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(67) A centrifugal compressor diffuser includes a
shroud-side wall (58) provided downstream of a centrif-
ugal impeller; a hub-side wall provided so as to face the
shroud-side wall (58); a plurality of shroud-side blades
(3) fixed at base ends thereof to the shroud-side wall (58)
and hub-side blades (4) fixed at base ends thereof to the
hub-side wall. The shroud-side blades (3) and the hub-
side blades (4) are combined in such a state that inlet
angles thereof differ from one another and that at least
portions of top ends thereof in a blade height direction
are abutted onto one another. In gaps where the top ends
of the combined shroud-side blades (3) and hub-side
blades (4) are not abutted onto one another, a connecting
member (5) that connects the top ends is provided so as
to fill at least portions of the gaps.
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Description
{Technical Field}

[0001] The present invention relates to a diffuser and
a centrifugal compressor provided with the same, and
more specifically, it relates to a diffuser in which blades
having different inlet angles are combined in a blade
height direction.

{Background Art}

[0002] FIG. 14 shows the relevant part of a centrifugal
compressor disclosed in PTL 1, which is a known cen-
trifugal compressor. FIG. 14(A) is a vertical cross-sec-
tional view, FIG. 14(B) is a side view, FIG. 14(C) is an
enlarged perspective view of a shroud-side blade and a
hub-side blade, and FIG. 14 (D) is a top view of FIG. 14
(C).

[0003] A centrifugal compressor 50 shown in FIG. 14
compresses fluid, such as gas or air, introduced from the
outside of a housing 51 by rotating an impeller 53 having
multiple blades 52 in the housing 51. The thus-formed
flow of fluid (airflow) is directed outside through an im-
peller outlet 54 (also referred to as a "diffuser inlet"),
which constitutes an outer circumferential edge of the
impeller 53; a diffuser 55; and a volute 56. Note that the
reference numeral 57 in the figure represents the axis of
rotation of the impeller 53.

[0004] The above-mentioned diffuser 55 is an airflow
path provided between the impeller outlet 54 and the vo-
lute 56 and has a function of converting dynamic pressure
to static pressure by decelerating the airflow discharged
from the impeller outlet 54. Typically, this diffuser 55 is
formed of a pair of opposing walls. In the description be-
low, one of the pair of opposing walls is referred to as a
shroud-side wall 58 and the other as a hub-side wall 2.

[0005] In the diffuser 51, a plurality of diffuser blades
60 are provided between the shroud-side wall 58 and the
hub-side wall 2. These diffuser blades 60 include a plu-
rality of shroud-side blades 3 provided on the shroud-
side wall 58 and a plurality of hub-side blades 4 provided
on the hub-side wall 2. The shroud-side blades 3 and the
hub-side blades 4 are two-dimensional blades having dif-
ferentblade inletangles and combined in the blade height
direction.

[0006] As described above, by combining the shroud-
side blades 3 and the hub-side blades 4 having different
blade inlet angles to make the flow angle of the airflow
at an outlet of the blades 52 (the angle formed between
the streamlines of the airflow and the cascade axis) close
to the inlet angle of the diffuser blades 60 to prevent flow
separation at the leading edges of the diffuser blades 60,
it is possible to increase the efficiency of the diffuser 55
and to expand the operating range thereof.
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{Citation List}
{Patent Literature}
[0007]

{PTL 1} The Publication of Japanese Patent No.
3746740 {Summary of Invention}

{Technical Problem}

[0008] However, in the centrifugal compressor dis-
closed in PTL 1, when the shroud-side blades 3 and the
hub-side blades 4 having different blade inlet angles are
combined, the combined shroud-side blades 3 and hub-
side blades 4 may not overlap one another downstream
of the leading edges of the diffuser blades 60, and thus,
gaps 63 may be formed. If the gaps 63 are formed be-
tween the shroud-side blades 3 and the hub-side blades
4, as in this case, airflow separation and generation of
vortices (represented by spiral arrows in FIGS. 14(C) and
14(D)) occur due to the influence of the airflow passing
through the gaps 63, leading to a problem in that the
performance of the diffuser 55 is lowered.

[0009] The present invention has been made in view
of these circumstances, and an object thereof is to pro-
vide a centrifugal compressor diffuser that can be im-
proved in performance by combining blades having dif-
ferentinlet angles in the blade height direction and a cen-
trifugal compressor provided with the same.

{Solution to Problem}

[0010] To achieve the above object, the present inven-
tion provides the following solutions.

A centrifugal compressor diffuser according to a first as-
pect of the present invention includes a shroud-side wall
provided downstream of a centrifugal impeller; a hub-
side wall provided so as to face the shroud-side wall; a
plurality of shroud-side blades fixed at base ends thereof
to the shroud-side wall; and a plurality of hub-side blades
fixed at base ends thereof to the hub-side wall. The
shroud-side blades and the hub-side blades are com-
bined in such a state that inlet angles thereof differ from
one another and that at least portions of top ends thereof
in a blade height direction are abutted onto one another.
In gaps where the top ends of the combined shroud-side
blades and hub-side blades are not abutted onto one
another, a connecting member that connects the top
ends so as to fill at least portions of the gaps is provided.
[0011] In a centrifugal compressor diffuser including
shroud-side blades and hub-side blades combined in
such a state that inlet angles thereof differ from one an-
other and that at least portions of top ends thereof in a
blade height direction are abutted onto one another, gaps
where the top ends of the combined shroud-side blades
and hub-side blades are not abutted onto one another
are sometimes formed. When such gaps where the top
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ends of the shroud-side blades and hub-side blades are
not abutted onto one another are formed, the perform-
ance of the diffuser is lowered due to separation of flow
passing through the gap portions and generation of vor-
tices.

