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(57) ABSTRACT 
A platform includes a platform body. The platform body has 
an airfoil Support Surface, an axially extending base Surface 
opposite the airfoil Support Surface, and a leading edge. The 
leading edge includes an upstream extending flange with a 
raised portion and a trough portion downstream of and radi 
ally inward from the raised portion. The raised portion and the 
trough portion are for holding a vortex of fluid flow. The 
upstream extending flange includes a converging Surface con 
necting the upstream extending flange to the base surface. The 
converging Surface converges in a direction toward the axially 
extending base Surface and is at an angle relative to the base 
Surface. 
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PLATFORMS WITH LEADING EDGE 
FEATURES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application Ser. No. 62/078,609, filed Nov. 12, 
2014, the entire contents of which are incorporated herein by 
reference thereto. 

BACKGROUND 

0002 1. Field 
0003. The present disclosure relates to airfoil platforms, 
Such as rotor blade platforms and Vane platforms. 
0004 2. Description of Related Art 
0005 Traditionally, turbomachines, as in gas turbine 
engines, include multiple stages of rotor blades and Vanes to 
condition and guide fluid flow through the compressor and/or 
turbine sections. Stages in Some engine sections can include 
alternating rotor blade stages and stator Vane stages. Each 
respective stage includes at least one platform for mounting 
the rotors and stators. The platforms of a given stage are 
generally mounted circumferentially together using a feather 
seal. Feather seals between the platforms in a given stage can 
help to prevent ingestion of unwanted fluid flow at the axial 
interfaces between the platforms. 
0006 Ingestion of unwanted fluid flow can also occur at 
the circumferential interface between the platforms of two 
separate stages. At the circumferential interfaces, high pres 
Sure purge flow from the compressor can be used to reduce 
ingestion, but can potentially cause performance losses as a 
trade off. 

0007 Such conventional methods and systems have gen 
erally been considered satisfactory for their intended purpose. 
However, there is still a need in the art for improved airfoil 
platforms. 

SUMMARY OF THE DISCLOSURE 

0008. A platform includes a platform body. The platform 
body has an airfoil support Surface, an axially extending base 
Surface opposite the airfoil support Surface, and a leading 
edge. The leading edge includes an upstream extending 
flange with a raised portion and a trough portion downstream 
of and radially inward from the raised portion. The raised 
portion and the trough portion are for holding a vortex of fluid 
flow. The upstream extending flange includes a converging 
Surface connecting the upstream extending flange to the base 
Surface. The converging Surface converges in a direction 
toward the axially extending base surface and is at an angle 
relative to the base surface. 
0009. The raised portion of the leading edge can be con 
figured to be axially overlapped by a downstream extending 
flange of an upstream platform. The platform can include an 
axially extending feather seal opening defined between the 
airfoil Support Surface and the base Surface. The axial position 
of the upstream edge of the feather seal opening can be 
Substantially equal to the axial position of the intersection of 
the base surface and the converging Surface, and/or the axial 
position of the upstream edge of the feather seal opening can 
be substantially equal to the axial position of the upstream 
edge of the base surface. The axial length of the raised portion 
can be substantially equal to the axial length of the opening of 
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the trough portion. The airfoil support Surface can be opera 
tively connected to a stator Vane. 
0010. A turbomachine includes a first platform including a 
downstream extending flange and a second platform down 
stream of the first platform. The second platform includes an 
airfoil Support Surface and an axially extending base Surface 
opposite the airfoil Support Surface, and a leading edge. The 
leading edge is similar to the leading edge described above. 
The downstream extending flange of the first platform axially 
overlaps the raised portion of the leading edge of the second 
platform. When at equilibrium temperature, the axial position 
of the downstream edge of the downstream extending flange 
is Substantially equal to the axial position of the intersection 
of the raised portion and the trough portion. 
0011. The second platform can include a feather seal 
opening, similar to the feather seal opening described above. 
The radial distance between a bottom of the trough portion 
and an outer Surface of the downstream extending flange can 
be approximately two times the radius of curvature of the 
trough portion. The first platform can be a blade platform 
operatively connected to a rotor blade. The blade platform can 
be configured to move circumferentially with respect to the 
second platform while still maintaining an axial overlap 
between the downstream extending flange of the blade plat 
form and the raised portion of the leading edge of the second 
platform. The second platform can be a vane platform opera 
tively connected to a stator Vane. 
0012. In one embodiment, a platform is provided. The 
platform having: a platform body having: an airfoil support 
Surface; an axially extending base Surface opposite the airfoil 
Support Surface; and a leading edge including an upstream 
extending flange with a raised portion and a trough portion 
downstream of and radially inward from the raised portion for 
holding a vortex of fluid flow, and wherein the upstream 
extending flange includes a converging Surface connecting 
the upstream extending flange to the base surface, wherein the 
converging Surface converges in a direction toward the axially 
extending base Surface and is at an angle relative to the base 
Surface. 
0013. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, the raised portion of the leading edge may be config 
ured to be axially overlapped by a downstream extending 
flange of an upstream platform. 
0014. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, further embodiments may include an axially extend 
ing feather seal opening defined between the airfoil Support 
Surface and the base surface. 
0015. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, an axial position of an upstream edge of the feather 
seal opening may be substantially equal to an axial position of 
an intersection of the base Surface and the converging Surface. 
0016. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, an axial position of an upstream edge of the feather 
seal opening may be substantially equal to an axial position of 
the upstream edge of the base surface. 
0017. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, an axial length of the raised portion may be substan 
tially equal to an axial length of an opening of the trough 
portion. 
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0.018. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, the airfoil support Surface may be operatively con 
nected to a stator vane. 

