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BLADE AND CORRESPONDING TURBOMACHINE

BACKGROUND OF THE INVENTION

[0001]  The subject matter disclosed herein relates to turbomachines, and more particularly to,
a blade in a turbine.

[0002] A turbomachine, such as a gas turbine, may include a compressor, a combustor, and a
turbine. Air is compressed in the compressor. The compressed air is fed into the combustor. The
combustor combines fuel with the compressed air, and then ignites the gas/fuel mixture. The
high temperature and high energy exhaust fluids are then fed to the turbine, where the energy of
the fluids is converted to mechanical energy. The turbine includes a plurality of nozzle stages

and blade stages. The nozzles are stationary components, and the blades rotate about a rotor.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Certain embodiments commensurate in scope with the originally claimed subject
matter are summarized below. These embodiments are not intended to limit the scope of the
claimed subject matter, but rather these embodiments are intended only to provide a brief
summary of possible forms of the claimed subject matter. Indeed, the claimed subject matter
may encompass a variety of forms that may be similar to or different from the
aspects/embodiments set forth below.

[0004] In an aspect, a blade has an airfoil, and the blade is configured for use with a
turbomachine. The airfoil has a throat distribution measured at a narrowest region in a pathway
between adjacent blades, at which adjacent blades extend across the pathway between opposing

walls to aerodynamically interact with a fluid flow. The airfoil defines the throat distribution, and
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the throat distribution reduces aerodynamic loss and improves aerodynamic loading on the
airfoil. A trailing edge of the airfoil deviates from an axial plane and a circumferential plane.
[0005] In another aspect, a blade has an airfoil, and the blade is configured for use with a
turbomachine. The airfoil has a throat distribution measured at a narrowest region in a pathway
between adjacent blades, at which adjacent blades extend across the pathway between opposing
walls to aerodynamically interact with a fluid flow. The airfoil defines the throat distribution, and
the throat distribution reduces aerodynamic loss and improves aerodynamic loading on the
airfoil. A trailing edge of the airfoil deviates from an axial plane and a circumferential plane. The
throat distribution is defined by values set forth in Table 1 within a tolerance of +/- 10%. The
trailing edge of the airfoil has a profile as defined by the axial plane and span values set forth in
Table 2. The trailing edge of the airfoil has a profile as defined by the circumferential plane and
span values set forth in Table 3. The airfoil has a thickness distribution {Tmax/Tmax_Midspan)
as defined by values set forth in Table 4. The airfoil has a non-dimensional thickness divided by
axial chord distribution according to values set forth in Table 5. The airfoil has a non-
dimensional axial chord divided by axial chord at mid-span distribution according to values set
forth in Table 6.

[0006] In yet another aspect, a turbomachine includes a plurality of blades, and each blade
has an airfoil. The turbomachine includes opposing walls defining a pathway into which a fluid
flow is receivable to flow through the pathway. A throat distribution is measured at a narrowest
region in the pathway between adjacent blades, at which adjacent blades extend across the
pathway between the opposing walls to aerodynamically interact with the fluid flow. The airfoil
defines the throat distribution, and the throat distribution reduces aerodynamic loss and improves

aerodynamic loading on the airfoil. A trailing edge of the airfoil deviates from an axial plane and
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a circumferential plane, and the throat distribution is defined by values set forth in Table 1 within

a tolerance of +/- 10%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference to the
accompanying drawings in which like characters represent like parts throughout the drawings,
wherein;

[0008] FIG. 1 is a diagram of a turbomachine in accordance with aspects of the present
disclosure;

[0009] FIG. 2 illustrates a perspective view of a blade in accordance with aspects of the
present disclosure;

{0010] FIG. 3 is a top view of two adjacent blades in accordance with aspects of the present
disclosure;

[0011]  FIG. 4 is a plot of a throat distribution in accordance with aspects of the present
disclosure;

[0012]  FIG. § illustrates a side view of the airfoil in the X-Z plane, where Z is the span or
radial direction, in accordance with aspects of the present disclosure;

[0013] FIG. 6 is a plot of the trailing edge deviation of the airfoil from an axial plane, in
accordance with aspects of the present disclosure;

