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(57) ABSTRACT

A system, in certain embodiments, includes a centrifugal
compressor diffuser including a flow path having a first sur-
face and a second surface defining opposite axial sides of the
flow path. The centrifugal compressor diffuser also includes
multiple vanes extending from the first surface to the second
surface of the flow path. A first profile of each vane varies
along an axial direction. The centrifugal compressor diffuser
further includes multiple vanelets extending from the first
surface toward the second surface in the axial direction. A first
axial extent of each vanelet is less than a second axial extent
of the flow path. In addition, a second profile of each vanelet
varies along the axial direction and/or the vanelets form a
non-periodic pattern around a circumference of the flow path.
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CENTRIFUGAL COMPRESSOR DIFFUSER
VANELET

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and benefit of
U.S. patent application Ser. No. 12/701,446, entitled “Cen-
trifugal Compressor Diffuser Vanelet”, filed on Feb. 5, 2010,
which is herein incorporated by reference in its entirety.

BACKGROUND

[0002] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present invention, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present invention.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0003] Centrifugal compressors may be employed to pro-
vide a pressurized flow of fluid for various applications. Such
compressors typically include an impeller that is driven to
rotate by an electric motor, an internal combustion engine, or
another drive unit configured to provide a rotational output.
As the impeller rotates, fluid entering in an axial direction is
accelerated and expelled in a circumferential and a radial
direction. The high-velocity fluid then enters a diffuser which
converts the velocity head into a pressure head (i.e., decreases
flow velocity and increases flow pressure). The volute or
scroll then collects the radially outward flow and directs it
into a pipe. In this manner, the centrifugal compressor pro-
duces a high-pressure fluid output. The overall compressor
efficiency is a function of impeller, diffuser and scroll/volute
performance, as well as the interaction between these com-
ponents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Various features, aspects, and advantages of the
present invention will become better understood when the
following detailed description is read with reference to the
accompanying figures in which like characters represent like
parts throughout the figures, wherein:

[0005] FIG. 1 is a perspective view of a centrifugal com-
pressor including a diffuser having vanelets configured to
reduce an incidence angle between fluid flow from an impel-
ler and a leading edge of diffuser vanes in accordance with
certain embodiments of the present technique;

[0006] FIG. 2 is a cross-sectional view of the centrifugal
compressor, taken along line 2-2 of FIG. 1, in accordance
with certain embodiments of the present technique;

[0007] FIG.3 is aperspective view of a diffuser that may be
utilized within the centrifugal compressor of FI1G. 1, illustrat-
ing multiple vanes and vanelets circumferentially disposed
about a shroud-side mounting surface in accordance with
certain embodiments of the present technique;

[0008] FIG. 4 is a partial axial view of a portion of the
diffuser, taken within line 4-4 of FIG. 3, depicting fluid flow
through the diffuser in accordance with certain embodiments
of the present technique;

[0009] FIG. 5 is a meridional view of the diffuser, taken
along line 5-5 of FIG. 3, depicting a diffuser vane profile in
accordance with certain embodiments of the present tech-
nique;
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[0010] FIG. 6 is a top view of a diffuser vane profile, taken
along line 6-6 of FIG. 5, in accordance with certain embodi-
ments of the present technique;

[0011] FIG. 7 is a cross section of a diffuser vane, taken
along line 7-7 of FIG. 5, in accordance with certain embodi-
ments of the present technique;

[0012] FIG. 8 is a cross section of a diffuser vane, taken
along line 8-8 of FIG. 5, in accordance with certain embodi-
ments of the present technique;

[0013] FIG. 9 is an axial view ofthe diffuser shown in FIG.
3, in which the vanelets are arranged in a periodic configura-
tion in accordance with certain embodiments of the present
technique;

[0014] FIG. 10 is a partial perspective view of the diffuser,
taken within line 10-10 of FIG. 9, in accordance with certain
embodiments of the present technique;

[0015] FIG. 11 is an axial view of another embodiment of
the diffuser, in which the vanelets are arranged in a non-
periodic configuration and the vanes are omitted in accor-
dance with certain embodiments of the present technique;
[0016] FIG. 12 is a meridional view of the diffuser, taken
along line 12-12 of FIG. 11, depicting a diffuser vanelet
profile in accordance with certain embodiments of the present
technique;

[0017] FIG. 13 is a top view of a diffuser vanelet, taken
along line 13-13 of FIG. 12, in accordance with certain
embodiments of the present technique;

[0018] FIG. 14 is a cross section of a diffuser vanelet, taken
along line 14-14 of FIG. 12, in accordance with certain
embodiments of the present technique;

[0019] FIG. 15is across section of a diffuser vanelet, taken
along line 15-15 of FIG. 12, in accordance with certain
embodiments of the present technique;

[0020] FIG. 16 is an axial view of a further embodiment of
the diffuser, in which the vanelets are arranged in a non-
periodic configuration and have a profile that remains con-
stant along an axial direction in accordance with certain
embodiments of the present technique;

[0021] FIG. 17 is a meridional view of the diffuser, taken
along line 17-17 of FIG. 16, depicting a diffuser vanelet
profile in accordance with certain embodiments of the present
technique;

[0022] FIG. 18 is a top view of a diffuser vanelet, taken
along line 18-18 of FIG. 17, in accordance with certain
embodiments of the present technique; and

[0023] FIG. 19 is a cross section of a diffuser vanelet, taken
along line 19-19 of FIG. 17, in accordance with certain
embodiments of the present technique.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0024] One or more specific embodiments of the present
invention will be described below. These described embodi-
ments are only exemplary of the present invention. Addition-
ally, in an effort to provide a concise description of these
exemplary embodiments, all features of an actual implemen-
tation may not be described in the specification. It should be
appreciated that in the development of any such actual imple-
mentation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with sys-
tem-related and business-related constraints, which may vary
from one implementation to another. Moreover, it should be
appreciated that such a development effort might be complex
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and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for those
of ordinary skill having the benefit of this disclosure.

[0025] Incertain configurations, a diffuser includes a series
of vanes configured to enhance diffuser efficiency. Certain
diffusers may include three-dimensional vanes configured to
match flow variations from an impeller. For example, an angle
of fluid flow from the impeller may vary along an axial direc-
tion. Consequently, a leading edge of each vane may be
particularly contoured to match the angle of fluid flow,
thereby reducing the incidence angle between the fluid flow
and the vane. As will be appreciated, the angle of fluid flow
adjacent to a shroud-side of the diffuser may be significantly
different than the angle of fluid flow throughout the remainder
of the axial flow profile. Therefore, it may not be feasible to
properly contour the leading edge of each vane to match the
angle of fluid flow adjacent to the shroud-side of the diffuser.
As a result, the incidence angle may increase within the
region adjacent to the shroud, thereby decreasing diffuser
efficiency.

[0026] Embodiments of the present disclosure may
increase diffuser efficiency by employing vanelets to reduce
the incidence angle between the fluid flow and the leading
edge of the vanes. In the present embodiments, both the vanes
and vanelets axially extend into a flow path of the diffuser.
The axial extent of the vanes is substantially equal to the axial
extent of the flow path. For example, the vanes may extend
from a hub side to a shroud side of the flow path. In contrast,
the axial extent of the vanelets is less than the axial extent of
the flow path. Therefore, vanelets coupled to the shroud side
of the flow path do not contact the hub side, and vanelets
coupled to the hub side of the flow path do not contact the
shroud side. In certain embodiments, a diffuser includes mul-
tiple vanelets, in which a profile of each vanelet varies along
the axial direction (e.g., three-dimensional vanelets), the
vanelets form a non-periodic pattern around a circumference
of'the flow path (e.g., not circumferentially symmetric), or a
combination thereof. The diffuser may also include multiple
vanes having a profile that varies along the axial direction
(e.g., three-dimensional vanes). The combination of three-
dimensional vanes, three-dimensional vanelets and/or non-
periodic vanelets may increase diffuser efficiency by substan-
tially matching circumferential and/or axial variations in the
fluid flow from the impeller.

