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COMPRESSOR

(57)  Problem

A compressor housing is provided with which a wider
range in a low flow rate range can be achieved without
compromising a surging suppression effect achieved by
pulsation of an internal combustion engine provided on
the downstream side of the compressor.

Solving Means

A compressor housing includes: an intake flow
path-forming section configured to form an intake flow
path through which gas is introduced to an impeller from
outside of the compressor housing; a shroud portion in-
cluding a shroud surface curved in a protruding manner
to face blades of the impeller; and a scroll flow path-form-
ing section configured to form a scroll flow path through
which the gas that has passed through the impeller is
guided to the outside of the compressor housing, wherein
a groove portion extending in a circumferential direction
is formed in the shroud surface and, in a cross-sectional
view taken along an axis of the impeller, the groove por-
tion includes a downstream side wall surface, a distance
to which from the axis increases toward an upstream side
froma downstream side end portion of the groove portion,
and an upstream side curved surface that is curved in a
recessed manner between an upstream end of the down-
stream side wall surface and an upstream side end por-
tion of the groove portion and has a most upstream po-
sition positioned further upstream than the upstream side
end portion.
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Description
Technical Field

[0001] The presentdisclosure relates to a compressor
housing, a compressor including the compressor hous-
ing, and a turbocharger including the compressor.

Background Art

[0002] Engines used in automobiles and the like may
be equipped with a turbocharger to improve engine out-
put. The turbocharger rotates an impeller of a compres-
sor connected to a turbine rotor via a rotation shaft by
rotating the turbine rotor using exhaust gas from an en-
gine. The turbocharger compresses gas used for engine
combustion by means of the impeller that is rotationally
driven, and supplies the resultant gas to the engine.
[0003] A centrifugal compressor used in a turbocharg-
er includes an impeller and a compressor housing that
houses the impeller. The impeller guides the gas flowing
in from the front side in the axial direction to the outer
side in the radial direction. Components formed in the
compressor housing include: an intake flow path through
which gas is guided from the outside of the compressor
housing toward the front side in the axial direction of the
impeller; an impeller chamber that is in communication
with the intake flow path and accommodates the impeller;
and a scroll flow path, in communication with the impeller
chamber, through which the gas that has passed through
the impeller is guided to the outside of the compressor
housing.

[0004] Such a compressor preferably has a wide
range, that is, a high pressure ratio to be achieved over
a wide operation range. Unfortunately, an unstable phe-
nomenon known as surging (massive gas vibration in the
flow direction of the gas) may occur under a low flow rate
condition where the intake flow volume of the compressor
is low. In order to avoid surging, the operation range of
the compressor is limited under the low flow rate condi-
tion. Thus, a method for suppressing surging has been
studied for the purpose of achieving a wide range in a
low flow rate range.

[0005] PatentDocument1discloses a centrifugal com-
pressor 011 including a compressor housing 04 with a
recirculation flow path 043 formed therein. The recircu-
lation flow path 043 has afirst end portion side connected
to an impeller chamber 041 that houses an impeller 03
and a second end portion side connected to an intake
flow path 042 positioned further upstream than the im-
peller chamber 041, asillustrated in FIG. 14. Such acom-
pressor 011 can suppress surging even when the flow
rate of the gas flowing from the outside of the compressor
housing 04 to the impeller chamber 041 through the in-
take flow path 042 is low, because the flow volume of the
gas sent to the inlet side of the impeller 03 can be in-
creased when a part of the gas inside the impeller cham-
ber 041 returns to the impeller chamber 041 through the
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recirculation flow path 043 and the intake flow path 042.
[0006] A compressor used for a turbocharger has a
downstream side, in the flow direction of gas, connected
to an engine, and thus is exposed to pressure pulsation
due to air intake of the engine. This results in the gas
flowing in the compressor housing being in a form of a
non-steady flow with pulsation. This flow is known to pro-
vide a surging suppressing effect which is not obtained
by a constant flow without pulsation.

Citation List
Patent Literature

[0007] Patent Document 1: WO 2011/099419 A

Summary of Invention
Technical Problem

[0008] Unfortunately, when the compressor includes
the compressor housing formed with the recirculation
flow path, a sufficient surging suppressing effect with the
pulsation cannot be achieved. As illustrated in FIG. 14,
the relationship of FR1 = FR2 + FR3 is satisfied where
FR1 represents the flow rate of gas flowing into the im-
peller 03 in the impeller chamber 041, FR2 represents
the flow rate of the intake gas that flows in the intake flow
path 042 after flowing in from the outside of the compres-
sor housing 04, and FR3 represents the flow rate of the
recirculation flow flowing to the intake flow path 042 from
the impeller chamber 041 through the recirculation flow
path 043. As illustrated in FIG. 15, the phase of the flow
rate FR3 of the recirculation flow driven by the difference
in pressure between the inlet and the outlet of the recir-
culation flow path 043 differs from that of the intake flow
rate FR2. The intake flow rate FR2 and the flow rate FR3
of the recirculation flow having phases different from
each other are combined, resulting in an amplitude FV1
of the flow rate FR1 of the gas flowing into the impeller
03 being smaller than an amplitude FV2 of the intake flow
rate FR2. In other words, the intake flow rate FR2 and
the flow rate FR3 of the recirculation flow interfere with
each other on the inlet side of the impeller 03 such that
their pulsations offset each other. Thus, the surging sup-
pression effect by pulsation is lost.

[0009] In view of the above, an object of at least one
embodiment ofthe presentdisclosureis to provide acom-
pressor housing, a compressor, and a turbocharger with
which a wider range over a low flow rate range can be
achieved without compromising a surging suppression
effect achieved by pulsation of an internal combustion
engine provided on the downstream side of the compres-
SOr.

Solution to Problem

[0010] A compressor housing according to the present
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disclosure is a compressor housing configured to rotat-
ably house an impeller including a hub and a plurality of
blades provided on an outer surface of the hub, the com-
pressor housing including:

an intake flow path-forming section configured to
form an intake flow path through which gas is intro-
duced to the impeller from outside of the compressor
housing;

a shroud portion including a shroud surface curved
in a protruding manner to face the plurality of blades;
and

a scroll flow path-forming section configured to form
a scroll flow path through which the gas that has
passed through the impeller is guided to the outside
of the compressor housing, wherein

at least one groove portion extending in a circumfer-
ential direction is formed in the shroud surface, and
in a cross-sectional view taken along an axis of the
impeller, the at least one groove portion includes:

a downstream side wall surface, a distance to
which from the axis increases toward an up-
stream side from a downstream side end portion
of the at least one groove portion, and

an upstream side curved surface that is formed
to be curved in a recessed manner between an
upstream end of the downstream side wall sur-
face and an upstream side end portion of the at
least one groove portion, and is configured to
have a most upstream position positioned fur-
ther upstream than the upstream side end por-
tion.

[0011] A compressor according to the present disclo-
sure includes:

an impeller including at least a hub and a plurality of
blades provided on an outer surface of the hub; and
the compressor housing.

[0012] A turbocharger according to the present disclo-
sure includes:

the compressor; and
a turbine including a turbine rotor connected to the
impeller of the compressor via a rotational shaft.

Advantageous Effects of Invention

[0013] With at least one embodiment of the present
disclosure, a compressor housing, a compressor, and a
turbocharger are provided with which a wider range over
a low flow rate range can be achieved without compro-
mising a surging suppression effect achieved by pulsa-
tion of an internal combustion engine provided on the
downstream side of the compressor.
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Brief Description of Drawings
[0014]

FIG. 1 is an explanatory diagram illustrating a con-
figuration of a turbocharger according to an embod-
iment of the present disclosure.

FIG. 2 is a schematic cross-sectional view schemat-
ically illustrating a compressor side of the turbo-
charger including a compressor according to one
embodiment of the presentdisclosure, and is a sche-
matic cross-sectional view including an axis of a
compressor housing.

FIG.3is an enlarged schematic cross-sectional view
of the vicinity of a shroud surface in FIG. 2.

FIG. 4 is an explanatory diagramillustrating how gas
flows in the compressor under a low flow rate con-
dition, and illustrates the results of a non-steady flow
analysis of a pulsating flow.

FIG.5is an explanatory diagramillustrating how gas
flows in the compressor under the low flow rate con-
dition, and illustrates a velocity triangle of the gas
introduced to an impeller illustrated in FIG. 4 and a
velocity triangle of backflow flowing in the vicinity of
the shroud surface.

FIG.6is an enlarged schematic cross-sectional view
of the vicinity of the shroud surface in FIG. 2.

FIG. 7 is an explanatory diagram illustrating Exam-
ples of a compressor housing according to an em-
bodiment of the present disclosure.

FIG. 8 is an explanatory diagram illustrating the
shape of a groove portion according to an embodi-
ment of the present disclosure.

FIG. 9 is a schematic cross-sectional view schemat-
ically illustrating an AB cross section of an inclined
groove illustrated in FIG. 8.

FIG. 10 is a schematic cross-sectional view sche-
matically illustrating a CD cross section of the in-
clined groove illustrated in FIG. 8.

FIG. 11 is an explanatory diagram illustrating the
shape of a groove portion according to an embodi-
ment of the present disclosure, and schematically
illustrates a compressor as viewed from a front side.
FIG. 12 is a diagram illustrating a relationship be-
tween an angular position illustrated in FIG. 11 and
a cross-sectional area of the groove portion.

FIG. 13 is a schematic cross-sectional view sche-
matically illustrating a compressor side of the turbo-
charger including the compressor according to an
embodiment of the presentdisclosure, and is a sche-
matic cross-sectional view including an axis of the
compressor housing.

FIG. 14 is an explanatory diagram illustrating a cen-
trifugal compressor including a conventional com-
pressor housing in which a recirculation flow path is
formed.

FIG. 15 is an explanatory diagram illustrating atten-
uation of a pulsation amplitude due to a recirculation
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flow in the compressor illustrated in FIG. 14.
Description of Embodiments

[0015] Embodiments of the present disclosure will be
described hereinafter with reference to the appended
drawings. Itis intended, however, that unless particularly
specified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
intended to limit the scope of the present disclosure.
[0016] Forinstance, an expression of relative or abso-
lute arrangement such as "in a direction", "along a direc-
tion", "parallel", "orthogonal", "centered", "concentric"
and "coaxial" shall not be construed as indicating only
the arrangement in a strict literal sense, but also includes
a state where the arrangement is relatively displaced by
a tolerance, or by an angle or a distance whereby it is
possible to achieve the same function.

