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ABSTRACT

A compressor diffuser for a gas turbine engine which includes at least one diffuser pipe
having a tubular body with an inner surface defining an internal flow passage extending
therethrough. The tubular body includes a first portion that extends in a first direction
and defines a throat therein, a second portion that extends in a second direction different
from the first direction, and a curved portion fluidly linking the first portion and the second
portion. A plurality of vortex generators are disposed within the diffuser pipe and extend
from the inner surface into the internal flow passage. The vortex generators are
disposed downstream of the throat in the first portion of the diffuser pipe and upstream
of the curved portion. In operation, the vortex generators engage fluid flow in the

internal flow passage to generate downstream vortices.
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DIFFUSER PIPE WITH VORTEX GENERATORS

TECHNICAL FIELD

[0001]  The application relates generally to gas turbine engines and, more particularly,

to compressor diffusers for gas turbine engines.

BACKGROUND

[0002] Diffuser pipes are provided in certain gas turbine engines for directing flow of
compressed air from an impeller of a centrifugal compressor to an annular chamber
containing the combustor, while diffusing the high speed air. These diffuser pipes are
typically circumferentially arranged around a periphery of the impeller, and are designed
to transform kinetic energy of the flow into pressure energy. Diffuser pipes may provide
a uniform exit flow with minimal distortion, because this is preferable for flame stability,

low combustor loss, reduced hot spots etc.

[0003] While longer diffuser pipes may accomplish better flow diffusion, spatial
constraints of the gas turbine engine may restrict the possible practical length of such
diffuser pipes. Large flow diffusion in diffuser pipes over insufficient pipe length may
result in thick and weak boundary layer buildup on the wall of the diffuser pipe. To
compensate for a shorter length, many diffuser pipes have a tight bend formed along
their length. Turbulence and other non-streamline behavior of the flow at the bend may
however lead to pressure losses and decreased efficiency of the diffuser pipe, and

therefore of the compressor.

SUMMARY

[0004] There is therefore provided a compressor diffuser for a gas turbine engine
comprising: at least one diffuser pipe having a tubular body with an inner surface
defining an internal flow passage extending therethrough, the tubular body including a
first portion extending in a first direction and defining a throat therein, a second portion
extending in a second direction different from the first direction, and a curved portion
fluidly linking the first portion and the second portion; and a plurality of vortex generators
extending from the inner surface of the at least one diffuser pipe into the internal flow
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passage thereof, the vortex generators being disposed downstream of the throat in the
first portion of the at least one diffuser pipe and upstream of the curved portion thereof,
the vortex generators in operation engaging fluid flow in the internal flow passage to

generate downstream vortices.

[0005] There is also provided a method for diffusing fluid flow in a compressor,
comprising: conveying the fluid flow through a diverging internal flow passage of a
compressor diffuser, the internal flow passage including a throat and at least one curved
portion; and generating vortices in the fluid flow within the internal flow passage

downstream of the throat and upstream of the at least one curved portion.

[0006] There is further provided a centrifugal compressor, comprising: an impeller
having an inner hub with a plurality of vanes extending therefrom, the impeller being
rotatable within an outer shroud about a central longitudinal axis, the impeller having a
radial impeller outlet; and a diffuser configured to diffuse gas received from the impeller
outlet, the diffuser comprising: a plurality of diffuser pipes each having a tubular body
with an inner surface defining an internal flow passage extending therethrough, the
tubular body including a first portion extending in a first direction, a second portion
extending in a second direction different from the first direction, and a curved portion
fluidly linking the first portion and the second portion, the first portion of the tubular body
defining a throat therein; and a plurality of vortex generators extending from the inner
surface of each diffuser pipe into the internal flow passage thereof and positioned
downstream of the throat, each vortex generator in operation engaging gas in the

internal flow passage to generate downstream vortices.
DESCRIPTION OF THE DRAWINGS
[0007] Reference is now made to the accompanying figures in which:

[0008] Fig. 1 is a cross-sectional view of a gas turbine engine;

[0009] Fig. 2 is a perspective view of a centrifugal compressor for the gas turbine of
Fig. 1, the centrifugal compressor including an impeller and a corresponding plurality of
radially disposed diffuser pipes extending downstream of the impeller; Fig. 3 is a
partially-sectioned perspective view of a diffuser pipe of the compressor of Fig. 2, the
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diffuser pipe having vortex generators according to an embodiment of the present
disclosure; Fig. 4 is a side perspective view of the diffuser pipe of Fig. 3, shown at least
partially transparent for illustration purposes with shading to depict streamlines of fluid

flow therethrough;

[0012] Fig. BA is a schematic view of vortex generators generating co-rotating

downstream vortices; and

[0013] Fig. 5B is another schematic view of vortex generators generating counter-

rotating vortices.