[0027] FIG. 1 is a perspective view of a centrifugal com-
pressor 10 configured to output a pressurized fluid flow. Spe-
cifically, the centrifugal compressor 10 includes an impeller
12 having multiple blades 14. As the impeller 12 is driven to
rotate in a circumferential direction 16 by an external source
(e.g., electric motor, internal combustion engine, etc.), com-
pressible fluid 18 is drawn into the blades 14 along an axial
direction 20. The compressible fluid 18 is then accelerated in
a radial direction 22 toward a diffuser 24 disposed about the
impeller 12. The diffuser 24 is configured to convert the
high-velocity fluid flow from the impeller 12 into a high
pressure flow (i.e., convert the dynamic head to pressure
head). In certain embodiments, a shroud (not shown) is posi-
tioned directly adjacent to the diffuser 24, and serves to direct
fluid flow from the impeller 12 to a scroll or volute 26. The
scroll 26 includes a chamber configured to collect the com-
pressible fluid 18 and direct it toward an exit orifice 28. In
certain configurations, a diameter of the chamber increases
along the circumferential direction 16, thereby further con-
verting dynamic head to pressure head.
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[0028] In the present embodiment, the diffuser 24 may
include vanelets configured to redirect fluid flow near an
adjacent vane, thereby decreasing an incidence angle
between the fluid flow and a leading edge of the vane. For
example, the vanelets may properly align the fluid flow with
the vane despite axial and/or circumferential variations in the
flow field. As will be appreciated, reducing the incidence
angle increases the efficiency of the vane, thereby increasing
the overall efficiency of the diffuser 24. As a result of this
configuration, overall compressor efficiency may increase by
more than approximately 0.5, 1, 1.5, or more percent. As
discussed in detail below, certain vanelets include a three-
dimensional shape to account for variations in incidence
angle along the vanelet span. Further embodiments include
vanelets circumferentially disposed about the diffuser flow
path in a non-periodic arrangement to compensate for cir-
cumferential variations in the flow field due to the presence of
the scroll 26.

[0029] FIG. 2 is a cross-sectional view of the centrifugal
compressor 10, taken along line 2-2 of FIG. 1. As previously
discussed, the compressible fluid 18 flows into the impeller
12 along the axial direction 20, and is accelerated in the radial
direction 22 toward the diffuser 24. The diffuser 24 converts
the dynamic head into pressure head, thereby establishing a
flow of high pressure fluid 30 into the scroll 26. Specifically,
the fluid 30 passes through a diffuser flow path 32 defined by
a shroud-side mounting surface 34 on a first axial side and a
hub-side mounting surface 36 on an opposite axial side. As
illustrated, the hub-side mounting surface 36 is positioned
adjacent to a hub 38 of the impeller 12. Similarly, the shroud-
side mounting surface 34 is positioned adjacent to the shroud
(not shown).

[0030] In the illustrated embodiment, the diffuser 24
includes a series of vanes 40 and vanelets 42 configured to
increase the efficiency of the diffuser 24. As discussed in
detail below, the vanes 40 and/or vanelets 42 are circumfer-
entially disposed about the flow path 32 in an annular arrange-
ment. As illustrated, an axial extent 44 of each vane 40 is
equal to an axial extent 46 of the flow path 32, i.e., from the
shroud-side mounting surface 34 to the hub-side mounting
surface 36. The vanes 40 may be secured to the shroud-side
mounting surface 34, the hub-side mounting surface 36, or
both mounting surfaces 34 and 36.

[0031] In contrast to the vanes 40, an axial extent 48 of the
vanelets 42 is less than the axial extent 46 of the flow path 32.
For example, in certain embodiments, the axial extent 48 of
the vanelets 42 may be less than approximately 50, 45, 40, 35,
30, 25, 20, 15, 10, 5 percent, or less, of the axial extent 46 of
the flow path 32. In the present embodiment, the vanelets 42
are mounted to the shroud-side mounting surface 34. How-
ever, in alternative embodiments, the vanelets 42 may be
mounted to the hub-side mounting surface 36.

[0032] As discussed in detail below, the vanelets 42 may be
configured to redirect the flow of fluid 30 from the impeller to
reduce an incidence angle between a leading edge of the
vanes 40 and the flow field. Consequently, diffuser efficiency
may be increased compared to configurations which do not
include the vanelets 42. In addition, because the vanelets 42
do not traverse the entire axial extent of the flow path 32, the
vanelets 42 may improve choked flow performance compared
to full-height vanes. Furthermore, the decreased axial extent
of the vanelets 42 may reduce the possibility of reflecting
pressure waves back toward the impeller 12, which may lead
to rotordynamic instability.
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[0033] FIG. 3 is a perspective view of the diffuser 24,
illustrating multiple vanes 40 and vanelets 42 disposed about
the shroud-side mounting surface 34 along the circumferen-
tial direction 16. As previously discussed, both the vanes 40
and vanelets 42 extend in the axial direction 20 from the
shroud-side mounting surface 34. Furthermore, while the
vanes 40 and vanelets 42 are shown attached to the shroud-
side mounting surface 34, it should be appreciated that in
alternative embodiments vanes 40 and/or vanelets 42 may be
coupled to the hub-side mounting surface 36, or a combina-
tion of shroud-side and hub-side mounting surfaces 34 and 36
(e.g., some vanes 40 and/or vanelets 42 coupled to the shroud-
side mounting surface 34, and other vanes 40 and/or vanelets
42 coupled to the hub-side mounting surface 36). In the
present configuration, each vane 40 includes a profile that
varies along the axial direction 20, thereby forming a three-
dimensional (3D) vane 40. It should be appreciated that alter-
native embodiments may employ two-dimensional (2D)
vanes having profiles that remain constant along the axial
direction 20. Similarly, the present configuration employs
three-dimensional vanelets 42. However, as discussed in
detail below, alternative embodiments may employ two-di-
mensional vanelets.

[0034] As illustrated, the present embodiment employs 11
vanes 40 and an equal number of vanelets 42. It should be
appreciated that alternative embodiments may employ more
or fewer vanes 40 and/or vanelets 42. For example, certain
configurations may utilize 1, 2,3,4,5,6,7,8,9,10,11,12, 13,
14,15, 16, or more vanes 40. Similarly, 1,2, 3,4,5,6,7, 8,9,
10, 11, 12, 13, 14, 15, 16, or more vanelets 42 may be
employed. While the number of vanes 40 and vanelets 42 are
equal in the present configuration, it should be appreciated
that alternative configurations may employ more vanes 40
than vanelets 42, or more vanelets 42 than vanes 40. For
example, in certain configurations two or more vanelets 42
may be positioned between each vane 40. In alternative con-
figurations, the number of vanelets 42 between each vane 40
may vary along the circumferential direction 16. For
example, certain pairs of vanes 40 may include 0, 1, 2,3, 4, or
more vanelets 42 disposed between them.

[0035] Asillustrated, the present diffuser 24 includes vanes
40 and vanelets 42 arranged in a periodic configuration. As
discussed in detail below, in a periodic configuration, the
vanes 40 and vanelets 42 are symmetrically disposed about
the shroud-side mounting surface 34 along the circumferen-
tial direction 16. Alternative configurations may employ non-
periodic vanes 40 and/or non-periodic vanelets 42. In either a
periodic or non-periodic configuration, the vanelets 42 serve
to redirect flow from the impeller, thereby decreasing an
incidence angle between the flow field and the vanes 40. Such
a configuration may increase the efficiency of the diffuser 24
compared to diffusers having only vanes which extend along
the entire axial extent of the flow path.

[0036] FIG. 4 is a partial axial view of a portion of the
diffuser 24, taken within line 4-4 of FIG. 3, showing fluid flow
expelled from the impeller 12. As illustrated, each vane 40
includes a leading edge 52 and a trailing edge 54. As dis-
cussed in detail below, fluid flow from the impeller 12 flows
from the leading edge 52 to the trailing edge 54, thereby
converting dynamic pressure (i.e., flow velocity) into static
pressure (i.e., pressurized fluid). In the present embodiment,
the leading edge 52 of each vane 40 is oriented at an angle 56
with respect to the circumferential axis 16. As illustrated, the
circumferential axis 16 follows the curvature of the annular
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shroud-side mounting surface 34. Therefore, a 0 degree angle
56 would result in a leading edge 52 oriented substantially
tangent to the curvature of the surface 34. In certain embodi-
ments, the angle 56 may be approximately between 0 to 60, 5
to 55, 10to 50, 15 to 45, 15 to 40, 15 to 35, or about 10 to 30
degrees. In the present embodiment, the angle 56 of each vane
40 may vary between approximately 17 to 24 degrees. How-
ever, alternative configurations may employ vanes 40 having
different orientations relative to the circumferential axis 16.