[0014]  FIG. 7 illustrates an end, perspective view of the airfoil in the Y-Z (or circumferential)

plane, in accordance with aspects of the present disclosure;
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[0015] FIG. 8 is a plot of the trailing edge deviation of the airfoil from a circumferential
plane, in accordance with aspects of the present disclosure;

[0016]  FIG. 9 is a plot of maximum thickness distribution in accordance with aspects of the
present disclosure;

[0017]  FIG. 10 is a plot of maximum thickness divided by axia1 chord distribution in
accordance with aspects of the present disclosure; and

[0018]  FIG. 11 is a plot of axial chord divided by axial chord at mid-span in accordance with

aspects of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0019]  One or more specific embodiments of the present disclosure will be described below.
In an effort to provide a concise description of these embodiments, all features of an actual
implementation may not be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions must be made to achieve the developers’ specific
goals, such as compliance with system-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 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,

[0020]  When introducing elements of various embodiments of the present subject matter, the

articles “a,” “an,” and “the” are intended to mean that there are one or more of the elements. The
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terms “comprising,” “including,” and “having” are intended to be inclusive and mean that there
may be additional elements other than the listed elements.

[0021] FIG. 1| is a diagram of one embodiment of a turbomachine 10 (e.g., a gas turbine
and/or a compressor). The turbomachine 10 shown in FIG. 1 includes a compressor 12, a
combustor 14, a turbine 16, and a diffuser 17, Afr, or some other gas, is compressed in the
compressor 12, fed into the combustor 14 and mixed with fuel, and then combusted. The
exhaust fluids are fed to the turbine 16 where the energy from the exhaust fluids is converted to
mechanical energy. The turbine 16 includes a plurality of stages 18, including an individual
stage 20. Each stage 18, includes a rotor (i.e., a rotating shaft) with an annular array of axially
aligned blades, which rotates about a rotational axis 26, and a stator with an annular array of
nozzles, Accordingly, the stage 20 may include a nozzle stage 22 and a blade stage 24. For
clarity, FIG. 1 includes a coordinate system including an axial (X) axis 28, a Y axis 32, a Z axis
29 and a circumferential direction 34 (which exists in the Y-Z plane, or the axial/rotational plane
31). Additionally, an axial (or X-Z) plane 30 is shown. The axial plane 30 extends in the axial
direction 28 (along the rotational axis 26) in one direction, and then extends outward in the radial
or Z-axis direction 32, The X, Y and Z axis are all perpendicular to each other. The X-axis 28 is
fixed, as it is tied to the machine orientation and to the installed position of the blades and
nozzles. The Z-axis 29 and Y-axis 32 will vary, as the Z-axis is the radial direction and this
changes with each blade/nozzle. The Y-axis is always perpendicular to the Z-axis, and the Y-axis
will change as it follows the Z-axis. As one example, if the X-axis is the rotational axis of a
clock (i.e., the very center), the Z-axis is the 12 o’clock — 6 o’clock direction and the Y-axis is
the 9 o’clock — 3 o’clock direction. If the Z-axis changed to the 1 o’clock — 7 o’clock direction,

then the Y-axis would change to the 10 o’clock — 4 o’clock direction.
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[0022]  FIG. 2 is a perspective view of a blade 36. The blades 36 in the stage 20 extend in a
radial direction 29 between a first wall (or platform) 40 and a second wall 42 (such as a tip
shroud). First wall 40 is opposed to second wall 42, and both walls define a pathway into which a
fluid flow is receivable. The blades 36 are disposed circumferentially 34 about a hub. Each
blade 36 has an airfoil 37, and the airfoil 37 is configured to aerodynamically interact with the
exhaust fluids from the combustor 14 as the exhaust fluids flow generally downstream through
the turbine 16 in the axial direction 28, As illustrated, fluid flow actually flows in the negative X
direction in FIG. 2. Each blade 36 has a leading edge 44, a trailing edge 46 disposed downstream
in the axial direction 28 of the leading edge 44, a pressure side 48, and a suction side 50. The
pressure side 48 extends in the axial direction 28 between the leading edge 44 and the trailing
edge 46, and in the radial direction 32 between the first wall 40 and the second wall 42. The
suction side 50 extends in the axial direction 28 between the leading edge 44 and the trailing
edge 46, and in the radial direction 29 between the first wall 40 and the second wall 42, opposite
the pressure side 48. The blades 36 in the stage 20 are configured such that the pressure side 48
of one blade 36 faces the suction side 50 of an adjacent blade 36. As the exhaust fluids flow
toward and through the passage between blades 36, the exhaust fluids aerodynamically interact
with the blades 36 such that the exhaust fluids flow with an angular momentum relative to the
axial direction 28, A blade stage 24 populated with blades 36 having a specific throat
distribution configured to exhibit reduced aerodynamic loss and improved aerodynamic Joading
may result in improved machine efficiency and part longevity. The attachment section 39 of the
blade 36 may include a dovetail section, angel wing seals or other features as desired in the

