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CONTOURED FLOWPATH SURFACE 
BACKGROUND 

The present invention relates generally to endwall flowpath surface contours for 

5 gas turbine engines, and more particularly to non-axisymmetric endwall flowpath surface 

contours. 

Gas turbine engines are well-known, and generally include various rotating and 

non-rotating airfoils arranged in cascades. These airfoils include fluid working surfaces 

that can interact with working fluids along an engine flowpath during engine operation. 

10 Endwalls are stmctures that bound portions of the engine flowpath, typically at radially 

inner and outer locations along the flowpath. These endwalls can adjoin the airfoils. In 

some instances, endwalls are defined by platforms or shrouds integral to the airfoil. In 

other instances, endwalls are defined by stmctures separate from the airfoils, such as 

ducts, shrouds, spacers and the like. 

15 In the past, endwalls in gas turbine engines generally had axisymmetric contours, 

meaning the endwall was symmetric in rotation about a central axis (i.e. cylindrical, 

frustoconical or toroidal). Such axisymmetric endwall contours do not always provide 

optimal adibiatic efficiency and flow capacity, particularly due to secondary flow effects 

where some of the working fluid inefficiently moves in a spanwise (i.e., generally radial) 

20 direction along the working surfaces of the airfoils (with or without swirl or vortex 

effects). 

SUMMARY 

A spacer assembly for a rotor assembly of a gas turbine engine includes an 

endwall segment having a non-axisymmetric flowpath surface, a first depression and a 

25 second depression. A perimeter of the flowpath surface includes a forward edge, an aft 

edge, a suction side edge and a pressure side edge. The first depression is formed along 

the flowpath surface adjoining the suction side edge, and the second depression is formed 

along the flowpath surface adjoining the pressure side edge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 FIG. 1 is a schematic quarter sectional view of an embodiment of a gas turbine 

engine. 

FIG. 2 is a front perspective view of one embodiment of a portion of a rotor 

assembly for the gas turbine engine. 

FIG. 3 is a plan view of a spacer of the rotor assembly of FIG. 2. 
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FIG. 4 is a bottom view of the spacer of FIG. 3. 

FIG. 5 is an elevation view of the spacer, shown in isolation. 

FIGS. 6-8 are cross-sectional views of the spacer taken along lines 6-6. 7-7 and 8-

8. respectively, in FIG. 5. 

5 FIG. 9 is a front elevation view of the spacer and seal elements, shown in 

isolation. 

FIG. 10 is a cross-sectional view of a portion of the rotor assembly of FIG. 2. 

While the above-identified figures set forth embodiments of the present 

disclosure, other embodiments are also contemplated, as noted in the discussion. In all 

10 cases, this disclosure presents the invention by way of representation and not limitation. 

It should be understood that numerous other modifications and embodiments can be 

devised by those skilled in the art, which fall within the scope and spiiit of the principles 

of the invention. The figures may not be drawn to scale, and applications and 

embodiments of the present invention may include features and components not 

15 specifically shown in the drawings. 

DETAILED DESCRIPTION 

The present application claims priority to U.S. Provisional Patent Application Ser. 

No. 61/684,490, entitled "Contoured Flowpath Blade Platform," filed August 17, 2012, 

which is hereby incorporated by reference in its entirety. 

20 A rotor (e.g., fan) assembly can have an endwall with a non-axisymmetric 

flowpath surface contour with one or more depressions along the pressure and/or suction 

side edges adjoining adjacent airfoils. These one or more depressions can produce 

localized radial "elevation" changes in the flowpath surface, which can depart in a 

negative radial direction from a nominal axisymmetric shape of surrounding portions of 

25 the flowpath surface contour in some embodiments. Furthermore, the flowpath surface 

contour can in addition or in the alternative include one or more protrusions, which can 

depart in a positive radial direction from the nominal axisymmetric shape of surrounding 

portions of the flowpath surface contour in some embodiments. Such a rotor assembly 

can be used in a gas turbine engine. In various embodiments, such a non-axisymmetric 

30 flowpath surface contour can be implemented on spacers that are secured to a rotor disk 

(e.g., fan hub) separate and independent from airfoils carried by the rotor disk. Persons of 

ordinary skill in the ait will recognize various features and benefits of the present 

invention in view of the description that follows. 
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FIG. 1 is a quarter sectional view that schematically illustrates an example gas 

turbine engine 20 that includes a fan section 22, a compressor section 24, a combustor 

section 26 and a turbine section 28. Alternative engines might include an augmenter 

section (not shown) among other systems or features. The fan section 22 drives air along 

5 a bypass flow path B while the compressor section 24 draws air in along a core flow path 

C where air is compressed and communicated to a combustor section 26. In the 

combustor section 26, air is mixed with fuel and ignited to generate a high pressure 

exhaust gas stream that expands through the turbine section 28 where energy is extracted 

and utilized to drive the fan section 22 and the compressor section 24. 