0019. In another embodiment, a platform is provided. The 
platform having: a platform body having: an airfoil support 
Surface; an axially extending base Surface opposite the airfoil 
Support Surface; an axially extending feather seal opening 
defined between the airfoil support surface and the base sur 
face; and a leading edge including an upstream extending 
flange with a raised portion and a trough portion downstream 
of and radially inward from the raised portion for holding a 
vortex of fluid flow, wherein an axial position of an upstream 
edge of the feather seal opening is Substantially equal to an 
axial position of the upstream edge of the base Surface. 
0020. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, the upstream extending flange includes a converging 
Surface connecting the upstream extending flange to the base 
Surface, wherein the converging Surface converges in a direc 
tion toward the axially extending base Surface and is at an 
angle relative to the base Surface. 
0021. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, the axial position of the upstream edge of the feather 
seal opening may be substantially equal to an axial position of 
an intersection of the base Surface and the converging Surface. 
0022. In yet another embodiment, a turbomachine is pro 
vided. The turbomachine having: a first platform including a 
downstream extending flange; and a second platform down 
stream of the first platform, wherein the second platform 
includes: an airfoil Support Surface; an axially extending base 
Surface opposite the airfoil support Surface; and a leading 
edge including an upstream extending flange with a raised 
portion and a trough portion downstream of and radially 
inward from the raised portion for holding a vortex of fluid 
flow, wherein the downstream extending flange of the first 
platform axially overlaps the raised portion of the leading 
edge of the second platform, and wherein, when at equilib 
rium temperature, an axial position of a downstream edge of 
the downstream extending flange is Substantially equal to an 
axial position of an intersection of the raised portion and the 
trough portion. 
0023. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, the upstream extending flange includes a converging 
Surface connecting the upstream extending flange to the base 
Surface, wherein the converging Surface converges in a direc 
tion toward the axially extending base Surface and is at an 
angle relative to the base Surface. 
0024. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, further embodiments may include an axially extend 
ing feather seal opening defined between the airfoil Support 
Surface and the base Surface, wherein an upstream edge of the 
feather seal opening is defined at an axial position Substan 
tially equal to an axial position of an intersection of the base 
Surface and the converging Surface. 
0025. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, further embodiments may include an axially extend 
ing feather seal opening defined between the airfoil Support 
Surface and the base surface. 
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0026. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, an axial position of an upstream edge of the feather 
seal opening may be substantially equal to an axial position of 
the upstream edge of the base surface. 
0027. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, an axial length of the raised portion may be substan 
tially equal to an axial length of an opening of the trough 
portion. 
0028. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, a radial distance between a bottom of the trough por 
tion and an outer Surface of the downstream extending flange 
is approximately two times a radius of curvature of the trough 
portion. 
0029. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, the first platform is a blade platform operatively con 
nected to a rotor blade, wherein the blade platform is config 
ured to move circumferentially with respect to the second 
platform while still maintaining an axial overlap between the 
downstream extending flange of the blade platform and the 
raised portion of the leading edge of the second platform. 
0030. In addition to one or more of the features described 
above, or as an alternative to any of the foregoing embodi 
ments, the second platform is a vane platform operatively 
connected to a stator vane. 