DETAILED DESCRIPTION

[0001] Fig. 1 illustrates a gas turbine engine 10 of a type preferably provided for use
in subsonic flight, generally comprising in serial flow communication along an engine
axis 11: a fan 12 through which ambient air is propelled, a compressor section 14 for
pressurizing the air, a combustor 16 in which the compressed air is mixed with fuel and
ignited for generating an annular stream of hot combustion gases, and a turbine section
18 for extracting energy from the combustion gases. The compressor section 14 may
include a plurality of stators 13 and rotors 15 (only one stator 13 and rotor 15 being

shown in FIG. 1), and it may include a centrifugal compressor 19.

[0002] The centrifugal compressor 19 of the compressor section 14 includes an
impeller 17 and a plurality of diffuser pipes 20, which are located downstream of the
impeller 17 and circumferentially disposed about a periphery of the exit of the impeller
17. The diffuser pipes 20 convert high kinetic energy at the impeller 17 exit to static
pressure by slowing down fluid flow exiting the impeller. The diffuser pipes 20 may also
redirect the air flow from a radial orientation to an axial orientation (i.e. aligned with the
engine axis 11). In most cases, the Mach number of the flow entering the diffuser pipe
20 may be at or near sonic, while the Mach number exiting the diffuser pipe 20 may be
in the range of 0.2-0.25 to enable stable air/fuel mixing, and light/re-light in the

combustor 16.

[0003] Turning now to Fig. 2, the centrifugal compressor 19 of the gas turbine engine

10 includes generally an impeller 17 and a plurality of diffuser pipes 20, also referred to
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as “fishtail diffuser pipes”, which extend about the periphery of the exit of the impeller 17

and extend at least partially downstream therefrom.

[0004] Each of the diffuser pipes 20 includes a diverging (in a downstream direction)
tubular body 22. This tubular body 22 of the diffuser pipes 20 may be formed, in one
embodiment, of sheet metal. The enclosed tubular body 22 defines an internal flow
passage 29 (seen in Fig. 3) extending the length of the diffuser pipe 20 and through

which the compressed fluid flow is conveyed.

[0005] As seen in both Figs. 2 and 3, the tubular body 22 includes a first portion 24
extending generally tangentially and radially from the periphery of the impeller 17. An
open end is provided at an upstream end of the tubular body 22 and forms an inlet 23 of
the diffuser pipe 20. The first portion 24 is inclined at an angle 61 relative to a radial axis
R. The angle 81 may be at least partially tangential, or even substantially tangentially,
and may further correspond to a direction of the fluid flow at the exit of the blades of the
impeller 17, such as to facilitate transition of the flow from the impeller 17 to the diffuser
pipes 20. The first portion 24 of the tubular body 22 can alternatively extend more

substantially along the radial axis R.

[0006] The tubular body 22 of the diffuser pipes 20 also includes a second portion 26,
which is disposed generally axially and is connected to the first portion 24 by an out-of-
plane curved portion 28 or "bend". An open end at the downstream end of the second
portion 26 forms an outlet of the diffuser pipe 20. Preferably, but not necessarily, the first
portion 24 and the second portion 26 of the diffuser pipes 20 are integrally formed
together and extend substantially uninterrupted between each other, via the curved,
bend, portion 28.