[0012] Hence, a connecting member is provided,
which connects the top ends so as to fill at least portions
of the gaps formed due to the top ends of the combined
shroud-side blades and hub-side blades not being abut-
ted onto one another. As a result, the gaps formed be-
tween the top ends of the shroud-side blades and the top
ends of the hub-side blades are covered by the connect-
ing member. Thus, itis possible to eliminate a flow in the
gaps and to suppress flow separation and generation of
vortices caused by the flow in the gaps. Accordingly, it
is possible to improve the performance of the diffuser.
Furthermore, because the gaps formed between the top
ends of the shroud-side blades and hub-side blades are
connected by the connecting member, the rigidity of the
blades can be increased. Accordingly, it is possible to
improve the vibration strength of the blades.

[0013] Inthe centrifugal compressor diffuseraccording
to the first aspect of the present invention, the connecting
member may have a ring-like shape that continuously
connects all of the top ends of the plurality of shroud-side
blades and hub-side blades in a circumferential direction.
[0014] The connecting member may have a ring-like
shape and may continuously connect all of the top ends
of the shroud-side blades and hub-side wall blades.
Thus, the gaps formed between the top ends of the
shroud-side blades and hub-side blades when combined
together are covered by the connecting member, where-
by the flow in the gaps can be eliminated. As a result, it
is possible to suppress flow separation and generation
of vortices caused by the flow in the gaps. Accordingly,
it is possible to improve the performance of the diffuser.
Furthermore, because the connecting member has a
simple, ring-like shape, the performance of the diffuser
can be improved at low cost.

[0015] Inthe centrifugal compressor diffuseraccording
to the first aspect of the present invention, the inside di-
ameter of the ring-like connecting member may be small-
er than the inside diameter of the shroud-side wall and
hub-side wall.

[0016] As a result of studies, the inventors found that,
also in the case where the inside diameter of the ring-
like connecting member is smaller than the inside diam-
eter of the shroud-side wall and hub-side wall, similarly
to the case where the inside diameter of the ring-like con-
necting member is equal to the inside diameter of the
shroud-side wall and hub-side wall, it is possible to elim-
inate a flow passing through the gaps formed between
the top ends of the shroud-side blades and hub-side
blades when combined and to improve the performance
of the diffuser.

[0017] Inthe centrifugal compressor diffuseraccording
to the first aspect of the present invention, the connecting
member may be provided so as to fillan area from leading
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edges of the top ends of at least one of the combined
shroud-side blades and hub-side blades to 60% positions
in the length of the blades on the downstream side.
[0018] As a result of studies, the inventors found that
the gaps formed from the leading edges of the top ends
of at least one of the shroud-side blades and the hub-
side blades to 60% positions in the length of the blades
on the downstream side cause a notable deterioration in
performance due to flow separation and generation of
vortices caused by the flow in the gaps.

[0019] Hence, the connecting member is provided in
the circumferential direction so as tofill the gaps between
the tip ends from the leading edges of the top ends of at
least one of the shroud-side blades and the hub-side
blades to 60% positions in the length of the blades on
the downstream side. Thus, similarly to the case where
the connecting member is provided in the circumferential
direction so as to fill the gaps over the entire blade length
from the leading edges to the trailing edges, it is possible
to suppress flow separation and generation of vortices
caused by the flow in the gaps. Accordingly, it is possible
to improve the performance of the diffuser.

[0020] Inthecentrifugal compressor diffuser according
to the first aspect of the present invention, the combined
shroud-side blades and hub-side blades may be ar-
ranged such that their leading edges are shifted from one
another in the circumferential direction.

[0021] The shroud-side blades and the hub-side
blades combined therewith may be provided such that
their leading edges are shifted from one another in the
circumferential direction. Thus, when the shroud-side
blades and the hub-side blades are combined, gaps are
not formed between the leading edges of the top ends
of the shroud-side blades and hub-side blades. Accord-
ingly, it is possible to prevent flow separation and gen-
eration of vortices caused by the flow in the gaps and to
improve the performance of the diffuser.

[0022] Inthecentrifugal compressor diffuser according
to the first aspect of the present invention, the combined
shroud-side blades and hub-side blades may be ar-
ranged so as to be shifted from one another in the cir-
cumferential direction such that they do not overlap one
another from the leading edges to 60% positions in the
entire length of the blades.

[0023] The shroud-side blades and the hub-side
blades combined therewith may be provided so as to be
shifted from one another in the circumferential direction
such that they do not overlap one another from the lead-
ing edges to 60% positions in the entire length of the
blades. Thus, gaps are notformed from the leading edges
of the shroud-side blades and hub-side blades to 60%
positions in the entire length of the blades. Accordingly,
it is possible to suppress flow separation and generation
of vortices caused by the flow in the gaps and to improve
the performance of the diffuser.

[0024] A centrifugal compressor diffuser according to
a second aspect of the present invention includes a
shroud-side wall provided downstream of a centrifugal
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impeller; a hub-side wall provided so as to face the
shroud-side wall; a plurality of shroud-side blades fixed
at base ends thereof to the shroud-side wall; and a plu-
rality of hub-side blades fixed at base ends thereof to the
hub-side wall. The shroud-side blades and the hub-side
blades are combined in such a state that inlet angles
thereof differ from one another and that top ends thereof
in a blade height direction are abutted onto one another,
with portions thereof in a thickness direction overlapping
one another over the blade lengths.