0031. These and other features of the systems and methods 
of the subject disclosure will become more readily apparent 
to those skilled in the art from the following detailed descrip 
tion of the preferred embodiments taken in conjunction with 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. So that those skilled in the art to which the subject 
disclosure appertains will readily understand how to make 
and use the devices and methods of the subject disclosure 
without undue experimentation, preferred embodiments 
thereofwill be described in detail herein below with reference 
to certain figures, wherein: 
0033 FIG. 1 is a schematic cross-sectional side elevation 
view of a portion of an exemplary embodiment of a gas 
turbine engine constructed in accordance with the present 
disclosure, showing the gas pathandblades and Vanes defined 
within the gas path; 
0034 FIG. 2 is a schematic cross-sectional side elevation 
view of a portion of the gas turbine of FIG. 1, showing a blade 
platform and a vane platform; 
0035 FIG. 3 is a schematic cross-sectional side elevation 
view of a portion of the gas turbine engine of FIG. 1, showing 
the interface between a blade platform and a vane platform: 
0036 FIG. 4 is a schematic cross-sectional side elevation 
view of a portion of another exemplary embodiment of a gas 
turbine engine constructed in accordance with the present 
disclosure, showing break-edges and rounded corner fea 
tures; and 
0037 FIG. 5 is a schematic cross-sectional side elevation 
view of a portion of a gas turbine engine with traditional 
platforms. 
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DETAILED DESCRIPTION OF THE 
DISCLOSURE 

