the boundary layer reduc-
tion part comprises a plurality of grooves.

According to such a compressor impeller, the flow along
the hub surface close to the hub surface passes over the
peak of a groove and flows into the trough of the adjacent
groove, or passes over the peak of a groove and pro-
ceeds diagonally towards the top of the adjacent groove,
so that the flow close to the hub surface becomes turbu-
lent.

[0021] In the compressor impeller according to the
present invention, preferably the plurality of grooves are
formed linearly along the surface of the blades, between
the blades.

According to such a compressor impeller, the flow along
the hub surface close to the hub surface passes over the
peak of a groove and flows into the trough of the adjacent
groove, or passes over the peak of a groove and pro-
ceeds diagonally towards the top of the adjacent groove,
so that turbulence occurs in the flow along the hub sur-
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face close to the hub surface, and expansion of the
boundary layer or separation of the flow is prevented.
[0022] In the compressor impeller according to the
present invention, preferably the linear grooves are di-
vided into a plurality of regions between upstream and
downstream.

According to such a compressor impeller, the flow along
the hub surface close to the hub surface passes over the
peak of a groove and flows into the trough of the adjacent
groove, or passes over the peak of a groove and pro-
ceeds diagonally towards the top of the adjacent groove,
so that turbulence occurs in the flow along the hub sur-
face close to the hub surface, and expansion of the
boundary layer or separation of flow is prevented.
[0023] In the compressor impeller according to the
present invention, preferably the plurality of grooves are
formedin awave-shapein plan view, between the blades.
According to such a compressor impeller, the angle be-
tween the peak of a groove and the direction with which
the flow passes over the peak of a groove and flows into
the trough of the adjacent groove, or passes over the
peak of a groove and proceeds diagonally towards the
top of the adjacent groove, can be increased in some
parts. Therefore strong turbulence occurs at these parts
due to the flow along the hub surface close to the hub
surface, and expansion of the boundary layer or separa-
tion of flow is further prevented.

[0024] In the compressor impeller according to the
present invention, preferably the plurality of grooves are
formed in a sawtooth-shape in plan view, between the
blades.

According to such a compressor impeller, the angle be-
tween the peak of a groove and the direction with which
the flow passes over the peak of a groove and flows into
the trough of the adjacent groove, or passes over the
peak of a groove and proceeds diagonally towards the
top of the adjacent groove, can be increased in some
parts, and these parts can be formed in greater number.
Therefore strong turbulence occurs due to the flow along
the hub surface close to the hub surface, and expansion
of the boundary layer or separation of flow is further pre-
vented.

[0025] In the compressor impeller according to the
present invention, preferably the plurality of grooves
comprise a plurality of grooves formed between blades
from one blade to another blade, so as to intersect diag-
onally with the flow path, and a plurality of grooves formed
so as to intersect with these grooves, and formed from
the other blade to the one blade, so as to intersect diag-
onally with the flow path.

According to such a compressor impeller, a plurality of
projections are formed, and the flow along the hub sur-
face close to the hub surface collides with these projec-
tions, or passes over these projections and flows into the
trough of the adjacent groove, or passes over these pro-
jections and proceeds diagonally towards the top of the
adjacent groove, so that strong turbulence occurs in the
flow along the hub surface close to the hub surface, and
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expansion of the boundary layer or separation of flow is
prevented.

[0026] In the compressor impeller according to the
present invention, preferably the plurality of grooves are
formed concentrically with the axis of rotation of the im-
peller, between the blades.

According to such a compressor impeller, all flow along
the hub surface close to the hub surface passes over the
peak of a groove and flows into the trough of the adjacent
groove, or passes over the peak of a groove and pro-
ceeds diagonally towards the top of the adjacent groove,
so that strong turbulence occurs due to the flow along
the hub surface close to the hub surface, and expansion
of the boundary layer or separation of flow is prevented.
[0027] In the compressor impeller according to the
present invention, preferably the boundary layer reduc-
tion part comprises a plurality of concave and convex
parts.

According to such a compressor impeller, the flow along
the hub surface close to the hub surface collides with
these convex parts, or passes over these convex parts
and flows into the adjacent concave part, or passes over
these convex parts and proceeds diagonally towards the
top of the adjacent convex or concave part, so that strong
turbulence occurs due to the flow along the hub surface
close to the hub surface, and expansion of the boundary
layer or separation of flow is prevented.

[0028] In the compressor impeller according to the
present invention, preferably the plurality of concave and
convex parts are circular-shaped in plan view.
According to such a compressor impeller, the concave
and convex parts are formed in the hub surface in readily
manufactured hemispherical shapes.

[0029] In the compressor impeller according to the
present invention, a maximum depth of the grooves or
the concave and convex parts is preferably between
0.3% and 2.0% of the outside diameter of the impeller,
and more preferably between 0.5% and 2.0%.
According to such a compressor impeller, for example,
if the outside diameter of the impeller is 100 mm, the
grooves are formed to a maximum depth of between 0.3
mm and 2.0 mm, and more preferably to between 0.5
mm and 2.0 mm, and are formed deeper and wider than
grooves being machining tracks remaining on the hub
surface of the impeller manufactured by milling (generally
having a width and maximum depth of approximately
0.2% of the outside diameter of the impeller).

[0030] Preferably the compressor impeller according
to the present invention is a centrifugal compressor im-
peller, and the boundary layer expansion prevention part
is provided up to a position at which a force acting per-
pendicularly to the hub surface is zero.

According to such a compressor impeller, the boundary
layer expansion prevention part is provided at a location
at which the centrifugal force acting on the flow of fluid
acts in a direction separating the flow of fluid from the
surface of the hub, that is to say, the boundary layer ex-
pansion prevention part is provided from a position ap-
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proximately 1/4 of the distance from the edge of the im-
peller inlet to the edge of the outlet, from the edge of the
impeller inlet, up to a position at which the force acting
perpendicularly to the hub surface is zero. Therefore tur-
bulence occurs in the flow along the hub surface close
to the hub surface, and expansion of the boundary layer
or separation of flow is prevented over the entire hub
surface.

[0031] Preferably the compressor impeller according
to the present invention is a mixed-flow compressor im-
peller, and the boundary layer expansion prevention part
is provided up to the edge of the outlet of the impeller.
According to such a compressor impeller, the boundary
layer expansion prevention part is provided at a location
at which the centrifugal force acting on the flow of fluid
acts in a direction separating the flow of fluid from the
hub surface, that is to say, the boundary layer expansion
prevention part is provided from a position approximately
1/4 of the distance from the edge of the impeller inlet to
the edge of the outlet, from the edge of the impeller inlet,
to the edge of the outlet. Therefore turbulence occurs in
the flow along the hub surface close to the hub surface,
and expansion of the boundary layer or separation of flow
is prevented over the entire hub surface.

[0032] The compressor according to the present in-
vention is furnished with one of the aforementioned im-
pellers.

