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(54) TURBINE SECTION HAVING NON-AXISYMMETRIC ENDWALL CONTOURING WITH AFT 
MID-PASSAGE PEAK

(57) A turbine section (28, 34) includes a pair of ad-
jacent turbine airfoils (59A, 59B) and an endwall (64A,
64B) extending between the airfoils (59A, 59B). The end-
wall (64A, 64B) includes a first feature (80) spanning ap-
proximately thirty percent pitch (P) and having a first de-
pression (82) with a maximum depression located be-
tween twenty percent and eighty percent of the axial
chord length (76) of the first airfoil (59A), a second feature
(86) spanning approximately thirty percent pitch (P) and
having a first peak (88) with a maximum height (90) lo-
cated between sixty percent and ninety percent of the
axial chord length (76) of the first airfoil (59A), and a third
feature (92) spanning approximately thirty percent pitch
(P) and having a second depression (94) with a maximum
depression located between twenty percent and fifty per-
cent of the axial chord length (76) of the second airfoil
(59B).
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Description

BACKGROUND

[0001] The present disclosure relates to turbine airfoils
in a gas turbine engine and, more particularly, to airfoils
with non-axisymmetric endwall contouring with an aft
mid-passage peak.
[0002] Gas turbine engines typically include a com-
pressor section, a combustor section, and a turbine sec-
tion, with an annular flow path extending axially through
each. Initially, air flows through the compressor section
where it is compressed or pressurized. The combustors
in the combustor section then mix and ignite the com-
pressed air with fuel, generating hot combustion gas.
These hot combustion gases are then directed by the
combustors to the turbine section where power is extract-
ed from the hot gases by causing turbine blades to rotate.
[0003] Some sections of the engine include airfoil as-
semblies comprising airfoils (typically blades/rotors or
vanes/stators) mounted at one or both ends to an end-
wall. Air within the gas turbine engine moves through
fluid flow passages in the airfoil assemblies. The fluid
flow passages are defined by adjacent airfoils extending
between concentric endwalls. Near the endwalls, the fluid
flow is adversely impacted by a flow phenomenon known
as a vortex, which forms as a result of the boundary layer
separating from the endwall as the gas passes the air-
foils. The separated gas reorganizes into the vortex, and
this loss is referred to as secondary or endwall loss. Ac-
cordingly, there exists a need for a way to mitigate or
reduce these endwall losses.

SUMMARY

[0004] In accordance with a first aspect of the present
disclosure, a turbine section includes a pair of adjacent
turbine airfoils and an endwall extending between the
airfoils. Each airfoil including a first side, a second side,
a leading edge, a trailing edge, and an axial chord length
extending between the leading edge and the trailing edge
with the pair of turbine airfoils having a first airfoil and a
second airfoil. The endwall includes a first feature adja-
cent the second side of the first airfoil between the leading
edge and the trailing edge with the first feature spanning
approximately thirty percent pitch and having a first de-
pression with a maximum depression located between
twenty percent and eighty percent of the axial chord
length of the first airfoil, a second feature adjacent the
first feature between the leading edge and the trailing
edge with the second feature spanning approximately
thirty percent pitch and having a first peak with a maxi-
mum height located between sixty percent and ninety
percent of the axial chord length of the first airfoil, and a
third feature adjacent the second feature and first side
of the second airfoil between the leading edge and the
trailing edge with the third feature spanning approximate-
ly thirty percent pitch and having a second depression

with a maximum depression located between twenty per-
cent and fifty percent of the axial chord length of the sec-
ond airfoil.
[0005] In accordance with a second aspect, the
present disclosure provides a gas turbine engine includ-
ing a variable speed power turbine; an annular turbine
stage; a plurality of airfoils each having a first side, a
second side, a leading edge, a trailing edge, the plurality
of airfoils having a first airfoil and a second airfoil; and
an endwall extending between the second side of the
first airfoil and the first side of the second airfoil. The
endwall includes a first feature adjacent the second side
of the first airfoil between the leading edge and the trailing
edge with the first feature spanning approximately thirty
percent pitch and having a first depression with a first
maximum depression located between twenty percent
and eighty percent of an axial chord length of the first
airfoil, a second feature adjacent the first feature between
the leading edge and the trailing edge with the second
feature spanning approximately thirty percent pitch and
having a first peak with a maximum height located be-
tween sixty percent and ninety percent of the axial chord
length of the first airfoil, and a third feature adjacent the
second feature and first side of the second airfoil between
the leading edge and the trailing edge with the third fea-
ture spanning approximately thirty percent pitch and hav-
ing a second depression with a second maximum de-
pression located between twenty percent and fifty per-
cent of the axial chord length of the second airfoil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a schematic of a gas turbine engine.
FIG. 2A is perspective view of a pair of adjacent pow-
er turbine airfoils with a corresponding endwall.
FIG. 2B is a plan view of a non-axisymmetric endwall
having an aft mid-passage peak.