0038 Reference will now be made to the drawings 
wherein like reference numerals identify similar structural 
features or aspects of the Subject disclosure. For purposes of 
explanation and illustration, and not limitation, a schematic 
side elevation view of an exemplary embodiment of a turbo 
machine constructed in accordance with the disclosure is 
shown in FIG. 1 and is designated generally by reference 
character 100. Other embodiments of turbomachines con 
structed in accordance with the disclosure, or aspects thereof, 
are provided in FIG. 2, as will be described. 
0039. As shown in FIG. 1, a turbomachine 100, for 
example, a gas turbine engine, includes a fan section 22, a 
compressor section 24, a combustor section 26 and a turbine 
section 28. The fan section 22 drives air along a bypass flow 
path 21, while the compressor section 24 drives air along a 
core flow path, e.g. main gas path 111, for compression and 
communication into the combustor section 26 then expansion 
through the turbine section 28. The core airflow is com 
pressed by a low pressure compressor 44 then a high pressure 
compressor 52, mixed and burned with fuel in a combustor 
56, then expanded over a high pressure turbine 54 and a low 
pressure turbine 46. Gas turbine engine 100 includes a plu 
rality of airfoil stages, for example blade stages 23 and Vane 
stages 25, which are in main gas path 111. 
0040. Now with reference to FIG. 2, gas turbine engine 
100 includes a first platform 102, e.g. a blade platform, and a 
second platform 104, e.g. a vane platform, downstream of 
first platform 102. Each of first and second platforms has 
respective platform bodies 103 and 105, respectively. First 
platform 102 is operatively connected to a rotor blade107, for 
example a rotor blade in rotor blade stage 23, shown in FIG. 
1. Second platform 104 is a vane platform operatively con 
nected to a stator vane 109. Both first and second platforms, 
102 and 104, respectively, and their respective blade and 
vane, 107 and 109, respectively, are defined within a main gas 
path 111 of gas turbine engine 100. Those skilled in the art 
will readily appreciate that while first and second platforms 
are shown and described herein as blade and Vane platforms, 
respectively, first and second platforms can be just blade 
platforms or just Vane platforms, the first platform can be a 
Vane platform and the second platform can be a blade plat 
form, and/or any other suitable variations thereof. 
0041. With continued reference to FIG. 2, first platform 
102 includes a downstream extending flange 106. Second 
platform 104 includes an airfoil support surface 108 and an 
axially extending base Surface 110, e.g. along longitudinal 
axis A, opposite airfoil Support Surface 108, and a leading 
edge 112. Leading edge 112 includes an upstream extending 
flange 114 with a raised portion 116 and a trough portion 118 
downstream of and radially inward from raised portion 116. 
Raised portion 116 and trough portion 118 are configured to 
hold a vortex of fluid flow, as shown schematically with the 
Swirling arrow, inhibiting ingestion of fluid from main gas 
path 111 into a rim cavity 113. Rim cavity 113 is defined 
radially inward from leading edge 112. It is contemplated that 
the discourager and trough configurations described above 
can be used in conjunction with purge flow, shown Schemati 
cally by an arrow 115. 
0042 Downstream extending flange 106 of first platform 
102 axially overlaps raised portion 116 of leading edge 112 of 
second platform 104. When first and second platforms, 102 
and 104, respectively, are at equilibrium temperature, an axial 
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position of a downstream edge 120 of downstream extending 
flange 106 is Substantially equal to an axial position of an 
intersection 121 of raised portion 116 and trough portion 118. 
Due to the axial position of raised portion 116, and the length 
of raised portion 116, described below, first platform 102 is 
configured to move circumferentially with respect to second 
platform 104 while still maintaining the axial overlap 
between downstream extending flange 106 of first platform 
102 and raised portion 116 of leading edge 112 of second 
platform 104. 
0043. With continued reference to FIG. 2, second platform 
104 includes an axially extending feather seal opening 124 
defined between airfoil support surface 108 and base surface 
110. Anaxial position of an upstream edge 126 offeather seal 
opening 124 is Substantially equal to an axial position of an 
upstream edge 128 of base Surface 110, e.g. at an intersection 
of base surface 110 and a converging surface 122. Those 
skilled in the art will readily appreciate that the axial position 
of feather seal opening 124 consequently affects the place 
ment of a feather seal, not shown. This axial position of 
upstream edge 126 offeather seal opening 124 tends to reduce 
leakage of purge flow 115 at the axial interfaces between 
platforms in the same stage compared to traditional platform 
interfaces. This reduction increases the effectiveness of purge 
flow 115 in reducing the ingestion at the interface between 
blade platform 102 and vane platform 104, potentially reduc 
ing the amount of purge flow 115 required and reducing 
losses. 
0044 Upstream extending flange 114 includes a converg 
ing Surface 122 at an angle relative to axially extending base 
surface 110 and converges in a direction toward axially 
extending base surface 110, e.g. toward longitudinal axis A. 
Converging Surface 122 connects upstream extending flange 
114 to base surface 110. Those skilled in the art will readily 
appreciate that the increased thickness created by converging 
surface 122 allows for feather seal opening 124 to be defined 
farther upstream than feather seal openings found on tradi 
tional airfoil platforms, for example, a feather seal opening 
324 as shown in FIG. 5. Further, those skilled in the art will 
readily appreciate that a height H of raised portion 116 is can 
be as thin as manufacturing allows, for example 0.010 inches 
but can be thicker as needed to meet various design require 
ments, such as structural and thermal requirements. 
0045. With reference to FIG. 4, turbomachine 200 is sub 
stantially similar to turbomachine 100, except that raised 
portion 216 is different from raised portion 116. Raised por 
tion 216 has a break-edge 202 on the bottom radially inward 
corner, a rounded corner 204 on the top radially outward 
corner, and a blended surface 206 between raised portion 216 
and converging surface 222. Those skilled in the art will 
readily appreciate that break-edges, rounded corners and 
blended surfaces can be used in a variety of suitable locations 
throughout the platforms and are not limited to the specific 
corners and locations shown in FIG. 4. For example, instead 
of having a rounded corner 204, the top radially outward 
corner can have a break-edge 202, and/or bottom radially 
inward corner can have a rounded corner 204. 