[0025] The shroud-side blades and the hub-side
blades have different inlet angles and their top ends in
the blade height direction are abutted onto one another
such that portions thereof in the thickness direction over-
lap one another over the blade lengths. Thus, gaps are
not formed between the top ends of the shroud-side
blades and hub-side blades when the shroud-side blades
and the hub-side blades are combined. Accordingly, it is
possible to prevent flow separation and generation of vor-
tices caused by the flow in the gaps and to improve the
performance of the diffuser.

Furthermore, because the top ends, in the blade height
direction, of the shroud-side blades and hub-side blades
are abutted onto one another such that portions thereof
in the thickness direction overlap one another over the
blade lengths, the rigidity of the blades can be increased.
Accordingly, it is possible to improve the vibration
strength of the blades.

[0026] Inthe centrifugal compressor diffuseraccording
to the second aspect of the present invention, the thick-
nesses of the shroud-side blades and hub-side blades
are smaller at the trailing edges than at middle portions
in the length direction.

[0027] The thicknesses of the shroud-side blades and
hub-side blades may be smaller at the trailing edges than
at the middle portions in the length direction. Thus, it is
possible to reduce the wake of the shroud-side blades
and hub-side blades. Accordingly, it is possible to im-
prove the performance of the diffuser.

[0028] Inthe centrifugal compressor diffuser according
to the second aspect of the present invention, either the
shroud-side blades or the hub-side blades may be thick
blades and the other may be thin blades.

[0029] Either the shroud-side blades or the hub-side
blades may be thick blades (for example, blades having
a wedge shape or a channel shape in cross-section per-
pendicular to the blade height direction) and the other
may be thin blades. As a result, when the shroud-side
blades and the hub-side blades are abutted onto one
another, the top ends of the thin blades overlap portions
of the top ends of the thick blades. Thus, gaps are not
formed between the top ends of the shroud-side blades
and the top ends of the hub-side blades. Accordingly, it
is possible to prevent flow separation and generation of
vortices caused by the flow in the gaps and to improve
the performance of the diffuser.

Note that it is preferable that the width of the thick blades
in cross-section perpendicular to the blade height direc-
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tion be about two or more times greater than that of the
thin blades.

[0030] A centrifugal compressor diffuser according to
a third aspect of the present invention includes the cen-
trifugal compressor diffuser according to any one of the
above-described aspects.

[0031] A diffuser whose performance can be improved
by suppressing flow separation and generation of vorti-
ces in the gaps where the top ends of the combined
shroud-side blades and hub-side blades are not abutted
onto one another is used. Thus, itis possible to efficiently
convert the speed energy of the flow passing through the
diffuser into pressure. Accordingly, it is possible to im-
prove the efficiency of the centrifugal compressor and to
expand the operability thereof.

{Advantageous Effects of Invention}

[0032] Inthecentrifugal compressor diffuser according
to the present invention, a connecting member is provid-
ed, which connects the top ends so as to fill at least por-
tions of gaps formed due to the top ends of the combined
shroud-side blades and hub-side blades not being abut-
ted onto one another. As a result, the gaps formed be-
tween the top ends of the shroud-side blades and the top
ends of the hub-side blades are covered by the connect-
ing member. Thus, it is possible to eliminate the flow in
the gaps and to suppress flow separation and generation
of vortices caused by the flow in the gaps. Accordingly,
it is possible to improve the performance of the diffuser.
Furthermore, because the top ends of the shroud-side
blades and hub-side blades are connected by the con-
necting member, the rigidity of the blades can be in-
creased. Accordingly, it is possible to improve the vibra-
tion strength of the blades.

{Brief Description of Drawings}
[0033]

{FIG. 1} FIG. 1 shows a shroud-side blade and a
hub-side blade provided in a centrifugal compressor
diffuser according to a first embodiment of the
present invention, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 2} FIG. 2 shows a second modification of the
blades shown in FIG. 1, in which (A) is a perspective
view thereof, and (B) is a top view of (A).

{FIG. 3} FIG. 3 shows a shroud-side blade and a
hub-side blade provided in a centrifugal compressor
diffuser according to a second embodiment of the
present invention, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 4} FIG. 4 is a top view of a first modification of
the blades shown in FIG. 3.

{FIG. 5} FIG. 5 is a top view of a second modification
of the blades shown in FIG. 3.

{FIG. 6} FIG. 6 shows a shroud-side blade and a
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hub-side blade of a centrifugal compressor diffuser
according to a fourth embodiment of the present in-
vention, in which (A) is a perspective view thereof,
(B) is a top view of (A), and (C) is a cross-sectional
view taken along line A-A in (A) and (B).

{FIG. 7} FIG. 7 shows a shroud-side blade and a
hub-side blade provided in a centrifugal compressor
diffuser according to a fifth embodiment of the
present invention, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 8} FIG. 8 shows a shroud-side blade and a
hub-side blade provided in a centrifugal compressor
diffuser according to a sixth embodiment of the
present invention, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 9} FIG. 9 shows a modification of the blades
shown in FIG. 8, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 10} FIG. 10 shows a shroud-side blade and a
hub-side blade provided in a centrifugal compressor
diffuser according to a seventh embodiment of the
present invention, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 11} FIG. 11 shows a modification of the blades
shown in FIG. 10, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 12} FIG. 12 shows a shroud-side blade and a
hub-side blade provided in a centrifugal compressor
diffuser according to an eighth embodiment of the
present invention, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 13} FIG. 13 shows a modification of the blades
shown in FIG. 12, in which (A) is a perspective view
thereof, and (B) is a top view of (A).