According to such a compressor, this is furnished with
an impeller provided with a boundary layer reduction part
which prevents localized concentration of the boundary
layer generated on the surface of the hub, and reduces
boundary layer thickness, or an impeller having a bound-
ary layer expansion prevention part which prevents ex-
pansion of the boundary layer formed on the surface of
the hub.

[0033] According to the present invention, the follow-
ing effects are demonstrated.

By means of the boundary layer reduction part, localized
concentration of the boundary layer generated on the
surface of the hub can be prevented and boundary layer
thickness can be reduced.

Moreover, by employing an impeller provided with a
boundary layer reduction part, localized concentration of
the boundary layer can be prevented, and also boundary
layer thickness can be reduced, losses within the impeller
can be reduced, and compression efficiency of the com-
pressor can be improved,.

By means of the boundary layer expansion prevention
part, turbulence in the flow along the hub surface close
to the hub surface can be generated, and expansion of
the boundary layer or separation of flow can be prevent-
ed.

Furthermore, by employing an impeller provided with a
boundary layer expansion prevention part, losses within
the impeller can be reduced, and compression efficiency
of the compressor can be improved.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

FIG. 1A through C are diagrams showing a first em-
bodiment of an impeller according to the present in-
vention, wherein FIG. 1A is a perspective view of the
main parts, FIG. 1B is a cross-sectional view on |-
in FIG. 1A, and FIG. 1C is a cross-sectional view on
[I-Il'in FIG. 1A.

FIG. 2A and B are diagrams showing a second em-
bodiment according to the present invention, where-
in FIG. 2A is a perspective view of the main parts,
and FIG. 2B is a cross-sectional view on llI-lll in FIG.
2A.

FIG. 3 is a perspective view of the main parts show-
ing a third embodiment of the impeller according to
the present invention.

FIG. 4 is a perspective view of the main parts show-
ing a fourth embodiment of the impeller according to
the present invention.

FIG. 5 is a perspective view of the main parts show-
ing a fifth embodiment of the impeller according to
the present invention.

FIG. 6A and B are diagrams showing the fifth em-
bodiment of the impeller according to the present
invention, wherein FIG. 6A is a cross-sectional view
on a-a in FIG. 5, and FIG. 6B is a cross-sectional
view on b-b in FIG. 5.

FIG. 7 is a perspective view of the main parts show-
ing a sixth embodiment of the impeller according to
the present invention.

FIG. 8A and B are diagrams showing a seventh em-
bodiment of the impeller according to the present
invention, wherein FIG. 8A is a perspective view of
the main parts, and FIG. 8B is a plan view of a bound-
ary layer expansion prevention part.

FIG. 9A and B are diagrams showing an eighth em-
bodiment of the impeller according to the present
invention, wherein FIG. 9A is a perspective view of
the main parts, and FIG. 9B is a plan view of a bound-
ary layer expansion prevention part.

FIG. 10A and B are diagrams showing a ninth em-
bodiment of the impeller according to the present
invention, wherein FIG. 10A is a perspective view of
the main parts, and FIG. 10B is a cross-sectional
view on c-c in FIG. 10A.

FIG. 11is a perspective view of the main parts show-
ing a tenth embodiment of the impeller according to
the present invention.

FIG. 12A and B are diagrams showing an eleventh
embodiment of the impeller according to the present
invention, wherein FIG. 12A is a perspective view of
the main parts, and FIG. 11B is a cross-sectional
view on d-d in FIG. 12A.

FIG. 13A and B are similar to FIG. 6B, and show
another cross-sectional shape for the grooves being
the boundary layer expansion prevention part.
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FIG. 14A and B are diagrams for explaining problems
of a conventional impeller, wherein FIG. 14A is a
cross-sectional view of a centrifugal compressor im-
peller, and FIG. 14B is a cross-sectional view of a
mixed-flow compressor impeller.

BEST MODE FOR CARRYING OUT THE INVENTION

[0035] Afirstembodimentofanimpellerforacompres-
sor according to the present invention is described below
with reference to FIG. 1A through FIG. 1C. The impeller
of the present embodiment is a specific example of ap-
plication to a centrifugal compressor.

FIG. 1A is a perspective view of the main parts of an
impeller 10 according to the present embodiment, with
the edge on the inlet side of the impeller 10 omitted. More-
over FIG. 1B is a cross-sectional view on I-l in FIG. 1A,
and FIG. 1C is a cross-sectional view on lI-1l in FIG. 1A.
[0036] As shown in FIG. 1A through FIG. 1C, the im-
peller 10 according to the present embodiment compris-
es a plurality of blades 11, and a hub 12 disposed at a
root R of this plurality of blades 11, as the primary ele-
ments.

Each blade 11 is provided so that the leading edge LE
is positioned at the minor diameter end 12a of the hub
12, and the trailing edge TE is positioned at the major
diameter end 12b of the hub 12 (see FIG. 14A).

[0037] For example, three small blades are provided
in aregion on the hub surface 12cin which the centrifugal
force F1 (see FIG. 14A) acts perpendicularly to the hub
surface 12c, for example, a region from a position ap-
proximately 1/4 of the distance from the edge of the im-
peller inlet to the edge of the outlet, on the inlet side (the
upstream-most position of the small blade 13a positioned
at the center in FIG. 1A (the start point)), to a position at
which the force F2 acting perpendicularly to the hub sur-
face 12c is zero (the downstream-most position of the
small blades 13a and 13b in FIG. 1A (the end point)),
and in which the small blades (boundary layer reduction
part; convex parts) 13a and 13b are along the surface of
the blade 11 (or the root R of the blades 11) in a region
positioned between the blades 11.

[0038] AsshowninFIG. 1A, ofthesethree smallblades
13aand 13b, the small blade 13a positioned at the center
(that is to say, the small blade positioned in the middle),
is provided in the region from a position approximately
1/4 of the distance from the edge of the impeller inlet to
the edge of the outlet, on the inlet side, to a position at
which the force F2 acting perpendicularly to the hub sur-
face 12cis zero, and approximately midway between the
blades 11.

Furthermore, the small blades 13b positioned at both
sides of the small blade 13a are provided in the region
from a position approximately 1/2 of the distance from
the edge of the impeller inlet to the edge of the outlet on
the inlet side, to a position at which the force F2 acting
perpendicularly to the hub surface 12c is zero, and ap-
proximately midway between the blade 11 and the small
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blade 13a.

[0039] As shown in FIG. 1B and FIG. 1C, the cross-
sectional shape of these small blades 13a and 13b be-
comes gradually thinner as the distance from the hub
surface 12c increases. Moreover, the leading edges and
trailing edges of these small blades 13a and 13b also
become gradually thinner towards the upstream and
downstream ends.