10 Although the disclosed non-limiting embodiment depicts a turbofan gas turbine 

engine, it should be understood that the concepts described herein are not limited to use 

with turbofans as the teachings may be applied to other types of turbine engines; for 

example, an industrial gas turbine; a reverse-flow gas turbine engine; and a turbine engine 

including a three-spool architecture in which three spools concentrically rotate about a 

15 common axis and where a low spool enables a low pressure turbine to drive a fan via a 

gearbox, an intermediate spool that enables an intermediate pressure turbine to drive a 

first compressor of the compressor section, and a high spool that enables a high pressure 

turbine to drive a high pressure compressor of the compressor section. 

The example engine 20 generally includes a low speed spool 30 and a high speed 

20 spool 32 mounted for rotation about an engine central longitudinal axis A relative to an 

engine static structure 36 via several bearing systems 38. It should be understood that 

various bearing systems 38 at various locations may alternatively or additionally be 

provided. 

The low speed spool 30 generally includes an inner shaft 40 that connects a fan 42 

25 and a low pressure (or first) compressor section 44 to a low pressure (or first) turbine 

section 46. The inner shaft 40 drives the fan 42 through a speed change device, such as a 

geared architecture 48, to drive the fan 42 at a lower speed than the low speed spool 30. 

The high-speed spool 32 includes an outer shaft 50 that interconnects a high pressure (or 

second) compressor section 52 and a high pressure (or second) turbine section 54. The 

30 inner shaft 40 and the outer shaft 50 are concentric and rotate via the bearing systems 38 

about the engine central longitudinal axis A. 

A combustor 56 is arranged between the high pressure compressor 52 and the high 

pressure turbine 54. In one example, the high pressure turbine 54 includes at least two 

stages to provide a double stage high pressure turbine 54. In another example, the high 
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pressure turbine 54 includes only a single stage. As used herein, a "high pressure" 

compressor or turbine experiences a higher pressure than a corresponding "low pressure" 

compressor or turbine. 

The example low pressure turbine 46 has a pressure ratio that is greater than about 

5 5. The pressure ratio of the example low pressure turbine 46 is measured prior to an inlet 

of the low pressure turbine 46 as related to the pressure measured at the outlet of the low 

pressure turbine 46 prior to an exhaust nozzle. 

A mid-turbine frame 58 of the engine static structure 36 can be arranged generally 

between the high pressure turbine 54 and the low pressure turbine 46. The mid-turbine 

10 frame 58 further supports bearing systems 38 in the turbine section 28 as well as setting 

airflow entering the low pressure turbine 46. 

The core airflow C is compressed by the low pressure compressor 44 then by the 

high pressure compressor 52 mixed with fuel and ignited in the combustor 56 to produce 

high speed exhaust gases that are then expanded through the high pressure turbine 54 and 

15 low pressure turbine 46. The mid-turbine frame 58 includes vanes 60, which are in the 

core airflow path and function as an inlet guide vane for the low pressure turbine 46. 

Utilizing the vane 60 of the mid-turbine frame 58 as the inlet guide vane for low pressure 

turbine 46 decreases the length of the low pressure turbine 46 without increasing the axial 

length of the mid-turbine frame 58. Reducing or eliminating the number of vanes in the 

20 low pressure turbine 46 shortens the axial length of the turbine section 28. Thus, the 

compactness of the gas turbine engine 20 is increased and a higher power density may be 

achieved. 

The disclosed gas turbine engine 20 in one example is a high-bypass geared 

aircraft engine. In a further example, the gas turbine engine 20 includes a bypass ratio 

25 greater than about six (6), with an example embodiment being greater than about ten (10). 