[0007] The large swirl of the flow exiting the impeller 17, and therefore entering the
first portion 24 of each of the diffuser pipes 20, may be removed by shaping the diffuser
pipe 20 with the curved portion 28, such that the flow is redirected axially before exiting
to the combustor. For a given impeller 17 exit Mach number and swirl of the flow, the
effectiveness of a diffuser pipe may be dependent upon its length. For a fishtail pipe type
diffuser, such as the one described herein, the greater its length the easier it is for the

pipe to diffuse flow efficiently without, or with only minimal, flow separation at the curved
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portion 28. Effective length can be obtained by extending the pipe radially, axially, or
both. Longer diffuser pipes are however less desirable, in that they may potentially
increase both the weight and the size of the engine. In addition, a required gap between
the outlet of each diffuser pipe 20 and the location of the combustor fuel nozzles is
another constraint that may place physical restrictions on radial/axial extension of the
diffuser pipes 20. As a result, the diffuser pipe 20 may be designed to have a tight 90

degree bend in the curved portion 28 to compensate for its reduced length.

[0008] Referring now to Fig. 3, the tubular body 22 of each diffuser pipe 20 has a
radially inner wall 28a and a radially outer wall 28b, which meet to form an enclosed
internal fluid passage 29 extending through the length of the tubular body 22. The
radially inner and outer walls 28a,28b form part of an inner surface 21 of each diffuser
pipe 20. The radially inner wall 28a corresponds to the wall of the tubular body 22 that
has the smallest turning radius at the curved portion 28, whereas the radially outer wall
28b corresponds to the wall of the tubular body 22 that has the largest turning radius at

the curved portion 28.

[0009] As noted above, and as can be seen in Fig. 3, the tubular body 22 diverges in
the direction 27 of the fluid flow F therethrough, in that the internal fluid passage 29
defined within the tubular body 22 increases in cross-sectional area along its length
which extends between an inlet 23 and an outlet 25 thereof. This increase in cross-
sectional area of the internal fluid passage 29 through each diffuser pipe 20 may be
continuous along the complete length of the tubular body 22 or the cross-sectional area
of the internal fluid passage 29 may increase in gradual increments along the tube
length. In the depicted embodiment, the cross-sectional area of the inner fluid passage
29 defined within the tubular body 22 increases gradually and continuously along its
length, from the inlet 23 to the outlet 25. The first portion 24 may have a generally
circular cross-sectional shape, while the second portion 26 may have a flattened oval (or
oblong) cross-sectional shape. Other types of cross-sections for the first portion 24 and

the second portion 26 are however also within the scope of the present disclosure.

[0014]  The first portion 24 is an upstream portion of each diffuser pipe 20 which

receives the fluid flow F first from the exit of the impeller. The first portion 24 typically
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has a smaller cross-sectional area along its length than that of the curved and second
portions 28,26. Each diffuser pipe 20 defines and contains therein a throat 30 located at
a point between the inlet 23 and the outlet 25 of the diffuser pipe 20. More particularly,
however, the throat 30 is located in the first portion 24 of the diffuser pipe 20,
downstream of the inlet 23 and upstream of the curved portion or bend 28. The precise
location of the throat 30 within the first portion 24 can be determined using the measured
flow characteristics of the fluid flow F within the diffuser pipe 20, or can correspond to
the part of the diffuser pipe 20 having the smallest cross-sectional area. In the former
case, the throat 30 is referred to as the “aerodynamic throat”, and in the latter case, the
throat 30 is referred to as the “geometric throat’. It is understood, however, that the
aerodynamic throat may not necessarily occur at the same point as the geometric throat.
For the geometric throat 30, each diffuser pipe 20 expands in cross-sectional area along
its length from the relatively small cross-sectional area of the geometric throat 30,
thereby helping to diffuse the main gas flow as it is conveyed through the diffuser pipe
20.

[0015]  The location of the aerodynamic throat 30 of the diffuser pipe 20 within the first
portion 24 can vary depending on numerous factors such as the flow conditions of the
fluid flow F in the diffuser pipe 20, the geometry of the diffuser pipe 20, and the flow
conditions upstream and/or downstream of the diffuser pipe 20. For most applications,
the location of the aerodynamic throat 30 within the first portion 24 can be suitably
approximated for a given range of operating conditions of the compressor using fluid
dynamic analysis, and is approximately the same as the |ocation of the geometric throat
30 within the first portion 24.