DETAILED DESCRIPTION

[0007] A turbine section in a variable speed power tur-
bine includes at least a pair of airfoils and an endwall
therebetween. The endwall is contoured to reduce end-
wall losses resulting from a vortex that forms within the
fluid flow passage between airfoils. The endwall is con-
toured to include at three features with two being depres-
sions (as compared to a flat, smooth endwall) and one
being a peak. The three features are positions to provide
maximum reduction in endwall losses. The endwall con-
touring can be located on an inner diameter endwall (ex-
tending between radially inner ends of the airfoils) or an
outer diameter endwall (extending between radially outer
ends of the airfoils).
[0008] FIG. 1 is a schematic of a gas turbine engine
10. In this embodiment, gas turbine engine 10 is a three-
spool turboshaft engine with low spool 12, high spool 14,
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and power turbine spool 33 mounted for rotation about
engine centerline A. Gas turbine engine 10 includes inlet
duct section 22, compressor section 24, combustor sec-
tion 26, turbine section 28, and power turbine section 34.
[0009] Compressor section 24 includes low pressure
compressor 42 with a multitude of circumferentially-
spaced blades 42a and centrifugal high pressure com-
pressor 44 with a multitude of circumferentially-spaced
blades 44a. Turbine section 28 includes high pressure
turbine 46 with a multitude of circumferentially-spaced
turbine blades 46a and low pressure turbine 48 with a
multitude of circumferentially-spaced blades 48a. Power
turbine section 34 includes a multitude of circumferen-
tially-spaced blades 50. Low spool 12 includes inner shaft
30 that interconnects low pressure compressor 42 and
low pressure turbine 48. High spool 14 includes outer
shaft 31 that interconnects high pressure compressor 44
and high pressure turbine 46.
[0010] Low spool 12 and high spool 14 are mounted
for rotation about engine centerline A relative to engine
static structure 32 via several bearing systems 35. Power
turbine spool 33 is mounted for rotation about the engine
centerline A relative to engine static structure 32 via sev-
eral bearing systems 37.
[0011] Compressor section 24 and turbine section 28
drive power turbine section 34 that drives output shaft
36. In this example engine, compressor section 24 has
five stages, turbine section 28 has two stages and power
turbine section 34 has three stages. During operation,
compressor section 24 draws air through inlet duct sec-
tion 22. In this example, inlet duct section 22 opens ra-
dially relative to centerline A. Compressor section 24
compresses the air, and the compressed air is then mixed
with fuel and burned in combustor section 26 to form a
high pressure, hot gas stream. The hot gas stream is
expanded in turbine section 28 which rotationally drives
compressor section 24. The hot gas stream exiting tur-
bine section 28 further expands and drives power turbine
section 34 and output shaft 36. Compressor section 24,
combustor section 26, and turbine section 28 are often
referred to as the gas generator, while power turbine sec-
tion 34 and output shaft 36 are referred to as the power
section. The gas generator section generates the hot ex-
panding gases to drive the power section. Depending on
the design, the engine accessories may be driven either
by the gas generator or by the power section. Typically,
the gas generator section and power section are me-
chanically separate such that each rotate at different
speeds appropriate for the conditions, referred to as a
"free power turbine."
[0012] FIG. 2A is a perspective view of a pair of adja-
cent turbine airfoils 59 within turbine section 28 or power
turbine section 34 of gas turbine engine 10, and FIG. 2B
is a plan view of airfoils 59 with corresponding inner end-
wall 64B. Turbine section 28 includes airfoils 59 (first air-
foil 59A and second airfoil 59B) extending radially be-
tween outer endwall 64A and inner endwall 64B and de-
fining a fluid flow passage 66 therebetween. First airfoil