The example geared architecture 48 is an epicyclical gear train, such as a planetary gear 

system, star gear system or other known gear system, with a gear reduction ratio of 

greater than about 2.3. 

In one disclosed embodiment, the gas turbine engine 20 includes a bypass ratio 

30 greater than about ten (10:1) and the fan diameter is significantly larger than an outer 

diameter of the low pressure compressor 44. It should be understood, however, that the 

above parameters are only exemplary of one embodiment of a gas turbine engine 

including a geared architecture and that the present disclosure is applicable to other gas 

turbine engines. 
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A significant amount of thrust is provided by the bypass flow B due to the high 

bypass ratio. The fan section 22 of the engine 20 is designed for a particular flight 

condition - typically cruise at about 0.8 Mach and about 35,000 feet. The flight 

condition of 0.8 Mach and 35,000 ft., with the engine at its best fuel consumption - also 

5 known as "bucket cruise Thrust Specific Fuel Consumption ('TSFC')" - is the industry 

standard parameter of pound-mass (lbm) of fuel per hour being burned divided by pound-

force (Ibf) of thrust the engine produces at that minimum point. 

"Low fan pressure ratio" is the pressure ratio across the fan blade alone, without a 

Fan Exit Guide Vane ("FEGV") system. The low fan pressure ratio as disclosed herein 

10 according to one non-limiting embodiment is less than about 1.50. In another non-limiting 

embodiment the low fan pressure ratio is less than about 1.45. 

"Low corrected fan tip speed" is the actual fan tip speed in ft/sec divided by an 

industry standard temperature coiTection of [(Tram °R) / 518.7) 0.5]. The "Low corrected 

fan tip speed", as disclosed herein according to one non-limiting embodiment, is less than 

15 about 1150 ft/second. 

The example gas turbine engine 20 includes the fan 42 that comprises in one non-

limiting embodiment less than about 26 fan blades. In another non-limiting embodiment, 

the fan section 22 includes less than about 20 fan blades. Moreover, in one disclosed 

embodiment the low pressure turbine 46 includes no more than about 6 turbine rotors 

20 schematically indicated at 34. In another non-limiting example embodiment the low 

pressure turbine 46 includes about 3 turbine rotors. A ratio between the number of fan 

blades 42 and the number of low pressure turbine rotors is between about 3.3 and about 

8.6. The example low pressure turbine 46 provides the driving power to rotate the fan 

section 22 and therefore the relationship between the number of turbine rotors 34 in the 

25 low pressure turbine 46 and the number of blades 42 in the fan section 22 disclose an 

example gas turbine engine 20 with increased power transfer efficiency. 

FIG. 2 is a front perspective view of one embodiment of a portion of a rotor 

assembly 70 for the gas turbine engine 20, shown only partially assembled. In the 

illustrated embodiment, the assembly 70 includes a rotor disk 72, a plurality of airfoils 74, 

30 and a spacer 76. It should be noted that in the illustrated partially assembled state only a 

paii' of airfoils 74 are shown and only a single spacer 76. In a fully assembled state, 

additional airfoils can be provided circumferentially spaced from one another in a cascade 

configuration, together with additional spacers 76. Alternatively, the assembly 70 could 

be configured as a non-rotating stator assembly. 
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The rotor disk 72, which can be a fan hub or have another configuration suitable 

for use in another section of the engine 20, can include one or more grooves 78 in an 

outer diameter rim portion, as well as mounting flanges 80. In the illustrated embodiment, 

a plurality of curved, generally axially extending grooves 78 having a dovetail shape are 

5 provided. In alternative embodiments, the grooves 78 can have other shapes (e.g., fir tree, 

etc.), lack a curve, be configured as a single circumferential groove, or have other design 

variations as desired. The mounting flanges 80 in the illustrated embodiment are tab-like 

stmctures that extend radially outward from the rim of the disk 72 and are arranged in 

generally axially-spaced pairs, with each pair positioned between a pair of the grooves 78. 

10 A mounting hole 82 can be provided in each flange 80. 

The airfoils 74, which can be configured as fan blades or any other type of blades 

or stators, each have an aerodynamically shaped working portion 84 and a root portion 

86. The working portion 84 includes a pressure side 88P and an opposite suction side 

88S that both extend between a leading edge 90L and an opposite trailing edge 90T. 