[0017] For instance, an expression of an equal state
such as "same" "equal" and "uniform" shall not be con-
strued as indicating only the state in which the feature is
strictly equal, but also includes a state in which there is
a tolerance or a difference that can still achieve the same
function.

[0018] Further, for instance, an expression of a shape
such as a rectangular shape or a cylindrical shape shall
not be construed as only the geometrically strict shape,
butalso includes a shape with unevenness or chamfered
corners within the range in which the same effect can be
achieved.

[0019] Onthe other hand, an expression such as "com-
prising”, "including", or "having" one component is not
intended to be exclusive of other components.

[0020] The same configurations may be denoted by
the same reference signs, and the description thereof
may be omitted.

Turbocharger

[0021] FIG. 1 is an explanatory diagram illustrating a
configuration of a turbocharger according to an embod-
iment of the present disclosure.

[0022] A turbocharger 1 according to embodiments of
the present disclosure includes a compressor 11, a tur-
bine 12, and a rotation shaft 13, as illustrated in FIG. 1.
The compressor 11 includes an impeller 3 and a com-
pressor housing 4 configured to rotatably house the im-
peller 3. The turbine 12 includes a turbine rotor 14 con-
nected to the impeller 3 via the rotation shaft 13, and a
turbine housing 15 configured to rotatably house the tur-
bine rotor 14. The turbocharger 1 is a turbocharger for
an automobile. Note that some embodiments of the
present disclosure may be applied to a turbocharger oth-
er than a turbocharger for an automobile (for example, a
turbocharger for power generation or marine vessels).
[0023] Intheillustrated embodiment, the turbocharger
1 further includes a bearing 16 that rotatably supports
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the rotation shaft 13, and a bearing housing 17 configured
to accommodate the bearing 16, as illustrated in FIG. 1.
The bearing housing 17 is disposed between the com-
pressor housing 4 and the turbine housing 15, and is
mechanically connected to the compressor housing 4
and the turbine housing 15 by a fastening member such
as a fastening bolt or a V clamp.

[0024] Inthe following description, asillustratedin FIG.
1 for example, an extending direction of an axis CA of
the impeller 3 housed in the compressor housing 4 is
defined as an axial direction X, and a direction orthogonal
to the axis CA is defined as a radial direction Y. In the
axial direction X, a side on which a gas introduction port
44 is positioned relative to the impeller 3 (left side in the
figure) is defined as a front side XF, and a side on which
the impeller 3 is positioned relative to the gas introduction
port 44 (right side in the figure) is defined as a rear side
XR.

[0025] Asillustratedin FIG. 1, the gas introduction port
44 through which gas from the outside of the compressor
housing 4 is introduced, and a gas discharge port 45
through which gas that has passed through the impeller
3 is discharged to the outside of the compressor housing
4 to be sent to an internal combustion engine 2 (for ex-
ample, an engine) are formed in the compressor housing
4. As illustrated in FIG. 1, an exhaust gas introduction
port 151 through which exhaust gas is introduced into
the turbine housing 15, and an exhaust gas discharge
port 152 through which exhaust gas that has rotated the
turbine rotor 14 is discharged to the outside of the turbine
housing 15 along the axial direction X are formed in the
turbine housing 15.

[0026] The rotation shaft 13 has alongitudinal direction
extending along the axial direction X, as illustrated in FIG.
1. The impeller 3 is mechanically connected to a first end
portion 131 (end portion on the front side XF) in the lon-
gitudinal direction of the rotation shaft 13, and the turbine
rotor 14 is mechanically connected to a second end por-
tion 132 (end portion on the rear side XR) in the longitu-
dinal direction of the rotation shaft 13. The impeller 3 is
provided to be coaxial with the turbine rotor 14. The
phrase "along a certain direction" not only includes the
certain direction but also includes a direction that is in-
clined with respect to the certain direction (e.g., within
+45° relative to the certain direction).

[0027] AsillustratedinFIG. 1,theimpeller 3is provided
on a supply line 21 through which gas (for example, com-
bustion gas such as air) is supplied to the internal com-
bustion engine 2. The turbine rotor 14 is provided on an
exhaust line 22 through which the exhaust gas dis-
charged from the internal combustion engine 2 is dis-
charged.

[0028] The turbocharger 1 rotates the turbine rotor 14
using the exhaust gas introduced from the internal com-
bustion engine 2 into the turbine housing 15 through the
exhaust line 22. The impeller 3 is mechanically connect-
ed to the turbine rotor 14 via the rotation shaft 13, and
thus is rotated by the rotation of the turbine rotor 14. The
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turbocharger 1 compresses gas introduced into the com-
pressor housing 4 through the supply line 21 by rotating
the impeller 3, and transmits the resultant gas to the in-
ternal combustion engine 2.

Impeller

[0029] FIG.2isaschematiccross-sectional view sche-
matically illustrating a compressor side of the turbocharg-
er including the compressor according to one embodi-
ment of the present disclosure, and is a schematic cross-
sectional view including an axis of the compressor hous-
ing.

[0030] The impeller 3 of the compressor 11 includes a
hub 31 and a plurality of blades 32 provided on an outer
surface 311 of the hub 31, as illustrated in FIG. 2. The
hub 31 is mechanically affixed to the first end portion 131
of the rotatable shaft 13, whereby the hub 31 and the
plurality of blades 32 are provided to the rotation shaft
13 to be integrally rotatable about the rotational axis of
the rotatable shaft 13. The impeller 3 is configured to
guide the gas sent from the front side XF in the axial
direction X to the outer side in the radial direction Y.
[0031] Intheillustrated embodiment, the outer surface
311 ofthe hub 31 is formed into a recessed curved shape
such that a distance from the rotational axis increases
toward the rear side XR from the front side XF in the axial
direction X, and is formed on the front side XF in the axial
direction X.

[0032] In the illustrated embodiment, the plurality of
blades 32 are disposed at intervals in the circumferential
direction about the rotational axis. The plurality of blades
32 include a plurality of long blades (full blades) 33 ex-
tending from an inlet part 411 to an outlet part 412 for
the gas of the impeller chamber 41 housing the impeller
3, and a plurality of short blades (splitter blades) 34 hav-
ing a shorter extending length than the long blades 33.
The long blades 33 and the short blades 34 are disposed
alternately in the circumferential direction. The long
blades 33 and the short blades 34 are formed to have a
three-dimensionally curved plate shape. Each of the plu-
rality of short blades 34 extends to the outlet part 412
from a portion more on the downstream side than a lead-
ing edge 331, which is an edge of the long blade 33 on
the side of the inlet part 411, in each flow path for the
gas formed between adjacent long blades 33, 33 on the
outer surface 311 of the hub 31.

[0033] As illustrated in FIG. 2, each of the plurality of
long blades 33 has the leading edge 331, which is the
edge on the side of the inlet part 411, a trailing edge 332
that is an edge on the side of the outlet part 412, a hub
side edge 333 that is an edge on the side connected to
the hub 31, and a tip side edge 334 that is an edge op-
posite to the hub side edge 333. Each of the plurality of
short blades 34 has a leading edge 341 that is an edge
on the side of the inlet part 411, a trailing edge 342 that
is an edge on the side of the outlet part 412, a hub side
edge 343 that is an edge on the side connected to the
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hub 3 1, and a tip side edge 344 that is an edge opposite
to the hub side edge 343. A gap (clearance) is formed
between each of the tip side edges 334 and 344 and a
shroud surface 46 of the compressor housing 4. Note
that in some other embodiments, the impeller 3 may only
include the long blades 33.

Compressor Housing

[0034] Asillustratedin FIG. 2, the compressor housing
4 includes an intake flow path-forming section 420 that
forms an intake flow path 42 through which gas from the
outside of the compressor housing 4 is introduced to the
impeller 3, a shroud portion 460 having a shroud surface
46 curved in a protruding manner to face the blades 32
(specifically, the tip side edges 334 and 344) of the im-
peller 3, and a scroll flow path-forming section 470 that
forms a scroll flow path 47 through which the gas that
has passed through the impeller 3 is guided to the outside
of the compressor housing 4. Each of the intake flow path
42 and the scroll flow path 47 is formed inside the com-
pressor housing 4. Note that the recirculation flow path
043 as illustrated in FIG. 14 is not formed in the com-
pressor housing 4.

[0035] In the illustrated embodiment, as illustrated in
FIG. 2, the compressor housing 4 is configured to form
the impeller chamber 41 that rotatably houses the impel-
ler 3 and a diffuser flow path 48 through which the gas
from the impeller 3 is guided to the scroll flow path 47,
by being combined with another member (such as the
bearing housing 17).

[0036] Hereinafter, the upstream side in the flow direc-
tion of the gas flowing inside the compressor housing 4
may be simply referred to as the "upstream side", and
the downstream side in the flow direction of the gas may
be simply referred to as the "downstream side".

[0037] The intake flow path 42 extends along the axial
direction X, and has one end on the front side XF in com-
munication with the gas introduction port 44 positioned
further upstream than the intake flow path 42 and an other
end on the rear side XR in communication with the inlet
part 411 of the impeller chamber 41 positioned further
downstream than the intake flow path 42. The diffuser
flow path 48 extends along a direction intersecting (or-
thogonal to, for example) the axial direction X, and has
one end on the inner side in the radial direction in com-
munication with the outlet part 412 of the impeller cham-
ber 41 positioned further upstream than the diffuser flow
path 48, and has another end on the outer side in the
radial direction in communication with the scroll flow path
47 positioned further downstream than the diffuser flow
path 48. The scroll flow path 47 has a spiral shape sur-
rounding the periphery of the impeller 3 (the outer side
in the radial direction Y) and is in communication with the
gas discharge port 45 (see FIG. 1) positioned further
downstream than the scroll flow path 47.

[0038] Thegasisintroducedintothe compressorhous-
ing 4 through the gas introduction port 44 of the com-
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pressor housing 4 and then flows in the intake flow path
42 toward the rear side XR along the axial direction X to
be sent to the impeller 3. The gas sent to the impeller 3
flows in the diffuser flow path 48 and the scroll flow path
47 in this order, and then is discharged to the outside of
the compressor housing 4 through the gas discharge port
45,

[0039] The intake flow path-forming section 420 is
formed into a tubular shape having the intake flow path
42 therein. The intake flow path-forming section 420 in-
cludes an inner wall surface 421 that extends along the
axial direction X and defines the intake flow path 42. The
gas introduction port 44 is formed at an end portion of
the intake flow path-forming section 420 on the front side
XF. The scroll flow path-forming section 470 includes a
scroll inner wall surface 471 that defines the scroll flow
path 47.