{FIG. 14} FIG. 14 shows the relevant part of a known
centrifugal compressor, in which (A) is a vertical
cross-sectional view, (B) is a side view, (C) is an
enlarged perspective view of the shroud-side blade
and the hub-side blade, and (D) is a top view of (C).

{Description of Embodiments}
First Embodiment

[0034] Shroud-side blades and hub-side blades pro-
vided in a centrifugal compressor diffuser according to a
first embodiment of the present invention will be de-
scribed with reference to FIGS. 1 and 14.

A diffuser 1 shown in FIG. 1 converts dynamic pressure
of an airflow to static pressure by decelerating the airflow
(flow) discharged from an outer circumferential edge of
an impeller 53 (see FIG. 14) rotating inside a housing 51
(see FIG. 14) of a centrifugal compressor 50 (see FIG.
14). This diffuser 1 includes a shroud-side wall 58 pro-
vided downstream of the impeller (centrifugal impeller)
53, a hub-side wall 2 provided so as to face the shroud-
side wall 58, a plurality of shroud-side blades 3 (FIG. 1
shows only one of them) fixed at base ends thereof to
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the shroud-side wall 58, and a plurality of hub-side blades
4 (FIG. 1 shows only one of them) fixed at base ends
thereof to the hub-side wall 2.

[0035] Inthe firstembodiment, the shroud-side blades
3 and the hub-side blades 4 are two-dimensional thin
blades provided with the same length. The shroud-side
blades 3 and the hub-side blades 4 are combined in such
a state that inlet angles thereof differ from one another
and that the leading edges (at least portions thereof) of
their top ends in the blade height direction are abutted
onto one another. Their trailing edges are separated in
the circumferential direction.

[0036] In gaps 63 (see FIG. 14) where the top ends of
the combined shroud-side blades 3 and hub-side blades
4 are not abutted onto one another, connecting walls
(connecting members) 5 connecting the top ends are pro-
vided so as to fill the gaps 63. The connecting walls 5
are provided along the entire length, from the leading
edges to the trailing edges, of the shroud-side blades 3
and hub-side blades 4.

[0037] By providing the connecting walls 5 in the gaps
63 between the shroud-side blades 3 and the hub-side
blades 4, the airflow guided from the leading edges of
the shroud-side blades 3 flows along the top surfaces of
the connecting walls 5 (upper side in FIG. 1(A)). Thus, it
is possible to suppress airflow separation and generation
of vortices caused by the flow in the gaps.

[0038] As has been described above, the diffuser 1 of
a centrifugal compressor and the centrifugal compressor
provided with the same according to the first embodiment
provide the following advantages.

The connecting walls (connecting members) 5 connect-
ing the top ends of the shroud-side blades 3 and hub-
side blades 4 are provided so as to fill the gaps 63 (see
FIG. 14) where the top ends of the combined shroud-side
blades 3 and hub-side blades 4 are not abutted onto one
another. As aresult, the gaps 63 formed between the top
ends of the shroud-side blades 3 and hub-side blades 4
are covered by the connecting walls 5. Thus, itis possible
to eliminate a flow in the gaps and to suppress flow sep-
aration and generation of vortices caused by the flow in
the gaps. Accordingly, it is possible to improve the per-
formance of the diffuser 1.

Furthermore, because the top ends of the shroud-side
blades 3 and hub-side blades 4 are connected by the
connecting walls 5, the rigidity of the shroud-side blades
3 and hub-side blades 4 can be increased. Accordingly,
it is possible to improve the vibration strength of the
shroud-side blades 3 and hub-side blades 4.

[0039] Although it has been described that the con-
necting walls 5 are provided over the entire blade length,
from the leading edges to the trailing edges, of the
shroud-side blades 3 and hub-side blades 4 in the first
embodiment, the present invention is not limited thereto.
In a first modification of the first embodiment, the con-
necting walls 5 may cover the gaps 63 from the leading
edges of the shroud-side blades 3 and hub-side blades
4 to some midpoint (for example, 60% of the blade length)
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in the length of the blades.

[0040] As a result of studies, the inventors found that
the gaps 63 formed from the leading edges of at least
one of the shroud-side blades 3 and the hub-side blades
4 to 60% positions in the length of the blades cause a
notable deterioration in performance due to flow separa-
tion and generation of vortices caused by the flow in the
gaps. Thus, also in the case where the gaps 63 between
the tips from the leading edges of the shroud-side blades
3 and hub-side blades 4 to 60% positions in the length
of the blades are connected by the connecting walls 5,
similarly to the case where the connecting walls 5 are
provided so as to fill the gaps 63 over the entire blade
length from the leading edges to the trailing edges, it is
possible to suppress flow separation and generation of
vortices caused by the flow in the gaps. Accordingly, it
is possible to improve the performance of the diffuser 1.
[0041] Although it has been described that the shroud-
side blades 3 and the hub-side blades 4 have the same
length in the first embodiment, the present invention is
not limited thereto. In a second modification of the first
embodiment, hub-side blades 6 may have a smaller
length than the shroud-side blades 3, as shown in FIG. 2.
[0042] FIG. 2(A) shows a perspective view of the sec-
ond modification of the first embodiment, and (B) shows
a top view of (A).