59A and second airfoil 59B are similar in configuration
and both includes first side 68, second side 70, leading
edge 72, trailing edge 74, and axial chord length 76. Inner
endwall 64B includes pitch P, axially upstream end 78A,
axially downstream end 78B, first feature 80, second fea-
ture 86, and third feature 92. First feature 80 includes
first depression 82 having first maximum depression 84
(i.e., a point of maximum depth) and first pitch P1. Second
feature 86 includes first peak 88 having maximum height
90 and second pitch P2. Third feature 92 includes second
depression 94 having second maximum depression 96
(i.e., a point of maximum depth) and third pitch P3.
[0013] Airfoils 59 can be within turbine section 28 and
can be blades/rotors 46a or 48a or vanes/stators, and/or
airfoils 59 can be within power turbine section 34 and
can be blades/rotors 50 or vanes/stators. The endwall
contouring of inner endwall 64B may be particularly well
suited for use in a variable speed power turbine. Power
turbine section 34 is annular in shape with endwalls 64A
and 64B extending circumferentially to form two concen-
tric rings centered about centerline A with airfoils 59 ex-
tending radially between endwalls 64A and 64B. While
FIGS. 2A and 2B show only two airfoils 59, turbine section
28/power turbine section 34 often includes more than two
airfoils 59 equally spaced around the annular section. In
the disclosed embodiment, the configuration of airfoils
59 repeats with inner endwall 64B having the same con-
figuration between adjacent airfoils 59. Additionally,
while power turbine section 34 is described as having
inner endwall 64B with features 80, 86, and 92, other
embodiments/configurations can include outer endwall
64A with similar features to features 80, 86, and 92 such
that both outer and inner endwalls 64A and 64B include
endwall contouring or only outer endwall 64A includes
endwall contouring. While described below as extending
to a right of first airfoil 59A (when looking downstream at
airfoil 59), outer endwall 64A and inner endwall 64B with
features 80, 86, and 92 can extend to a left side of first
airfoil 59A such that features 80, 86, and 92 have a con-
figuration that is mirrored to the configuration of features
80, 86, and 92 described below.
[0014] Airfoils 59 can be blades (i.e., part of a rotor
assembly) or vanes (i.e., part of a stator assembly) that
are fixed only at a radially inner end to inner endwall 64B
(as shown in FIG. 2A), fixed only at a radially outer end
to outer endwall 64A, or fixed to both outer endwall 64A
and inner endwall 64B such that airfoils 59 extend entirely
across fluid flow passage 66. Airfoils 59 can be incident
tolerant airfoils. Airfoils 59 include first airfoil 59A and
second airfoil 59B that are similar in configuration. How-
ever, other embodiments can include differently
shaped/configured first airfoil 59A and second airfoil 59B
depending on the design of gas turbine engine 10. Unless
otherwise noted, when describing the components of air-
foils 59, the components of airfoils 59 are found on both
first airfoil 59A and second airfoil 59B. Thus, first airfoil
59A and second airfoil 59B may be referred to as airfoil
59.
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[0015] Airfoil 59 includes first side 68, which is on a left
side of airfoil 59 in FIGS. 2A and 2B (i.e., is on a left side
when looking downstream at airfoil 59), and second side
70, which is on a right side. First sides 68 and second
side 70 can each be either a pressure side or a suction
side of airfoil 59. In an exemplary embedment, first side
68 is the suction side and second side 70 is the pressure
side. Airfoil 59 includes leading edge 72 at an axially up-
stream edge and trailing edge 74 at an axially down-
stream edge with axial chord length 76 extending there-
between to represent a length of airfoil 59. In FIGS. 2A
and 2B, axial chord length 76 extends entirely in an axial
direction because airfoil 59 is shown as extending entirely
in the axial direction. However, other configurations can
have airfoil 59 angled and or arced such that axial chord
length 76 extends at least partially in a circumferential
direction.
[0016] Outer endwall 64A is radially outward from air-
foils 59 and extends between airfoils 59, while inner end-
wall 64B is radially inward from airfoils 59 and extend
between airfoils 59. FIGS. 2A and 2B show only a seg-
ment of outer endwall 64A and inner endwall 64B with a
complete outer endwall 64A and inner endwall 64B being
annular in shape (i.e., extending circumferentially to form
two concentric rings centered about centerline A). While
described as features 80, 86, and 92 being located on/in
inner endwall 64A, outer endwall 64B can include fea-
tures 80, 86, and/or 92 with first depression 82 and sec-
ond depression 94 being indentations that extend radially
outward (so a depression in outer endwall 64A) and first
peak 88 being a bulge that extends radially inward into
fluid flow passage 66. Both outer endwall 64A and inner
endwall 64B have axially upstream end 78A that extends
axially forward of airfoils 59 and axially downstream end
78B that extends axially rearward of airfoils 59. However,
other configurations can include endwalls that extend up-
stream and downstream only to leading edge 72 and trail-
ing edge 74 (i.e., the endwalls do not extend forward of
leading edge 72 or rearward of trailing edge 74 and ter-
minate at leading edge 72 and trailing edge 74, respec-
tively).
[0017] Inner endwall 64B extends circumferentially be-
tween first airfoil 59A and second airfoil 59B a distance
denoted as pitch P. Pitch P is a circumferential length
along inner endwall 64B between airfoils 59. Features
80, 86, and 92 can be located at various percentages of
pitch P (with zero percent being adjacent second side 70
of first airfoil 59A and one-hundred percent being adja-
cent first side 68 of second airfoil 59B). Features 80, 86,
and 92 can have a circumferential width that is measured
as a percentage of the total length of pitch P. For example,
first feature 80 has pitch P1 that is approximately thirty
percent, which means a circumferential width of first fea-
ture 80 is thirty percent of the total distance between air-
foils 59 (or thirty percent of pitch P). An axial length and
location of features 80, 86, and 92 are measured relative
to axial chord length 76 of airfoils 59. For example, first
feature 80 has first depression 82 with first maximum