[0037] Asillustrated, fluid flow 58 exits the impeller in both
the circumferential direction 16 and the radial direction 22.
An angle of the fluid flow 58 with respect to the circumfer-
ential axis 16 may vary along the circumferential direction
16. For example, at one circumferential position, the fluid
flow 58 is oriented at an angle 59, while at a second circum-
ferential position, the fluid flow 58 is oriented at an angle 60.
In addition, the fluid flow 58 is oriented at an angle 61 at a
third circumferential position. While three angles 59, 60 and
61 are shown, it should be appreciated that the fluid flow angle
may vary continuously along the circumferential direction
16. Furthermore, it should be appreciated that the magnitude
of'the flow velocity may vary with circumferential position as
well. Moreover, both the velocity magnitude and direction
may vary with time, where the illustrated fluid flow 58 rep-
resents a time-averaged flow field.

[0038] Aswill be appreciated, the angles 59, 60 and 61 may
vary based on impeller configuration, impeller rotation speed,
and/or flow rate through the compressor 10, among other
factors. In the present configuration, the angle 56 of the vanes
40 is particularly configured to match the direction of fluid
flow 58 from the impeller 12. As will be appreciated, a dif-
ference between the leading edge angle 56 and the fluid flow
angle 59, 60 or 61 may be defined as an incidence angle. The
vanes 40 of the present embodiment are configured to sub-
stantially reduce the incidence angle, thereby increasing the
efficiency of the centrifugal compressor 10. As a result, the
angle 56 of each vane 40 may be particularly adjusted to
match the time-averaged angle 59, 60 or 61 of the fluid flow
58 at a circumferential position corresponding to the circum-
ferential position of the vane 40.

[0039] As previously discussed, the vanes 40 are disposed
about the shroud-side mounting surface 34 in a substantially
annular arrangement. A spacing 62 between vanes 40 along
the circumferential direction 16 may be configured to provide
efficient conversion of the velocity head to pressure head. In
the present configuration, the spacing 62 between vanes 40 is
substantially equal. However, alternative embodiments may
employ uneven vane spacing. In addition, a spacing 64
between the vanes 40 and the vanelets 42 may serve to redi-
rect the fluid flow adjacent to the shroud-side mounting sur-
face 34, thereby decreasing the incidence angle and increas-
ing the efficiency of the diffuser 24. In the present
configuration, the spacing 64 is substantially equal between
each vane 40 and vanelet 42. However, alternative embodi-
ments may employ uneven vane 40/vanelet 42 spacing. Fur-
thermore, in the present embodiment, a radial position 66 of
each vane 40 is substantially equal to a radial position 68 of
each vanelet 42. However, alternative embodiments may
employ vanes 40 and vanelets 42 having different radial posi-
tions 66 and 68.

[0040] Each vane 40 includes a pressure surface 70 and a
suction surface 72. As will be appreciated, as the fluid flows
from the leading edge 52 to the trailing edge 54, a high
pressure region is induced adjacent to the pressure surface 70
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and a lower pressure region is induced adjacent to the suction
surface 72. These pressure regions affect the flow field from
the impeller 12, thereby increasing flow stability and effi-
ciency compared to vaneless diffusers. In the present embodi-
ment, each three-dimensional vane 40 is particularly config-
ured to match the flow properties of the impeller 12, thereby
providing increased efficiency.

[0041] In addition to variations in fluid flow velocity in the
circumferential direction 16, the direction and/or magnitude
of the fluid flow velocity may vary along the axial direction
20. Consequently, the angle 56 of the vane 40 relative to the
circumferential axis 16 may vary along the axial direction 20
to substantially match the direction of fluid flow. However,
the angle of fluid flow adjacent to the shroud side of the
diffuser 24 may be significantly different than the angle of
fluid flow throughout the remainder of the axial flow profile.
Therefore, the present embodiment employs vanelets 42 adja-
cent to the vanes 40 to redirect the fluid flow adjacent to the
shroud-side mounting surface 34, thereby decreasing the inci-
dence angle and increasing the efficiency of the diffuser 24.

[0042] FIG. 5is a meridional view of the diffuser 24, taken
along line 5-5 of FIG. 3, depicting a diffuser vane profile.
Each vane 40 extends along the axial direction 20 between the
shroud-side mounting surface 34 and the hub-side mounting
surface 36, forming an axial extent or span 44. Specifically,
the span 44 is defined by a vane root 74 on the hub side and a
vane tip 76 on the shroud side. As discussed in detail below, a
meridional length of the vane 40 is configured to vary along
the span 44. The meridional length is the distance between the
leading edge 52 and the trailing edge 54 at a particular axial
position along the vane 40. For example, a length 78 of the
vane root 74 may vary from a length 80 of the vane tip 76. A
meridional length for an axial position (i.e., position along the
axial direction 20) of the vane 40 may be selected based on
fluid flow characteristics at that particular axial location. For
example, computer modeling may determine that fluid veloc-
ity from the impeller 12 varies in the axial direction 20.
Therefore, the length for each axial position may be particu-
larly selected to correspond to the incident fluid velocity. In
this manner, efficiency of the vane 40 may be increased com-
pared to configurations in which the length remains substan-
tially constant along the span 44 of the vane 40.

[0043] In addition, a circumferential position (i.e., position
along the circumferential direction 16) of the leading edge 52
and/or trailing edge 54 may be configured to vary along the
span 44 of the vane 40. As illustrated, a reference line 82
extends from the leading edge 52 of the vane tip 76 to the
hub-side mounting surface 36 along the axial direction 20.
The circumferential position of the leading edge 52 along the
span 44 is offset from the reference line 82 by a variable
distance 84. In other words, the leading edge 52 is variable
rather than constant in the circumferential direction 16. This
configuration establishes a variable distance between the
impeller 12 and the leading edge 52 of the vane 40 along the
span 44. For example, based on computer simulation of fluid
flow from the impeller 12, a particular distance 84 may be
selected for each axial position along the span 44. In this
manner, efficiency of the vane 40 may be increased compared
to configurations employing a constant distance 84. In the
present embodiment, the distance 84 increases as distance
from the vane tip 76 increases. Alternative embodiments may
employ other leading edge profiles, including arrangements
in which the leading edge 52 extends past the reference line
82 along a direction toward the impeller 12.
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[0044] Similarly, a circumferential position of the trailing
edge 54 may be configured to vary along the span 44 of the
vane 40. As illustrated, a reference line 86 extends from the
trailing edge 54 of the vane root 74 away from the hub-side
mounting surface 36 along the axial direction 20. The circum-
ferential position of the trailing edge 54 along the span 44 is
offset from the reference line 86 by a variable distance 88. In
other words, the trailing edge 54 is variable rather than con-
stant in the circumferential direction 16. This configuration
establishes a variable distance between the impeller 12 and
the trailing edge 54 of the vane 40 along the span 44. For
example, based on computer simulation of fluid flow from the
impeller 12, a particular distance 88 may be selected for each
axial position along the span 44. In this manner, efficiency of
the vane 40 may be increased compared to configurations
employing a constant distance 88. In the present embodiment,
the distance 88 increases as distance from the vane root 74
increases. Alternative embodiments may employ other trail-
ing edge profiles, including arrangements in which the trail-
ing edge 54 extends past the reference line 86 along a direc-
tion away from the impeller 12. In further embodiments, a
radial position of the leading edge 52 and/or a radial position
of the trailing edge 54 may vary along the span 44 of the
diffuser vane 40.

[0045] FIG. 6 is a top view of a diffuser vane profile, taken
along line 6-6 of FIG. 5. As previously discussed, a profile of
the vane 40 may vary along the axial direction 20, thereby
establishing a three-dimensional vane shape. Specifically,
parameters of the vane 40 may be particularly configured to
coincide with three-dimensional fluid flow from a particular
impeller 12, thereby efficiently converting fluid velocity into
fluid pressure. For example, as previously discussed, the
meridional length for an axial position (i.e., position along the
axial direction 20) of the vane 40 may be selected based on the
flow properties at that axial location. As illustrated, the length
78 of the vane root 74 may be selected based on the flow from
the impeller 12 at the root 74 of the vane 40.