[0010]  Still referring to Fig. 3, each diffuser pipe 20 has one or more vortex
generators 40. Each vortex generator 40 is located within a the internal flow passage 29
of a corresponding diffuser pipe 20 and engages the fluid flow F to produce vortices 46
in the flow downstream of the vortex generator 40 in question. More particularly, the
vortex generators 40 provide a swirling flow mixing action that trails downstream of the
vortex generator 40. The vortex generators 40 therefore contribute to enhancing mixing
between the boundary layer of the fluid flow F and the main fluid flow F, thereby helping

to provide a fuller boundary layer flow. This in turn provides more resistance to flow
CAN_DMS: \36273481\5 6



CA 02937298 2016-07-27

separation, thereby contributing to improving pipe performance and flow range. As such,
the vortex generators 40 can be any object or device capable of such functionality, and
are referred to herein for the sake of brevity as “vortex generators 40", or simply, “VGs
40",

[0011] Each VG 40 is disposed on the inner surface 21 of the pipe and projects away
therefrom into the internal flow passage 29 and therefore into the fluid flow F. In at least
one embodiment, a circumferential row of VGs 40 is provided, in which the individual
VGs 40 are circumferentially spaced apart from one another about the internal
circumference on the inner surface 21. In some embodiments, the VGs 40 may be
spaced apart along the length of the diffuser pipe 20 as well, and therefore a given set of
VGs 40 may not necessarily extend circumferentially about the inner surface 21 of the

pipe 20.

[0012] It has been found that the curvature of the curved portion 28 of the diffuser
pipe 20 may cause the flow to detach from the internal surfaces of the inner and/or outer
walls 28a,28b, which can result in pressure losses and non-uniform flow at the outlet 25
of the diffuser pipe 20. Mixing losses may also occur and negative effect overall diffuser
performance. Such flow separation in the diffuser pipe 20, beginning at the curved
portion 28, may not only be potentially detrimental to the performance and operability of
the compressor section, but also to its structural integrity as flow separation can be
destructive in nature and can lead to premature pipe breakage, fatigue, cracking, noise,

flame instability etc.

[0013] In order to at least partially address these issues, the VGs 40 of the present
disclosure are positioned within at least the first portion 24 of the diffuser pipe 20, and
more particularly the VGs 40 are located on the inner surface 21 downstream of the
throat 30 and upstream of the curved portion 28 of the diffuser pipe 20. This positions
the VGs 40 downstream of the fastest moving fluid flow F, which typically occurs at, or in
close proximity to, the throat 30. The VGs 40 are therefore positioned in the first portion
24 of the passage where the fluid flow F has a lower Mach number, which allows the
VGs 40 to generate vortices 46 without incurring high mixing losses. The positioning of
the VGs 40 upstream of the bend of the curved portion 28 also allows them to energise

CAN_DMS: \36273481\5 7



CA 02937298 2016-07-27

the boundary layer of the fluid flow F prior to flow turning at the bend, where flow
separation is known to occur. Therefore, the positioning of the VGs 40 downstream of
the throat 30 and upstream of the curved portion 28 allows them to energise the
boundary layer to delay or reduce flow separation in the fluid flow F without incurring

large mixing losses.

[0014] The presence of the VGs 40 in the diffuser pipe 20 of the present disclosure
upstream of the curved portion 28 may therefore relieve the pressure gradient at the
curved portion 28, and help to reduce the occurrence of flow separation downstream of
the curved portion 28 of the diffuser pipe 20. This may accordingly help reduce
aerodynamic pipe losses and may therefore contribute to improved overall compressor

performance (e.g. stall enhancement, improved efficiency ) and range.

[0015] The number, arrangement, location, and shape of the VGs 40 can vary, the
various configurations all being within the scope of the present disclosure. In the
embodiment of Fig. 3, some of the VGs 40 can be arranged along the inner surface 21
to form a first circumferential row 42 of VGs 40. In one possible embodiment, a second
row of optional VGs 40 can be arranged downstream of the first circumferential row 42.
More particularly, in this embodiment, a second circumferential row 44 of VGs 40 is
positioned along the inner surface 21 of each diffuser pipe 20 within the second portion
26 of each diffuser pipe 20. The VGs 40 of the second circumferential row 44 may be
positioned along a circumferential extent of the inner surface 21 corresponding to a
radially outer portion of the inner surface 21. It is understood that the Mach number of
the fluid flow F decreases in the direction 27 of fiuid flow F, and is lowest near the outlet
25 of each diffuser pipe 20. Positioning the second set or row 44 of VGs 40 at this
downstream location, just upstream of the pipe outlet 25, may therefore allow vortices 46
to be generated without incurring significant mixing losses. Three or more circumferential
rows of VGs 40 are also within the scope of the present disclosure, as are alternate
configurations and arrangements so VGs 40 which are not disposed in circumferential

rows.