specific embodiment or application.
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[0023] FIG. 3 is a top view of two adjacent blades 36. Note that the suction side 50 of the
bottom blade 36 faces the pressure side 48 of the top blade 36. The axial chord 56 is the
dimension of the blade 36 in the axial direction 28, The chord 57 is the distance between the
leading edge and trailing edge of the airfoil. The passage 38 between two adjacent blades 36 of a
stage 18 defines a throat distribution I, measured at the narrowest region of the passage 38
between adjacent blades 36. Fluid flows through the passage 38 in the axial direction 28. This
throat distribution D, across the span from the first wall 40 to the second wall 42 will be
discussed in more detail in regard to FIG. 4. The maximum thickness of each blade 36 at a given
percent span is shown as Tmax. The Tmax distribution across the height of the blade 36 will be
discussed in more detail in regard to FIGs. 9 and 10.

[0024] FIG. 4 is a plot of throat distribution D, defined by adjacent blades 36 and shown as
curve 60. The vertical axis represents the percent span between the first annular wall 40 and the
second annular wall 42 or opposing end of airfoil 37 i the radial direction 29. That is, 0% span
generally represents the first annular wall 40 and 100% span represents the opposing end of
airfoil 37, and any point between 0% and 100% corresponds to a percent distance between the
radially inner and radially outer portions of airfoil 37, in the radial direction 29 along the height
of the airfoil. The horizontal axis represents D, (Throat), the shortest distance between two
adjacent blades 36 at a given percent span, divided by the Dy migspan (Throat_MidSpan), which is
the D, at about 50% to about 60% span. Dividmg D, by the D, nigspan makes the plot 58 non-
dimensional, so the curve 60 remains the same as the blade stage 24 is scaled up or down for
different applications. One could make a similar plot for a single size of turbine in which the

horizontal axis is just D.
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[0025]  As can be seen in FIG. 4, the throat distribution, as defined by a trailing edge of the
blade, extends curvilinearly from a throat/throat mid-span value of about 74% at about 0% span
(point 66) to a throat/throat_mid-span value of about 124% at about 100% span (point 70). The
span at 0% is at a radially inner portion of the airfoil and the span at 100% is at a radially outer
portion of the airfoil. The throat/throat mid-span value is 100% at about 50% to 55% span (point
68). The throat distribution shown in FIG. 4 may help to improve performance in two ways.
First, the throat distribution helps to produce desirable exit flow profiles. Second, the throat
distribution shown in FIG. 4 may help to manipulate secondary flows (e.g., flows transverse to
the main flow direction} and/or purge flows near the first annular wall 40 (e.g., the hub). Table 1
lists the throat distribution and various values for the trailing edge shape of the airfoil 37 along
multiple span locations. FIG. 4 is a graphical illustration of the throat distribution. It is to be

understood that the values in Table [ may have a tolerance of +/- 10%.

[0026] TABLE 1
% Span Throat/Throat MidSpan

100 1.242
95 1.217
91 1.193
83 1.148
74 1.099
66 1.051
57 1.000
48 0.941
38 0.886
28 0.831
15 0.784

8 0.762

0 0.739

[0027]  FIG. 5 illustrates a side view of the airfoil in the X-Z plane, where Z is the span or

radial direction. The trailing edge 46 of the airfoil 37 deviates from the axial plane 501 as the
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span increases. The axial plane 501 intersects the trailing edge at 0% span. Table 2 lists the non-
dimensional deviation values along multiple span locations. For example, the trailing edge of the
airfoil has a 0 deviation at a span of 0%, about a -40% deviation at 50% span and a 100%
deviation at 100 % span. The negative values indicate that the trailing edge is located (or
configured to be} upstream of the 0% span location of the trailing edge. In other words, the
trailing edge 46 “leans” towards the leading edge 44 by the indicated amounts. A 100%
deviation is the maximum deviation away from the axial plane 501, and as one example only the
maximum deviation may be about 0.75 inches. However, this value will change as the airfoil is

scaled up or down 1n size for different applications,

[0028] TABLE 2
% Span Distance From Axial Plane
100 -1
90 -0.87
75 -0.69
50 -0.40
25 -0.14
10 -0.04
0 0