[0046] Furthermore, the leading edge 52 and/or the trailing
edge 54 may include a curved profile at the tip of the respec-
tive edge. Specifically, a tip of the leading edge 52 may
include a curved profile having a radius of curvature 90 con-
figured to direct fluid flow around the leading edge 52. Simi-
larly, a radius of curvature 92 of a tip of the trailing edge 54
may be selected based on computed flow properties at the
trailing edge 54. In certain configurations, the radius of cur-
vature 90 of the leading edge 52 may be larger than the radius
of curvature 92 of the trailing edge 54. In alternative configu-
rations, the radius of curvature 90 of the leading edge 52 may
be smaller than the radius of curvature 92 of the trailing edge
54.

[0047] Another vane property that may affect fluid flow
through the diffuser 24 is the curvature of the vane 40. As
illustrated, a mean vane sectional line 94 extends from the
leading edge 52 to the trailing edge 54 and defines the center
of the vane profile (i.e., the center line between the pressure
surface 70 and the suction surface 72). The mean vane sec-
tional line 80 illustrates the curved profile of the vane 40.
Specifically, a leading edge tangent line 96 extends from the
leading edge 52 and is tangent to the mean vane sectional line
94 at the leading edge 52. Similarly, a trailing edge tangent
line 98 extends from the trailing edge 54 and is tangent to the
mean vane sectional line 94 at the trailing edge 54. An cur-
vature angle 100 is formed at the intersection between the
tangent line 96 and tangent line 98. As illustrated, the larger
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the curvature of the vane 40, the larger the curvature angle
100. Therefore, the angle 100 provides an effective measure-
ment of the curvature of the vane 40. The curvature angle 100
may be selected to provide an efficient conversion from
dynamic head to pressure head based on flow properties from
the impeller 12. For example, the curvature angle 100 may be
greater than approximately 0, 5, 10, 15, 20, 25, 30, or more
degrees.

[0048] The curvature angle 100, the radius of curvature 90
of the leading edge 52, the radius of curvature 92 of the
trailing edge 54 and/or the length 78 may vary along the span
44 of the vane 40. Specifically, each of the above parameters
may be particularly selected for each axial cross section based
on computed flow properties at the corresponding axial loca-
tion. In this manner, a three-dimensional vane 40 (i.e., a vane
40 having a variable cross section geometry or profile) may be
constructed that provides increased efficiency compared to a
two-dimensional vane (i.e., a vane having a constant cross
section geometry).

[0049] FIG. 7 is a cross section of a diffuser vane 40, taken
along line 7-7 of FIG. 5. As illustrated, the profile of the vane
40 has been altered to coincide with the flow properties at the
axial location corresponding to the present section. For
example, the meridional length 102 of the present section
may vary from the length 78 of the vane root 74. Similarly, a
radius of curvature 104 of the leading edge 52, a radius of
curvature 106 of the trailing edge 54, and/or the curvature
angle 108 may vary between the illustrated section and the
section shown in FIG. 6. For example, the radius of curvature
104 of the leading edge 52 may be particularly selected to
reduce the incidence angle between the fluid flow from the
impeller 12 and the leading edge 52. As previously discussed,
the angle of the fluid flow from the impeller 12 may vary
along the axial direction 20. Because the present embodiment
facilitates selection of a radius of curvature 104 at each axial
position (i.e., position along the axial direction 20), the inci-
dence angle may be substantially reduced along the span 44 of
the vane 40, thereby increasing the efficiency of the vane 40
compared to configurations in which the radius of curvature
104 of the leading edge 52 remains substantially constant
throughout the span 44. In addition, because the velocity of
the fluid flow from the impeller 12 may vary in the axial
direction 20, adjusting the radii of curvature 104 and 106, the
length 102, curvature angle 108, or other parameters for each
axial section of the vane 40 may facilitate increased efficiency
of the entire diffuser 24.

[0050] FIG. 8 is a cross section of a diffuser vane 40, taken
along line 8-8 of FIG. 5. Similar to the section of FIG. 7, the
profile of the present section is configured to match the flow
properties at the corresponding axial location. Specifically,
the present section includes a meridional length 110 that may
vary from the lengths 78 and 102 of the sections shown in
FIG. 6 and FIG. 7. In addition, a radius of curvature 112 of the
leading edge 52, a radius of curvature 114 of the trailing edge
54, and a curvature angle 116 may also be particularly con-
figured for the flow properties (e.g., velocity, incidence angle,
etc.) at the present axial location. As previously discussed, the
variation in vane profile along the axial direction establishes
a three-dimensional vane 40 substantially configured to
match the flow field from the impeller 12. However, certain
compressors 10 may experience large variations in flow direc-
tion within various regions of the flow field (e.g., adjacent to
the shroud-side mounting surface 34). Consequently, the
present embodiment employs vanelets 42 configured to redi-
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rect the flow from the impeller 12 to reduce the incidence
angle between the fluid flow and the leading edge 52 of the
vane 40, thereby increasing diffuser efficiency.

[0051] Referring now to FIGS. 9 and 10, FIG. 9 is an axial
view of the diffuser 40 shown in FIG. 3, in which the vanelets
42 are arranged in a periodic configuration. As illustrated, the
substantially identical vanelets 42 are disposed in a symmetri-
cal (e.g., periodic) pattern along the circumferential direction
16 around a mounting surface, such as the illustrated shroud-
side mounting surface 34, of the diffuser 24. As previously
discussed, both the vanes 40 and the vanelets 42 are three-
dimensional (e.g., have axially varying profiles) in the present
embodiment.

[0052] FIG. 10 is a partial perspective view of the diffuser
40, taken within line 10-10 of FIG. 9, illustrating a single
vanelet 42 which will be used as a reference vanelet. For any
given axial height z of each vanelet 42, a reference surface
118 may be defined along a reference plane whose normal
coincides with the axial direction 20. In the reference vanelet
42 of FIG. 10, the reference surface 118 is defined by an inner
surface of the vanelet 42. However, the analysis described
herein may be utilized for any axial height of the vanelet 42.
In other words, the reference plane may be defined at any
axial height of the vanelets 42. In the illustrated example, the
reference plane includes the reference center point ¢, which
passes through the common central axis of the impeller 12,
diffuser 24, and scroll 26.

[0053] The reference surface 118 may be characterized by
a collection of unique points defined by a radial distance r
from the reference center point ¢, an angular location 6, and
an axial height z. For any given reference plane, the axial
height z for the collection of unique points will be the same.
However, the radial distance r and the angular location 6 will
be different and will define each unique point of the reference
surface 118 in the reference plane. For example, a leading
edge point 120 corresponding to the leading edge section 122
of the vanelet 42 may be defined as a baseline point of the
reference surface 118 and, as such, may be defined by a radial
distance r, and an angular location 6, equal to O degrees.
Similarly, a trailing edge point 124 corresponding to the trail-
ing edge section 126 of the vanelet 42 may be defined by a
radial distance r; and an angular location 6,. In addition, a
suction surface point 128 may be defined by a radial distance
r, and an angular location 6,. As such, a suction surface 130
of the vanelet 42 may be defined by the plurality of points
along the suction surface 130 of the vanelet 42. However, a
pressure surface 132 of the vanelet 42 may be similarly
defined. Indeed, there may be an infinite number of unique
points in the reference surface 118 of the reference vanelet 42
illustrated in FIG. 10. However, the number of unique points
used to define the design of the individual vanelets 42 may be
limited to facilitate computation of the shape, orientation,
and/or location of the vanelets 42.