The hub-side blades 6 have a smaller length than the
shroud-side blades 3. The leading edges of the hub-side
blades 6 are located at some midpoint, on the down-
stream side, in the length of the shroud-side blades 3.
[0043] Inthe gaps where the top ends of the combined
shroud-side blades 3 and hub-side blades 4 are not abut-
ted onto one another, connecting walls (connecting mem-
bers) 7 substantially parallel to the shroud-side wall 58
and the hub-side wall are provided. Because the leading
edges of the hub-side blades 6 are located at some mid-
point, on the downstream side, in the shroud-side blades
3, the connecting walls 7 are provided over the entire
length of the hub-side blades 6 from the leading edges
to the trailing edges of the hub-side blades 6.

[0044] In addition, the connecting walls 7 according to
the second modification may cover the gaps from the
leading edges of the hub-side blades 6 to some midpoint
(for example, 60% of the blade length) in the length of
the hub-side blades 6.

Second Embodiment

[0045] A diffuser according to a second embodiment
differs from that according to the first embodiment in that
a disc connecting all of the top ends of the shroud-side
blades and hub-side blades is provided; the other con-
figurations are the same. Therefore, the same structures
will be denoted by the same reference numerals, and
descriptions thereof will be omitted.

The second embodiment of the present invention will be
described below using FIG. 3.

A disc (connecting member) 8 continuously connects top
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ends of a plurality of (only one in FIG. 3) shroud-side
blades 3 and hub-side blades 4 in a circumferential di-
rection. The disc 8 has a ring-like shape and is provided
substantially parallel to the shroud-side wall 58 and the
hub-side wall (not shown).

[0046] The disc 8 has aring-like shape similarly to the
shroud-side wall 58 and the hub-side wall. The ring-like
disc 8 is provided from the leading edges to the trailing
edges of the shroud-side blades 3 and hub-side blades 4.
[0047] By providing the disc 8 so as to be sandwiched
between all of the top ends of the plurality of shroud-side
blades 3 and hub-side blades 4 in this manner, it is pos-
sible to separate the flow path of the airflow guided from
the leading edges of the shroud-side blades 3 to the
shroud-side blades 3 (indicated by black arrows) from
the flow path of the airflow guided from the leading edges
of the hub-side blades 4 to the hub-side blades 4 (indi-
cated by white arrows). Thus, the airflow does not pass
through the gaps where the top ends of the combined
shroud-side blades 3 and hub-side blades 4 are not abut-
ted onto one another, and hence, it is possible to sup-
press airflow separation and generation of vortices
caused by the flow in the gaps.

[0048] As has been described above, the diffuser 1 of
a centrifugal compressor and the centrifugal compressor
provided with the same according to the second embod-
iment provide the following advantages.

The disc (connecting member) 8 has a ring-like shape
and continuously connects all of the top ends of the
shroud-side blades 3 and hub-side blades 4. Thus, the
gaps formed between the shroud-side blades 3 and the
hub-side blades 4 are covered by the disc 8, whereby
the flow in the gaps can be eliminated. As a result, it is
possible to suppress flow separation and generation of
vortices caused by the flow in the gaps. Accordingly, it
is possible to improve the performance of the diffuser 1.
Furthermore, because the disc 8 has a simple, ring-like
shape, the performance of the diffuser 1 can be improved
at low cost.

[0049] Although it has been described that the shroud-
side blades 3 and the hub-side blades 4 have the same
length in the second embodiment, the present invention
is not limited thereto. In a first modification of the second
embodiment, the hub-side blades 6 may have a smaller
length than the shroud-side blades 3, as shown in FIG. 4.
[0050] Furthermore, in a second modification of the
second embodiment, the hub-side blades 6 may have a
smaller length than the shroud-side blades 3, and the
circumferential phases of the hub-side blades 3 and
shroud-side blades 6 may be differentiated, as shown in
FIG. 5.

[0051] More specifically, the shroud-side blades 3 and
the hub-side blades 6 having a smaller length than the
shroud-side blades 3 are provided such that their leading
edges and trailing edges are located at different positions
in the circumferential direction, and hence, they do not
overlap one another.
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Third Embodiment

[0052] A diffuser according to a third embodiment dif-
fers from that according to the second embodiment in
the inside diameter of the disc connecting all of the top
ends of the shroud-side blades and hub-side blades; the
other configurations are the same. Accordingly, descrip-
tions of the same structures will be omitted.

[0053] The ring-like disc (connecting member) contin-
uously connecting all of the top ends of the plurality of
shroud-side blades and hub-side blades in the circum-
ferential direction has a smaller inside radius than a ra-
dius defined by the leading edges of the shroud-side
blades and hub-side blades.

[0054] More specifically, the inner circumferential edge
of the ring-like disc extends in the inside diameter direc-
tion beyond the leading edges of the shroud-side blades
and hub-side blades; that is, the leading edges of the
shroud-side blades and hub-side blades are provided at
some midpoint in the disc in the radial direction.

[0055] As has been described above, the centrifugal
compressor diffuser and the centrifugal compressor pro-
vided with the same according to the third embodiment
provide the following advantages.

As a result of studies, the inventors found that, also in
the case where the inside diameter of the ring-like disc
(connecting member) is smaller than the radius defined
by the leading edges of the shroud-side blades and hub-
side blades, it is possible to eliminate a flow passing
through the gaps formed between the shroud-side blades
and the hub-side blades and to improve the performance
of the diffuser, similarly to the case where the inside di-
ameter of the ring-like disc is the same as the radius
defined by the leading edges of the shroud-side blades
and hub-side blades.

