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(54) Aerodynamic Element of Turbine Engine

(57) An aerodynamic element (20) of a turbine en-
gine (10) is provided and includes leading and trailing
edges (21,22) defined with respect to a predominant di-
rection of a flow of working fluid through a pathway (14)
defined through the turbine engine (10), suction and pres-

sure sides (23,24) oppositely extending from the leading
edge (21) to the trailing edge (22) and at least first and
second contour features (32,33) proximate to the leading
edge (21) on the suction side (23). The first and second
contour features (32,33) are substantially aligned along
a spanwise dimension of the aerodynamic element (20).
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Description

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
turbomachines and, more particularly, to turbine engines
having aerodynamic elements configured to provide for
delayed flow separation.
[0002] A typical turbomachine, such as a gas turbine
engine, includes a compressor, a combustor, a turbine
and a diffuser. The compressor compresses inlet air and
the combustor combusts the compressed inlet air along
with fuel. The high energy products of this combustion
are directed toward the turbine where they are expanded
in power generation operations. The diffuser is disposed
downstream from the turbine and serves to reduce the
remaining energy of the combustion products before they
are exhausted to the atmosphere.
[0003] Generally, the diffuser includes an outer wall, a
center body disposed within the outer wall to define an
annular pathway and one or more vanes traversing the
annular pathway. During baseline turbomachine opera-
tions, velocities of the combustion products flowing
through the diffuser are sufficiently high and flow sepa-
ration from the surfaces of the one or more vanes is not
exhibited. However, at part load operations, such as gas
turbine engine start-up or turn-down sequences, the
combustion product velocities are reduced or high angle-
of-attack conditions are in effect and flow separation
tends to occur. This flow separation leads to decreased
performance of the diffuser.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to one aspect of the invention, an aer-
odynamic element of a turbine engine is provided and
includes leading and trailing edges defined with respect
to a predominant direction of a flow of working fluid
through a pathway defined through the turbine engine,
suction and pressure sides oppositely extending from the
leading edge to the trailing edge and at least first and
second contour features proximate to the  leading edge
on the suction side. The first and second contour features
are substantially aligned along a spanwise dimension of
the aerodynamic element.
[0005] According to another aspect of the invention, a
turbine engine through which a pathway is defined is pro-
vided and includes an aerodynamic element disposed to
traverse the pathway, the aerodynamic element includ-
ing leading and trailing edges defined with respect to a
predominant direction of a flow of working fluid through
the pathway and suction and pressure sides oppositely
extending from the leading edge to the trailing edge and
at least first and second contour features proximate to
the leading edge and to one another on the suction side.
The first and second contour features are substantially
aligned along a spanwise dimension of the aerodynamic
element to encourage counter-rotating vortex flows ori-

ented substantially perpendicularly with respect to a main
flow direction along the suction side.
[0006] According to yet another aspect of the invention,
a turbine engine through which a pathway is defined is
provided and includes an aerodynamic element disposed
to traverse the pathway, the aerodynamic element in-
cluding leading and trailing edges defined with respect
to a predominant direction of a flow of working fluid
through the pathway and suction and pressure sides op-
positely extending from the leading edge to the trailing
edge and contour features arrayed proximate to the lead-
ing edge and to one another on the suction side. Each
of the contour features is substantially aligned with an
adjacent contour feature along a spanwise dimension of
the aerodynamic element to encourage counter-rotating
vortex flows oriented substantially perpendicularly with
respect to a main flow direction along the suction side.
[0007] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The subject matter, which is regarded as the
invention, is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features, and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:

FIG. 1 is a side view of a portion of a turbine engine
including an aerodynamic element;

FIG. 2 is a radial view of the aerodynamic element
of FIG. 1 during baseline operations;

FIG. 3 is a radial view of the aerodynamic element
of FIG. 1 during part load operations;

FIG. 4 is an enlarged view of a suction side of the
aerodynamic element of FIG. 1;

FIG. 5 is a radial view of the aerodynamic element
of FIG. 1 in accordance with further embodiments;

FIG. 6 is a radial view of the aerodynamic element
of FIG. 1 in accordance with alternative embodi-
ments; and

FIG. 7 is a side view of a diffuser of a turbine engine
including an aerodynamic element in accordance
with further embodiments.