[0029] FIG. 6 is a plot of the trailing edge deviation of the airfoil 37, as specified in Table 2.
The vertical axis represents the percent span between the first annular wall 40 and opposing end
of airfoil 37 in the radial direction 29 (or Z). The horizontal axis represents the trailing edge
deviation from a straight radially extending line from the trailing edge at 0% span. This 0% span
point is indicated by 601 on both FiGs. 5 and 6. At about 50% span the trailing edge deviates by
about -40%, as indicated by point 602. At about 100% span the trailing edge deviates by its

maximum amount or -100%, as indicated by point 603,
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[0030] Additionally, a blade 36 or airfoil 37 with a trailing edge deviation as indicated in
FIGs. 5, 6 and Table 2 may help to tunc the resonant frequency of the blade in order to avoid
crossings with drivers. If the resonant frequency of the blade is not carefully tuned to avoid
crosses with the drivers, operation may result in undue stress on the blade 36 and possible
structural failure. Accordingly, a blade design with the disclosed trailing edge deviation may
increase the operational lifespan of the blade 36.

[0031] FIG. 7 illustrates an end, perspective view of the airfoil in the Y-Z (or
circumferential} plane. The views of FIG. 5 and FIG. 7 are rotated 90 degrees with respect to
each other. The trailing edge 46 of the airfoil 37 deviates from the circumferential plane 701 as
the span increases. Table 3 lists the non-dimensional deviation values along multiple span
locations. The circumferential plane 701 intersects the trailing edge at 0% span and again at
about 60% span. Table 3 lists the non-dimensional deviation values along multiple span
locations. For example, the trailing edge of the airfoil has a O deviation at a span of 0% and about
60%, about a -15% deviation at 50% span, about a 30% deviation at 75% span, and a 100%
deviation at 100 % span. The 100% deviation is the maximum deviation away from the
circumferential plane 701, and as one example only the maximum deviation may be about 0.43

inches. However, this value will change as the airfoil is scaled up or down in size for different

applications.
[0032] TABLE 3
% Span Distance From
Circumferential Plane
100 1
90 0.69
75 0.31
50 -0.15
25 -0.31
10 -0.18

10
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[0033] FIG. 8 is a plot of the trailing edge deviation of the airfoil 37, as specified in Table 3,
The vertical axis represents the percent span between the first annular wall 40 and opposing end
of airfoil 37 in the radial (or Z) direction 29. The horizontal axis represents the trailing edge
deviation from a circumferential (or rotational) plane extending from the trailing edge at 0%
span. This point is indicated by 801 on both FIGs. 7 and 8. At about 25% span the trailing edge
deviates by about -31%, as indicated by point 802. At about 60% span the trailing edge has a 0
deviation (point 803), and at about 100% span the trailing edge deviates by its maximum
absolute amount or 100%, as indicated by point 804,

[0034]  Additionally, a blade 36 or airfoil 37 with a trailing edge deviation as indicated in
FIGs. 7, 8 and Table 3 may help to tune the resonant frequency of the blade in order to avoid
crossings with drivers. If the resonant frequency of the blade is not carefully tuned to avoid
crosses with the drivers, operation may result in undue stress on the blade 36 and possible
structural failure. Accordingly, a blade design with the disclosed trailing edge deviation may
increase the operational lifespan of the blade 36.

[0035] FIG. 9 is a plot of the thickness distribution Tmax/Tmax_Midspan, as defined by a
thickness of the blade’s airfoil 37. The vertical axis represents the percent span between the first
annular wall 40 and opposing end of airfoil 37 in the radial direction 29. The horizontal axis
represents the Tmax divided by Tmax_Midspan value. Tmax is the maximum thickness of the
airfoil at a given span, and Tmax_Midspan is the maximum thickness of the airfoil at mid-span
{e.g., about 50% to 55% span). Dividing Tmax by Tmax Midspan makes the plot non-

dimensional, so the curve remains the same as the blade stage 24 is scaled up or down for

11
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different applications. Referring to Table 4, a mid-span value of 50% has a

Tmax/Tmax_Midspan value of 1, because at this span Tmax is equal to Tmax_Midspan.