[0040] A height h of these small blades 13a and 13b
(thatis to say, the minimum distance from the hub surface
12c to the tip of the small blades 13a and 13b) is between
approximately 1/10 and approximately 1/2 of a height of
the blade 11 at the same radial position.

A space W between the small blades 13a and 13b (that
is to say, the minimum distance between the tip of the
small blade 13a and the tip of the small blade 13b) is
greater than twice a thickness & of a boundary layer BL
occurring on the hub surface 12c¢ due to the flow of fluid.
[0041] By providing the small blades 13a and 13b in
this manner along the surface of the blade 11 in the region
in which the centrifugal force F1 (see FIG. 14A) of the
hub surface 12c acts perpendicularly to the hub surface
12c¢, a secondary flow occurs in a direction approximately
perpendicular to the hub surface 12c (the direction of the
arrows in the diagram) on the surfaces of the small blades
13a and 13b. The boundary layer BL on the hub surface
12c¢ and the small blades 13a and 13b is dragged into
(onto) the secondary flow and is guided into the flow path
formed between the blades 11, that is to say, is guided
in the direction of the primary flow of fluid passing be-
tween the blades 11, and finally merges with the primary
flow of fluid and flows downstream. Therefore localized
concentration of the boundary layer BL can be prevented,
and the thickness & of the boundary layer BL can be re-
duced.

Moreover, the height h of the small blades 13a and 13b
is between approximately 1/10 and approximately 1/2 of
the height of the blade 11 at the same radial position.
Therefore the secondary flow occurring on the surface
of the small blades 13a and 13b can be guided reliably
and effectively into the primary flow passing between the
blades 11, and the thickness 6 of the boundary layer BL
can be further reduced.

Furthermore, the space W between the small blades 13a
and 13bis greater than twice the thickness 6 of the bound-
ary layer BL occurring on the hub surface 12c due to the
flow of fluid, and is such that the primary flow of fluid
passes between the small blades 13aand 13b. Therefore
merging of the secondary flow occurring on the surface
of the small blades 13a and 13b, and the primary flow of
fluid is accelerated, and the thickness & of the boundary
layer BL can be even further reduced.

Moreover, the leading edges and trailing edges of the
small blades 13a and 13b become gradually thinner to-
wards the upstream and downstream ends. Therefore
vortex losses occurring when the primary flow of fluid
collides with the leading edges of the small blades 13a
and 13b, or when the primary flow of fluid separates from
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the trailing edges of these small blades 13a and 13b, can
be minimized.

Furthermore, the tips of the small blades 13a and 13b
become gradually thinner as the distance from the hub
surface 12cincreases. Therefore vortex losses occurring
when the secondary flow occurring on the surface of the
small blades 13a and 13b separates from the leading
edges of the small blades 13a and 13b can be minimized.
[0042] Asecondembodimentoftheimpellerforacom-
pressor according to the present invention is described
using FIG. 2A and FIG. 2B. FIG. 2A is a similar diagram
to FIG. 1A, with the edge on the inlet side of the impeller
20 omitted. Moreover FIG. 2B is a cross-sectional view
on lll-Ill in FIG. 2A.

Inthe impeller 20 of the present embodiment, all the start
points of the small blades 23 being the boundary layer
reduction part (convex parts), are provided at the same
position as the start point of the small blade 13a of the
first embodiment, and all end points of the small blades
23 are further downstream than the end points of the
small blades 13a and 13b of the first embodiment. That
is to say, the present embodiment differs from the first
embodimentin thatthe end points are provided extended
towards the edge of the outlet. Since other elements of
the configuration are the same as for the first embodi-
ment, a description of these elements of the configuration
is omitted here, and only the small blades 23 are de-
scribed.

Components in common with the first embodiment are
labeled with the same reference symbols.

[0043] For example, three small blades 23 are provid-
ed in a region on the hub surface 12c from a position
approximately 1/4 of the distance from the edge of the
impeller inlet to the edge of the outlet, on the inlet side
(the upstream-most position of the small blades 23 in
FIG. 2A (the start point)), to a position approximately 1/5
of the distance from the edge of the impeller inlet to the
edge of the outlet, on the outlet side (the downstream-
most position of the small blades 23 in FIG. 2A (the end
point)), and along the surface of the blade 11 (or the root
R of the blade 11) in a region positioned between the
blades 11.

[0044] As in the first embodiment, the cross-sectional
shape of these small blades 23 becomes gradually thin-
ner as the distance from the hub surface 12c increases.
Moreover, as in the first embodiment, the leading edges
and trailing edges of these small blades 23 also become
gradually thinner towards the upstream and downstream
ends (see FIG. 1B and FIG. 1C).

[0045] Asinthe firstembodiment, the height h of these
small blades 23 (that is to say, the minimum distance
from the hub surface 12c to the tip of the small blades
23) is between approximately 1/10 and approximately
1/2 of the height of the blade 11 at the same radial posi-
tion.

Furthermore, as in the first embodiment, the space W
between the small blades 23 and 23 (that is to say, the
minimum distance between the tip of one small blade 23
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and the tip of the adjacent small blade 23) is greater than
twice the thickness & of the boundary layer BL occurring
on the hub surface 12¢ due to the flow of fluid.

[0046] Similar effects to the first embodiment can be
obtained by providing these small blades 23.

Moreover, all start points of the small blades 23 are at a
position approximately 1/4 of the distance from the edge
of the impeller inlet to the edge of the outlet, on the inlet
side, that is to say, at the same position as the start point
of the small blade 13a of the first embodiment. Therefore
the surface area of the small blades 23 is increased be-
yond that of the first embodiment, and secondary flow is
increased accordingly, concentration of the boundary
layer BL can be further prevented, and the thickness &
of the boundary layer BL can be further reduced.
Furthermore, all end points of the small blades 23 are at
aposition approximately 1/5 ofthe distance from the edge
of the impeller inlet to the edge of the outlet, on the outlet
side, that is to say, are provided extended downstream
(towards the outlet) beyond the end points of the small
blades 13a of the first embodiment. Therefore the bound-
ary layer BL is discharged outwards in the radial direction
of the impeller 20 along the surface of these extended
small blades 23, and the thickness & of the boundary
layer can be even further reduced.

[0047] A third embodiment of the impeller for a com-
pressor according to the present invention is described
using FIG. 3. FIG. 3 is a similar diagram to FIG. 1A and
FIG. 2A, with the edge on the inlet side of the impeller
30 omitted.

The impeller 30 of the present embodiment differs from
the second embodiment in that all end points of the small
blades 33 being the boundary layer reduction part (con-
vex parts), are provided extended to the edge of the outlet
of the impeller 30. Since other elements of the configu-
ration are the same as for the second embodiment, a
description of these elements of the configuration is omit-
ted here, and only the small blades 33 are described.
Components in common with the first and second em-
bodiments are labeled with the same reference symbols.
[0048] For example, three small blades 33 are provid-
ed in a region on the hub surface 12c from a position
approximately 1/4 of the distance from the edge of the
impeller inlet to the edge of the outlet, on the inlet side
(the upstream-most position of the small blades 33 in
FIG. 3 (the start point)) to the outlet edge, and along the
surface of the blade 11 (or the root R of the blade 11) in
a region positioned between the blades 11.