Fourth Embodiment

[0056] A diffuser according to afourth embodiment dif-
fers from that according to the first embodiment in that
the leading edges of the shroud-side blades and hub-
side blades are located at positions shifted from one an-
other in the circumferential direction; the other configu-
rations are the same. Therefore, the same structures will
be denoted by the same reference numerals, and de-
scriptions thereof will be omitted.

A fourth embodiment of the present invention will be de-
scribed below using FIG. 6.

[0057] Asshownin FIG. 6, the combined shroud-side
blades 3 and hub-side blades 4 are arranged such that
their leading edges are shifted from one another in the
circumferential direction, and such that their trailing edg-
es are shifted from one another in the circumferential
direction. The shroud-side blades 3 and the hub-side
blades 4 are shifted from one another in the circumfer-
ential direction such that they do not overlap one another
at least from the leading edges to 60% positions in the
length of the blades.
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[0058] More specifically, in FIG. 6(C), which is the
cross-section taken along line A-A in FIG. 6(B), the
shroud-side blades 3 and the hub-side blades 4 are sep-
arated over the entire blade length from the leading edges
to the trailing edges of the shroud-side blades 3 and hub-
side blades 4. Note that the shroud-side blades 3 and
the hub-side blades 4 may overlap one another beyond
the 60% positions in the length of the blades from the
leading edges.

[0059] Inthis manner, because the shroud-side blades
3 and the hub-side blades 4 are separated from the lead-
ing edges to the trailing edges of the shroud-side blades
3 and hub-side blades 4, gaps where the top ends of the
combined shroud-side blades 3 and hub-side blades 4
are not abutted onto one another, which are formed in
the first embodiment, are not formed. Thus, the airflow
guided from the leading edges of the shroud-side blades
3 and the airflow guided from the leading edges of the
hub-side blades 4 flow along the shroud-side blades 3
and the hub-side blades 4, respectively, whereby it is
possible to suppress flow separation and generation of
vortices caused by the flow in the gaps.

[0060] There is a description "the shroud-side blades
3 and the hub-side blades 4 may overlap one another
beyond the 60% positions in the length of the blades from
the leading edges", which allows gaps to be formed after
those positions. This is led by findings reached by the
inventors, as a result of studies, that the gaps 63 formed
from the leading edges of at least one of the shroud-side
blades 3 and the hub-side blades 4 to 60% positions in
the length of the blades cause a notable deterioration in
performance of the diffuser 1 due to flow separation and
generation of vortices caused by the flow in the gaps.
[0061] As has been described above, the diffuser 1 of
a centrifugal compressor and the centrifugal compressor
provided with the same according to the fourth embodi-
ment provide the following advantages.

The leading edges and the trailing edges of the combined
shroud-side blades 3 and hub-side blades 4 are provided
at positions shifted from one another in the circumferen-
tial direction. Thus, gaps are not formed between the top
ends of the leading edges of the shroud-side blades 3
and hub-side blades 4 when the shroud-side blades 3
and the hub-side blades 4 are combined. Accordingly, it
is possible to prevent flow separation and generation of
vortices caused by the flow in the gaps, improving the
performance of the diffuser 1.

Fifth Embodiment

[0062] A diffuser according to a fifth embodiment dif-
fers from that according to the fourth embodiment in that
adisc connecting top ends of the shroud-side blades and
hub-side blades is provided; the other configurations are
the same. Therefore, the same structures will be denoted
by the same reference numerals, and descriptions there-
of will be omitted.

The fifth embodiment of the present invention will be de-
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scribed below using FIG. 7.

The disc (connecting member) 8 has a ring-like shape
similarly to the shroud-side wall 58 and the hub-side wall
(not shown), and is provided substantially parallel to the
shroud-side wall 58 and the hub-side wall. The ring-like
disc 8 is provided from the leading edges to the trailing
edges of the shroud-side blades 3 and hub-side blades 4.
[0063] In this manner, by providing the disc 8 so as to
be sandwiched between all of the top ends of the plurality
of shroud-side blades 3 and hub-side blades 4, it is pos-
sible to separate the flow path of the airflow guided from
the leading edges of the shroud-side blades 3 to the
shroud-side blades 3 from the flow path of the airflow
guided from the leading edges of the hub-side blades 4
to the hub-side blades 4. Thus, it is possible to suppress
airflow separation and generation of vortices caused by
a flow in the gaps.

[0064] As has been described above, the diffuser 1 of
a centrifugal compressor and the centrifugal compressor
provided with the same according to the fifth embodiment
provide the following advantages.

The disc (connecting member) 8 has a ring-like shape
and continuously connects all of the top ends of the
shroud-side blades 3 and hub-side blades 4. Thus, the
gaps formed between the top ends of the shroud-side
blades 3 and hub-side blades 4 are covered by the disc
8, whereby a flow in the gaps can be eliminated. As a
result, it is possible to suppress flow separation and gen-
eration of vortices caused by the flow in the gaps. Ac-
cordingly, it is possible to improve the performance of
the diffuser 1.

Furthermore, because the disc 8 has a simple shape,
i.e., a ring-like shape, the performance of the diffuser 1
can be improved at low cost.

Sixth Embodiment

[0065] A diffuser according to a sixth embodiment dif-
fers from that according to the first embodiment in that
the top ends of the shroud-side blades and hub-side
blades are abutted onto one another such that portions
of their thicknesses overlap one another over the blade
lengths; the other configurations are the same. There-
fore, the same structures will be denoted by the same
reference numerals, and descriptions thereof will be omit-
ted.

The sixth embodiment of the present invention will be
described below using FIG. 8.