depression 84 located between approximately twenty
percent and approximately eighty percent of axial chord
length 76, which means that first maximum depression
84 is located between a point that is approximately twenty
percent of the total distance of axial chord length 76 and
a point that is approximately eighty percent of the total
distance of axial chord length 76.
[0018] The heights and depths of first feature 80, sec-
ond feature 86, and third feature 92 are compared to an
arc extending between a point where first airfoil 59A con-
tacts inner endwall 64B and a point where second airfoil
59B contacts inner endwall 64B. The arc is a segment
of a circle that conforms to inner endwall 64B and is cen-
tered about engine centerline A. Thus, a "flat" portion of
inner endwall 64B is not actually flat, but rather is a portion
that follows the arced segment between first airfoil 59A
and second airfoil 59B. However, if the endwall contour-
ing is applied to outer endwall 64A, a bulged portion
would be a feature that extends into fluid flow passage
66 and a depression is a feature that extends away from
fluid flow passage 66 (i.e., radially outward from the arc).
[0019] First feature 80 is adjacent second side 70 of
first airfoil 59A and is axially located between leading
edge 72 and trailing edge 74. First feature 80 includes
first pitch P1 with a span (i.e., a circumferential width)
that is approximately thirty percent pitch. First feature 80
has first depression 82 with first maximum depression
84 located between approximately twenty and eighty per-
cent of axial chord length 76 of first airfoil 59A. In the
exemplary embodiment, first maximum depression 84 is
located between approximately forty-five and fifty-five
percent of axial chord length 76 of first airfoil 59A. First
depression 82 is an indentation as measured from inner
endwall 64B if inner endwall 64B followed the consistent
arc along pitch P (due to inner endwall 64B being annular
in shape). First maximum depression 84 can have any
depth, including a depth that is approximately five percent
of airfoil chord length 76. First depression 82 slopes (e.g.,
is concave) to first maximum depression 84, with the
slope having any angle that is constant or varying. First
maximum depression 84 can be any depth and can be
relatively large (e.g., first maximum depression 84 is an
oblong shape having multiple points at the same depth)
or small (e.g., first maximum depression 84 is a
point/small circle). First maximum depression 84 can be
adjacent first airfoil 59A (as shown in FIG. 2B) or distant
from first airfoil 59A. First feature 80 can include other
depressions or features for reducing endwall losses.
[0020] Second feature 86 is adjacent first feature 80
and is axially located substantially between leading edge
72 and trailing edge 74. Second feature includes second
pitch P2 with a span (i.e., a circumferential width) that is
approximately thirty percent pitch. Second feature 86 has
first peak 88 with maximum height 90 located between
approximately sixty and ninety percent of axial chord
length 76 of first airfoil 59A. In the exemplary embodi-
ment, maximum height 90 is located between approxi-
mately seventy-five and eighty-five percent of axial chord
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length 76 of first airfoil 59A. Second feature 86 is sub-
stantially axially located between leading edge 72 and
trailing edge 74, but a portion of second feature 86 can
extend axially rearward of trailing edge 74 of first airfoil
59A. First peak 88 is a bulge as measured from inner
endwall 64B if inner endwall 64B followed the consistent
arc along pitch P (due to inner endwall 64B being annular
in shape). Maximum height 90 can have any height, in-
cluding a height that is approximately five percent of axial
chord length 76. First peak 88 slopes (e.g., is convex)
radially outward to maximum height 90, with the slope
having any angle that is constant or varying. Maximum
height 90 can have any height and can be relatively large
(e.g., maximum height 90 is a plateau having an oblong
shape with multiple points at the same height) or small
(e.g., maximum 90 is a point/small circle). Second feature
86 can be in contact with first feature 80 (e.g., the slope
of first depression 82 continues radially outward to form
the slope of first peak 88) or, as shown in FIG. 2B, second
features 86 can be distant from first feature 80 with a flat
portion (i.e., following the arc) of inner endwall 64B ther-
ebetween. Second feature 86 can include other peaks
or features for reducing endwall losses. Generally, sec-
ond feature 86 with first peak 88 is closer to upstream
end 78A than downstream end 78B of inner endwall 64B.
[0021] Third feature 92 is adjacent to and between sec-
ond feature 86 and first side 68 of second airfoil 59B and
is axially located substantially between leading edge 72
and trailing edge 74. Third feature 92 includes third pitch
P3 with a span (i.e., a circumferential width) that is ap-
proximately thirty percent pitch. Third feature 92 has sec-
ond depression 94 with second maximum depression 96
located between approximately twenty and fifty percent
of axial chord length 76 of second airfoil 59B. In the ex-
emplary embodiment, second maximum depression 96
is located between approximately twenty-five and thirty-
five percent of axial chord length 76 of second airfoil 59B.
Second depression 94 is an indentation as measured
from inner endwall 64B if inner endwall 64 followed the
consistent arc along pitch P (due to inner endwall 64B
being annular in shape). Second depression 94 can have
any depth, including a depth that is approximately five
percent of airfoil chord length 76. Third feature 92 is sub-
stantially axially located between leading edge 72 and
trailing edge 74, but a portion of third feature 92 can ex-
tend axially rearward of trailing edge 74 of second airfoil
59B. Second depression 94 slopes (e.g., is concave) to
second maximum depression 96, with the slope having
any angle that is constant or varying. Second maximum
depression 96 can be any depth, including a depth that
is equal to the depth of first maximum depression 84.
Additionally, second maximum depression 96 can be rel-
atively large (e.g., second maximum depression 96 is an
oblong shape having multiple points at the same depth)
or small (e.g., second maximum depression 96 is a
point/small circle). Third feature 92 can be in contact with
second feature 86 (e.g., the slope of first peak 88 con-
tinues radially inward to form the slope of second depres-