15 Typically the pressure side 88P is at least partially concave and the suction side is at least 

partially convex to provide a cambered airfoil profile. The working portion 84 is 

configured to interact with fluid flows, such as core flow C and/or bypass flow B. 

Persons of ordinary skill in the art will appreciate that the working portion 84 of the 

airfoils 74 can have any configuration as desired for particular applications. The root 

20 portion 86 of the airfoils 74 can have a shape that is complementary to the grooves 86 in 

the disk 72, and helps to retain the airfoil 84 relative to the rotor disk 72. In the illustrated 

embodiment, the root portion 86 has a dovetail shape, though in further embodiments 

other shapes are possible (e.g., fir tree, hammerhead, etc.). Furthermore, in the illustrated 

embodiment the airfoils 74 lack an integral platform. The airfoils 74 and rotor disk 72 are 

25 illustrated merely by way of example and not limitation. Numerous other configurations 

are possible in further embodiments. For example, the airfoils 74 and the disk 72 can be 

integrally formed in an integrally bladed disk (blisk) configuration. 

The spacer 76 is positioned between an adjacent pair of the airfoils 74, and is 

removably attached to the rotor disk 72 separate from the airfoils 74. The spacer 76 can 

30 have an axial length comparable to a chord length of the airfoils 74 at the spanwise 

location where the spacer 76 adjoins the working portion 84 of the airfoil 74, with the 

spacer 76 extending slightly forward of the leading edge 90L and slightly aft of the 

trailing edge 90T. In the illustrated embodiment, the spacer 76 is mechanically attached 

to a pair of the flanges 80. A fastener 92 (e.g., a pin) is provided that engages the holes 
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82 in the flanges 80 to secure the spacer 76. In a fully assembled state, one spacer 76 can 

be provided between each adjacent pair of the airfoils 74. In farther embodiments, 

multiple spacers 76 could be present between any given adjacent pair of the airfoils 74. 

In general, the spacer 76 can act as an endwall segment to at least partially bound 

5 a fluid flowpath through the engine 20, such as for core flow C. More particularly, the 

spacer 76 can help separate and space the core flow C (or other flow) from the rotor disk 

72 and the roots 86 of the airfoils 74. In the illustrated embodiment, the spacers 76 form 

segments along a radially inner portion of an endwall of the assembly 70. As will be 

explained further below, the spacer 76 can be shaped to provide desired aerodynamic 

10 characteristics as fluid flows past the assembly 70, for instance, to help reduce undesired 

secondary flow, which can occur where some working fluid moves in a spanwise (i.e., 

generally radial) direction along the working portion 84 of the airfoils 74 (with or without 

swirl or vortex effects). 

FIG. 3 is a plan view of the spacer 76, and FIG. 4 is a bottom view of the spacer 

15 76. Elevation lines are shown in FIG. 3 to illustrate relative elevation, in the radial 

direction, for selected portions of the spacer 76, as discussed further below. A zero ("0") 

symbol is shown to designate portions of the spacer 76 at a nominal axisymmetric 

elevation. A negative ("-") symbol is shown to designate a relative decrease in elevation 

in the radial direction for the illustrated elevation lines relative to the nominal 

20 axisymmetric baseline. A positive ("+") symbol is shown to designate a relative increase 

in elevation in the radial direction for the illustrated elevation lines relative to the nominal 

axisymmetric baseline. As shown in FIG. 3, the spacer 76 includes a flowpath surface 94 

that extends to a perimeter defined, at least in part, by a pressure side edge 96P, a suction 

side edge 96S, an aft edge 98A and a forward edge 98F. The pressure side edge 96P can 

25 have a curvilinear shape configured to complement a shape of the pressure sides 88P of 

the airfoils 74. The suction side edge 96S is located generally opposite the pressure side 

edge 96P and can have a curvilinear shape configured to complement a shape of the 

suction sides 88S of the airfoils 74. The aft edge 98A is located generally opposite the 

forward edge 98F. In the illustrated embodiment, the forward and aft edges 98F and 98A 

30 are each oriented substantially perpendicular to the engine centerline axis A. When the 

spacer 76 is installed in the assembly 70 between a pair of adjacent airfoils 74 (see FIG. 