0046) With reference now to FIGS. 2 and 5, converging 
Surface 122 also contributes to feather seal opening 124 being 
able to be defined further upstream than a traditional feather 
seal opening, e.g. a feather seal opening 324 of traditional 
second platform 304, shown in FIG. 5. Those skilled in the art 
will readily appreciate that the incorporation of trough 118 
tends to push feather seal opening 124 aft. The increase in the 
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height E of the platform that converging Surface 122 creates 
allows feather seal opening 124 to be moved forward, while 
still including trough 118. While converging surface 122 is 
shown as an angled linear Surface, those skilled in the art will 
readily appreciate that converging Surface 122 can be curved, 
stepped, or rounded. It is also contemplated that the average 
slope may be near radial (very steep) to near axial (very 
shallow), as needed to maintain a minimum gap between 
converging surface 122 and first platform 103. 
0047. As shown in FIG. 3, a radial distance B between a 
bottom 130 of trough portion 118 and an outer surface 132 of 
downstream extending flange 106 is approximately two times 
the radius of curvature of trough portion 118. An axial length 
Cofraised portion 116 is Substantially equal to an axial length 
D of an opening of the trough portion. It is contemplated that 
radial distance B can be approximately equal to axial length.D 
in order to develop a vortex that acts to block the radial gap 
between downstream extending flange 106 and leading edge 
112. 
0048. The methods and systems of the present disclosure, 
as described above and shown in the drawings, provide for gas 
turbine engines with Superior properties including reduced 
ingestion of fluid from the gas path, and reduced purge flow 
needed. While the apparatus and methods of the subject dis 
closure have been shown and described with reference to 
preferred embodiments, those skilled in the art will readily 
appreciate that changes and/or modifications may be made 
thereto without departing from the scope of the subject dis 
closure. 
What is claimed is: 
1. A platform comprising: 
a platform body having: 

an airfoil support Surface; 
an axially extending base Surface opposite the airfoil 

Support Surface; and 
a leading edge including an upstream extending flange 

with a raised portion and a trough portion downstream 
of and radially inward from the raised portion for 
holding a vortex of fluid flow, and wherein the 
upstream extending flange includes a converging Sur 
face connecting the upstream extending flange to the 
base Surface, wherein the converging Surface con 
Verges in a direction toward the axially extending base 
Surface and is at an angle relative to the base Surface. 

2. A platform as recited in claim 1, wherein the raised 
portion of the leading edge is configured to be axially over 
lapped by a downstream extending flange of an upstream 
platform. 

3. A platform as recited in claim 1, further comprising an 
axially extending feather seal opening defined between the 
airfoil Support Surface and the base Surface. 

4. A platform as recited in claim 3, wherein an axial posi 
tion of an upstream edge of the feather seal opening is Sub 
stantially equal to an axial position of an intersection of the 
base Surface and the converging Surface. 