[0049] As in the first embodiment, the cross-sectional
shape of these small blades 33 becomes gradually thin-
ner as the distance from the hub surface 12c increases.
Moreover, as in the first embodiment, the leading edges
and trailing edges of the small blades 33 also become
gradually thinner towards the upstream and downstream
ends (see FIG. 1B and FIG. 1C).

[0050] As in the first embodiment, the height h of these
small blades 33 (that is to say, the minimum distance
between the hub surface 12c and the tip of the small
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blades 33) is between approximately 1/10 and approxi-
mately 1/2 of the height H of the blade 11 at the same
radial position.

Furthermore, as in the first embodiment, the space W
between the small blades 33 and 33 (that is to say, the
minimum distance between the tip of one small blade 33
and the tip of the adjacent small blade 33) is greater than
twice the thickness & of the boundary layer BL occurring
on the hub surface 12c due to the flow of fluid.

[0051] Similar effects to the first embodiment can be
obtained by providing these small blades 33.

Moreover, since all end points of the small blades 33 are
provided extended to the edge of the impeller outlet, the
boundary layer is discharged outwards in the radial di-
rection of the impeller 30 along the surface of these ex-
tended small blades 33, and the thickness 6 of the bound-
ary layer can be even further reduced.

Furthermore, by providing all end points of the small
blades 33 extended to the edge of the impeller outlet, the
fluid flowing from the trailing edges of the small blades
33 reaches the diffuser provided downstream by the
shortest path. Therefore losses due to distortion of flow
velocity in the entire centrifugal compressor can be re-
duced.

[0052] A fourth embodiment of the impeller for a com-
pressor according to the present invention is described
using FIG. 4. FIG. 4 is a similar diagram to FIG. 1A, FIG.
2A, and FIG. 3, with the edge on the inlet side of the
impeller 40 omitted.

The impeller 40 of the present embodiment is applied to
a mixed-flow compressor, and small blades similar to the
small blades 13a and 13b serving as the boundary layer
reduction part (convex parts) shown in FIG. 1A through
FIG. 1C, are formed on the hub surface 12c.

[0053] As shown in FIG. 4, the impeller 40 according
to the present embodiment comprises a plurality of
blades 11, and a hub 12 disposed at the root R of this
plurality of blades 11, as the primary elements.

Each blade 11 is provided so that the leading edge LE
is positioned at the minor diameter end 12a of the hub
12, and the trailing edge TE is positioned at the major
diameter end 12b of the hub 12 (see FIG. 14B).

[0054] For example, three small blades are provided
in aregion on the hub surface 12c¢ in which the centrifugal
force F1 (see FIG. 14B) acts perpendicularly to the hub
surface 12c, for example, a region from a position ap-
proximately 1/4 of the distance from the edge of the im-
peller inlet to the edge of the outlet, on the inlet side (the
upstream-most position of the small blades in FIG. 4)
(the start point)), to the edge of the impeller outlet (the
downstream-most position of the small blades in FIG. 4
(the end point)), and in which the small blades 43a and
43b are along the surface of the blade 11 (or the root R
of the blades 11) in a region positioned between the
blades 11.

[0055] AsshowninFIG. 4, of these three small blades
43aand 43b, the small blade 43a positioned in the center
(that is to say, the small blade positioned in the middle),
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is provided in a region from a position approximately 1/4
of the distance from the edge of the impeller inlet to the
edge of the outlet, on the inlet side, to the edge of the
impeller outlet, and approximately midway between the
blades 11.

Furthermore, the small blades 43b positioned at both
sides of the small blade 43a are provided in a region from
aposition approximately 1/2 of the distance from the edge
of the impeller inlet to the edge of the outlet, on the inlet
side, to the edge of the impeller outlet, and approximately
midway between the blade 11 and the small blade 13a.
[0056] As in the first embodiment, the cross-sectional
shape of these small blades 43a and as the distance from
the hub surface increases.

Moreover, as in the first embodiment, the leading edges
and trailing edges of the small blades 43a and 43b also
become gradually thinner towards the upstream and
downstream ends (see FIG. 1B and FIG. 1C.

[0057] Asinthefirstembodiment, the height h of these
small blades 43a and 43b (that is to say, the minimum
distance from the hub surface 12c to the tip of the small
blades 43a and 43b) is between approximately 1/10 and
approximately 1/2 of the height of the blade 11 at the
same radial position.

Furthermore, as in the first embodiment, the space w
between the small blades 43a and 43b (that is to say,
the minimum distance between the tip of the small blade
43a and the tip of the small blade 43b) is greater than
twice the thickness & of the boundary layer BL occurring
on the hub surface 12c due to the flow of fluid.

[0058] By providing the small blades 43a and 43b in
this manner along the surface of the blade 11 in the region
in which the centrifugal force F1 (see FIG. 14B) of the
hub surface 12c acts perpendicularly to the hub surface
12c¢, a secondary flow occurs in a direction approximately
perpendicular to the hub surface 12c (the direction of the
arrows in FIG. 1A and FIG. 1B) on the surfaces of the
small blades 43a and 43b. The boundary layer on the
hub surface 12c and the small blades 43a and 43b is
dragged into (onto) the secondary flow and is guided into
the flow path formed between the blades 11, that is to
say, is guided in the direction of the primary flow of fluid
passing between the blades 11, and finally merges with
the primary flow of fluid and flows downstream. Therefore
localized concentration of the boundary layer BL can be
prevented, and the thickness & of the boundary layer BL
can be reduced.

Moreover, the height h of the small blades 43a and 43b
is between approximately 1/10 and approximately 1/2 of
the height of the blade 11 at the same radial position.
Therefore the secondary flow occurring on the surface
of the small blades 43a and 43b can be guided reliably
and effectively into the primary flow passing between the
blades 11, and the thickness 6 of the boundary layer BL
can be further reduced.

Furthermore, the space W between the small blades 43a
and 43bis greater than twice the thickness & of the bound-
ary layer BL occurring on the hub surface 12c due to the
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flow of fluid, and is such that the primary flow of fluid
passes between the small blades 43aand 43b. Therefore
merging of the secondary flow occurring on the surface
of the small blades 43a and 43b, and the primary flow of
fluid is accelerated, and the thickness & of the boundary
layer BL can be even further reduced.

Moreover, the leading edges and trailing edges of the
small blades 43a and 43b become gradually thinner to-
wards the upstream and downstream ends. Therefore
vortex losses occurring when the primary flow of fluid
collides with the leading edges of the small blades 43a
and 43b, or when the primary flow of fluid separates from
the trailing edges of the small blades 43a and 43b, can
be minimized.