[0040] The shroud portion 460 is provided between the
intake flow path-forming section 420 and the scroll flow
path-forming section 470. The shroud surface 46 of the
shroud portion 460 defines a portion, on the front side
XF, of the impeller chamber 41 described above. The
shroud surface 46 faces each of the tip side edges 334
and 344 of the impeller 3. In the illustrated embodiment,
a portion of the impeller chamber 41 on the rear side XR
is defined by members other than the compressor hous-
ing 4, such as an end surface 171 of the bearing housing
17 on the front side XF.

Groove Portion

[0041] FIG. 3isanenlarged schematic cross-sectional
view of the vicinity of the shroud surface in FIG. 2.
[0042] For example, as illustrated in FIG. 3, at least
one groove portion 5 extending along the circumferential
direction is formed in the shroud surface 46 of the com-
pressor housing 4. In a cross-sectional view taken along
the axis CA of the impeller 3 as illustrated in FIG. 3, the
atleastone groove portion 5 includes a downstream side
wall surface 6, the distance to which from the axis CA
increases from a downstream side end portion 51 of the
groove portion 5 toward the upstream side (left side in
the figure), and an upstream side curved surface 7
formed to be curved in a recessed manner between an
upstream end 61 of the downstream side wall surface 6
and an upstream side end portion 52 of the groove portion
5. A most upstream position 71 of the upstream side
curved surface 7 is configured to be positioned further
upstream than the upstream side end portion 52.
[0043] In the illustrated embodiment, the downstream
side wall surface 6 includes a downstream side curved
surface 6A that is curved in a recessed manner toward
the outer side in the radial direction. Note that in some
other embodiments, the downstream side wall surface 6
may extend linearly, or may be curved in arecessed man-
ner toward the inner side in the radial direction.

[0044] In the illustrated embodiment, the upstream
side curved surface 7 includes a first upstream side

10

15

20

25

30

35

40

45

50

55

curved surface 72 provided between the most upstream
position 71 and the upstream side end portion 52 of the
groove portion 5, and a second upstream side curved
surface 73 provided between the most upstream position
71 and the upstream end 61 of the downstream side wall
surface 6. The first upstream side curved surface 72 is
curved in a recessed manner toward the inner side in the
radial direction such that the distance between the first
upstream side curved surface 72 and the axis CA in-
creases toward the upstream side (front side XF), and
has an upstream end at the upstream side end portion
52 of the groove portion 5 and a downstream end at the
most upstream position 71. The second upstream side
curved surface 73 is curved in arecessed manner toward
the outer side in the radial direction such that the distance
between the second upstream side curved surface 73
and the axis CA increases toward the downstream side
(rear side XR), and has an upstream end at the most
upstream position 71 and a downstream end at the up-
stream end 61 of the downstream side wall surface 6.
The second upstream side curved surface 73 is connect-
ed to the first upstream side curved surface 72 at the
most upstream position 71. Furthermore, the second up-
stream side curved surface 73 (the upstream side curved
surface 7) is connected to the downstream side wall sur-
face 6 at a deepest position 74.

[0045] Note that, in some other embodiments, the
groove portion 5 may further include a linear or curved
surface connecting the upstream end of the first up-
stream side curved surface 72 and the upstream side
end portion 52 of the groove portion 5, and may further
include a linear or curved surface connecting the down-
stream end of the second upstream side curved surface
73 and the upstream end 61 of the downstream side wall
surface 6.

[0046] FIG.4isanexplanatorydiagramillustratinghow
gas flows in the compressor under a low flow rate con-
dition, and illustrates the results of a non-steady flow
analysis of a pulsating flow. As illustrated in FIG. 4, under
the low flow rate condition where the operating point of
the compressor is in the vicinity of a surge range, the gas
introduced to the impeller 3 is separated from the shroud
surface 46 and the blades 32 of the impeller 3 due to an
adverse pressure gradient, whereby a backflow range
RB is formed near the shroud surface 46 and a backflow
F2 (flow toward the front side XF in the axial direction X)
flowing along the shroud surface 46 is produced in the
backflow range RB. This backflow F2 merges with a main
flow F1 of the gas introduced to the impeller 3 in the
vicinity of the inlet (leading edge 331) of the impeller 3,
and is then introduced again to the impeller 3.

[0047] FIG.5isanexplanatorydiagramillustrating how
gas flows in the compressor under the low flow rate con-
dition, and illustrates the velocity triangle of the gas in-
troduced to the impeller illustrated in FIG. 4 and the ve-
locity triangle of the backflow flowing in the vicinity of the
shroud surface. Asiillustrated in FIG. 5, the flow direction
of the main flow F1 of the gas introduced to the impeller
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3 is defined as FD, a tangential direction of the impeller
3 is defined as TD, and the main flow F1 forms a velocity
triangle comprising an absolute velocity AS1, a relative
velocity RD1, and peripheral speed PS1. The backflow
F2 flowing along the shroud surface 46 forms a velocity
triangle comprising an absolute velocity AS2, a relative
velocity RD2, and the peripheral speed PS1. As illustrat-
ed in FIG. 5, the backflow F2 involves strong centrifugal
action provided by significant tangential speed TS due
to the rotation of impeller 3.

[0048] Asiillustratedin FIG. 3, the backflow F2 flowing
along the shroud surface 46 is provided with the tangen-
tial speed TS due to the rotation of the impeller 3. The
centrifugal action provided by the tangential speed TS
causes the backflow F2 to flow along the downstream
side wall surface 6 and enter the groove portion 5. The
upstream side curved surface 7 is curved in a recessed
manner. In the upstream side curved surface 7, the most
upstream position 71 is positioned further upstream than
the upstream side end portion 52. Thus, the backflow F2
that has entered the groove portion 5 can have its flow
direction turned around to flow toward the rear side XR
from the front side XF in the axial direction with the speed
maintained, so as to be sent to the vicinity of the shroud
surface 46. With the backflow F2 thus turned around by
the groove portion 5 to be sent toward the vicinity of the
shroud surface 46, the development of the backflow
range RB (see FIG. 4) in the vicinity of the shroud surface
46 can be suppressed. Thus, surging under the low flow
rate condition can be suppressed, and a wider range of
the compressor 11 in the low flow rate range can be
achieved.

[0049] For example, as illustrated in FIG. 3, at least
one groove portion 5 extending along the circumferential
direction is formed in the shroud surface 46 of the com-
pressor housing 4 according to some embodiments. The
at least one groove portion 5 described above includes
the downstream side wall surface 6 described above and
the upstream side curved surface 7 described above.
The most upstream position 71 of the upstream side
curved surface 7 is configured to be positioned further
upstream than the upstream side end portion 52.
[0050] Accordingtothe configurationdescribed above,
the at least one groove portion 5 formed in the shroud
surface 46 includes the downstream side wall surface 6,
the distance to which from the axis CA increases toward
the upstream side from the downstream side end portion
51, and the upstream side curved surface 7 formed be-
tween the upstream side end portion 52 and the upstream
end 61 of the downstream side wall surface 6. Under the
low flow rate condition, the gas introduced to the impeller
3 is separated from the shroud surface 46 and the blades
32 of the impeller 3 due to the adverse pressure gradient,
whereby the backflow F2 (flow towards the front side XF
in the axial direction X) is produced in the vicinity of the
shroud surface 46. This backflow F2 is provided with the
tangential speed TS due to the rotation of the impeller 3.
The centrifugal action provided by the tangential speed
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TS causes the backflow F2 to flow along the downstream
side wall surface 6 and enter the groove portion 5. The
upstream side curved surface 7 is curved in a recessed
manner. In the upstream side curved surface 7, the most
upstream position 71 is positioned further upstream than
the upstream side end portion 52. Thus, the backflow F2
that has entered the groove portion 5 can have its flow
direction turned around to flow toward the rear side XR
from the front side XF in the axial direction with the speed
maintained, so as to be sent to the vicinity of the shroud
surface 46. With the backflow F2 thus turned around by
the groove portion 5 to be sent toward the vicinity of the
shroud surface 46, the development of the backflow
range RB in the vicinity of the shroud surface 46 can be
suppressed. Thus, surging under the low flow rate con-
dition can be suppressed, and a wider range of the com-
pressor 11 in the low flow rate range can be achieved.
[0051] The above-described configuration does not
hinder the pulsation of gas introduced to the impeller 3
unlike in the configuration described in Patent Document
1 where recirculation flow is introduced to the impeller.
Thus, a surging suppression effect can be provided by
the pulsation of the internal combustion engine 2 on the
downstream side of the compressor 11.

[0052] In some embodiments, as illustrated in FIG. 3,
the downstream side wall surface 6 described above in-
cludes the downstream side curved surface 6A that is
curved in arecessed manner toward the outer side in the
radial direction and has a curvature smaller than that of
the upstream side curved surface 7.

[0053] According to the above-described configura-
tion, the downstream side wall surface 6 includes the
downstream side curved surface 6A that is curved in a
recessed manner toward the outer side in the radial di-
rection. Thus, the distance between the downstream side
wall surface 6 and the axis CA between the upstream
end 61 of the downstream side curved surface 6A and
the downstream side end portion 51 of the groove portion
5 can be increased compared with cases where the
downstream side wall surface 6 extends linearly or is
curvedin aprotruding manner. This can prevent the back-
flow F2 that enters the groove portion 5 along the down-
stream side curved surface 6A and the turned-around
flow (the backflow F2 that has turned around) that is
turned around by the upstream side curved surface 7 and
flows along the upstream side curved surface 7 to exit
from the groove portion 5 from interfering with each other
to offset one another. The downstream side curved sur-
face 6A is gently curved with a curvature C6A thereof
being smaller than a curvature C7 of the upstream side
curved surface 7 to facilitate the entrance of the backflow
F2 into the groove portion 5 along the downstream side
curved surface 6A, whereby the flow rate of the backflow
F2 turned around by the groove portion 5 can be in-
creased. By increasing the flow rate of the backflow F2
that is turned around by the groove portion 5, the devel-
opment of the backflow range RB in the vicinity of the
shroud surface 46 can be effectively suppressed.
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[0054] In some embodiments, as illustrated in FIG. 3,
the at least one groove portion 5 described above in-
cludes a ring-shaped groove 5A that extends over the
entire circumference in the circumferential direction. In
such a case where the ring-shaped groove 5A extends
over the entire circumference in the circumferential di-
rection, the backflow F2 can be turned around by the
ring-shaped groove 5A anywhere along the entire cir-
cumference in the circumferential direction. Thus, the de-
velopment of the backflow range RB in the vicinity of the
shroud surface 46 can be prevented over the entire cir-
cumference in the circumferential direction.