5. A platform as recited in claim 3, wherein an axial posi 
tion of an upstream edge of the feather seal opening is Sub 
stantially equal to an axial position of the upstream edge of 
the base surface. 

6. A platform as recited in claim 1, wherein an axial length 
of the raised portion is Substantially equal to an axial length of 
an opening of the trough portion. 

7. A platform as recited in claim 1, wherein the airfoil 
Support Surface is operatively connected to a stator vane. 
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8. A platform comprising: 
a platform body having: 

an airfoil support Surface; 
an axially extending base Surface opposite the airfoil 

Support Surface; 
an axially extending feather seal opening defined 

between the airfoil support surface and the base sur 
face; and 

a leading edge including an upstream extending flange 
with a raised portion and a trough portion downstream 
of and radially inward from the raised portion for 
holding a vortex of fluid flow, wherein an axial posi 
tion of an upstream edge of the feather seal opening is 
Substantially equal to an axial position of the 
upstream edge of the base Surface. 

9. A platform as recited in claim 8, wherein the upstream 
extending flange includes a converging Surface connecting 
the upstream extending flange to the base surface, wherein the 
converging Surface converges in a direction toward the axially 
extending base Surface and is at an angle relative to the base 
Surface. 

10. A platform as recited in claim 9, wherein the axial 
position of the upstream edge of the feather seal opening is 
Substantially equal to an axial position of an intersection of 
the base Surface and the converging Surface. 

11. A turbomachine, comprising: 
a first platform including a downstream extending flange; 

and 
a second platform downstream of the first platform, 

wherein the second platform includes: 
an airfoil support Surface; 
an axially extending base Surface opposite the airfoil 

Support Surface; and 
a leading edge including an upstream extending flange 

with a raised portion and a trough portion downstream 
of and radially inward from the raised portion for 
holding a vortex of fluid flow, wherein the down 
stream extending flange of the first platform axially 
overlaps the raised portion of the leading edge of the 
second platform, and wherein, when at equilibrium 
temperature, an axial position of a downstream edge 
of the downstream extending flange is Substantially 
equal to an axial position of an intersection of the 
raised portion and the trough portion. 

12. A turbomachine as recited in claim 11, wherein the 
upstream extending flange includes a converging Surface con 
necting the upstream extending flange to the base surface, 
wherein the converging Surface converges in a direction 
toward the axially extending base Surface and is at an angle 
relative to the base surface. 

13. A turbomachine as recited in claim 12, further com 
prising an axially extending feather seal opening defined 
between the airfoil support surface and the base surface, 
wherein an upstream edge of the feather seal opening is 
defined at an axial position Substantially equal to an axial 
position of an intersection of the base Surface and the con 
Verging Surface. 

14. A turbomachine as recited in claim 11, further com 
prising an axially extending feather seal opening defined 
between the airfoil support surface and the base surface. 

15. A turbomachine as recited in claim 14, wherein an axial 
position of an upstream edge of the feather seal opening is 
Substantially equal to an axial position of the upstream edge 
of the base surface. 
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16. A turbomachine as recited in claim 11, wherein an axial 
length of the raised portion is Substantially equal to an axial 
length of an opening of the trough portion. 

17. A turbomachine as recited in claim 11, wherein a radial 
distance between a bottom of the trough portion and an outer 
Surface of the downstream extending flange is approximately 
two times a radius of curvature of the trough portion. 

18. A turbomachine as recited in claim 11, wherein the first 
platform is a blade platform operatively connected to a rotor 
blade, wherein the blade platform is configured to move cir 
cumferentially with respect to the second platform while still 
maintaining an axial overlap between the downstream 
extending flange of the blade platform and the raised portion 
of the leading edge of the second platform. 

19. A turbomachine as recited in claim 11, wherein the 
second platform is a vane platform operatively connected to a 
StatOr Vane. 
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