[0036] TABLE 4
% Span Tmax/Tmax_MidSpan
100 0.57
94 0.62
88 0.68
78 0.79
68 0.87
59 0.94
50 1.00
40 1.06
31 1.12
21 1.17
11 1.22
6 1.25
0 1.28

[0037]  FIG. 10 is a plot of the airfoil thickness (Tmax) divided by the airfoil’s axial chord
along various values of span. The vertical axis represents the percent span between the first
annular wall 40 and opposing end of airfoil 37 in the radial direction 29. The horizontal axis
represents the Tmax divided by axial chord value, Dividing the airfoil thickness by the axial
chord makes the plot non-dimensional, so the curve remains the same as the blade stage 24 is
scaled up or down for different applications. A blade design with the Tmax distribution shown
in FIGs. 9 and 10 may help to tune the resonant frequency of the blade in order to avoid
crossings with drivers. Accordingly, a blade 36 design with the Tmax distribution shown in
FIGs. 9 and 10 may increase the operational lifespan of the blade 36. Table 5 lists the
Tmax/Axial Chord value for various span values.

[0038] TABLE 5

| %Span | Tmax/Chord |

12
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100 0.221
94 0.233
88 0.246
78 0.271
68 0.284
59 0.292
50 0.297
40 0.300
31 0.301
21 0.300
11 0.297

6 0.295
0 0.294

[0039] FIG. 11 is a plot of the airfoil’s axial chord divided by the axial chord value at mid-
span along various values of span. The vertical axis represents the percent span between the first
annular wall 40 and opposing end of airfoil 37 in the radial direction 29. The horizontal axis
represents the axial chord divided by axial chord at mid-span value. Referring to Table 6, a mid-
span value of 50% has a Axial Chord/Axial Chord MidSpan valuc of 1, because at this span
axial chord is equal to axial chord at the mid-span location. Dividing the axial chord by the axial
chord at mid-span makes the plot non-dimensional, so the curve remains the same as the blade
stage 24 1s scaled up or down for different applications. Table 6 lists the values for the airfoil’s

axial chord divided by the axial chord value at mid-span along various values of span.

[0040] TABLE 6
% Span Axial Chord/Axial
Chord MidSpan
100 0.767
94 0.791
88 0.815
78 0.862
68 0.907
59 0.953
50 1.000
40 1.050

13
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31 1.102
21 1.159
11 1.223
6 1.259
0 1.296

[0641] A blade design with the axial chord distribution shown in FIG. 11 may help to tune the
resonant frequency of the blade in order to avoid crossings with drivers, For example, a blade
with a linear design may have a resonant frequency of 400 Hz, whereas the blade 36 with an
increased thickness around certain spans may have a resonant fiequency of 450 Hz. If the
resonant frequency of the blade is not carefully tuned to avoid crosses with the drivers, operation
may result in undue stress on the blade 36 and possible structural failure. Accordingly, a blade
36 design with the axial chord distribution shown in FIG. 11 may increase the operational
lifespan of the blade 36.

[0042]  Technical effects of the disclosed embodiments include improvement to the
performance of the turbine in a number of different ways. The blade 36 design and the throat
distribution shown in FIG. 4 may help to manipulate secondary flows (i.c., flows transverse to
the main flow direction) and/or purge flows near the hub (e.g., the first annular wall 40). If the
resonant frequency of the blade is not carefully tuned to avoid crosses with the drivers, operation
may result in undue stress on the blade 36 and possible structural failure. Accordingly, a blade
36 design with the increased thickness at specific span locations may increase the operational
lifespan of the blade 36.

[0043}]  This written description uses examples to disclose the subject matter, including the
best mode, and also to enable any person skilled in the art to practice the subject matter,
including making and using any devices or systems and performing any incorporated methods.

The patentable scope of the subject matter is defined by the claims, and may include other

14
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examples that occur to those skilled in the art. Such other examples are intended to be within the
scope of the claims if they have structural elements that do not differ from the literal language of
the claims, or if they include equivalent structural elements with insubstantial differences from

the literal language of the claims.