[0016] The extent of the first and second circumferential rows 42,44 can vary. In the
depicted embodiment, each of the VGs 40 of the first circumferential row 42 are

CAN_DMS: \36273481\5 8
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disposed on the inner surface 21 along the full circumference of the first portion 24 at the
location of the first circumferential row 42. Alternatively, each of the VGs 40 of the first
circumferential row 42 may be disposed on the inner surface 21 along only a portion of
the full circumference of the first portion 24 at the location of the first circumferential row
42. For example, the VGs 40 of the first circumferential row 42 may be disposed along a
circumferential extent of the inner surface 21 corresponding to the radially inner wall 28a
of the inner surface 21. This partial arrangement of VGs 40 may be suitable, for
example, in those diffuser pipes 20 where it is desirable to energize the boundary layer
of the fluid flow F along only a portion of the diffuser pipe 20, such as its radially inner
wall 28a. The VGs 40 of the second circumferential row 44 may be similarly disposed
along the circumference of the inner surface 21. In one embodiment, some or all of the
VGs 40 of the first circumferential row 42 are disposed along the radially inner wall 28a,
and some or all of the VGs 40 of the second circumferential row 44 are disposed along
the radially outer wall 28b. This arrangement of VGs 40 of the first circumferential row 42
may contribute to energizing the boundary layer of the fluid flow F along the surface of
the diffuser pipe 20 where flow separation is most likely to occur. This arrangement of
the VGs 40 of the second circumferential row 44 may contribute to straightening the fluid

flow F prior to exiting the diffuser pipe 20 at the outlet 25.

[0017] The location of the VGs 40 of the first circumferential row 42 within the first
portion 24 can be closer to the curved portion 28 than to the throat 30. More particularly,
the VGs 40 of the first circumferential row 42 may be disposed in the first portion 24 at
distance upstream from the curved portion 28 that is substantially equal to, or less than,
one multiple of the diameter of the diffuser pipe 20 at an inlet to the curved portion 28.
This positions the VGs 40 at a downstream distance from the throat 30 where the fluid
flow F has already undergone some diffusion and thus has a lower Mach number. The
mixing losses caused by the VGs 40 are therefore diminished at this location. This also
positions the VGs 40 sufficiently close to the bend of the curved portion 28 so that they

can energize the boundary layer of the fluid flow F just prior to it turning at the bend.

[0018]  The shape of the VGs 40 may vary depending on the Mach number of the fluid
flow F at the location of the VGs 40 within the diffuser pipe 20, among other possible

factors. For example, there may be an optimal shape for the VGs 40 at each Mach
CAN_DMS: \36273481\5 9
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number, or for a given range of Mach numbers. Each VG 40 may extend into the main
fluid flow F. More particularly, each VG 40 can extend a distance from the inner surface
21 of each diffuser pipe 20 into the internal flow passage 29. The distance each VG 40
extends is the same as, or less than, a thickness of a boundary layer of the fluid flow F
at the [ocation of the VG 40 in question. Still referring to Fig. 3, one or more of the VGs
40 may be oriented with respect to the direction 27 of the fluid flow F. More particularly,
each VG 40 may be oriented at an angle ©ys measured with respect to the direction 27
of the fluid flow F. One possible maximum value for the angle ©, is between + 20° to +
35°. Other angles ©yg are within the scope of the present disclosure, provided that the
selected angle ©y¢ helps to create energizing vortices 46 without imposing high mixing

losses.

[0019] In an embodiment, one or more of the VGs 40 can extend from an outer
surface of the diffuser pipe 20 to act as stiffener to help to strengthen the diffuser pipe
20. The VGs 40 may therefore be used to replace traditional stiffening ribs that are

sometimes stamped on the wall of the diffuser pipes 20.