[0009] The detailed description explains embodiments
of the invention, together with advantages and features,
by way of example with reference to the drawings.
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DETAILED DESCRIPTION OF THE INVENTION

[0010] In accordance with aspects of the invention, de-
layed flow separation in one or more portions of a tur-
bomachine is provided for by the creation of counter-
rotating vortex flows along, for example, a low-pressure
surface (i.e., a suction side) of an airfoil or vane. The
delayed flow separation is particularly useful during rel-
atively high angle-of-attack conditions associated with
turn-down operations of the turbomachine. The delayed
flow separation is facilitated through the addition of con-
tours, such as bumps, protrusions or indentations, to the
low-pressure surface of the airfoil or vane that encourage
tangential counter-rotating vortex flow structures to form
along lines defined perpendicularly with respect to a main
flow direction through the turbomachine of a working flu-
id.
[0011] With reference to FIGS. 1-4, one or more por-
tions of a turbomachine 10, such as a gas turbine engine,
are provided. As an example, the turbomachine 10 por-
tion may be a diffuser section 11 (see FIG. 7), which is
disposed downstream from a turbine section to reduce
a remaining energy of combustion products exiting the
turbine section before they are exhausted to the atmos-
phere. The diffuser section 11 includes an annular outer
wall 12, such as a diffuser casing, and an annular inner
wall 13, which may be provided as an exterior surface of
a center body. The annular inner wall 13 is disposed with-
in the annular outer wall 12 to define an annular pathway
14 through which a working fluid, such as the combustion
products, may be directed (see FIG. 7).
[0012] The diffuser section 11 further includes an aer-
odynamic element 20, such as a diffuser vane, which is
disposed to traverse the annular pathway 14 to thereby
aerodynamically interact with the working fluid. The aer-
odynamic element 20 includes a leading edge 21 defined
with respect to a predominant direction of a flow of the
working fluid through the pathway 14 and a trailing edge
22 defined at an opposite chordal end of the aerodynamic
element 20 from the leading edge 21. The aerodynamic
element 20 further includes a suction side 23 and a pres-
sure side 24, which are disposed on opposite sides of
the aerodynamic element 20 and respectively extend
from the leading edge 21 to the trailing edge 22.
[0013] In accordance with embodiments of the inven-
tion, an array of contour features 30, including individual
contour features 31, is provided on the suction side 23
at a chordal location proximate to the leading edge 21 of
the aerodynamic element 20. Each individual contour
feature 31 is disposed relatively closely to another (i.e.,
adjacent) individual contour feature 31. The array of con-
tour features 30 includes at least a first contour feature
32 and a second contour feature 33 and, in some cases,
additional contour features 34. For purposes of clarity
and brevity, the description below will simply describe a
plurality of contour features 35 that includes the above-
mentioned contour features.
[0014] Each one of the plurality of contour features 35