sion 96), or, as shown in FIG. 2B, third feature 92 can be
distant from second feature 86 with a flat portion (i.e.,
following the arc) of inner endwall 64B therebetween.
Second maximum depression 96 can be adjacent second
airfoil 59B (as shown in FIG. 2B) or distant from second
airfoil 59B. Second feature 92 can include other depres-
sions or features for reducing endwall losses.
[0022] Features 80, 86, and 92 can be circumferentially
located relative to one another such that first pitch P1 of
first feature 80 spans from approximately zero percent
pitch P to approximately thirty percent pitch P, second
pitch P2 of second feature 86 spans from approximately
thirty-five percent pitch P to approximately sixty-five per-
cent pitch P, and third pitch P2 of third feature 92 spans
from approximately seventy percent pitch P to approxi-
mately one-hundred percent pitch P as measured from
second side 70 of first airfoil 59A. Another configuration
of inner endwall 64B can have features 80, 86, and 92
circumferentially located relative to one another such that
first pitch P1 of first feature 80 spans from approximately
zero percent pitch P to approximately thirty percent pitch
P, second pitch P2 of second feature 86 spans from ap-
proximately forty percent pitch P to approximately sev-
enty percent pitch P, and third pitch P2 of third feature
92 spans from approximately seventy percent pitch P to
approximately one-hundred percent pitch P as measured
from second side 70 of first airfoil 59A.
[0023] Turbine section/stage 28 and/or power turbine
section 34 in variable speed power turbine engine 10
includes at least a pair of airfoils 59 and endwalls 64A
and 64B therebetween. Endwalls 64A and/or 64B can be
contoured to reduce endwall losses resulting from a vor-
tex that forms within fluid flow passage 66 between air-
foils 59. Endwalls 64A and 64B can be contoured to in-
clude at three features 80, 86, and 92 with first feature
80 and third feature 92 being depressions and second
feature 86 being a peak. The three features 80, 86, and
92 are positions to provide maximum reduction in endwall
losses. The endwall contouring can be located on inner
diameter endwall 64B (extending between radially inner
ends of the airfoils) or outer diameter endwall 64A (ex-
tending between radially outer ends of the airfoils).