[0020] Referring to Figs. 5A and 5B, the VGs 40 can produce co-rotating or counter-
rotating downstream vortices 46. Fig. 5A shows a row of single VGs 40, which generate
co-rotating vortices 46, or vortices 46 that swirl in the same rotational direction. Fig. 5B
shows a row of VG 40 pairs. Each VG 40 in the pair generates a vortex 46 that swirls in
a rotational direction opposite to that of the vortex 46 generated by the other VG 40 in
the pair. These VGs 40 are referred to as “counter-rotating” VGs 40.

[0021] Referring to Fig. 3, there is also disclosed a method for diffusing fluid flow F.
The method includes conveying the fluid flow F through a diverging internal flow

passage 29 that has a throat 30 and at least one curved portion 28.

[0022] The method also includes generating vortices 46 in the fluid flow F
downstream of the throat 30 and upstream of the curved portion 28, such as by using
the VGs 40 disclosed herein.

[0023]  The diffusion process causes diffuser pipes 20 to experience adverse pressure
gradients in the direction 27 of fluid flow F, with end wall boundary layer being built up as

the result. The buildup may lead to increased blockage, diminished pressure recovery
CAN_DMS: \36273481\5 10
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and eventually leads to flow separation. The flow separation usually starts at the diffuser
bend in the curved portion 28 where the curvature is at its maximum. The VGs 40
disclosed herein help the fluid flow F to resist flow separation. The VGs 40 contribute to
enhancing mixing between main and boundary flow, helping to produce a fuller/stronger
boundary layer. Stronger boundary layer flow is understood to be more resistant to flow
separation. Velocity streamlines in Fig. 4 show the effect of the VGs 40 disclosed herein
as flow separation is delayed, and less fluid flow F is recirculated back upstream. While
some VG 40 designs show pressure loss due to added skin friction, this can be offset by

the reduction in overall mixing loss.

[0024] A twisted diffuser pipe 20 having VGs 40 downstream of the throat 30 and
upstream of the bend in the diffuser pipe 20 may thus reduce flow variation across the
outlet 25 of the diffuser pipe 20. Improvement to exit flow conditions can potentially lead
to noise reduction, lower vibratory stress, and reduction in pipe length/weight, as well as

in overall engine length.

[0025] The above descriptions are meant to be exemplary only, and one skilled in the
art will recognize that changes may be made to the embodiments described without
departing from the scope of the invention disclosed. Other modifications which fall within
the scope of the present invention will be apparent to those skilled in the art, in light of a
review of this disclosure, and such modifications are intended to fall within the appended

claims.

CAN_DMS: \36273481\5 11
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CLAIMS:

1. A compressor diffuser for a gas turbine engine comprising:

at least one diffuser pipe having a tubular body with an inner surface defining an internal
flow passage extending therethrough, the tubular body including a first portion
extending in a first direction and defining a throat therein, a second portion
extending in a second direction different from the first direction, and a curved
portion fluidly linking the first portion and the second portion; and

a plurality of vortex generators extending from the inner surface of the at least one
diffuser pipe into the internal flow passage thereof, the vortex generators being
disposed downstream of the throat in the first portion of the at least one diffuser
pipe and upstream of the curved portion thereof, the vortex generators in
operation engaging fluid flow in the internal flow passage to generate

downstream vortices.

2. The compressor diffuser of claim 1, wherein at least some of the vortex
generators are spaced apart circumferentially in a first circumferential row along the

inner surface of the first portion of the at least one diffuser pipe.

3. The compressor diffuser of claim 2, wherein the vortex generators of the first
circumferential row are spaced apart circumferentially along a full circumference of the

inner surface at the first circumferential row.
4. The compressor diffuser of claim 2, wherein the vortex generators of the first
circumferential row are spaced apart circumferentially along a portion of a full

circumference of the inner surface at the first circumferential row.

5. The compressor diffuser of claim 4, wherein the vortex generators of the first

circumferential row are disposed on a radially-inner portion of the inner surface.