[0054] Furthermore, each vanelet 42 of the diffuser 24 of
FIG. 9 may similarly include a collection of unique points
along the reference plane. In other words, each of the vanelets
42 may include a two-dimensional area defined by a collec-
tion of unique points along the reference plane, such as the
reference surface 118 of the reference vanelet 42 illustrated in
FIG. 10. Within the periodic arrangement of vanelets 42 of
FIGS. 9 and 10, for every point that lies within the two-
dimensional domain in the reference plane (e.g., the reference
surface 118) of the reference vanelet 42, the rotation of each
of these points by an integer multiple of 360.0 divided by N
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will yield a point that lies within a two-dimensional domain in
the reference plane for another vanelet 42, where N is the
number of vanelets 42 of the diffuser 24. For example, the
diffuser 24 illustrated in FIG. 9 includes 11 vanelets 42. As
such, for every point that lies within the two-dimensional
domain inthe reference plane (e.g., the reference surface 118)
of the reference vanelet 42, the rotation of the point by 32.73
degrees, 65.46 degrees, 98.19 degrees, 130.92 degrees, 163.
65 degrees, 196.38 degrees, 229.11 degrees, 261.84 degrees,
294.57 and 327.30 degrees (e.g., integer multiples of 360.0
degrees divided by 11, or 32.73 degrees) yields a point that
lies within the two-dimensional domain in the reference plane
for another diffuser vane 42.

[0055] FIG. 11 is an axial view of another embodiment of
the diffuser 24, in which the vanelets are arranged in a non-
periodic configuration and the vanes are omitted. In contrast
to the periodic vanelet configuration described above with
reference to FIGS. 9 and 10, the present diffuser includes
vanelets 134,136, 138, 140, 142,144, 146, 148,150, 152 and
154 arranged in a non-periodic (e.g., an asymmetrical) pattern
along the circumferential direction 16. As will be appreciated,
any set of vanelets that does not meet the circumferentially
symmetric transformation requirement described above is
considered to be non-periodic. To illustrate the nature of the
non-periodic (e.g., an asymmetrical) pattern illustrated in
FIG. 11, reference points A, B, C, D, E,F, G, H, [, Jand K are
located at equally spaced circumferential locations around
the shroud-side mounting surface 34. As illustrated, the dif-
fuser 24 includes 11 vanelets 134-154. As such, the reference
points A, B, C, D, E, F, G, H, I, J and K are equally spaced at
arc angles ® 0f32.73 degrees (e.g., 360.0 degrees divided by
11).

[0056] Each of the illustrated vanelets 134, 136, 138, 140,
142,144,146, 148,150, 152 and 154 are generally associated
with one of the reference points A, B, C, D, E, F, G, H, 1, Jand
K (e.g., vanelet 134 with reference point A, vanelet 136 with
reference point B, vanelet 138 with reference point C, vanelet
140 with reference point D, vanelet 142 with reference point
E, vanelet 144 with reference point F, vanelet 146 with refer-
ence point G, vanelet 148 with reference point H, vanelet 150
with reference point I, vanelet 152 with reference point J and
vanelet 154 with reference point K). The reference points A,
B,C,D,E, F, G, H,1, ] and K are used to illustrate how the
shape, orientation, and/or location of the vanelets 134-154
may change from vanelet to vanelet along the circumferential
direction 16 of the shroud-side mounting surface 34.

[0057] More specifically, as described above, in order to be
considered a periodic (e.g., symmetrical) arrangement of
vanelets, for every point that lies within the two-dimensional
domain of a vanelet (e.g., a reference vanelet 134) reference
plane, the rotation of the point by 32.73 degrees, 65.46
degrees, 98.19 degrees, 130.92 degrees, 163.65 degrees, 196.
38 degrees, 229.11 degrees, 261.84 degrees, 294.57 and 327.
30degrees (e.g., integer multiples 0f360.0 degrees divided by
11, or 32.73 degrees) would yield a point that lies within the
two-dimensional domain of the reference plane of the other
vanelets 136, 138, 140, 142, 144,146, 148,150,152 and 154.
However, as illustrated, reference points B, C, D, E, F, G, H,
1, J and K, which correspond to reference point A rotated
through arc angles of 32.73 degrees, 65.46 degrees, 98.19
degrees, 130.92 degrees, 163.65 degrees, 196.38 degrees,
229.11 degrees, 261.84 degrees, 294.57 and 327.30 degrees,
do not all lie within the two-dimensional domain of the ref-
erence plane for the other vanelets 136, 138, 140, 142, 144,
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146, 148, 150, 152 and 154. For example, reference points H
and I do not even lie within the corresponding vanelets 148
and 150. As such, the vanelets 134-154 are arranged in a
non-periodic configuration within the diffuser 24.

[0058] As will be appreciated, the non-periodic configura-
tion of vanelets 134-154 may compensate for circumferential
flow variations within the diffuser 24. For example, the scroll
26 may induce circumferential deviations in the direction
and/or speed of the fluid flow through the diffuser 24. Con-
sequently, in the present embodiment, the position, number
and/or orientation of the vanelets 134-154 may be particularly
configured to account for the scroll induced flow variations.
As aresult, the non-periodic arrangement of vanelets 134-154
may be more efficient than the periodic arrangement
described above with reference to the diffuser 24 in FIG. 3.

[0059] FIG. 12 is ameridional view of the diffuser 24, taken
along line 12-12 of FIG. 11, depicting a diffuser vanelet
profile. Similar to the diffuser 24 of FIG. 3, the vanelets
134-154 of the present diffuser 24 include cross-sectional
profiles that vary along the axial direction 20, thereby estab-
lishing a three-dimensional shape. Each vanelet 134-154
extends along the axial direction 20 from the shroud-side
mounting surface 34 toward the hub-side mounting surface
36. As previously discussed, the axial extent or span 48 of the
vanelets 134-154 is less than the axial extent 46 of the diffuser
flow path 32. Furthermore, while an exemplary vanelet 134 is
shown extending from the shroud-side mounting surface 34,
it should be appreciated that alternative embodiments may
include vanelets which extend from the hub-side mounting
surface 36. In further embodiments, a diffuser may include
vanelets extending from both the shroud-side mounting sur-
face 34 and the hub-side mounting surface 36. While the
discussion below describes the shape of an exemplary vanelet
134 of the diffuser 24 shown in FIG. 11, it should be appre-
ciated that the other vanelets 136-154 may have a similar
shape. However, in certain configurations, the shape of the
vanelets 134-154 may vary based on circumferential position
of the respective vanelet.

[0060] As illustrated, the span 48 is defined by a vanelet tip
160 on the hub side and a vanelet root 162 on the shroud side.
As discussed in detail below, a meridional length of the vane-
let 134 is configured to vary along the span 48. The meridi-
onal length is the distance between the leading edge 156 and
the trailing edge 158 at a particular axial position along the
vanelet 134. For example, a length 164 of the vanelet tip 160
may vary from a length 166 of the vanelet root 162. A meridi-
onal length for an axial position (i.e., position along the axial
direction 20) of the vanelet 134 may be selected based on fluid
flow characteristics at that particular axial location. For
example, computer modeling may determine that fluid veloc-
ity from the impeller 12 varies in the axial direction 20.
Therefore, the meridional length for each axial position may
be particularly selected to correspond to the incident fluid
velocity. In this manner, efficiency of the vanelet 134 may be
increased compared to configurations in which the length
remains substantially constant along the span 48 of the vane-
let 134. Furthermore, in diffuser configurations, such as the
diffuser 24 shown in FIG. 3, which include vanes 40 posi-
tioned adjacent to the vanelets, the meridional length at each
axial position may be particularly configured to decrease an
incidence angle between the fluid flow and a leading edge of
the respective vane, thereby increasing efficiency of the dif-
fuser 24.
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[0061] In addition, a circumferential position (i.e., position
along the circumferential direction 16) of the leading edge
156 and/or trailing edge 158 may be configured to vary along
the span 48 of the vanelet 134. As illustrated, a reference line
168 extends from the leading edge 156 of the vanelet root 162
to the hub side axial extent of the vanelet 134. The circum-
ferential position of the leading edge 156 along the span 48 is
offset from the reference line 168 by a variable distance 170.
In other words, the leading edge 156 is variable rather than
constant in the circumferential direction 16. This configura-
tion establishes a variable distance between the impeller 12
and the leading edge 156 of the vanelet 134 along the span 48.
For example, based on computer simulation of fluid flow from
the impeller 12, a particular distance 170 may be selected for
each axial position along the span 48. In this manner, effi-
ciency of the vanelet 134 may be increased compared to
configurations employing a constant distance 170. In addi-
tion, the distance 170 at each axial position may be particu-
larly configured to redirect fluid flow near an adjacent vane
40, thereby decreasing the incidence angle between the fluid
flow and the vane 40. As will be appreciated, such a configu-
ration may increase the overall efficiency of a diffuser 24
employing both vanes 40 and vanelets 134-154. In the present
embodiment, the distance 170 increases as distance from the
vanelet root 162 increases. Alternative embodiments may
employ other leading edge profiles, including arrangements
in which the leading edge 156 extends past the reference line
168 along a direction toward the impeller 12.