Discussion of Possible Embodiments

[0024] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0025] A turbine section includes a pair of adjacent tur-
bine airfoils and an endwall extending between the air-
foils. Each airfoil including a first side, a second side, a
leading edge, a trailing edge, and an axial chord length
extending between the leading edge and the trailing edge
with the pair of turbine airfoils having a first airfoil and a
second airfoil. The endwall includes a first feature adja-
cent the second side of the first airfoil between the leading
edge and the trailing edge with the first feature spanning
approximately thirty percent pitch and having a first de-
pression with a maximum depression located between
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twenty percent and eighty percent of the axial chord
length of the first airfoil, a second feature adjacent the
first feature between the leading edge and the trailing
edge with the second feature spanning approximately
thirty percent pitch and having a first peak with a maxi-
mum height located between sixty percent and ninety
percent of the axial chord length of the first airfoil, and a
third feature adjacent the second feature and first side
of the second airfoil between the leading edge and the
trailing edge with the third feature spanning approximate-
ly thirty percent pitch and having a second depression
with a maximum depression located between twenty per-
cent and fifty percent of the axial chord length of the sec-
ond airfoil.
[0026] The turbine section of the preceding paragraph
can optionally include, additionally and/or alternatively,
any one or more of the following features, configurations
and/or additional components:
The turbine section is a power turbine section.
[0027] The pair of airfoils are incident tolerant airfoils.
[0028] The first side of the pair of airfoils is a suction
side and the second side of the pair of airfoils is a pressure
side.
[0029] The first maximum depression of the first de-
pression is located between forty-five and fifty-five per-
cent of the axial chord length of the first airfoil.
[0030] The maximum height of the first peak is located
between seventy-five and eighty-five percent of the axial
chord length of the first airfoil.
[0031] The second maximum depression of the sec-
ond depression is located between twenty-five and thirty-
five percent of the axial chord length of the second airfoil.
[0032] The endwall extends between an inner diame-
ter of the plurality of airfoils.
[0033] At least a portion of the second feature extends
axially rearward of the trailing edge of the first airfoil.
[0034] The second feature spans from thirty-five per-
cent to sixty-five percent pitch.
[0035] The second feature spans from forty percent to
seventy percent pitch.
[0036] A gas turbine engine including a variable speed
power turbine; an annular turbine stage; a plurality of
airfoils each having a first side, a second side, a leading
edge, a trailing edge, the plurality of airfoils having a first
airfoil and a second airfoil; and an endwall extending be-
tween the second side of the first airfoil and the first side
of the second airfoil. The endwall includes a first feature
adjacent the second side of the first airfoil between the
leading edge and the trailing edge with the first feature
spanning approximately thirty percent pitch and having
a first depression with a first maximum depression locat-
ed between twenty percent and eighty percent of an axial
chord length of the first airfoil, a second feature adjacent
the first feature between the leading edge and the trailing
edge with the second feature spanning approximately
thirty percent pitch and having a first peak with a maxi-
mum height located between sixty percent and ninety
percent of the axial chord length of the first airfoil, and a