Furthermore, the tips of the small blades 43a and 43b
become gradually thinner as the distance from the hub
surface 12cincreases. Therefore vortex losses occurring
when the secondary flow occurring on the surface of the
small blades 43a and 43b separates from the tips of the
small blades 43a and 43b can be minimized.

[0059] The presentinvention is not limited to the afore-
mentioned embodiments, and for example, the start
points of the small blades 43b shown in FIG. 4 can also
be positioned at a position approximately 1/4 of the dis-
tance from the edge of the impeller inlet to the edge of
the outlet, on the inlet side as in FIG. 2A and FIG. 3.
The effects thus obtained have been described for the
second embodiment, and a description is therefore omit-
ted here.

[0060] Moreover, the number of small blades is not
limited to three, and any number is possible provided the
primary flow between the small blades has a velocity.
[0061] A fifth embodiment of the impeller for a com-
pressor according to the present invention is described
with reference to FIG. 5, and FIG. 6A and FIG. 6B. The
impeller of the embodiment described below is applied
to a centrifugal compressor.

FIG. 5 is a perspective view of the main parts of an im-
peller 310 according to the present embodiment, and
omits approximately 1/4 of the distance from the edge of
the impeller inlet to the edge of the outlet, on the inlet
side. Furthermore, FIG. 6A is a cross-sectional view on
a-a in FIG. 5, and FIG. 6B is a cross-sectional view on
b-b in FIG. 5.

[0062] Asshownin FIG. 5, the impeller 310 according
to the present embodiment comprises a plurality of
blades 11, and a hub 12 disposed at the root R of this
plurality of blades 11, as the primary elements.

Each blade 11 is provided so that the leading edge LE
is positioned at the minor diameter end 12a of the hub
12, and the trailing edge TE is positioned at the major
diameter end 12b of the hub 12 (see FIG. 14A).

[0063] For example, a plurality of linear grooves
(boundary layer expansion prevention part) 313 (five
grooves in FIG. 5) along the surface of the blade 11 (or
the root R of the blades 11) are provided in a region on
the hub surface (surface of the hub) 12c in which the
centrifugal force F1 (see FIG. 14A) acts perpendicularly
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to the hub surface 12c, for example, a region from a po-
sition approximately 1/4 of the distance from the edge of
the impeller inlet to the edge of the outlet, on the inlet
side (the position shown by hatching in FIG. 5), to the
position at which the force F2 acting perpendicularly to
the hub surface 12c is zero, and in a region positioned
between the blades 11.

Reference symbol 314 in FIG. 5 denotes machining
tracks for the case where the impeller 310 is manufac-
tured by machining with a ball-end mill, and shows twelve
small grooves provided in a region of the hub surface
12c in which the force F2 acting perpendicularly to the
hub surface 12c is zero. As described above, the maxi-
mum depth and width of these grooves is generally 0.2%
of the outside diameter of the impeller. Therefore for an
impeller with an outside diameter of 100 mm, the maxi-
mum depth and width are approximately 0.2 mm.
[0064] As shown in FIG. 6A and FIG. 6B, the grooves
313 provided as the boundary layer expansion preven-
tion part, are formed deeper than the machining tracks
formed during manufacture of the impeller. That is to say,
are formed so that H1 > h1. Here H1 is the maximum
depth of the grooves 313, and h1 is the depth of the ma-
chining tracks formed during milling of the hub surface
12c.

The maximum depth H1 of the grooves 313 is preferably
set to approximately the thickness of the removed bound-
ary layer on the hub surface. More specifically, H1 is pref-
erably between 0.3% and 2.0%, of the outside diameter
of the impeller, and most preferably between 0.5% and
2.0%. Thatis to say, for animpeller of an outside diameter
of 100 mm, the maximum depth H1 of the grooves 313
is preferably between 0.3 mm and 2.0 mm, and most
preferably between 0.5 mm and 2.0 mm.

[0065] By providing a plurality of linear grooves 313 in
this manner along the surface of the blades 11 in aregion
on the hub surface 12c in which the centrifugal force F1
acts perpendicularly to the hub surface 12c, the flow flow-
ing along the hub surface 12c close to the hub surface
12c passes over the peak of a groove 313 and flows into
the trough of the adjacent groove 313, or passes over
the peak of a groove 313 and proceeds diagonally to-
wards the top of the adjacent groove 313, so that turbu-
lence occurs in the flow along the hub surface 12c close
to the hub surface 12c, and expansion of the boundary
layer, or separation of flow can be prevented.
Moreover, since the grooves 313 are formed linearly, the
grooves 313 can be readily machined, and manufactur-
ing costs can be kept down.

[0066] Next, a sixth embodiment of the impeller for a
compressor according to the present invention is de-
scribed using FIG. 7. FIG. 7 is a similar diagram to FIG.
5, being a perspective view of the main parts, omitting
approximately 1/4 of the distance from the edge of the
impeller inlet to the edge of the outlet, on the inlet side.
An impeller 320 of the present embodiment differs from
the fifth embodiment in that the plan view shape of
grooves 323 serving as the boundary layer expansion
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prevention part, is formed in a wave-shape. Since other
elements of the configuration are the same as for the fifth
embodiment, a description of these elements of the con-
figuration is omitted here, and only the plan view shape
of the grooves 323 is described.

Components in common with the fifth embodiment are
labeled with the same reference symbols.

[0067] The grooves 323 serving as the boundary layer
expansion prevention part are wave-shaped in plan view.
That is to say, the peaks and troughs are formed in
smooth curves in plan view, and these peaks and troughs
are formed contiguously. The depth of the grooves 323
is the same as for the grooves 313 in the fifth embodi-
ment, and a description is therefore omitted here.
[0068] In this manner, by making the plan view shape
of the grooves 323 serving as the boundary layer expan-
sion prevention part wave-shaped, the angle between
the peak of the grooves 323 and the direction in which
the flow passes over the peak of a groove 323 and flows
into the trough of the adjacent groove 323, or passes
over the peak of a groove 323 and proceeds diagonally
towards the top of the adjacent groove 323, can be great-
er than in the fifth embodiment in some parts. Therefore,
strong turbulence occurs at these parts due to the flow
of fluid along the hub surface 12c¢ close to the hub surface
12c¢, and expansion of the boundary layer or separation
of flow can be prevented.

[0069] A seventh embodiment of the impeller for a
compressor according to the present invention is de-
scribed using FIG. 8A and FIG. 8B. FIG. 8A is a similar
diagram to FIG. 5 and FIG. 7, being a perspective view
of the main parts omitting approximately 1/4 of the dis-
tance from the edge of the impeller inlet to the edge of
the outlet, on the inlet side.