[0055] FIG.6isanenlarged schematic cross-sectional
view of the vicinity of the shroud surface in FIG. 2. FIG.
7 is an explanatory diagram illustrating Examples of a
compressor housing according to an embodiment of the
present disclosure.

[0056] In some embodiments, as illustrated in FIG. 6,
the at least one groove portion 5 described above is con-
figured to have a center 53 positioned between the lead-
ing edge 331 and the trailing edge 332 of the long blade
33 (the blade 32) in the extending direction (axial direction
X) of the axis CA, in a cross-sectional view taken along
the axis CA of the impeller 3. Here, the center 53 refers
to the center of figure (center of gravity) of the groove
portion 5 in the cross-sectional view described above.
[0057] In the illustrated embodiment, the at least one
groove portion 5 is configured to satisfy 0.2 < Z/L < 1.2,
where L represents the distance from a hub end 335 of
the trailing edge 332 of the long blade 33 (blade 32) to a
tip end 336 of the leading edge 331 in the axial direction
X, and Z represents a distance from the hub end 335 to
the upstream side end portion 52 of the groove portion
5 in the same direction, in the cross-sectional view taken
along the axis CA asiillustrated in FIG. 6. Preferably, the
at least one groove portion 5 is configured to satisfy a
condition of 0.3 < Z/L < 1.1.

[0058] In a first Example (EX1)illustrated in FIG. 7, the
groove portion 5 is configured in such a manner that the
leading edge 331 of the long blade 33 is positioned be-
tween the downstream side end portion 51 and the up-
stream side end portion 52 in the axial direction X in the
cross-sectional view taken along the axis CA. Specifical-
ly, in the cross-sectional view described above, the
groove portion 5 is configured such that the center 53 is
positioned at an axial direction position corresponding to
the leading edge 331 of the long blade 33.

[0059] In a second Example (EX2) illustrated in FIG.
7, the groove portion 5 is configured in such a manner
that a throat portion 35 of the long blade 33 is positioned
between the downstream side end portion 51 and the
upstream side end portion 52 in the axial direction X in
the cross-sectional view taken along the axis CA. Spe-
cifically, in the cross-sectional view described above, the
groove portion 5 is configured such that the center 53 is
positioned at an axial direction position corresponding to
the throat portion 35 of the long blade 33. As illustrated
in FIG. 8 described later, the throat portion 35 is a portion
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where the width of the long blades 33 disposed adjacent
to each other along the circumferential direction is mini-
mized. The throat portion 35 is positioned between the
leading edge 331 of the long blade 33 and the leading
edge 341 of the short blade 34 in the axial direction X.
[0060] In a third Example (EX3) illustrated in FIG. 7,
the groove portion 5 is configured in such a manner that
the leading edge 341 of the short blade 34 is positioned
between the downstream side end portion 51 and the
upstream side end portion 52 in the axial direction X in
the cross-sectional view taken along the axis CA. Spe-
cifically, in the cross-sectional view described above, the
groove portion 5 is configured such that the center 53 is
positioned at an axial direction position corresponding to
the leading edge 341 of the short blade 34.

[0061] In a fourth Example (EX4) illustrated in FIG. 7,
the groove portion 5 is configured in such a manner that
a throat portion 36 of the short blade 34 is positioned
between the downstream side end portion 51 and the
upstream side end portion 52 in the axial direction X in
the cross-sectional view taken along the axis CA. Spe-
cifically, in the cross-sectional view described above, the
groove portion 5 is configured such that the center 53 is
positioned at an axial direction position corresponding to
the throat portion 36 of the short blade 34. The throat
portion 36 is a portion where the width of the long blades
33 and the short blades 34 disposed adjacent to each
other along the circumferential direction is minimized.
The throat portion 36 is positioned between the leading
edge 341 and the trailing edge 342 of the short blade 34
in the extending direction of the axis CA.

[0062] Between the leading edge 331 and the trailing
edge 332 of the blade 32 in the extending direction of the
axis CA, entrance of the backflow F2 flowing along the
shroud surface 46 into the groove portion 5 is facilitated
by the strong centrifugal action attributable to significant
tangential speed TS due to the rotation of the impeller 3.
According to the configuration described above, the cent-
er 53 of the at least one groove portion 5 is positioned
between the leading edge 331 and the trailing edge 332
of the blade 32 in the extending direction of the axis CA.
Thus, entrance of the backflow F2 into the groove portion
5is facilitated by the strong centrifugal action of the back-
flow F2, whereby the flow rate of the backflow F2 that
turns around due to the groove portion 5 can be increased
further than in a case where the groove portion 5 is pro-
vided at another position in the extending direction of the
axis CA. Thus, the development of the backflow range
RB in the vicinity of the shroud surface 46 can be sup-
pressed effectively.

[0063] For the compressors 11 respectively including
the first to fourth Examples, a test for pulsating flow was
performed to acquire the pressure flow rate characteris-
tics ofthe compressors 11. The result of the testindicated
that a surging flow rate, which indicates the operating
limit on the lower flow rate side, was reduced (up t0 6.1%
reduction), compared to that in compressors including
compressor housings without the groove portion 5 or the
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recirculation flow path. Thus, a wide range of the com-
pressor 11 under pulsation was confirmed.

[0064] In some embodiments, as illustrated in FIG. 6,
the at least one groove portion 5 was configured to satisfy
a condition of 5° < 61 < 45°, where 01 represents an
inclination angle of the upstream side curved surface 7
relative to a first normal N1 passing through the upstream
side end portion 52 of the shroud surface 46 described
above. Preferably, the at least one groove portion 5 is
configured to satisfy a condition 10° < 81 <40°.

[0065] In the illustrated embodiment, the at least one
groove portion 5 was configured to satisfy a condition of
15° <02 < 30°, where 62 represents an inclination angle
ofthe downstream side wall surface 6 relative to a second
normal N2 passing through the downstream side end por-
tion 51 of the shroud surface 46 described above.
[0066] Inone embodiment, the groove portion 5 is con-
figured such that at least one of the leading edge 331
and the throat portion 35 of the long blade 33 is positioned
between the downstream side end portion 51 and the
upstream side end portion 52 in the axial direction X. The
groove portion 5 is configured to satisfy a condition of 61
<02.

[0067] Inone embodiment, the groove portion 5 is con-
figured such that at least one of the leading edge 341
and the throat portion 36 of the short blade 34 is posi-
tioned between the downstream side end portion 51 and
the upstream side end portion 52 in the axial direction X.
The groove portion 5 is configured to satisfy a condition
of 61 > 62.

[0068] Accordingtothe configuration described above,
the inclination angle 61 of the upstream side curved sur-
face 7 of the at least one groove portion 5 satisfies the
condition of 5° < 01 < 45°. Thus, with the backflow F2
exiting the groove portion 5 along the upstream side
curved surface 7, the development of the backflow range
RB in the vicinity of the shroud surface 46 can be effec-
tively suppressed. If the inclination angle 61 is less than
5°, the speed component toward the inner side in the
radial direction of the backflow F2 that has exited the
groove portion 5 along the upstream side curved surface
7 becomes excessively large and the flow rate of the flow
toward the vicinity of the shroud surface 46 becomes
small. As aresult, the development of the backflow range
RB in the vicinity of the shroud surface 46 may fail to be
sufficiently suppressed. If the inclination angle 61 is
greater than 45°, the speed component toward the inner
side in the radial direction of the backflow F2 that has
exited the groove portion 5 along the upstream side
curved surface 7 becomes excessively small and the
backflow F2 that has exited the groove portion 5 along
the upstream side curved surface 7 may interfere with
the backflow F2 entering the groove portion 5 along the
downstream side wall surface 6. Thus, these flows may
offset each other.

[0069] In some embodiments, as illustrated in FIG. 6,
the at least one groove portion 5 was configured to satisfy
a condition of 0.50 < W/H < 0.85, where H represents a
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distance from the upstream side end portion 52 to the
downstream side end portion 51 of the atleast one groove
portion 5 in the extending direction of the axis CA (the
axial direction X), and W represents the maximum depth
of the at least one groove portion 5. Preferably, the at
least one groove portion 5 was configured to satisfy the
condition of 0.55 < W/H < 0.80. More preferably, the at
least one groove portion 5 was configured to satisfy the
condition of 0.60 < W/H < 0.75.

[0070] Accordingtothe configuration described above,
the at least one groove portion 5 satisfies the condition
of 0.50 < W/H < 0.85. Thus, with the backflow F2 exiting
the groove portion 5 along the upstream side curved sur-
face 7, the development of the backflow range RB in the
vicinity of the shroud surface 46 can be effectively sup-
pressed. If the ratio W/H of the maximum depth W to the
distance H is less than 0.5, the maximum depth W be-
comes too small, and the backflow F2 that has exited the
groove portion 5 along the upstream side curved surface
7 may interfere with the backflow F2 entering the groove
portion 5 along the downstream side wall surface 6. Thus,
these flows may offset each other. If the ratio W/H of the
maximum depth W to the distance H exceeds 0.85, the
maximum depth W becomes too large, and it becomes
difficult for the backflow F2 that has entered the groove
portion 5 to flow along the downstream side wall surface
6 orthe upstream side curved surface 7. Thus, the turned-
around flow may fail to be formed.

[0071] In some embodiments, as illustrated in FIG. 6,
the atleast one groove portion 5 was configured to satisfy
a condition of 0.10 < H/R < 0.30, where H represents a
distance from the upstream side end portion 52 to the
downstream side end portion 51 of the atleast one groove
portion 5 in the extending direction of the axis CA (the
axial direction X), and R represents the distance from the
axis CA to the upstream side end portion 52 in the direc-
tion (radial direction Y) orthogonal to the axis CA. Pref-
erably, the at least one groove portion 5 was configured
to satisfy the condition of 0.14 < H/R < 0.26. More pref-
erably, the at least one groove portion 5 was configured
to satisfy the condition of 0.18 < H/R < 0.22.