is substantially aligned with an adjacent one of the plu-
rality of contour features 35 along a spanwise dimension,
DS, of the aerodynamic element 20. This alignment and
the shapes of the plurality of  contour features 35, which
will be described below, encourages the generation of
tangential counter-rotating vortex flows 40 (see FIG. 4)
along the suction side 23 relative to a base flow of the
working fluid that proceeds along a substantially straight
path through the turbomachine 10 in a main flow direction
50 (see FIG. 4). Due to the shapes of the plurality of
contour features 35, the counter-rotating vortex flows 40
may be oriented substantially perpendicularly with re-
spect to the main flow direction 50 of the working fluid.
Thus, the counter-rotating vortex flows 40 combine to
create an enhanced jet of entrained and energized flow
60 along the suction side 23. The entrained and ener-
gized flow 60 (see FIG. 4) maintains boundary layer sta-
bility along the suction side 23 and thereby delays or
prevents flow separation from the suction side 23 in cer-
tain applications, such as those present during high an-
gle-of-attack inlet conditions.
[0015] As shown in FIG. 4, the counter-rotating vortex
flows 40 are defined on either side of each enhanced jet
of entrained and energized flow 60. At various and dis-
crete axial positions, the counter-rotating vortex flows 40
are provided as pairs of flow vortices. Within each indi-
vidual flow vortex, working fluid flows toward a mid-line
of the corresponding contour feature 35 and then away
from the mid-line in an elliptical pattern. The pairs of flow
vortices may propagate in the aft axial direction or be
fixed in the discrete axial positions.
[0016] With reference to FIGS. 2 and 3, a single aer-
odynamic element 20 and a flow of working fluid 200 are
illustrated with the assumption that the illustration is re-
flective of baseline or design point conditions. As shown,
the flow of working fluid 200 has a relatively low angle-
of-attack relative to the leading edge 21 and, therefore,
the flow of working fluid 200 flows around the aerody-
namic element 20 with relatively stable boundary layers
201. During part load conditions associated with, for ex-
ample, turn-down operations of the turbomachine 10, the
flow of working fluid 200 will tend to have a relatively high
angle-of-attack, as shown in FIG. 3. Normally, this would
tend to de-stabilize the boundary layers 201 and lead to
flow separation but, since the suction side 23 is provided
with the plurality of contour features 35, the boundary
layers 201 remain relatively stable. The presence of the
plurality of contour features  35 does not substantially
affect the flow of working fluid 200 around the aerody-
namic element 20 in the case illustrated in FIG. 2.
[0017] Each one of the plurality of contour features 35
may include a protrusion 70 disposed on the suction side
23 of the aerodynamic element 20 at a chordal location
that is proximate to the leading edge 21. As shown in
FIG. 4 and, in accordance with embodiments, each one
of the plurality of contour features 35 may have a sub-
stantially similar teardrop shape 71 with a bulbous, con-
vex front end 710 and a narrowed, concave tail end 711.
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For those cases, where each one of the plurality of con-
tour features 35 has a substantially similar shape as an-
other one of the plurality of contour features 35, the tear-
drop shape 71 causes approaching flows 72 to diverge
over a surface of the protrusion 70 to thereby generate
pairs of converging flows 73 between adjacent protru-
sions 70. With adjacent protrusions 70 being sufficiently
close to one another, the pairs of converging flows 73
interact with one another and with the surrounding flows
to generate the counter-rotating vortex flows 40 that prop-
agate along the suction side 23 to thereby create the
enhanced jet of entrained and energized flow 60 along
the suction side 23.
[0018] While FIGS. 1-4 relate to embodiments in which
each one of the plurality of contour features 35 has a
similar shape, it is to be understood that this is merely
exemplary and that other embodiments exist. For exam-
ple, with reference to FIG. 5, the individual contour fea-
tures 31 of the plurality of contour features 35 may have
steadily varying shapes or sizes along the spanwise di-
mension, DS, of the aerodynamic element 20. This is
illustrated in FIG. 5 with each dotted, dashed or solid line
identifying an individual contour feature 31 having a
unique size at steadily increasing, respective spanwise
locations of the aerodynamic element 20.
[0019] With reference to FIG. 6 and, in accordance with
alternative embodiments, each one of the plurality of con-
tour features 35 may be formed as a depression 80 de-
fined in the suction side 23. For these alternative embod-
iments, it is to be understood that the variations described
above with reference to FIG. 5 apply here as well. That
is, the shapes and sizes of the depressions 80 may be
uniform or steadily varied along the spanwise dimension,
DS, of the aerodynamic element 20.
[0020] With reference to FIG. 7, the particular case in
which the turbomachine 10 portion is provided as a dif-
fuser section 11 is shown. As noted above, the diffuser
section 11 is disposed downstream from a turbine section
to reduce a remaining energy of combustion products
exiting the turbine section before the combustion prod-
ucts are exhausted to the atmosphere. The diffuser sec-
tion 11 includes an annular outer wall 12, such as a dif-
fuser casing, and an annular inner wall 13, which is pro-
vided as an exterior surface of center body 130. The an-
nular inner wall 13 is disposed within the annular outer
wall 12 to define an annular pathway 14 through which
a working fluid, such as the combustion products, may
be directed.
[0021] The diffuser section 11 may further include a
manway 15, which traverses the annular pathway 14 and
an aerodynamic element 20, which may be provided as
the diffuser vane described above or at an axial end of
the center body 130 as a center body end component
131. As shown in FIG. 7, the center body 130 has a sub-
stantially uniform diameter while the annular outer wall
12 has an increasing diameter along an axial dimension,
DA, of the diffuser section 11. This configuration results
in an area of the annular pathway 14 increasing along