[0062] Similarly, a circumferential position of the trailing
edge 158 may be configured to vary along the span 48 of the
vanelet 134. As illustrated, a reference line 172 extends from
the trailing edge 158 of the vanelet tip 160 toward the shroud-
side mounting surface 34 along the axial direction 20. The
circumferential position of the trailing edge 158 along the
span 48 is offset from the reference line 172 by a variable
distance 174. In other words, the trailing edge 158 is variable
rather than constant in the circumferential direction 16. This
configuration establishes a variable distance between the
impeller 12 and the trailing edge 158 of the vanelet 134 along
the span 48. For example, based on computer simulation of
fluid flow from the impeller 12, a particular distance 174 may
be selected for each axial position along the span 48. In this
manner, efficiency of the vanelet 134 may be increased com-
pared to configurations employing a constant distance 174. In
addition, the distance 174 at each axial position may be par-
ticularly configured to redirect fluid flow near an adjacent
vane 40, thereby decreasing the incidence angle between the
fluid flow and the vane 40. As will be appreciated, such a
configuration may increase the overall efficiency of a diffuser
24 employing both vanes 40 and vanelets 134-154. In the
present embodiment, the distance 174 increases as distance
from the vanelet root 162 increases. Alternative embodiments
may employ other trailing edge profiles, including arrange-
ments in which the trailing edge 158 extends past the refer-
ence line 172 along a direction away from the impeller 12. In
further embodiments, a radial position of the leading edge
156 and/or a radial position of the trailing edge 158 may vary
along the span 48 of the vanelet 134.

[0063] FIG. 13 is a top view of the exemplary diffuser
vanelet 134, taken along line 13-13 of FIG. 12. As previously
discussed, a profile of the vanelet 134 may vary along the
axial direction 20, thereby establishing a three-dimensional
vanelet shape. Specifically, parameters of the vanelet 134
may be particularly configured to coincide with three-dimen-
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sional fluid flow from a particular impeller 12, thereby effi-
ciently converting fluid velocity into fluid pressure. For
example, as previously discussed, the meridional length for
an axial position (i.e., position along the axial direction 20) of
the vanelet 134 may be selected based on the flow properties
at that axial location. As illustrated, the length 164 of the
vanelet tip 160 may be selected based on the flow from the
impeller 12 at the tip 160 of the vanelet 134.

[0064] Furthermore, the leading edge 156 and/or the trail-
ing edge 158 may include a curved profile at the tip of the
respective edge. Specifically, a tip of the leading edge 156
may include a curved profile having a radius of curvature 182
configured to direct fluid flow around the leading edge 156.
Similarly, a radius of curvature 184 of a tip of the trailing edge
158 may be selected based on computed flow properties at the
trailing edge 158. In certain configurations, the radius of
curvature 182 of the leading edge 156 may be larger than the
radius of curvature 184 of the trailing edge 158. In alternative
configurations, the radius of curvature 182 of the leading edge
156 may be smaller than the radius of curvature 184 of the
trailing edge 158.

[0065] Another vane property that may affect fluid flow
through the diffuser 24 is the curvature of the vanelet 134. As
illustrated, a mean vanelet sectional line 186 extends from the
leading edge 156 to the trailing edge 158 and defines the
center of the vanelet profile (i.e., the center line between the
pressure surface 176 and the suction surface 178). The mean
vanelet sectional line 186 illustrates the curved profile of the
vanelet 134. Specifically, a leading edge tangent line 188
extends from the leading edge 156 and is tangent to the mean
vanelet sectional line 186 at the leading edge 156. Similarly,
atrailing edge tangent line 190 extends from the trailing edge
158 and is tangent to the mean vanelet sectional line 186 at the
trailing edge 158. A curvature angle 192 is formed at the
intersection between the tangent line 188 and tangent line
190. As illustrated, the larger the curvature of the vanelet 134,
the larger the curvature angle 192. Therefore, the angle 192
provides an effective measurement of the curvature of the
vanelet 134. The curvature angle 192 may be selected to
provide an efficient conversion from dynamic head to pres-
sure head based on flow properties from the impeller 12. In
addition, the curvature angle 192 may be selected to redirect
fluid flow near an adjacent vane 40 to decrease an incidence
angle between the fluid flow and the leading edge of the vane
40. As will be appreciated, such a configuration may increase
the efficiency of diffuser configurations which employ both
vanes 40 and vanelets 134-154. For example, the curvature
angle 192 may be greater than approximately 0, 5, 10, 15, 20,
25, 30, or more degrees.

[0066] The curvature angle 192, the radius of curvature 182
of the leading edge 156, the radius of curvature 184 of the
trailing edge 158 and/or the length 164 may vary along the
span 48 of the vanelet 134. Specifically, each of the above
parameters may be particularly selected for each axial cross
section based on computed flow properties at the correspond-
ing axial location. In this manner, a three-dimensional vanelet
134 (i.e., a vanelet 134 having a variable cross section geom-
etry or profile) may be constructed that provides increased
efficiency compared to a two-dimensional vane (i.e., a vane
having a constant cross section geometry).

[0067] FIG. 14 is a cross section of the exemplary diffuser
vanelet 134, taken along line 14-14 of FIG. 12. As illustrated,
the profile of the vanelet 134 has been altered to coincide with
the flow properties at the axial location corresponding to the
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present section. For example, the meridional length 194 of the
present section may vary from the length 164 of the vanelet tip
160. Similarly, a radius of curvature 196 of the leading edge
156, a radius of curvature 198 of the trailing edge 158, and/or
the curvature angle 200 may vary between the illustrated
section and the section shown in FIG. 13. For example, the
radius of curvature 196 of the leading edge 156 may be
particularly selected to reduce the incidence angle between
the fluid flow from the impeller 12 and the leading edge 156.
As previously discussed, the angle of the fluid flow from the
impeller 12 may vary along the axial direction 20. Because
the present embodiment facilitates selection of a radius of
curvature 196 at each axial position (i.e., position along the
axial direction 20), the incidence angle may be substantially
reduced along the span 48 of the vanelet 134, thereby increas-
ing the efficiency of the vanelet 134 compared to configura-
tions in which the radius of curvature 196 of the leading edge
156 remains substantially constant throughout the span 48. In
addition, because the velocity of the fluid flow from the
impeller 12 may vary in the axial direction 20, adjusting the
radii of curvature 196 and 198, the length 194, curvature angle
200, or other parameters for each axial section of the vanelet
134 may facilitate increased efficiency of the entire diffuser
24. For example, in configurations which employ both vanes
40 and vanelets 134-154, the parameters of each axial section
may be particularly configured to redirect fluid flow near an
adjacent vane 40, thereby reducing an incidence angle
between the fluid flow and a leading edge of the vane. As will
be appreciated, adjusting flow to match the angle of the vane
40 increases efficiency of the vane 40, which may result in an
overall increase in diffuser efficiency.

[0068] FIG. 15 is a cross section of the exemplary diffuser
vanelet 134, taken along line 15-15 of FIG. 12. Similar to the
section of FIG. 14, the profile of the present section is con-
figured to match the flow properties at the corresponding axial
location. Specifically, the present section includes a meridi-
onal length 202 that may vary from the lengths 164 and 194 of
the sections shown in FIG. 13 and FIG. 14. In addition, a
radius of curvature 204 of the leading edge 156, a radius of
curvature 206 of the trailing edge 158, and a curvature angle
208 may also be particularly configured for the flow proper-
ties (e.g., velocity, incidence angle, etc.) at the present axial
location. As previously discussed, the variation in vane pro-
file along the axial direction establishes a three-dimensional
vanelet 134 substantially configured to match the flow field
from the impeller 12. Consequently, the present configuration
may provide increased diffuser efficiency compared to
embodiments employing two-dimensional vanelets and no
vanes. In certain embodiments, the vanelets 134-154 may be
configured to redirect the flow from the impeller 12 to reduce
the incidence angle between the fluid flow and the leading
edge 52 of the vane 40, thereby increasing diffuser efficiency.