[0072] Accordingtothe configuration described above,
the at least one groove portion 5 satisfies the condition
of 0.10<H/R <0.30, so thatan appropriate ratio between
the flow rate of the main flow F1 of the gas flowing into
the impeller 3 and the flow rate of the backflow F2 flowing
into the groove portion 5 can be achieved. By achieving
this appropriate ratio, the entrance of the backflow F2
into the groove portion 5 is facilitated, whereby the de-
velopment of the backflow range RB in the vicinity of the
shroud surface 46 can be effectively suppressed.
[0073] FIG. 8is an explanatory diagram illustrating the
shape of a groove portion according to an embodiment
of the present disclosure. FIG. 9 is a schematic cross-
sectional view schematically illustrating an AB cross sec-
tion of an inclined groove illustrated in FIG. 8. FIG. 10 is
a schematic cross-sectional view schematically illustrat-
ing a CD cross section of the inclined groove illustrated
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in FIG. 8.

[0074] In some embodiments, as illustrated in FIG. 8,
the at least one groove portion 5 described above in-
cludes a plurality of inclined grooves 5B that extend par-
tially over the entire circumference in the circumferential
direction in a direction inclined with respect to the circum-
ferential direction, and are formed at intervals along the
circumferential direction. In the illustrated embodiment,
the leading edge 331 of one of two inclined grooves 5B
adjacent to each other in the circumferential direction is
positioned at a circumferential position corresponding to
the trailing edge 332 of the other inclined groove 5B. Note
that in some other embodiments, two inclined grooves
5B adjacent to each other in the circumferential direction
may overlap each other in the circumferential direction.
As illustrated in FIG. 9, each of the plurality of inclined
grooves 5B includes the downstream side wall surface
6 (for example, the downstream side curved surface 6A)
described above and the upstream side curved surface
7 described above.

[0075] Accordingtothe configuration described above,
the plurality of inclined grooves 5B are formed at intervals
along the circumferential direction of the shroud surface
46. Thus, the backflow F2 can be turned around by the
plurality of inclined grooves 5B partially over the entire
circumference in the circumferential direction. Thus, the
development of the backflow range RB in the vicinity of
the shroud surface 46 can be prevented partially over
the entire circumference in the circumferential direction.
[0076] In some embodiments, as illustrated in FIG. 8,
each of the plurality of inclined grooves 5B described
above is configured to have an end portion 54 on the
trailing edge side (downstream side in the flow direction
FD of the main flow F1) positioned further downstream
(the right side in the figure) than an end portion 55 on the
leading edge side (upstream side of the flow direction FD
of the main flow F1) in the rotational direction (the tan-
gential direction TD) of the impeller 3. In the illustrated
embodiment, as illustrated in FIG. 8, each of the plurality
of inclined grooves 5B has a longitudinal direction ex-
tending along a direction of a velocity vector of the relative
velocity RD2 of the backflow F2.

[0077] Accordingtothe configuration described above,
in each of the plurality of inclined grooves 5B, the end
portion 54 on the trailing edge side is positioned further
downstream than the end portion 55 on the leading edge
side in the rotational direction of the impeller 3. With the
inclined grooves 5B thus extending in the direction along
the flow direction of the backflow F2, entrance of the
backflow F2 into the inclined groove 5B is facilitated,
whereby the flow rate of the backflow F2 that is turned
around by the inclined grooves 5B can be increased.
Thus, the development of the backflow range RB in the
vicinity of the shroud surface 46 can be suppressed ef-
fectively.

[0078] In some embodiments, each of the plurality of
inclined grooves 5B includes a trailing edge side wall
surface 6B, a distance to which from the axis CA increas-
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es toward the end portion 55 on the leading edge side
from the end portion 54 on the trailing edge side of the
inclined groove 5B, and a leading edge side curved sur-
face 7B formed to be curved in a recessed manner be-
tween the leading edge 61B of the trailing edge side wall
surface 6B and the end portion 55 on the leading edge
side and that is configured to have a most upstream po-
sition 71B positioned more on the leading edge side of
the inclined groove 5B than the end portion 55 of the
leading edge side, in a cross-sectional view taken along
the extending direction of the inclined groove 5B as illus-
trated in FIG. 10.

[0079] In the illustrated embodiment, the trailing edge
side wall surface 6B includes a trailing edge side curved
surface that is curved in a recessed manner toward the
outer side in the radial direction (upper side in FIG. 10).
Note that in some other embodiments, the trailing edge
side wall surface 6B may extend linearly ormay be curved
in a recessed manner toward the inner side in the radial
direction.

[0080] In the illustrated embodiment, the leading edge
side curved surface 7B includes a first leading edge side
curved surface 72B provided between the most upstream
position 71B and the end portion 55 of the inclined groove
5B on the leading edge side, and a second leading edge
side curved surface 73B provided between the most up-
stream position 71B and the leading edge 61B of the
trailing edge side wall surface 6B. The first leading edge
side curved surface 72B is curved in a recessed manner
toward the inner side in the radial direction such that the
distance between the first leading edge side curved sur-
face 72B and the axis CA increases toward the leading
edge side of the inclined groove 5B (downstream side in
the flow direction of the backflow F2). Further, the up-
stream end of the first leading edge side curved surface
72B is the end portion 55 of the inclined groove 5B on
the leading edge side and the downstream end of the
first leading edge side curved surface 72B is the most
upstream position 71B. The second leading edge side
curved surface 73B is curved in a recessed manner to-
ward the outer side in the radial direction such that the
distance between the second leading edge side curved
surface 73B and the axis CA increases toward the trailing
edge side of the inclined groove 5B (upstream side in the
flow direction of the backflow F2). Further, the upstream
end of the second leading edge side curved surface 73B
is the most upstream position 71B and the downstream
end of the second leading edge side curved surface 73B
is the leading edge 61B of the trailing edge side wall
surface 6B. The second leading edge side curved surface
73B is connected to the first leading edge side curved
surface 72B at the most upstream position 71B. Further-
more, the second leading edge side curved surface 73B
(the leading edge side curved surface 7B) is connected
to the trailing edge side wall surface 6B at a deepest
position 74B.

[0081] Note that, in some other embodiments, the in-
clined groove 5B may further include a linear or curved
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surface connecting the upstream end of the first leading
edge side curved surface 72B and the end portion 55 of
the inclined groove 5B on the leading edge side, and may
further include a linear or curved surface connecting the
downstream end of the second leading edge side curved
surface 73B and the leading edge 61B of the trailing edge
side wall surface 6B.

[0082] Accordingtothe configurationdescribed above,
each of the plurality of inclined grooves 5B includes the
trailing edge side wall surface 6B in a cross-sectional
view taken along the extending direction of the inclined
groove 5B, that is, the direction along the flow direction
of the backflow F2. In this case, the entrance of the back-
flow F2 into the inclined groove 5B along the trailing edge
side wall surface 6B is facilitated, whereby the flow rate
of the backflow F2 turned around by the inclined groove
5B can be increased. Each of the plurality of inclined
grooves 5B includes the trailing edge side wall surface
6B and the leading edge side curved surface 7B in the
cross-sectional view described above. In this case, the
backflow F2 that has entered the inclined groove 5B flows
along the trailing edge side wall surface 6B and the lead-
ing edge side curved surface 7B, and thus can be sent
to the vicinity of the shroud surface 46 after having the
flow direction turned around while maintaining speed. Ac-
cording to the configuration described above, the devel-
opment of the backflow range RB in the vicinity of the
shroud surface 46 can be suppressed effectively.
[0083] FIG. 11 is an explanatory diagram illustrating
the shape of a groove portion according to an embodi-
ment of the present disclosure, and schematically illus-
trates a compressor as viewed from the front side. FIG.
12 is a diagram illustrating the relationship between an
angular position illustrated in FIG. 11 and a cross-sec-
tional area of the groove portion.

[0084] In some embodiments, asillustrated in FIG. 11,
the at least one groove portion 5 described above in-
cludes the ring-shaped groove 5A. The ring-shaped
groove 5A was configured to have the largest cross-sec-
tional area in an angular range from an angular position
of 0° to an angular position of 120° in the circumferential
direction, where the angular position of a tongue portion
472 of the scroll flow path-forming section 470 in the cir-
cumferential direction of the impeller 3 is defined as 0°,
and a downstream direction (clockwise direction) in the
rotational direction (tangential direction TD) of the impel-
ler 3 is defined as a positive direction of the angular po-
sitionin the circumferential direction. This "cross-section-
al area" refers to an opening area of the ring-shaped
groove 5A in a cross section taken along the axis CA of
the ring-shaped groove 5A.

[0085] In the illustrated embodiment, as illustrated in
FIG. 11, the cross-sectional area of the ring-shaped
groove 5A in the circumferential direction is increased
and decreased by increasing and decreasing the maxi-
mum depth W in the circumferential direction. As illus-
trated in FIGS. 11 and 12, the maximum depth W and
the cross-sectional area of each ring-shaped groove 5A

10

15

20

25

30

35

40

45

50

55

1"

reach a maximum at one angular position AP1 located
within an angular range from an angular position of 90°
to an angular position of 120° in the circumferential di-
rection, and reach a minimum at one angular position
AP2 located within an angular range from an angular
position of 270° to angular position of 300° in the circum-
ferential direction. Each ring-shaped groove 5A is con-
figured to have the maximum depth W and the cross-
sectional area gradually decreasing in both the clockwise
direction and the counterclockwise direction between the
angular positions AP1 to AP2. Note that in some other
embodiments, the cross-sectional area in the circumfer-
ential direction may be increased and decreased by in-
creasing and decreasing the distance H from the up-
stream side end portion 52 to the downstream side end
portion 51 in the circumferential direction.

[0086] The backflow F2 is not uniform in the circum-
ferential direction, and is large at a certain portion in the
circumferential direction (an angular range from an an-
gular position of 0° to an angular position of 120° in the
circumferential direction) compared with other portions.
According to the above, the cross-sectional area of each
ring-shaped groove 5A is not uniform in the circumferen-
tial direction, and reaches a maximum in the angular
range from the angular position of 0° to the angular po-
sition of 120° in the circumferential direction. With the
cross-sectional area of the ring-shaped groove 5A thus
increased in the portion where the backflow F2 is large,
the development of the backflow range RB in the portion
can be effectively suppressed. Thus, the development
of the backflow range RB in the vicinity of the shroud
surface 46 can be effectively suppressed entirely over
the circumferential direction.