An impeller 330 of the present embodiment differs from
the aforementioned embodiments in that the plan view
shape of grooves 333 serving as the boundary layer ex-
pansion prevention part is formed in a sawtooth-shape.
Since other elements of the configuration are the same
as for the aforementioned embodiments, a description
of these elements of the configuration is omitted here,
and only the plan view shape of the grooves 333 is de-
scribed.

Components in common with the aforementioned em-
bodiments are labeled with the same reference symbols.
[0070] As shown in FIG. 8B, the grooves 333 serving
as the boundary layer expansion prevention part of the
present embodiment are sawtooth-shaped in plan view.
That is to say, the peaks and troughs in plan view are
formed by two straight lines, and these peaks and troughs
are formed contiguously, and these peaks and troughs
are formed so as to be joined by straight lines. The width
and depth of the grooves 333 is the same as for the afore-
mentioned embodiments, and a description is therefore
omitted here.

[0071] In this manner, by making the plan view shape
of the grooves 333 serving as the boundary layer expan-
sion prevention part sawtooth-shaped, the angle be-
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tween the peaks of the grooves 333 and the direction in
which the flow passes over the peak of a groove 333 and
flows into the trough of the adjacent groove 333, or pass-
esover the peak of agroove 333 and proceeds diagonally
towards the top of the adjacent groove 333, can be great-
er than in the fifth embodiment in some parts, and such
parts can be formed in greater numbers than in the sixth
embodiment. Therefore strong turbulence occurs at
these parts due to the flow of fluid along the hub surface
12c close to the hub surface 12c, and expansion of the
boundary layer or separation of flow can be prevented.

[0072] Aneighthembodiment of the impeller fora com-
pressor according to the present invention is described
using FIG. 9A and FIG. 9B. FIG. 9A is a similar diagram
to FIG. 5, FIG. 7, and FIG. 8A, being a perspective view
of the main parts omitting approximately 1/4 of the dis-
tance from the edge of the impeller inlet to the edge of
the outlet, on the inlet side.

An impeller 340 of the present embodiment differs from
the aforementioned embodiments in that grooves 343
serving as the boundary layer expansion prevention part
are formed so that they mutually intersect. Since other
elements of the configuration are the same as for the
aforementioned embodiments, a description of these el-
ements of the configuration is omitted here, and only the
grooves 343 are described.

Components in common with the aforementioned em-
bodiments are labeled with the same reference symbols.
[0073] As shown in FIG. 9B, the grooves 343 serving
as the boundary layer expansion prevention part of the
present embodiment are formed from a plurality of
grooves 343a formed so as to cut diagonally across the
flow path formed between the blade 11 and the blade 11
from one side to the other side, and a plurality of grooves
343b formed so as to intersect with the grooves 343a
and so as to cut diagonally across the flow path formed
between the blade 11 and the blade 11 from the other
side to the former side. That is to say, formed so that the
grooves 343a extending from bottom-left to top-right, and
the grooves 343b extending from bottom-right to top-left
mutually intersect.

The solid lines indicating the grooves 343a and 343b in
FIG. 9A and FIG. 9B are lines indicating the deepest part
of the grooves.

Furthermore, reference symbol 343c indicates the parts
remaining after the grooves 343a and 343b have been
inscribed. That is to say, the projections where the ma-
chining tracks formed at the time of machining of the im-
peller remain on the apex surface.

The width and depth of the grooves 343a and 343b is
the same as for the aforementioned embodiments, and
a description is therefore omitted here.

[0074] In this manner, by forming the grooves 343
serving as the boundary layer expansion prevention part,
mutually intersecting, a plurality of projections 343c is
formed, and the flow along the hub surface 12c close to
the hub surface 12c collides with these projections 343c,
or passes over these projections 343c and flows into the
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troughs of the adjacent grooves 343a and 343b, or pass-
es over the peak of the projection 343c and proceeds
diagonally towards the top of the adjacent grooves 343a
and 343b, so that turbulence occurs in the flow along the
hub surface 12c close to the hub surface 12c, and ex-
pansion of the boundary layer or separation of flow can
be prevented.

[0075] A ninth embodiment of the impeller for a com-
pressor according to the present invention is described
using FIG. 10A and FIG. 10B. FIG. 10A is a similar dia-
gram to FIG. 5, FIG. 7, FIG. 8A, and FIG. 9A, being a
perspective view of the main parts omitting approximately
1/4 of the distance from the edge of the impeller inlet to
the edge of the outlet, on the inlet side.

An impeller 350 of the present embodiment differs from
the aforementioned embodiments in that grooves 353
serving as the boundary layer expansion prevention part
are formed concentrically with the axis of rotation of the
impeller 350. Since other elements of the configuration
are the same as for the aforementioned embodiments,
a description of these elements of the configuration is
omitted here, and only the grooves 353 are described.
Components in common with the aforementioned em-
bodiments are labeled with the same reference symbols.
[0076] As showninFIG. 10A, the grooves 353 serving
as the boundary layer expansion prevention part of the
present embodiment are formed concentrically with the
axis of rotation of the impeller 350. That is to say, so as
to intersect at right angles radial lines extending from the
axis of rotation of the impeller 350 to the outer periphery
of the impeller 350. Moreover, FIG. 10B is a cross-sec-
tional view on c-c in FIG. 10A.

The width and depth of the grooves 353 is the same as
for the aforementioned embodiments, and a description
is therefore omitted here.

[0077] In this manner, by forming the grooves 353
serving as the boundary layer expansion prevention part,
concentrically with the axis of rotation of the impeller 350,
the entire flow flowing along the hub surface 12c close
to the hub surface 12c passes over the peak of a groove
353 and flows into the trough of the adjacent groove 353,
or passes over the peak of a groove 353 and proceeds
diagonally towards the top of the adjacent groove 353,
so that strong turbulence occurs in the flow along the hub
surface 12c close to the hub surface 12c, and expansion
of the boundary layer or separation of flow can be pre-
vented.

Furthermore, since the grooves 353 are formed linearly,
the grooves 353 can be readily machined, and manufac-
turing costs can be kept down.

Moreover, the concentric grooves may be formed in a
wave-shape as in the sixth embodiment, or in a sawtooth
shape as in the seventh embodiment.

[0078] A tenth embodiment of the impeller for a com-
pressor according to the present invention is described
using FIG. 11. FIG. 11 is a similar diagram to FIG. 5, FIG.
7, FIG. 8A, FIG. 9A, and FIG. 10A, being a perspective
view of the main parts omitting approximately 1/4 of the
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distance from the edge of the impeller inlet to the edge
of the outlet, on the inlet side.

An impeller 360 of the present embodiment differs from
the aforementioned embodiments in that grooves 363
serving as the boundary layer expansion prevention part
are formed over a plurality of regions (three regions 363a,
363b, and 363c in the present embodiment). Since other
elements of the configuration are the same as for the
aforementioned embodiments, a description of these el-
ements of the configuration is omitted here, and only the
grooves 363 are described.