[0069] FIG. 16 is an axial view of a further embodiment of
the diffuser, in which the vanelets are arranged in a non-
periodic configuration and have a profile that remains con-
stant along the axial direction. Because the vanelet profile
does not vary along the axial direction, the presently illus-
trated vanelets may be considered two-dimensional. As illus-
trated, the present embodiment employs vanes 40 having a
three-dimensional shape. However, it should be appreciated
that alternative embodiments may include two-dimensional
vanes, or a combination of two-dimensional and three-dimen-
sional vanes 40. Similar to the three-dimensional vanelets
described above, the two-dimensional vanelets of the present
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embodiment are configured to redirect fluid flow from the
impeller 12, thereby reducing an incidence angle between the
fluid flow and a leading edge of an adjacent vane 40. As
previously discussed, reducing the incidence angle associ-
ated with each vane 40 increases the overall efficiency of the
diffuser 24.

[0070] Similar to the non-periodic configuration described
above with regard to FIG. 11, the present diffuser 24 includes
vanelets 210,212, 214, 216, 218, 220,222, 224,226, 228 and
230 arranged in a non-periodic (e.g., an asymmetrical) pattern
along the circumferential direction 16. As previously dis-
cussed, any set of vanelets that does not meet the circumfer-
entially symmetric transformation requirement described
above is considered to be non-periodic. To illustrate the
nature of the non-periodic (e.g., an asymmetrical) pattern
illustrated in FIG. 16, reference points L, M, N, O, P, Q, R, S,
T, U and V are located at equally spaced circumferential
locations around the shroud-side mounting surface 34. As
illustrated, the diffuser 24 includes 11 vanelets 210-230. As
such, the reference points L, M, N, O, P, Q,R, S, T, Uand V
are equally spaced at arc angles ® of 32.73 degrees (e.g.,
360.0 degrees divided by 11).

[0071] Each of the illustrated vanelets 210, 212, 214, 216,
218,220,222,224,226,228 and 230 are generally associated
with one of the reference points L, M, N, O, P, Q, R, S, T, U
and V (e.g., vanelet 210 with reference point L, vanelet 212
with reference point M, vanelet 214 with reference point N,
vanelet 216 with reference point O, vanelet 218 with refer-
ence point P, vanelet 220 with reference point Q, vanelet 222
with reference point R, vanelet 224 with reference point S,
vanelet 226 with reference point T, vanelet 228 with reference
point U and vanelet 230 with reference point V). The refer-
ence points L, M, N, O, P, Q, R, S, T, U and V are used to
illustrate how the shape, orientation, and/or location of the
vanelets 210-230 may change from vanelet to vanelet along
the circumferential direction 16 of the shroud-side mounting
surface 34.

[0072] More specifically, as described above, in order to be
considered a periodic (e.g., symmetrical) arrangement of
vanelets, for every point that lies within the two-dimensional
domain of a vanelet (e.g., a reference vanelet 210) reference
plane, the rotation of the point by 32.73 degrees, 65.46
degrees, 98.19 degrees, 130.92 degrees, 163.65 degrees, 196.
38 degrees, 229.11 degrees, 261.84 degrees, 294.57 and 327.
30degrees (e.g., integer multiples of 360.0 degrees divided by
11, or 32.73 degrees) would yield a point that lies within the
two-dimensional domain of the reference plane of the other
vanelets 212, 214, 216, 218, 220, 222,224, 226, 228 and 230.
However, as illustrated, reference points M, N, O, P, Q, R, S,
T, U and V, which correspond to reference point A rotated
through arc angles of 32.73 degrees, 65.46 degrees, 98.19
degrees, 130.92 degrees, 163.65 degrees, 196.38 degrees,
229.11 degrees, 261.84 degrees, 294.57 and 327.30 degrees,
do not all lie within the two-dimensional domain of the ref-
erence plane for the other vanelets 212, 214, 216, 218, 220,
222,224,226, 228 and 230. For example, reference point V
does not even lie within the corresponding vanelet 230. As
such, the vanelets 210-230 are arranged in a non-periodic
configuration within the diffuser 24.

[0073] FIG. 17 is a meridional view of the diffuser, taken
along line 17-17 of FIG. 16, depicting a diffuser vanelet
profile. In contrast to the diffuser 24 of FIG. 11, the vanelets
210-230 of the present diffuser 24 include cross-sectional
profiles that remain constant along the axial direction 20,
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thereby establishing a two-dimensional shape. Each vanelet
210-230 extends along the axial direction 20 from the shroud-
side mounting surface 34 toward the hub-side mounting sur-
face 36. As previously discussed, the axial extent or span 48 of
the vanelets 210-230 is less than the axial extent 46 of the
diffuser flow path 32. Furthermore, while an exemplary vane-
let 210 is shown extending from the shroud-side mounting
surface 34, it should be appreciated that alternative embodi-
ments may include vanelets which extend from the hub-side
mounting surface 36. In further embodiments, a diffuser may
include vanelets extending from both the shroud-side mount-
ing surface 34 and the hub-side mounting surface 36. While
the discussion below describes the shape of an exemplary
vanelet 210 of the diffuser 24 shown in FIG. 16, it should be
appreciated that the other vanelets 212-230 may have a simi-
lar shape. However, in certain configurations, the shape of the
vanelets 210-230 may vary based on circumferential position
of the respective vanelet.

[0074] As illustrated, the span 48 is defined by a vanelet tip
236 on the hub side and a vanelet root 238 on the shroud side.
As discussed in detail below, a meridional length of the vane-
let 210 does not vary along the span 48 because the vanelet is
two-dimensional. The meridional length is the distance
between the leading edge 232 and the trailing edge 234 at a
particular axial position along the vanelet 210. In the present
embodiment, the length of the vanelet 210 remains constant.
For example, a meridional length 240 of the vanelet tip 236 is
substantially the same as a meridional length 242 of the
vanelet root 238.

[0075] Inaddition, a circumferential position (i.e., position
along the circumferential direction 16) of the leading edge
232 and/or trailing edge 234 does not vary along the span 48
of'the vanelet 210. As illustrated, a reference line 244 extends
from the vanelet root 238 to the hub side axial extent of the
vanelet 210. The circumferential position of the leading edge
232 along the span 48 is offset from the reference line 244 by
a constant distance 246. Similarly, a circumferential position
of'the trailing edge 234 does not vary along the span 48 of the
vanelet 210. As illustrated, a reference line 248 extends from
the vanelet tip 236 toward the shroud-side mounting surface
34 along the axial direction 20. The circumferential position
of the trailing edge 234 along the span 48 is offset from the
reference line 248 by a constant distance 250. Because the
length and the circumferential position of the leading edge
232 and trailing edge 234 remain substantially constant, the
design and manufacturing costs associated with vanelet pro-
duction may be substantially less than the three-dimensional
configurations described above. Furthermore, such two-di-
mensional vanelets 210-230 may provide increased diffuser
efficiency by redirecting fluid flow near an adjacent vane 40,
thereby decreasing the incidence angle between the vane 40
and the fluid flow.

[0076] FIG. 18 is a top view of the exemplary diffuser
vanelet 210, taken along line 18-18 of FIG. 17. As previously
discussed, a profile of the vanelet 210 remains constant along
the axial direction 20, thereby establishing a two-dimensional
vanelet shape. For example, as previously discussed, the
meridional length may be the same for each axial position
(i.e., position along the axial direction 20) of the vanelet 210.
As illustrated, the leading edge 232 and/or the trailing edge
234 include a curved profile at the tip of the respective edge.
Specifically, a tip of the leading edge 232 may include a
curved profile having a radius of curvature 256 configured to
direct fluid flow around the leading edge 232. Similarly, a
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radius of curvature 258 of a tip of the trailing edge 234 may be
selected based on computed flow properties at the trailing
edge 234. In certain configurations, the radius of curvature
256 of the leading edge 232 may be larger than the radius of
curvature 258 of the trailing edge 234. In alternative configu-
rations, the radius of curvature 256 of the leading edge 232
may be smaller than the radius of curvature 258 of the trailing
edge 234.