[0087] For example, as illustrated in FIG. 3, the com-
pressor 11 according to some embodiments includes the
above-described impeller 3 including at least the hub 31
and the plurality of blades 32, and the compressor hous-
ing 4 having the above-described at least one groove
portion 5 formed in the shroud surface 46. In this case,
the at least one groove portion 5 formed in the shroud
surface 46 of the compressor housing 4 can suppress
surging under the low flow rate condition, whereby the
operation range of the compressor 11 can be expanded
in the low flow rate range. The above-described config-
uration does not hinder the pulsation of gas introduced
to the impeller 3, and thus a surging suppression effect
can be provided by the pulsation of the internal combus-
tion engine 2 on the downstream side of the compressor
11.

[0088] FIG. 13 is a schematic cross-sectional view
schematically illustrating a compressor side of the turbo-
charger including the compressor according to one em-
bodiment of the present disclosure, and is a schematic
cross-sectional view including an axis of the compressor
housing.

[0089] Insome embodiments, as illustrated in FIG. 13,
the above-described compressor 11 further includes a
groove portion opening/closing device 9 including a cover
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91 that covers the groove portion 5 in an openable/clos-
able manner, and an opening/closing mechanism unit 92
configured to perform opening and closing operations for
the cover 91.

[0090] In the illustrated embodiment, the cover 91 is
composed of atubular-shaped body disposed on aninner
side of the inner wall surface 421 in the radial direction,
and has an outer surface 911 in sliding contact with the
inner wall surface 421. The opening/closing mechanism
unit 92 is composed of an actuator (for example, an air
cylinder) including a drive shaft 921 that is movable in
forward and backward directions using air supplied from
the outside. The opening/closing mechanism unit 92 is
arranged such that the drive shaft 921 extends along the
axial direction X. The groove portion opening/closing de-
vice 9includes arod-shaped connecting member 93 hav-
ing a first end portion side connected to the outer surface
911 of the cover 91 and having a second end portion side
connected to the drive shaft 921, an air supply source 94
used for supplying air to the opening/closing mechanism
unit92, and an opening/closinginstruction device 95 con-
figured to issue a drive instruction for the drive shaft 921
to the opening/closing mechanism unit 92 in accordance
with the operating range of the compressor 11. The open-
ing/closing mechanism unit 92 causes the drive shaft 921
to move forward and backward using air supplied from
the air supply source 94. The cover 91 is moved in con-
junction with the forward and backward movement of the
drive shaft 921, via the connecting member 93, to open
and close the groove portion 5.

[0091] The opening/closing instruction device 95 is an
electronic control unit used for controlling the opening
and closing operations for the cover 91 by using the open-
ing/closing mechanism unit 92, and may be configured
as amicrocomputerincluding a CPU (processor),a mem-
ory such as a ROM and a RAM, a storage device such
as an external storage device, an I/O interface, and a
communication interface, which are not illustrated. The
CPU may operate (for example, perform a data operation
or the like) in accordance with, for example, program in-
structions loaded into the main storage device of the
memory to control the opening and closing operations
for the cover 91 by using the opening/closing mechanism
unit 92. The opening/closing instruction device 95 has
pre-stored information associating an operating range of
the compressor 11 (for example, the operating range on
a compressor map) with the opening/closing instruction
to the opening/closing mechanism unit 92, and is config-
ured to identify the operation range of the compressor
11 based on the information input from the compressor
11 and issue the opening/closing instruction correspond-
ing to the operation range to the opening/closing mech-
anism unit 92. The opening/closing mechanism unit 92
drives the drive shaft 921 to open/close the cover 91 in
accordance with the instruction issued from the open-
ing/closing instruction device 95.

[0092] Accordingtothe configuration described above,
the compressor 11 includes the groove portion open-
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ing/closing device 9 including the cover 91 that covers
the groove portion 5 in an openable/closable manner,
and the opening/closing mechanism unit 92 configured
to perform opening and closing operations for the cover
91.Inthis case, the groove portion 5is opened by opening
the cover 91 in an operating range in which surging is
likely to occur in the operating range of the compressor
11. Thus, the development of the backflow range RB in
the vicinity of the shroud surface 46 can be suppressed,
whereby the operation range of the compressor 11 can
be expanded. In an operating range in which surging is
less likely to occur in the operating range of the compres-
sor 11, the cover 91 is closed to close the groove portion
5. Thus, the gap between the compressor housing 4 and
the impeller 3 is made small, whereby efficiency reduc-
tion of the compressor 11 due to the gap can be sup-
pressed.

[0093] In some embodiments, as illustrated in FIG. 1,
the turbocharger 1 described above includes the above-
described compressor 11 and the turbine 12 including
the turbine rotor 14 connected to the impeller 3 of the
compressor 11 via the rotation shaft 13. In this case, the
atleastone groove portion 5 formed in the shroud surface
46 of the compressor housing 4 can suppress the devel-
opment of the backflow range and surging under the low
flow rate condition, whereby the operation range of the
compressor 11 can be expanded in the low flow rate
range. The above-described configuration does not
hinder the pulsation of gas introduced to the impeller 3,
and thus a surging suppression effect can be provided
by the pulsation of the internal combustion engine 2 on
the downstream side of the compressor 11.

[0094] The present disclosure is not limited to the em-
bodiments described above, and also includes a modifi-
cation of the above-described embodiments as well as
appropriate combinations of these modes.

[0095] The contents of some embodiments described
above can be construed as follows, for example.

1) A compressor housing (4) according to at least
one embodiment of the present disclosure is a com-
pressor housing (4) configured to rotatably house an
impeller (3) including a hub (31) and a plurality of
blades (32) provided on an outer surface of the hub,
the compressor housing (4) including:

an intake flow path-forming section (420) con-
figured to form an intake flow path (42) through
which gas is introduced to the impeller (3) from
outside of the compressor housing (4);

a shroud portion (460) having a shroud surface
(46) curved in a protruding manner to face the
plurality of blades (32); and

a scroll flow path-forming section (470) config-
ured to form a scroll flow path (47) through which
the gas that has passed through the impeller (3)
is guided to the outside of the compressor hous-
ing (4), wherein
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at least one groove portion (5) extending in a
circumferential direction is formed in the shroud
surface (46), and

in a cross-sectional view taken along an axis
(CA) of the impeller (3), the at least one groove
portion (5) includes:

a downstream side wall surface (6), a dis-
tance to which from the axis (CA) increases
toward an upstream side from a down-
stream side end portion (51) of the at least
one groove portion (5), and

an upstream side curved surface (7) that is
formed to be curved in a recessed manner
between an upstream end (61) of the down-
stream side wall surface (6) and an up-
stream side end portion (52) of the at least
one groove portion (5) and is configured to
have a most upstream position (71) posi-
tioned further upstream than the upstream
side end portion (52).

According to the configuration 1) described above,
the at least one groove portion (5) formed in the
shroud surface (46) includes the downstream side
wall surface (6), the distance to which from the axis
(CA) increases toward the upstream side from the
downstream side end portion (51), and the upstream
side curved surface (7) formed between the up-
stream side end portion (52) and the upstream end
(61) of the downstream side wall surface (6). Under
the low flow rate condition, gas introduced to the im-
peller is separated from the shroud surface (46) and
the blades (32) of the impeller (3) due to an adverse
pressure gradient, whereby the backflow (F2, flow
towards the front side XF in the axial direction X) is
generated in the vicinity of the shroud surface (46).
This backflow is provided with tangential speed (TS,
see FIG. 5) due to the rotation of the impeller (3).
The centrifugal action provided by the tangential
speed (TS) causes the backflow to flow along the
downstream side wall surface (6) and enter the
groove portion (5). The upstream side curved sur-
face (7) is curved in a recessed manner, and has a
most upstream position (71) positioned further up-
stream than the upstream side end portion (52).
Thus, the backflow (F2) that has entered the groove
portion (5) can have its flow direction turned around
to flow toward the rear side (XR) from the direction
toward the front side (XF) in the axial direction with
the speed maintained, so as to be sent to the vicinity
of the shroud surface (46). With the backflow (F2)
thus turned around by the groove portion (5) to be
sent toward the vicinity of the shroud surface (46),
the development of the backflow range (RB) in the
vicinity of the shroud surface (46) can be sup-
pressed. Thus, surging under the low flow rate con-
dition can be suppressed, whereby a wider range of
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the compressor (11) in the low flow rate range can
be achieved.

The above-described configuration 1) does not
hinder the pulsation of gas introduced to the impeller
(3) unlike in the configuration described in Patent
Document 1 where recirculation flow is introduced
to the impeller. Thus, the surging suppression effect
can be provided by the pulsation of the internal com-
bustion engine (2) on the downstream side of the
compressor (11).

2) According to some embodiments, in the compres-
sor housing (4) according to 1) described above, the
downstream side wall surface (6) includes a down-
stream side curved surface (6A) that is curved in a
recessed manner toward an outer side in a radial
direction and has a smaller curvature than the up-
stream side curved surface (7).

According to the configuration of 2) above, the down-
stream side wall surface (6) includes the down-
stream side curved surface (6A) that is curved in a
recessed manner toward the outer side in the radial
direction. Thus, compared with a case where the
downstream side wall surface (6) extends linearly or
is curved in a protruding manner, the distance be-
tween the downstream side wall surface (6) and the
axis (CA) between the downstream side end portion
(51) of the groove portion (5) and the upstream end
(61) of the downstream side wall surface (6) can be
increased. Thus, the backflow (F2) flowing along the
downstream side wall surface (6) into the groove por-
tion (5) and the turned-around flow (the backflow F2
that has turned around) exiting from the groove por-
tion (5) along the upstream side curved surface (7)
after being turned around by the upstream side
curved surface (7) can be prevented from interfering
with each other and offsetting each other. The down-
stream side curved surface (6A)is gently curved with
a curvature (C6A) being smaller than a curvature
(C7) of the upstream side curved surface (7) to fa-
cilitate the entrance of the backflow (F2) into the
groove portion (5) along the downstream side curved
surface (6A), whereby the flow rate of the backflow
(F2) turned around by the groove portion (5) can be
increased. By increasing the flow rate of the backflow
(F2) that is turned around by the groove (5), the de-
velopment of the backflow range (RB) in the vicinity
of the shroud surface (46) can be effectively sup-
pressed.

3) According to some embodiments, in the compres-
sorhousing (4) accordingto 1) or2)described above,
in the cross-sectional view taken along the axis (CA)
of the impeller (3), the at least one groove portion
(5) has a center (53) positioned between a leading
edge (331) and a trailing edge (332) of each of the
plurality of blades (32, long blades 33) in an extend-
ing direction of the axis (CA).