the axial dimension, DA, which, in turn, leads to the en-
ergy reduction of the working fluid. In contrast to the con-
figuration of the center body 130, the center body end
component 131 has a decreasing diameter along the ax-
ial dimension, DA, such that, along the axial length of the
center body end component 131, the area of the annular
pathway 14 increases at a relatively fast rate as com-
pared to relatively slow increases in the area of the an-
nular pathway 14 along an axial length of the center body
130 defined forwardly from the center body end compo-
nent 131.
[0022] An angular break 90 is defined at an attachment
location between the center body 130 and the center
body end component 131, although it is to be understood
that the center body 130 and the center body end com-
ponent 131 may be integrally coupled. The angular break
90 defines an axial location at which the annular pathway
14 increases in area along the axial dimension, DA, at
the relatively fast rate.
[0023] The annular inner wall 13, which is provided as
the exterior surface of center body 130 and the center
body end component 131, includes an array of endwall
contour  features 100. The array of endwall contour fea-
tures 100 includes individual enwall contour features 101
and is disposed at an axial location defined proximate to
the angular break 90. That is, the array of endwall contour
features 100 may be disposed just forward or just aft of
the angular break 90. The array of endwall contour fea-
tures 100 may be configured substantially similarly as
the array of contour features 30 described above and
additional description of the same is therefore omitted.
[0024] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

Claims

1. An aerodynamic element (20) of a turbine engine,
comprising:

leading and trailing edges (21,22) defined with
respect to a predominant direction of a flow of
working fluid through a pathway (14) defined
through the turbine engine;
suction and pressure sides (23,24) oppositely
extending from the leading edge (21) to the trail-
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ing edge (22); and
at least first and second contour features (32,33)
proximate to the leading edge (21) on the suction
side (23),
the first and second contour features (32,33) be-
ing substantially aligned along a spanwise di-
mension of the aerodynamic element (20).

2. The aerodynamic element of the turbine engine ac-
cording to claim 1, wherein each of the first and sec-
ond contour features (32,33) comprises one of a pro-
trusion (70) or a depression (80).

3. The aerodynamic element of the turbine engine ac-
cording to claim 1 or 2, wherein each of the first and
second contour features (32,33) comprises a tear-
drop shape (71).

4. The aerodynamic element of the turbine engine ac-
cording to claim 3, wherein each teardrop shaped
contour feature (32,33) comprises a bulbous front
end (710) and a narrowed tail end (711).

5. The aerodynamic element of the turbine engine ac-
cording to claim 4, wherein the bulbous front end
(710) has a convex shape and the narrowed tail end
(711) has a concave shape.

6. The aerodynamic element of the turbine engine ac-
cording to any of claims 1 to 3, wherein each of the
first and second contour features (32,33) have sub-
stantially similar shapes.

7. The turbine engine according to claim 1 or 2, wherein
shapes or sizes of each of the contour features
(32,33) steadily vary along a span of the aerodynam-
ic element (20).

8. A turbine engine (10) through which a pathway (14)
is defined, comprising:

an aerodynamic element (20) disposed to
traverse the pathway (14), the aerodynamic el-
ement as recited in any of claims 1 to 7.
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