Components in common with the aforementioned em-
bodiments are labeled with the same reference symbols.
[0079] As shown in FIG. 11, the grooves 363 serving
as the boundary layer expansion prevention part of the
present embodiment are fundamentally the same as in
the fifth embodiment shown in FIG. 5. However the
grooves 363 differ from those in the fifth embodiment in
that they are divided into three regions 363a, 363b, and
363c from upstream to downstream. That is to say, a
plurality of linear grooves 363 (in FIG. 11, four grooves
in region 363a, four grooves in region 363b, and five
grooves in region 363c) along the surface of the blade
11 are provided in a region on the hub surface 12c in
which the centrifugal force acts perpendicularly to the
hub surface 12c, for example, a region from a position
approximately 1/4 of the distance from the edge of the
impeller inlet to the edge of the outlet, on the inlet side
(the position shown by hatching in FIG. 5), to the position
at which the force F2 acting perpendicularly to the hub
surface 12c is zero, and between the blades 11 and 11
of the respective regions.

The width and depth of the grooves 363 is the same as
for the aforementioned embodiments, and a description
is therefore omitted here.

Furthermore, the effects thus obtained have been de-
scribed for the fifth embodiment and a description is
therefore omitted here.

[0080] An eleventh embodiment of the impeller for a
compressor according to the present invention is de-
scribed using FIG. 12A and FIG. 12B.FIG. 12Ais asimilar
diagram to FIG. 5, FIG. 7, FIG. 8A, FIG. 9A, FIG. 10A,
and FIG. 11, being a perspective view of the main parts
omitting approximately 1/4 of the distance from the edge
of the impeller inlet to the edge of the outlet, on the inlet
side.

An impeller 370 of the present embodiment differs from
the aforementioned embodiments in that a plurality of
convex parts 373a and a plurality of concave parts (dim-
ples) 373b are provided instead of the grooves previously
described as the boundary layer expansion prevention
part. Since other elements of the configuration are the
same as for the aforementioned embodiments, a descrip-
tion of these elements of the configuration is omitted here,
and only the convex parts 373a and concave parts 373b
are described.

Components in common with the aforementioned em-
bodiments are labeled with the same reference symbols.
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[0081] As shown in FIG. 12A, the convex parts 373a
and concave parts 373b serving as the boundary layer
expansion prevention part of the present embodiment
are each circular in plan view, and as shown in FIG. 12B,
are semi-circular in cross-sectional view.

The diameter and depth of the convex parts 373a and
concave parts 373b are similar to in the aforementioned
embodiments, and are preferably between 0.3% and
2.0% of the outside diameter of the impeller, and most
preferably between 0.5% and 2.0%.

[0082] By forming the boundary layer expansion pre-
vention part with the plurality of convex parts 373a and
the plurality of concave parts 373b, the flow along the
hub surface 12c close to the hub surface 12c collides
with the convex parts 373a, or passes over the convex
parts 373a and flows into the adjacent concave parts
373b, or passes over the convex parts 373a and pro-
ceeds diagonally towards the top of the adjacent convex
parts 373a or concave part 373b, so that turbulence oc-
curs in the flow along the hub surface 12c close to the
hub surface 12c, and expansion of the boundary layer or
separation of flow is prevented.

[0083] The presentinventionis notonly applied to cen-
trifugal compressors, and may also be applied to mixed-
flow compressors. However, the mixed-flow compressor
differs from the centrifugal compressor in that, since the
centrifugal force F1 up to the edge of the impeller outlet
acts perpendicularly to the hub surface 12c, when the
present invention is applied to a mixed-flow compressor,
the region in which the aforementioned boundary layer
expansion prevention part is provided extends to the
edge of the impeller outlet. That is to say, the boundary
layer expansion prevention part is also provided for the
part of the grooves 314 shown in FIG. 5, FIG. 7, FIG. 8A,
FIG. 9A, FIG. 10A, FIG. 11, and FIG. 12A.

[0084] Since expansion of the boundary layer, and
separation of flow is prevented in the centrifugal com-
pressors and mixed-flow compressors furnished with the
aforementioned impeller, losses in the impeller can be
reduced, and compression efficiency can be improved.
[0085] The cross-sectional shape of the grooves 313,
323, 333, 343a, 343b, 353, and 363 is not limited to that
shown in FIG. 6B, and for example may also be of a
cross-sectional shape as shownin FIG. 13A or FIG. 13B.
Thatis to say, the cross-section can be a sawtooth-shape
as in FIG. 13A in which the trough of a groove is formed
as a curve, and the apexes of the trough and peak of the
grooves are joined by straight lines, or the initial impeller
machining tracks 314 can be left unchanged on the apex
of the groove as in FIG. 13B.

[0086] Furthermore, the present invention is not only
applicable to an impeller manufactured by milling, and
can also be applied to a cast impeller manufactured by
casting. In this case, modifications need only be imple-
mented beforehand to form the aforementioned bound-
ary layer expansion prevention part on the surface of the
mold.

[0087] Moreover, the boundary layer expansion pre-
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vention part of the present invention is not limited to the
aforementioned grooves, convex parts, concave parts
and the like, and similar effects to the aforementioned
effects can be obtained by merely having the surface
coarser than the hub surface normally used.

Claims

1. A compressor impeller having a plurality of blades,
and a hub disposed at the root of this plurality of
blades, and in which at least part of the surface of
said hub on which a fluid flows is inclined in relation
to an axis of rotation,
wherein a boundary layer reduction part which in-
duces a reduction in the thickness of a boundary
layer occurring due to a flow of fluid, is provided on
the surface of said hub.

2. Acompressorimpeller according to claim 1, wherein
said boundary layer reduction part is provided at a
position at which the centrifugal force acting on the
flow of fluid acts in a direction to separate the flow
of fluid from the surface of said hub.

3. Acompressorimpeller according to claim 1, wherein
said boundary layer reduction part is provided on the
downstream side from a position approximately 1/4
of the distance from the edge of said impeller inlet
to the edge of the outlet, from the edge of said im-
peller inlet.

4. Acompressorimpeller according to claim 1, wherein
said boundary layer reduction part is formed as a
convex part projecting perpendicular to the surface
of said hub.

5. Acompressorimpeller according to claim 4, wherein
said convex part is provided as at least one small
blade formed along the surface of said blade, be-
tween said blades.

6. Acompressorimpeller according to claim 5, wherein
a height of said small blade is set at between ap-
proximately 1/10 and approximately 1/2 of the height
of said blade.

7. Acompressorimpeller according to claim 5, wherein
a maximum distance between said small blades is
set so as to be greater than twice the thickness of
the boundary layer occurring due to the flow of fluid,
on the surface of said hub.