Between the leading edge (331) and the trailing edge
(332) of the blade (32) in the extending direction of
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the axis (CA), entrance of the backflow (F2) flowing
along the shroud surface (46) into the groove portion
(5) is facilitated by the strong centrifugal action at-
tributable to significant tangential speed (TS) due to
the rotation of the impeller (3). According to the con-
figuration 3) described above, the center (53) of the
atleast one groove portion (5) is positioned between
the leading edge (331) and the trailing edge (332) of
the blade (32) in the extending direction of the axis
(CA). Thus, entrance of the backflow (F2) into the
groove portion (5) is facilitated by the strong centrif-
ugal action of the backflow (F2), whereby the flow
rate of the backflow (F2) turned around by the groove
portion (5) can be increased further than in a case
where the groove portion (5) is provided at another
position in the extending direction of the axis (CA).
Thus, the development of the backflow range (RB)
in the vicinity of the shroud surface (46) can be pre-
vented effectively.

4) According to some embodiments, in the compres-
sor housing (4) according to any one of 1) to 3) de-
scribed above, the at least one groove portion (5) is
configured to satisfy a condition of 5° < 61 < 45°,
where 61 represents an inclination angle of the up-
stream side curved surface (7) relative to a first nor-
mal (N1) passing through the upstream side end por-
tion (52) of the shroud surface (46).

According to the configuration 4) described above,
the inclination angle 61 of the upstream side curved
surface (7) of the at least one groove portion (5) sat-
isfies the condition of 5° < 01 <45°, so that with the
backflow exiting the groove portion (5) along the up-
stream side curved surface (7), the development of
the backflow range in the vicinity of the shroud sur-
face (46) can be effectively suppressed. If the incli-
nation angle 81 is less than 5°, the speed component
toward the inner side in the radial direction of the
backflow that has exited the groove portion (5) along
the upstream side curved surface (7) becomes ex-
cessively large, and the flow rate of the flow toward
the vicinity of the shroud surface (46) becomes small.
As a result, the development of the backflow range
(RB) in the vicinity of the shroud surface (46) may
fail to be sufficiently suppressed. If the inclination
angle 01 is greater than 45°, the speed component
toward the inner side in the radial direction of the
backflow (F2) that has exited the groove portion (5)
along the upstream side curved surface (7) becomes
excessively small, and the backflow (F2) that has
exited the groove portion (5) along the upstream side
curved surface (7) may interfere with the backflow
(F2) entering the groove portion (5) along the down-
stream side wall surface (6). Thus, these flows may
offset each other.

5) According to some embodiments, in the compres-
sor housing (4) according to any one of 1) to 4) de-
scribed above, the groove portion (5) is configured
to satisfy a condition of 0.50 < W/H < 0.85, where H
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represents a distance from the upstream side end
portion (52) to the downstream side end portion (51)
of the atleast one groove portion (5) in the extending
direction of the axis (CA), and W represents a max-
imum depth of the at least one groove portion (5).
According to the configuration 5) described above,
the at least one groove portion (5) satisfies the con-
dition of 0.50 < W/H < 0.85, so that with the backflow
(F2) exiting the groove portion (5) along the up-
stream side curved surface (7), the development of
the backflow range (RB) in the vicinity of the shroud
surface (46) can be effectively suppressed. If the ra-
tio W/H of the maximum depth W to the distance H
is less than 0.5, the maximum depth W becomes too
small, and the backflow (F2) that has exited the
groove portion (5) along the upstream side curved
surface (7) may interfere with the backflow (F2) en-
tering the groove portion (5) along the downstream
side wall surface (6). Thus, these flows may offset
each other. If the ratio W/H of the maximum depth
W to the distance H exceeds 0.85, the maximum
depth W becomes too large, and the backflow (F2)
that has entered the groove portion (5) may be diffi-
cult to flow along the downstream side wall surface
(6) or the upstream side curved surface (7). Thus,
the turned-around flow may fail to be formed.

6) According to some embodiments, in the compres-
sor housing (4) according to any one of 1) to 5) de-
scribed above, the at least one groove portion (5) is
configured to satisfy a condition of 0.10 <H/R <0.30,
where H represents a distance from the upstream
side end portion (52) to the downstream side end
portion (51) of the at least one groove portion (5) in
the extending direction of the axis (CA), and R rep-
resents a distance from the axis (CA) to the upstream
side end portion (52) in a direction orthogonal to the
axis (CA).

According to the configuration 6) described above,
the condition of 0.10 < H/R <0.30 is satisfied, so that
an appropriate ratio between the flow rate of the main
flow (F1) of the gas flowing into the impeller (3) and
the flow rate of the backflow (F2) flowing into the
groove (5) can be achieved. With the ratio set to be
appropriate, the entrance of the backflow (F2) in the
groove portion (5) is facilitated, whereby the devel-
opment of the backflow range (RB) in the vicinity of
the shroud surface (46) can be suppressed.

7) According to some embodiments, in the compres-
sorhousing according to any one of 1)to 6) described
above,

the at least one groove portion (5) includes a ring-
shaped groove (5A) extending over entire circumfer-
ence in the circumferential direction.

According to the configuration 7) described above,
the ring-shaped groove (5A) extends entirely over
the circumferential direction, so that the backflow
(F2)canbe turned around by the ring-shaped groove
(5A) anywhere in the entire circumferential direction.
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Thus, the development of the backflow range (RB)
in the vicinity of the shroud surface (46) can be pre-
vented entirely over the circumferential direction.
8) According to some embodiments, in the compres-
sor housing (4) according to 7) described above,
the ring-shaped groove (5A) is configured to have a
maximum cross-sectional area in an angular range
from an angular position of 0° to an angular position
of 120° in the circumferential direction, where an an-
gular position of a tongue portion (472) of the scroll
flow path-forming section (470) in the circumferential
direction of the impeller (3) is defined as 0° and a
downstream direction in a rotational direction of the
impeller (3) is defined as a positive direction of an
angular position in the circumferential direction.
The backflow (F2) is not uniform in the circumferen-
tial direction, and is large in a certain portion in the
circumferential direction (an angular range from an
angular position of 0° to an angular position of 120°
in the circumferential direction) compared with other
portions. According to the configuration 8) described
above, the cross-sectional area of the ring-shaped
groove (5A) is not uniform in the circumferential di-
rection, and becomes the largest in the angular
range from the angular position of 0° to the angular
position of 120° in the circumferential direction. With
the cross-sectional area of the ring-shaped groove
(5A) thus increased in the portion where the backflow
(F2) is large, the development of the backflow range
(RB) in the portion can be effectively suppressed.
Thus, the development of the backflow range (RB)
in the vicinity of the shroud surface (46) can be ef-
fectively suppressed entirely over the circumferential
direction.

9) In some embodiments, in the compressor housing
(4) according to any one of 1) to 6) described above,
the atleast one groove portion (5) includes a plurality
ofinclined grooves (5B) that extend partially over the
entire circumference in the circumferential direction,
in a direction inclined with respect to the circumfer-
ential direction, and are formed at intervals along the
circumferential direction.

According to the configuration 9) described above,
the plurality of inclined grooves (5B) are formed at
intervals along the circumferential direction of the
shroud surface (46). Thus, the backflow (F2) can be
turned around by the plurality of inclined grooves
(5B) partially over the entire circumference in the cir-
cumferential direction. Thus, the development of the
backflow range (RB) in the vicinity of the shroud sur-
face (46) can be prevented partially over the entire
circumference in the circumferential direction.

10) According to some embodiments, in the com-
pressor housing (4) according to 9) described above,
each of the plurality of inclined grooves (5B) is con-
figured to have an end portion (54) on a trailing edge
side positioned further downstream than an end por-
tion (55) on a leading edge side in the rotational di-
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rection (tangential direction TD) of the impeller (3).

According to the configuration 10) described above,
each of the plurality of inclined grooves (5B) has the
end portion (54) on the trailing edge side positioned
more on the downstream side than the end portion
(55) on the leading edge side in the rotational direc-
tion of the impeller (3). With the inclined grooves (5B)
thus extending in the direction along the flow direc-
tion of the backflow (F2), entrance of the backflow
(F2) into the inclined groove (5B) is facilitated,
whereby the flow rate of the backflow (F2) that is
turned around by the inclined grooves (5B) can be
increased. Thus, the development of the backflow
range (RB) in the vicinity of the shroud surface (46)
can be prevented effectively.

11) According to some embodiments, in the com-
pressor housing (4) according to 10) described
above,

in a cross-sectional view along an extending direc-
tion of the plurality of inclined grooves (5B), each of
the plurality of inclined grooves (5B) includes:

a trailing edge side wall surface (6B), a distance
to which from the axis (CA) of the impeller (3)
increases from the end portion (54) on the trail-
ing edge side toward the end portion (55) on the
leading edge side of each inclined groove (5B),
and

a leading edge side curved surface (7B) curved
in a recessed manner between a leading edge
(61B) of the trailing edge side wall surface (6B)
and the end portion (55) on the leading edge
side, and configured to have a most upstream
position (71B) positioned more on the leading
edge side than the end portion (55) on the lead-
ing edge side.

According to the configuration 11) described above,
each of the plurality of inclined grooves (5B) includes
the trailing edge side wall surface (6B) in a cross-
sectional view taken along the extending direction
ofthe inclined groove (5B), thatis, the direction along
the flow direction of the backflow (F2). In this case,
the entrance of the backflow (F2) into the inclined
groove (5B) along the trailing edge side wall surface
(6B) is facilitated, whereby the flow rate of the back-
flow (F2) turned around by the inclined groove (5B)
can be increased. Each of the plurality of inclined
grooves (5B) includes the trailing edge side wall sur-
face (6B) and the leading edge side curved surface
(7B) in the cross-sectional view described above. In
this case, the backflow (F2) that has entered the in-
clined groove (5B) flows along the trailing edge side
wall surface (6B) and the leading edge side curved
surface (7B), and thus can be sent to the vicinity of
the shroud surface (46) after having the flow direction
turned around while maintaining the speed. Accord-
ing to the configuration described above, the devel-
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opment of the backflow range (RB) in the vicinity of
the shroud surface (46) can be prevented effectively.
12) A compressor (11) according to at least one em-
bodiment of the present disclosure includes:

an impeller (3) including at least a hub (31) and
a plurality of blades (32) provided to an outer
surface (311) of the hub (31); and
the compressor housing (4) described in any
one of 1) to 11) described above.