third feature adjacent the second feature and first side
of the second airfoil between the leading edge and the
trailing edge with the third feature spanning approximate-
ly thirty percent pitch and having a second depression
with a second maximum depression located between
twenty percent and fifty percent of the axial chord length
of the second airfoil.
[0037] The gas turbine engine of the preceding para-
graph can optionally include, additionally and/or alterna-
tively, any one or more of the following features, config-
urations and/or additional components:
The plurality of airfoils are incident tolerant airfoils.
[0038] The first side of the plurality of airfoils is a pres-
sure side and the second side of the plurality of airfoils
is a suction side.
[0039] The first maximum depression of the first de-
pression is located between forty-five and fifty-five per-
cent of the axial chord length of the first airfoil.
[0040] The maximum height of the first peak is located
between seventy-five and eighty-five percent of the axial
chord length of the first airfoil.
[0041] The second maximum depression of the sec-
ond depression is located between twenty-five and thirty-
five percent of the axial chord length of the second airfoil.
[0042] The endwall extends between an inner diame-
ter of the plurality of airfoils.
[0043] At least a portion of the second feature extends
axially rearward of the trailing edge of the first airfoil.
[0044] The second feature spans from thirty-five per-
cent to sixty-five percent pitch.
[0045] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiments) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. A turbine section (28, 34) comprising:

a pair of adjacent turbine airfoils (59A, 59B),
each airfoil (59A, 59B) including a first side (68),
a second side (70), a leading edge (72), a trailing
edge (74), and an axial chord length (76) ex-
tending between the leading edge (72) and the
trailing edge (74), the pair of turbine airfoils (59A,
59B) having a first airfoil (59A) and a second
airfoil (59B); and
an endwall (64A, 64B) extending between the
second side (70) of the first airfoil (59A) and the
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first side (68) of the second airfoil (59B), the end-
wall (64A, 64B) comprising:

a first feature (80) adjacent the second side
(70) of the first airfoil (59A) between the
leading edge (72) and the trailing edge (74),
the first feature (80) spanning approximate-
ly thirty percent pitch (P) and having a first
depression (82) with a first maximum de-
pression (84) located between twenty per-
cent and eighty percent of the axial chord
length (76) of the first airfoil (59A);
a second feature (86) adjacent the first fea-
ture (80) between the leading edge (72) and
the trailing edge (74), the second feature
(86) spanning approximately thirty percent
pitch (P) and having a first peak (88) with a
maximum height (90) located between sixty
percent and ninety percent of the axial chord
length (76) of the first airfoil (59A); and
a third feature (92) adjacent the second fea-
ture (86) and first side (68) of the second
airfoil (59B) between the leading edge (72)
and the trailing edge (74), the third feature
(92) spanning approximately thirty percent
pitch (P) and having a second depression
(94) with a second maximum depression
(96) located between twenty percent and fif-
ty percent of the axial chord length (76) of
the second airfoil (59B).

2. The turbine section of claim 1, wherein the first max-
imum depression (84) of the first depression (82) is
located between forty-five and fifty-five percent of
the axial chord length (76) of the first airfoil (59A).

3. The turbine section of claim 1 or 2, wherein the max-
imum height (90) of the first peak (88) is located be-
tween seventy-five and eighty-five percent of the ax-
ial chord length (76) of the first airfoil (59A).

4. The turbine section of any preceding claim, wherein
the second maximum depression (96) of the second
depression (94) is located between twenty-five and
thirty-five percent of the axial chord length (76) of
the second airfoil (59B).

5. The turbine section of any preceding claim, wherein
at least a portion of the second feature (86) extends
axially rearward of the trailing edge (74) of the first
airfoil (59A).

6. The turbine section of any preceding claim, wherein
the second feature (86) spans from thirty-five percent
to sixty-five percent pitch (P).

7. The turbine section of any of claims 1 to 5, wherein
the second feature (86) spans from forty percent to

seventy percent pitch (P).

8. The turbine section of any preceding claim, wherein
the turbine section is a power turbine section (34).

9. The turbine section of any preceding claim, wherein
the pair of airfoils (59A, 59B) are incident tolerant
airfoils.

10. The turbine section of any preceding claim, wherein
the first side (68) of the pair of airfoils (59A, 59B) is
a suction side and the second side (70) of the pair
of airfoils (59A, 59B) is a pressure side.

11. The turbine section of any preceding claim, wherein
the endwall (64B) extends between an inner diam-
eter of the pair of airfoils (59A, 59B).

12. A gas turbine engine comprising:

a variable speed power turbine including the tur-
bine section (34) according to any of claims 1 to
11; and
an annular turbine stage.
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