[0066] Shroud-side blades 11 and hub-side blades 12
are thick blades having a wedge shape in cross-section
perpendicular to the blade height direction. The shroud-
side blades 11 and the hub-side blades 12, which are
wedge-shaped thick blades, have substantially triangular
shapes in cross-section perpendicular to the blade height
direction and gradually widen from their leading edges
toward their trailing edges.

[0067] The wedge-shaped shroud-side blades 11 and
hub-side blades 12 are combined in such a state that
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inlet angles thereof differ from one another and that top
ends thereof in the blade height direction are abutted
onto one another, with portions thereof in a thickness
direction overlapping one another over the blade lengths.
Thus, these top ends have overlapping portions 13 (see
FIG. 8(B)) where portions thereof in the thickness direc-
tion overlap one another over the blade length.

[0068] In this manner, if the wedge-shaped shroud-
side blades 11 and the thick-blade hub-side blades 12
are abutted such that they overlap one another, forming
the overlapping portions 13, gaps are not formed be-
tween the top ends of the combined shroud-side blades
11 and hub-side blades 12. Thus, the airflow guided from
the leading edges of the shroud-side blades 11 and the
airflow guided from the leading edges of the hub-side
blades 12 flow along the shroud-side blades 11 and the
hub-side blades 12, respectively. Thus, it is possible to
suppress airflow separation and generation of vortices.
[0069] As has been described above, the diffuser 1 of
a centrifugal compressor and the centrifugal compressor
provided with the same according to the sixth embodi-
ment provide the following advantages.

The shroud-side blades 11 and the hub-side blades 12
are abutted onto one another such that their inlet angles
differ from one another and such that portions, in the
thickness direction, of their top ends in the blade height
direction overlap one another over the blade lengths.
Thus, gaps are not formed between the top ends of the
shroud-side blades 11 and hub-side blades 12 when the
shroud-side blades 11 and the hub-side blades 12 are
combined. Accordingly, itis possible to prevent flow sep-
aration and generation of vortices caused by the flow in
the gaps and to improve the performance of the diffuser 1.
Furthermore, because the shroud-side blades 11 and the
hub-side blades 12 are abutted onto one another such
that portions, in the thickness direction, of their top ends
in the blade height direction overlap one another over
the blade lengths, it is possible to increase the rigidity of
the shroud-side blades 11 and hub-side blades 12. Ac-
cordingly, it is possible to improve the vibration strength
of the shroud-side blades 11 and hub-side blades 12.
[0070] Although it has been described that the shroud-
side blades 11 and the hub-side blades 12 have the same
length in the sixth embodiment, the present invention is
not limited thereto. In a modification of the sixth embod-
iment, hub-side blades 14 may have a smaller length
than the shroud-side blades 11, as shown in FIG. 9.
[0071] The hub-side blades 14 have a smaller length
than the shroud-side blades 11, and the shroud-side
blades 11 and the hub-side blades 14 are combined such
that portions in the thickness direction have the overlap-
ping portions 13 along the blade lengths and such that
the leading edges of the hub-side blades 14 are located
at some midpoint in the length of the shroud-side blades
11.
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Seventh Embodiment

[0072] A diffuser according to a seventh embodiment
differs from that according to the sixth embodiment in
that the thicknesses of the trailing edges of the combined
shroud-side blades and hub-side blades are small; the
other configurations are the same. Therefore, the same
structures will be denoted by the same reference numer-
als, and descriptions thereof will be omitted.

The seventh embodiment of the present invention will be
described below using FIG. 10.

[0073] Shroud-side blades 15 and hub-side blades 16
are thick blades having substantially wedge shapes in
cross-section perpendicular to the blade height direction.
The substantially wedge-shaped shroud-side blades 15
and hub-side blades 16 are shaped such that they grad-
ually widen from the leading edges toward the trailing
edges and such that they gradually decreaseinthickness
from certain points downstream of the middle portions in
the blade length toward the trailing edges.

[0074] The shroud-side blades 15 and the hub-side
blades 16 that decrease in thickness toward the trailing
edges are combined in such a state that inlet angles
thereof differ from one another and that top ends thereof
inthe blade height direction are abutted onto one another,
with portions thereof in a thickness direction overlapping
one another over the blade lengths. Thus, these top ends
have overlapping portions 17 (see FIG. 10(B)) where por-
tions thereof in the thickness direction overlap one an-
other over the blade length. The blade length of the hub-
side blades 16 on the suction pressure surface side is
substantially the same as the blade length of the shroud-
side blades 15 on the pressure surface side, and the hub-
side blades 16 and the shroud-side blades 15 form the
overlapping portions 17.

[0075] As has been described above, the diffuser 1 of
a centrifugal compressor and the centrifugal compressor
provided with the same according to the seventh embod-
iment provide the following advantages.

The thicknesses of the shroud-side blades 15 and hub-
side blades 16 are smaller at the trailing edges than at
the middle portions in the length direction. Thus, itis pos-
sible to reduce the wake of the shroud-side blades 15
and hub-side blades 16. Accordingly, it is possible to im-
prove the performance of the diffuser 1.

[0076] Although it has been described that the shroud-
side blades 15 and the hub-side blades 16 have the same
length in the seventh embodiment, the present invention
is not limited thereto. In a modification of the seventh
embodiment, hub-side blades 18 may have a smaller
length than the shroud-side blades 15, as shown in FIG.
11.

Eighth Embodiment
[0077] A diffuser according to an eighth embodiment

differs from that according to the sixth embodiment in
that thick shroud-side blades and thin hub-side blades
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are combined; the other configurations are the same.
Therefore, the same structures will be denoted by the
same reference numerals, and descriptions thereof will
be omitted.