According to the configuration 12) described above,
the at least one groove (5) formed in the shroud sur-
face (46) of the compressor housing (4) can sup-
press the surging under the low flow rate condition,
whereby the operation range of the compressor (11)
can be expanded in the low flow rate range. The
above-described configuration does not hinder the
pulsation of gas introduced to the impeller (3), where-
by the surging suppression effect can be provided
by the pulsation of the internal combustion engine
(2) on the downstream side of the compressor (11).
13) According to some embodiments, the compres-
sor (11) according to 12) described above further
includes

agroove portion opening/closing device (9) including
a cover (91) that covers a groove portion (5) in an
openable/closable manner, and an opening/closing
mechanism unit (92) configured to perform opening
and closing operations for the cover (91).
According to the configuration 13) described above,
the compressor (11) includes a groove portion open-
ing/closing device (9) including a cover (91) that cov-
ers the groove (5) so as to be opened and closed,
and an opening/closing mechanism unit (92) config-
ured to perform the opening and closing operations
for the cover (91). In this case, the groove portion
(5) is opened by opening the cover (91) in the oper-
ating range with a high risk of occurrence of the surg-
ing, in the operating range of the compressor (11).
Thus, the development of the backflow range (RB)
in the vicinity of the shroud surface (46) can be sup-
pressed, whereby the operation range of the com-
pressor (11) can be expanded. In the operating
range with a low risk of occurrence of the surging, in
the operating range of the compressor (11), the cov-
er(91)is closed to close the groove portion (5). Thus,
the gap between the compressor housing (4) and
the impeller (3) is made small, whereby the efficiency
reduction of the compressor (11) due to the gap can
be suppressed.

14) A turbocharger (1) according to at least one em-
bodiment of the present disclosure includes:

the compressor (11) described in 12) or 13); and
a turbine (12) including a turbine rotor (14) con-
nected to the impeller (3) of the compressor (11)
via a rotational shaft (13).
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[0096] According to the configuration 14) described
above, the at least one groove (5) formed in the shroud
surface (46) of the compressor housing (4) can suppress
the development of the backflow range and the surging
under the low flow rate condition, whereby the operation
range of the compressor (11) can be expanded in the
low flow rate range. The above-described configuration
does not hinder the pulsation of gas introduced to the
impeller (3), whereby the surging suppression effect can
be provided by the pulsation of the internal combustion
engine (2) on the downstream side of the compressor

(11).
Reference Signs List
[0097]

1 Turbocharger

11, 011 Compressor

12 Turbine

13 Rotation shaft

14 Turbine rotor

15 Turbine housing

16 Bearing

17 Bearing housing

2 Internal combustion engine
21 Supply line

22 Exhaust line

3, 03 Impeller

31 Hub

311 Outer surface

32 Blade

33 Long blade

331, 341 Leading edge

332, 342 Trailing edge

333, 343 Hub side edge
334, 344 Tip side edge

34 Short blade

35, 36 Throat portion

4, 04 Compressor housing
41, 041 Impeller chamber
42, 042 Intake flow path

420 Intake flow path-forming section
043 Recirculation flow path
44 Gas introduction port

45 Gas discharge port

46 Shroud surface

460 Shroud portion

47 Scroll flow path

470 Scroll flow path-forming section
472 Tongue portion

48 Diffuser flow path

5 Groove portion

5A Ring-shaped groove

5B Inclined groove

51 Downstream side end portion
52 Upstream side end portion
53 Center
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54 End portion on trailing edge side
55 End portion on leading edge side
6 Downstream side wall surface

6A Downstream side curved surface
61 Upstream end

7 Upstream side curved surface

71 Most upstream position

72 First upstream side curved surface
73 Second upstream side curved surface
74 Deepest position

9 Groove portion opening/closing device
91 Cover

92 Opening/closing mechanism unit
93 Connecting member

94 Air supply source

95 Opening/closing instruction device
CA Axis

F1 Main flow

F2 Backflow

FD Flow direction

RB Backflow range

X Axial direction

XF Front side (in axial direction)

XR Rear side (in axial direction)

Y Radial direction

Claims

A compressor housing configured to rotatably house
an impeller including a hub and a plurality of blades
provided on an outer surface of the hub, the com-
pressor housing comprising:

an intake flow path-forming section configured
to form an intake flow path through which gas is
introduced to the impeller from outside of the
compressor housing;

a shroud portion including a shroud surface
curved in a protruding manner to face the plu-
rality of blades; and

a scroll flow path-forming section configured to
form a scroll flow path through which the gas
that has passed through the impeller is guided
to the outside of the compressor housing,
wherein

at least one groove portion extending in a cir-
cumferential direction is formed in the shroud
surface, and

in a cross-sectional view taken along an axis of
the impeller, the at least one groove portion in-
cludes:

a downstream side wall surface, a distance
to which from the axis increases toward an
upstream side from a downstream side end
portion of the at least one groove portion,
and
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an upstream side curved surface that is
formed to be curved in a recessed manner
between an upstream end of the down-
stream side wall surface and an upstream
side end portion of the at least one groove
portion, and is configured to have a most
upstream position positioned further up-
stream than the upstream side end portion.

The compressor housing according to claim 1,
wherein the downstream side wall surface includes
a downstream side curved surface that is curved in
a recessed manner toward an outer side in a radial
direction and has a smaller curvature than the up-
stream side curved surface.

The compressor housing according to claim 1 or 2,
wherein, in the cross-sectional view taken along the
axis of the impeller, the at least one groove portion
has a center positioned between a leading edge and
a trailing edge of each of the plurality of blades in an
extending direction of the axis.

The compressor housing according to any one of
claims 1 to 3, wherein the atleast one groove portion
is configured to satisfy a condition of 5° < 01 <45°,
where 61 represents an inclination angle of the up-
stream side curved surface relative to a first normal
passing through the upstream side end portion of
the shroud surface.

The compressor housing according to any one of
claims 1to 4, wherein the atleast one groove portion
is configured to satisfy a condition of 0.50 < W/H <
0.85, where H represents a distance from the up-
stream side end portion to the downstream side end
portion of the at least one groove portion in the ex-
tending direction of the axis, and W represents a
maximum depth of the at least one groove portion.

The compressor housing according to any one of
claims 1to 5, wherein the atleast one groove portion
is configured to satisfy a condition of 0.10 < H/R <
0.30, where H represents a distance from the up-
stream side end portion to the downstream side end
portion of the at least one groove portion in the ex-
tending direction of the axis, and R represents a dis-
tance from the axis to the upstream side end portion
in a direction orthogonal to the axis.

The compressor housing according to any one of
claims 1 to 6, wherein the atleast one groove portion
includes aring-shaped groove extending over an en-
tire circumference in the circumferential direction.

The compressor housing according to claim 7,
wherein the ring-shaped groove is configured to
have a maximum cross-sectional area in an angular
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range from an angular position of 0° to an angular
position of 120° in the circumferential direction,
where an angular position of a tongue portion of the
scroll flow path-forming section in the circumferential
direction of the impeller is defined as 0° and a down-
stream direction in a rotational direction of the im-
peller is defined as a positive direction of an angular
position in the circumferential direction.

The compressor housing according to any one of
claims 1 to 6, wherein the at least one groove portion
includes a plurality of inclined grooves that extend
partially over the entire circumference in the circum-
ferential direction, in a direction inclined with respect
to the circumferential direction, and are formed at
intervals along the circumferential direction.

The compressor housing according to claim 9,
wherein each of the plurality of inclined grooves is
configured to have an end portion on a trailing edge
side positioned further downstream than an end por-
tion on a leading edge side in the rotational direction
of the impeller.

The compressor housing according to claim 10,
wherein

in a cross-sectional view along an extending direc-
tion of the plurality of inclined grooves, each of the
plurality of inclined grooves includes:

a trailing edge side wall surface, a distance to
which from the axis of the impeller increases
from the end portion on the trailing edge side
toward the end portion on the leading edge side
of each inclined groove, and

a leading edge side curved surface curved in a
recessed manner between aleading edge of the
trailing edge side wall surface and the end por-
tion on the leading edge side and configured to
have a most upstream position positioned more
on the leading edge side than the end portion
on the leading edge side.

A compressor comprising:

animpellerincluding atleasta hub and a plurality
of blades provided on an outer surface of the
hub; and

the compressor housing described in any one
of claims 1 to 11.

The compressor according to claim 12, further com-
prising:

a groove portion opening/closing device including a
cover configured to cover a groove portion in an
openable/closable manner, and an opening/closing
mechanism unit configured to perform opening and
closing operations for the cover.

15

20

25

30

35

40

45

50

55

18

34

14. A turbocharger comprising:

the compressor described in claim 12 or 13; and
a turbine including a turbine rotor connected to
the impeller of the compressor via a rotational
shaft.



EP 3 862 575 A1

g N
E& 2
Y X
XF XR
\_ —
s
22

19




EP 3 862 575 A1

171
17
412
332
41
46

421~ | 34,32

333
Y X ==
XE XR —-—r—
cA

131,13
44

334

-

343

460

342
48
480

420

20



EP 3 862 575 A1

C7  5sA

7\ 61,74 6 6A
73

4 7 C6A

7///7/2/// (m////////
2T
52/ K 51

F2
e
334
F1

33,32 ,\/‘/

331 3417

311 —4

31
N N

46

332,342

7

Vi

FIG. 3

21

N

344

34,32



s [J(kg-K)]

EP 3 862 575 A1

22

392,942




EP 3 862 575 A1

TS

» TD

RD1

AS1

PS1

PS1

FIG. 5

23



EP 3 862 575 A1

24

332,342
/
N1
5,5A
7
61 | 66A
81 L _—N2
4 w5 02
53
“o |W
7 \
336 Y ]
52/ g \51 46
334
H
36— |
3332 35~ 4. '
| 344
R
34,32
343
< - XF
j
CA

335



EP 3 862 575 A1

EX1 EX2 EX3 EX4
(Blade Tip) (Blade Mach) (Splitter Tip) | (Splitter Mach)
81[deq] 19.32 20.00 40.00 25.00
82[deq] 24.00 25.00 20.86 18.17
W[mm] 6.12 6.15 6.00 6.57
H[mm] 10.00 10.00 10.00 8.74
Z[mm] 47.33 38.43 24.93 16.47
81[deq] 19.32 20.00 40.00 25.00
62-61[deq] 4.68 5.00 -19.14 -6.83
W/H 0.61 0.62 0.60 0.75
H/R 0.20 0.20 0.20 0.18
Z/L 1.02 0.83 0.54 0.35
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