CAN_DMS: \36273481\ 12
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6. The compressor diffuser of claim 2, wherein the vortex generators of the first
circumferential row are disposed in the at least one diffuser pipe upstream of the curved
portion a distance substantially equal to or less than one diameter of said diffuser pipe at

an inlet to the curved portion.

7. The compressor diffuser of claim 2, further comprising a second circumferential
row of circumferentially spaced-apart vortex generators disposed along the inner surface

of the second portion of the at least one diffuser pipe.

8. The compressor diffuser of claim 7, wherein the inner surface defines a radially
inner and a radially outer wall, the vortex generators of the first circumferential row being
disposed along the radially inner wall, and the vortex generators of the second

circumferential row being disposed along the radially outer wall.

9. The compressor diffuser of claim 1, wherein each vortex generator extends from
the inner surface of the at least one diffuser pipe into the internal flow passage thereof a
distance being substantially equal to or less than a thickness of a boundary layer at a
location of said vortex generator, the boundary layer being formed in operation by fluid

flow in the internal flow passage.

10. The compressor diffuser of claim 1, wherein each vortex generator has an angle

with respect to a direction of the fluid flow, the angle being between 20°-35°.

11. A method for diffusing fluid flow in a compressor, comprising:

conveying the fluid flow through a diverging internal flow passage of a compressor
diffuser, the internal flow passage including a throat and at least one curved
portion; and

generating vortices in the fluid flow within the internal flow passage downstream of the

throat and upstream of the at least one curved portion.

CAN_DMS: \36273481\5 13
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12. The method of claim 11, wherein generating vortices includes generating vortices

at a plurality of circumferentially spaced-apart positions in the internal flow passage.

13. The method of claim 11, wherein generating vortices includes generating vortices
at a distance upstream of the at least one curved portion, the distance being
substantially equal to or less than one diameter of the internal flow passage at an inlet to

the at least one curved portion.

14. The method of claim 11, wherein generating vortices includes generating vortices
at a first location and at a second location within the internal flow passage, the first
location being upstream of the at least one curved portion, and the second location

being within the internal flow passage downstream of the at least one curved portion.

15. A centrifugal compressor, comprising:

an impeller having an inner hub with a plurality of vanes extending therefrom, the
impeller being rotatable within an outer shroud about a central longitudinal axis,
the impeller having a radial impeller outlet; and

a diffuser configured to diffuse gas received from the impeller outlet, the diffuser
comprising:

a plurality of diffuser pipes each having a tubular body with an inner surface
defining an internal flow passage extending therethrough, the tubular
body including a first portion extending in a first direction, a second
portion extending in a second direction different from the first direction,
and a curved portion fluidly linking the first portion and the second portion,
the first portion of the tubular body defining a throat therein; and

a plurality of vortex generators extending from the inner surface of each diffuser
pipe into the internal flow passage thereof and positioned downstream of
the throat, each vortex generator in operation engaging gas in the internal

flow passage to generate downstream vortices.

CAN_DMS: \36273481\5 14
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16. The centrifugal compressor of claim 15, wherein at least some of the vortex
generators are circumferentially spaced apart in a first circumferential row along the
inner surface of the first portion of each diffuser pipe, the vortex generators of the first
circumferential row being circumferentially-spaced apart along at least a portion of a full

circumference of the inner surface at the first circumferential row.

17. The centrifugal compressor of claim 16, wherein the vortex generators of the first
circumferential row are disposed in each diffuser pipe upstream of the curved portion a
distance substantially equal to or less than one diameter of said diffuser pipe at an inlet

to the curved portion.

18. The centrifugal compressor of claim 16, further comprising a second
circumferential row of vortex generators circumferentially spaced apart along the inner

surface of the second portion of each diffuser pipe.

19. The centrifugal compressor of claim 18, wherein the inner surface defines a
radially inner and a radially outer wall, the vortex generators of the first circumferential
row being disposed along the radially inner wall, and the vortex generators of the second

circumferential row being disposed along the radially outer wall.

20. The centrifugal compressor of claim 15, wherein each vortex generator extends
from the inner surface of each diffuser pipe into the internal flow passage thereof a
distance being substantially equal to or less than a boundary layer at a location of said
vortex generator, the boundary layer being formed in operation by the gas in the internal

flow passage.
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