The eighth embodiment of the present invention will be
described below using FIG. 12.

[0078] The shroud-side blades 11 are thick blades hav-
ing a wedge shape in cross-section perpendicular to the
blade height direction. The wedge-shaped shroud-side
blades 11 have a substantially triangular shape and grad-
ually widen from the leading edges toward the trailing
edges. The hub-side blades 4 are thin blades. The width
of the shroud-side blades 11 in cross-section perpendic-
ular to the blade height direction is about two or more
times greater than that of the thin hub-side blades 4.
[0079] The thick shroud-side blades 11 and the thin
hub-side blades 4 are combined such that their inlet an-
gles differ from one another. Furthermore, they are com-
bined in such a state that the top ends, in the blade height
direction, of the thick shroud-side blades 11 and the top
ends, in the blade height direction, of the thin hub-side
blades 4 are abutted onto one another. Thus, as shown
in FIG. 12(B), in top view, the entire top ends of the thin
hub-side blades 4 overlap portions of the top ends of the
thick shroud-side blades 11.

[0080] As has been described above, the diffuser 1 of
a centrifugal compressor and the centrifugal compressor
provided with the same according to the eighth embod-
iment provide the following advantages.

The thick shroud-side blades 11 and the thin hub-side
blades 4 are abutted onto one another such that their
inlet angles differ from one another and such that the
entire top ends, in the blade height direction, of the hub-
side blades 4 overlap portions, in the thickness direction,
of the shroud-side blades 11 over the blade lengths.
Thus, when the shroud-side blades 11 and the hub-side
blades 4 are combined, gaps are not formed between
the shroud-side blades 11 and the hub-side blades 4.
Accordingly, it is possible to prevent flow separation and
generation of vortices caused by the flow in the gaps and
to improve the performance of the diffuser 1.

[0081] Although it has been described that the shroud-
side blades 11 and the hub-side blades 4 have the same
length in the eighth embodiment, the present invention
is not limited thereto. In a modification of the eighth em-
bodiment, as shown in FIG. 13, the hub-side blades 6
may have a smaller length than the shroud-side blades
11.

[0082] Although it has been described that the cross-
section of the thick shroud-side blades 11 perpendicular
to the blade height direction is wedge-shaped in the
eighth embodiment, the cross-section thereof may be
channel-shaped.

[0083]

{Reference Signs List}
1 diffuser
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(continued)
3 shroud-side blade
4 hub-side blade
5 connecting wall (connecting member)
58 shroud-side wall

Claims

1.

A centrifugal compressor diffuser comprising:

a shroud-side wall provided downstream of a
centrifugal impeller;

a hub-side wall provided so as to face the
shroud-side wall;

a plurality of shroud-side blades fixed at base
ends thereof to the shroud-side wall; and

a plurality of hub-side blades fixed at base ends
thereof to the hub-side wall, wherein

the shroud-side blades and the hub-side blades
are combined in such a state that inlet angles
thereof differ from one another and that at least
portions of top ends thereof in a blade height
direction are abutted onto one another, and

in gaps where the top ends of the combined
shroud-side blades and hub-side blades are not
abutted onto one another, a connecting member
that connects the top ends so as to fill at least
portions of the gaps is provided.

The centrifugal compressor diffuser according to
Claim 1, wherein the connecting member has a ring-
like shape that continuously connects the top ends
of the plurality of shroud-side blades and hub-side
blades in a circumferential direction.

The centrifugal compressor diffuser according to
Claim 2, wherein the inside diameter of the ring-like
connecting member is smaller than a radius defined
by leading edges of the shroud-side blades and hub-
side blades.

The centrifugal compressor diffuser according to any
one of Claims 1 to 3, wherein the connecting member
is provided so as to fill an area from leading edges
of the top ends of at least one of the combined
shroud-side blades and hub-side blades to 60% po-
sitions in the length of the blades on the downstream
side.

The centrifugal compressor diffuser according to any
one of Claims 1 to 4, wherein

the combined shroud-side blades and hub-side
blades are arranged such that their leading edges
are shifted from one another in the circumferential
direction.
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10

8.

The centrifugal compressor diffuser according to any
one of Claims 1 to 4, wherein

the combined shroud-side blades and hub-side
blades are arranged so as to be shifted from one
anotherin the circumferential direction such that they
do not overlap one another from the leading edges
to 60% positions in the length of the blades.

A centrifugal compressor diffuser comprising:

a shroud-side wall provided downstream of a
centrifugal impeller;

a hub-side wall provided so as to face the
shroud-side wall;

a plurality of shroud-side blades fixed at base
ends thereof to the shroud-side wall; and

a plurality of hub-side blades fixed at base ends
thereof to the hub-side wall, wherein

the shroud-side blades and the hub-side blades
are combined in such a state that inlet angles
thereof differ from one another and that top ends
thereof in a blade height direction are abutted
onto one another, with portions thereofin a thick-
ness direction overlapping one another over the
blade lengths.

The centrifugal compressor diffuser according to
Claim 7, wherein the thicknesses of the shroud-side
blades and hub-side blades are smaller at the trailing
edges than at middle portions in the length direction.

The centrifugal compressor diffuser according to
Claim 7 or Claim 8, wherein either the shroud-side
blades or the hub-side blades are thick blades and
the other are thin blades.

10. A centrifugal compressor comprising the centrifugal

compressor diffuser according to any one of Claims
1t009.
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