8. Acompressorimpeller according to claim 3, wherein
said compressorimpelleris a centrifugal compressor
impeller, and said boundary layer reduction part is
provided up to a position at which a force acting per-
pendicularly to said hub surface becomes zero.
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A compressor impeller according to claim 8, wherein
said boundary layer reduction part is also extended
downstream beyond a position at which the force
acting perpendicularly to said hub surface is zero.

A compressor impeller according to claim 9, wherein
said boundary layer reduction part is provided up to
the edge of said impeller outlet.

A compressor impeller according to claim 3, wherein
said compressor impeller is a mixed-flow compres-
sorimpeller, and said boundary layer expansion pre-
vention part is provided up to the edge of the outlet
of said impeller.

A compressor impeller which has a plurality of
blades, and a hub disposed at the root of this plurality
of blades, and wherein at least part of the surface of
said hub on which a fluid flows is inclined in relation
to an axis of rotation,

wherein a boundary layer expansion prevention part
which prevents expansion of a boundary layer oc-
curring due to a flow of fluid, is provided on the sur-
face of said hub.

A compressor impeller according to claim 12, where-
in said boundary layer expansion prevention part is
provided at a position at which the centrifugal force
acting on the flow of fluid acts in a direction to sep-
arate the flow of fluid from the surface of said hub.

A compressor impeller according to claim 12, where-
in said boundary layer expansion prevention part is
provided on the downstream side from a position ap-
proximately 1/4 of the distance from the edge of said
impeller inlet to the edge of the outlet, from the edge
of said impeller inlet.

A compressor impeller according to claim 14, where-
in said boundary layer reduction part comprises a
plurality of grooves.

A compressor impeller according to claim 15, where-
in said plurality of grooves are formed linearly along
the surface of said blades, between said blades.

A compressor impeller according to claim 16, where-
in said linear grooves are divided into a plurality of
regions between upstream and downstream.

A compressor impeller according to claim 15, where-
in said plurality of grooves are formed in a wave-
shape in plan view, between said blades.

A compressor impeller according to claim 15, where-
in said plurality of grooves are formed in a sawtooth-
shape in plan view, between said blades.
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26.

27.

28.
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A compressor impeller according to claim 15, where-
in said plurality of grooves comprise a plurality of
grooves formed between blades from one blade to
another blade, so as to intersect diagonally with the
flow path, and a plurality of grooves formed so as to
intersect with these grooves, and formed from the
other blade to the one blade, so as to intersect diag-
onally with the flow path.

A compressor impeller according to claim 15, where-
in said plurality of grooves are formed concentrically
with the axis of rotation of said impeller, between
said blades.

A compressor impeller according to claim 14, where-
in said boundary layer reduction part comprises a
plurality of concave and convex parts.

A compressor impeller according to claim 22, where-
in said plurality of concave and convex parts are cir-
cular-shaped in plan view.

A compressor impeller according to either one of
claim 15 and claim 22, wherein a maximum depth of
said grooves or said concave and convex parts is
between 0.3% and 2.0% of the outside diameter of
said impeller.

A compressor impeller according to either one of
claim 15 and claim 22, wherein a maximum depth of
said grooves or said concave and convex parts is
between 0.5% and 2.0% of the outside diameter of
said impeller.

A compressor impeller according to either one of
claim 15 and claim 22, wherein said compressor im-
peller is a centrifugal compressor impeller, and said
boundary layer expansion prevention part is provid-
ed up to a position at which a force acting perpen-
dicularly to said hub surface is zero.

A compressor impeller according to either one of
claim 15 and claim 22, wherein said compressor im-
peller is a mixed-flow compressor impeller, and said
boundary layer expansion prevention part is provid-
ed up to the edge of the outlet of said impeller.

A compressor furnished with an impeller according
to either one of claim 1 and claim 12.

10

15

20

25

30

35

40

45

50

55

14

26



EP 1707 824 A1

FIG. 1A

15



EP 1707 824 A1

16



EP 1707 824 A1

FIG. 4

17



EP 1707 824 A1

FIG. 5

18



EP 1707 824 A1

FIG. 6A

%%

12

19



EP 1707 824 A1

FIG. 7

20



EP 1707 824 A1

F1G. 8B

333

21



EP 1707 824 A1

22



EP 1707 824 A1

12

FIG. 10B

353

Z

23



EP 1707 824 A1




EP 1707 824 A1

FIG. 12A

FI1G. 12B

11 373a 373a 1"

25



EP 1707 824 A1

FIG. 13A
1 11
_
12
FIG.13B |, )
314 314
Z
12

26



EP 1 707 824 A1

]

12

27



EP 1707 824 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2004/017916

A. CLASSIFICATION OF SUBJECT MATTER
Int.Cl” F04D29/28

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Int.Cl” F04D29/26-29/30

Minimum documentation searched (classification system followed by classification symbols)

1922-1896
1971-2005

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996~-2005
1994-2005

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

04 December,
Fig. 1
(Family: none)

2002 (04.12.02),

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 9-264296 A (Mitsubishi Heavy Industries, 1-5,7-11,
Ltd.), 28
Y 07 October, 1997 (07.10.97), 6
Full text; Fig. 1
(Family: none)
Y JP 2002-349488 A (Hitachi, Ltd.), 6

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than the
priority date claimed

o

L

“qr
“p»

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

11 March, 2005 (11.03.05) 29 March, 2005 (29.03.05)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (January 2004)

28




EP 1707 824 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2004/017916

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Figs. 1 to 5
(Family: none)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X Microfilm of the specification and drawings 1-5,8-11,
annexed to the request of Japanese Utility 28
Model Application No. 89441/1988 (Laid-open
No. 12096/1990)
(Mitsubishi Heavy Industries, Ltd.),
25 January, 1990 (25.01.90),
Fig. 1
(Family: none)

X US 3069072 A (R.BIRMANN), 1-2,4,8-11,
18 December, 1962 (18.12.62), 28

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

29




EP 1707 824 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2004/017916
Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, s pecifically:

3. ‘:I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Thematter common totheinventionsofclaims 1-28isanimpeller of a compressor,
having blades and a hub provided at a root section of the blades and in which
at least a part of that surface of the hub where a liquid flows is inclined
relative to the rotation axis.

However, the search has revealed that the common matter above is disclosed
in JP 9-264296 A (Mitsubishi Heavy Industries, Ltd.), 07 October, 1997
(07.10.97), full text, Fig. 1, and therefore the common matter is not a special
technical feature within the meaning of PCT Rule 13. 2 second sentence.
(continued to extra sheet)

L I:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicarat. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1-11, and 28

Remark on Protest ] The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)

30




EP 1707 824 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2004/017916

Continuation of Box No.III of continuation of first sheet(2)

As a consequence, the inventions of claims 1-28 do not satisfy the
requirement of unity of inwvention.

Form PCT/ISA/210 (extra sheet) (January 2004)

31



EP 1707 824 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

» JP 55035173 A[0002]

32



	bibliography
	description
	claims
	drawings
	search report