15
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CLAIMS

I. A blade having an airfoil, the blade configured for use with a turbomachine, the airfoil
comprising:

a throat distribution measured at a narrowest region in a pathway between adjacent
blades, at which adjacent blades extend across the pathway between opposing walls to
aerodynamically interact with a fluid flow; and

the airfoil defining the throat distribution, the throat distribution reducing aerodynamic
loss and improving aerodynamic loading on the airfoil, and a trailing edge of the airfoil deviating

from an axial plane and a circumferential plane.

2. The blade of claim 1, the trailing edge of the airfoil having a profile as defined by

axial plane and span values set forth in Table 2.

3. The blade of claim 2, the trailing edge of the airfoil having a profile as defined by

circumferential plane and span values set forth in Table 3.

4. The blade of claim 3, the throat distribution defined by values set forth in Table 1

within a tolerance of +/- 10%.

5. The blade of claim 4, the throat distribution, as defined by a trailing edge of the airfoil,

extending curvilinearly from a throat/throat mid-span value of about 74% at about 0% span to a

16
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throat/throat mid-span value of about 100% at about 57% span, and to a throat/throat mid-span
value of about 124% at about 100% span; and
wherein the span at 0% is at a radially inner portion of the airfoil and a span at 100%

is at a radially outer portion of the airfoil.

6. The blade of claim 4, the airfoil having a thickness distribution

(Tmax/Tmax_Midspan) as defined by values set forth in Table 4.

7. The blade of claim 6, the airfoil having a non-dimensional thickness distribution

according to values set forth in Table 5.

8. The blade of claim 7, the airfoil having a non-dimensional axial chord distribution

according to values set forth in Table 6.

9. A blade having an airfoil, the blade configured for use with a turbomachine, the airfoil
comprising;

a throat distribution measured at a narrowest region in a pathway between adjacent
blades, at which adjacent blades extend across the pathway between opposing walls to
aerodynamically interact with a fluid flow; and

the airfoil defining the throat distribution, the throat distribution reducing acrodynamic
loss and improving acrodynamic loading on the airfoil, and a trailing edge of the airfoil deviating
from an axial plane and a circumferential plane, and the throat distribution defined by values set

forth in Table | within a tolerance of +/- 10%.

17
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10. The blade of claim 9, the trailing edge of the airfoil having a profile as defined by

axial plane and span values set forth in Table 2.

11. The blade of claim 9, the trailing edge of the airfoil having a profile as defined by

circumferential plane and span values set forth in Table 3.

12, The blade of claim 9, the airfoil having a thickness distribution

(Tmax/Tmax_Midspan) as defined by values set forth in Table 4.

13. The blade of claim 9, the airfoil having a non-dimensional thickness distribution

according to values set forth in Table 5.

14. The blade of claim 9, the airfoil having a non-dimensional axial chord distribution

according to values set forth in Table 6.

15. A turbomachine comprising a plurality of blades, each blade comprising an airfoil, the
turbomachine comprising:

opposing walls defining a pathway into which a fluid flow is receivable to flow
through the pathway, a throat distribution is measured at a narrowest region in the pathway
between adjacent blades, at which adjacent blades extend across the pathway between the

opposing walls to acrodynamically interact with the fluid flow; and

18
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the airfoil defining the throat distribution, the throat disiribution reducing acrodynamic
loss and improving aerodynamic loading on the airfoil, a trailing edge of the airfoil deviating
from an axial plane and a circumferential plane, and the throat distribution defined by values set

forth in Table 1 within a tolerance of +/- 10%.

16. The turbomachine of claim 15, the trailing edge of the airfoil having a profile as

defined by axial plane and span values set forth in Table 2.

17. The turbomachine of claim 15, the trailing edge of the airfoil having a profile as

defined by circumferential plane and span values set forth in Table 3.

18. The turbomachine of claim 15, the airfoil having a thickness distribution

(Tmax/Tmax_Midspan) as defined by values set forth in Table 4.

19. The turbomachine of claim 15, the airfoil having a non-dimensional thickness

distribution according to values set forth in Table 5.

20, The turbomachine of claim 15, the airfoil having a non-dimensional axial chord

distribution according to values set forth in Table 6.
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