[0077] Another vane property that may affect fluid flow
through the diffuser 24 is the curvature of the vanelet 210. As
illustrated, a mean vanelet sectional line 260 extends from the
leading edge 232 to the trailing edge 234 and defines the
center of the vanelet profile (i.e., the center line between the
pressure surface 252 and the suction surface 254). The mean
vanelet sectional line 260 illustrates the curved profile of the
vanelet 210. Specifically, a leading edge tangent line 262
extends from the leading edge 232 and is tangent to the mean
vanelet sectional line 260 at the leading edge 232. Similarly,
atrailing edge tangent line 264 extends from the trailing edge
232 and is tangent to the mean vanelet sectional line 260 at the
trailing edge 234. An curvature angle 266 is formed at the
intersection between the tangent line 262 and tangent line
264. As illustrated, the larger the curvature of the vanelet 210,
the larger the curvature angle 266. Therefore, the angle 266
provides an effective measurement of the curvature of the
vanelet 210. The curvature angle 266 may be selected to
provide an efficient conversion from dynamic head to pres-
sure head based on flow properties from the impeller 12. In
addition, the curvature angle 266 may be selected to redirect
fluid flow near an adjacent vane 40 to decrease an incidence
angle between the fluid flow and the leading edge of the vane
40. As will be appreciated, such a configuration may increase
the efficiency of the diffuser 24. For example, the curvature
angle 266 may be greater than approximately 0, 5, 10, 15, 20,
25, 30, or more degrees.

[0078] The curvature angle 266, the radius of curvature 256
of the leading edge 232, the radius of curvature 258 of the
trailing edge 234 and the length 240 remain constant along the
span 48 of the vanelet 210. In this manner, a two-dimensional
vanelet 210 (i.e., a vanelet 210 having a constant cross section
geometry or profile) may be constructed that provides
increased efficiency compared to diffuser configurations
without vanelets. As previously discussed, the two-dimen-
sional vanelet configuration may reduce diffuser design and
manufacturing costs, while providing increased diffuser effi-
ciency.

[0079] FIG. 19 is a cross section of the exemplary diffuser
vanelet 210, taken along line 19-19 of FIG. 17. As illustrated,
the profile of the vanelet 210 is substantially the same as the
profile illustrated in FIG. 18. For example, the meridional
length 268 of the present section is equal to the length 240 of
the vanelet tip 236. Similarly, a radius of curvature 270 of the
leading edge 232, a radius of curvature 272 of the trailing
edge 234, and the curvature angle 274 does not vary between
the illustrated section and the section shown in FIG. 18.
Because the profile of the vanelet 210 remains substantially
constant along the axial direction, the vanelet 210 has a two-
dimensional shape. As a result, the vanelets 210-230 may be
less expensive to design and manufacture than three-dimen-
sional vanelet configurations.

[0080] As will be appreciated, the vanelets described above
may be employed within various diffuser configurations. For
example, the diffuser 24 described with reference to FIG. 3
includes periodic, three-dimensional vanes and periodic,
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three-dimensional vanelets. In addition, the diffuser 24
described with reference to FIG. 11 includes non-periodic,
three-dimensional vanelets, and no vanes. Furthermore, the
diffuser 24 described with reference to FIG. 16 includes peri-
odic, three-dimensional vanes and non-periodic, two-dimen-
sional vanelets. As will be appreciated, other combinations of
vanes and vanelets may be employed within other embodi-
ments. For example, certain embodiments may include non-
periodic, two-dimensional vanelets, and no vanes. Further
embodiments may include non-periodic, two-dimensional
vanelets and two-dimensional vanes (either periodic or non-
periodic). Yet further embodiments may include two-dimen-
sional vanes (either periodic or non-periodic) and three-di-
mensional vanelets (either periodic or non-periodic). Other
possible combinations of vanes and vanelets may be
employed in alternative embodiments.

[0081] While the invention may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and have
been described in detail herein. However, it should be under-
stood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to coverall
modifications, equivalents, and alternatives falling within the
spirit and scope of the invention as defined by the following
appended claims.

1. A system comprising:

a centrifugal compressor diffuser comprising:

a flow path having a first surface and a second surface
defining opposite axial sides of the flow path;

aplurality of vanes extending from the first surface to the
second surface of the flow path, wherein a first profile
of each vane varies along an axial direction; and

a plurality of vanelets extending from the first surface
toward the second surface in the axial direction,
wherein a first axial extent of each vanelet is less than
a second axial extent of the flow path, and wherein a
second profile of each vanelet varies along the axial
direction, the plurality of vanelets form a non-peri-
odic pattern around a circumference of the flow path,
or a combination thereof.

2. The system of claim 1, wherein the first surface com-
prises a shroud-side mounting surface.

3. The system of claim 1, wherein the first axial extent of
each vanelet is less than approximately 25 percent of the
second axial extent of the flow path.

4. The system of claim 1, wherein the second profile of
each vanelet varies along the axial direction, and the plurality
of'vanelets form the non-periodic pattern around the circum-
ference of the flow path.

5. The system of claim 1, wherein a first radius of curvature
of a leading edge, a second radius of curvature of a trailing
edge, a curvature angle, a meridional length, or a combination
thereof, of each vanelet varies along the axial direction.

6. The system of claim 1, wherein a first total number of
vanelets is equal to a second total number of vanes.

7. The system of claim 1, wherein each vanelet is circum-
ferentially disposed between each pair of adjacent vanes.

8. The system of claim 1, wherein at least a portion of the
plurality of vanelets is configured to vary fluid flow adjacent
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to at least one vane to reduce an incidence angle between the
fluid flow and a leading edge of the at least one vane.
9. The system of claim 1, comprising a centrifugal com-
pressor having the centrifugal compressor diffuser.
10. A system comprising:
a centrifugal compressor diffuser vanelet having a first
axial extent less than a second axial extent of a diffuser
flow path, wherein a profile of the centrifugal compres-
sor diffuser vanelet varies along an axial direction.
11. The system of claim 10, wherein the first axial extent of
the centrifugal compressor diffuser vanelet is less than
approximately 25 percent of the second axial extent of the
flow path.
12. The system of claim 10, wherein a first radius of cur-
vature of a leading edge, a second radius of curvature of a
trailing edge, a curvature angle, a meridional length, or a
combination thereof, of the centrifugal compressor diffuser
vanelet varies along the axial direction.
13. The system of claim 10, comprising a centrifugal com-
pressor diffuser including a plurality of centrifugal compres-
sor diffuser vanelets disposed about the flow path in an annual
arrangement.
14. The system of claim 13, wherein the plurality of cen-
trifugal compressor diffuser vanelets form a non-periodic
pattern around a circumference of the flow path.
15. A system comprising:
a centrifugal compressor diffuser comprising:
a flow path having a first surface and a second surface
defining opposite axial sides of the flow path; and
aplurality of vanes extending from the first surface to the
second surface of the flow path, wherein a first profile
of each vane varies along an axial direction; and

a plurality of vanelets extending from the first surface
toward the second surface in the axial direction,
wherein a first axial extent of each vanelet is less than
a second axial extent of the flow path, and wherein the
plurality of vanelets form a non-periodic pattern
around a circumference of the flow path.

16. The system of claim 15, wherein the non-periodic
pattern comprises an asymmetrical geometry, an asymmetri-
cal orientation, or a combination thereof.

17. The system of claim 16, wherein the non-periodic
pattern comprises the asymmetrical geometry, and wherein
the asymmetrical geometry comprises a change in meridional
length, a change in curvature angle, a change in angular
orientation with respect to a circumferential axis, or a com-
bination thereof, from a first vanelet to a second vanelet.

18. The system of claim 16, wherein the non-periodic
pattern comprises the asymmetrical orientation, and wherein
the asymmetrical orientation comprises a change in radial
location, a change in circumferential location with respect to
equally spaced reference points, or a combination thereof,
from a first vanelet to a second vanelet.

19. The system of claim 15, wherein the first axial extent of
each vanelet is less than approximately 25 percent of the
second axial extent of the flow path.

20. The system of claim 15, wherein a second profile of
each vanelet varies along the axial direction.
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