2), the pressure side edge 96P can be positioned adjacent to the pressure side 88P of one 

of the pair of adjacent airfoils 74 and the suction side edge 96S can be positioned adjacent 

to the suction side 88S of the other of the pair of adjacent airfoils 74. 

7 



WO 2014/028056 PCT/US2013/032189 

As shown in FIG. 4, the spacer 76 includes an underside surface 100 located 

generally opposite the flowpath surface 94, which can likewise extend to a perimeter 

defined, at least in part, by the pressure side edge 96P, the suction side edge 96S, the aft 

edge 98A and the forward edge 98F. A mounting structure 102 can extend from the 

5 underside surface 100 (see also FIGS. 5, 6 and 8-10). In the illustrated embodiment, the 

mounting structure 102 comprises a plurality of generally axially spaced and radially 

extending structures that can engage the fastener 92 (e.g.. pin) to help retain the spacer 76 

to the flanges 80 of the rotor disk 72. 

Furthermore, the spacer 76 can include a stiffening structure 104 on the underside 

10 surface 100. In the embodiment shown in FIG. 4, the stiffening structure 104 includes a 

plurality of ribs 104A-104D, with a generally axially extending central rib 104A and a 

pair of opposing aft ribs 104B and 104C that extend laterally at angles from the central rib 

104A and a forward rib 104D that extends laterally at an angle from the central rib 104A. 

In the illustrated embodiment, the aft ribs 104B and 104C and the forwai'd rib 104D are 

15 arranged at acute angles with respect to the central rib 104A, such as approximately 30-
50°, or with the rib 104B at an approximately 40° angle (facing aft) and/or with the rib 

104C at an approximately 30° angle (facing aft) and/or with the rib 104D at an 

approximately 50° angle (facing forward). The ribs of the stiffening structure 104 can be 

spaced from depressions in the spacer 76, which are explained further below, hi further 

20 embodiments, the stiffening structure 104 can have any desired configuration, such as 

including more or fewer ribs in any arrangement, and/or including other stiffening 

stmctures. The stiffening structure 104 helps provide stiffness and structural support to 

the spacer 76 while allowing the spacer to be relatively thin between the flowpath surface 

94 and the underside surface 100 (and therefore relatively low in mass) and without 

25 interrupting the flowpath surface 94. 

In the illustrated embodiment, the stiffening structure 104 and the mounting 

structure 102 are both integrally and monolithically formed with a remainder of the 

spacer 76. For example, the mounting structure can extend from the stiffening structure 

104, such as from the central rib 104A. In further embodiments the stiffening structure 

30 104 and the mounting structure 102 could be separate and spaced from one another, and 

need not be integral with the remainder of the spacer 76. 

FIG. 5 is an elevation view of the spacer 76, shown in isolation, and FIGS. 6-8 are 

cross-sectional views of the spacer taken along lines 6-6, 7-7 and 8-8, respectively, in 

FIG. 5. As shown in FIG. 5, the flowpath surface 94 of the spacer 76 defines a generally 
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fmstoconical endwall segment in the generally axial direction, that is, between the front 

edge 98F and the aft edge 98A. The spacer 76 can also be configured such that the 

flowpath surface 94 is non-axisymmetric. As shown in the illustrated embodiment in 

FIGS. 6-8, the spacer 76 is configured such that the flowpath surface 94 has a generally 

5 convex, arcuate shape in the circumferential direction, between the pressure and suction 

side edges 96P and 96S, due to a cascade configuration of the assembly 70. Depressions 

and/or protrusions can optionally be provided along the flowpath surface 94. The 

illustrated embodiment of the spacer 76 includes depressions along the flowpath surface 

94, as explained further below. 
10 The pressure and suction side edges 96P and 96S can each be radiused. Because 

the spacer 76 is connected to the rotor disk 72 independently of the airfoils 74, there may 

be relative movement between the spacer 76 and the airfoils 74 during operation. The 

radius of the pressure and suction side edges 96P and 96S can help reduce a risk of 

damage to the airfoils 74 should contact occur. 

15 As best shown in FIG. 3, a first depression 106 is located on the flowpath surface 

94 adjoining the suction side edge 96S, and a second depression 108 is located on the 

flowpath surface 94 adjoining the pressure side edge 96P. The first and second 

depressions 106 and 108 are localized endwall contour features that locally decrease the 

elevation of the flowpath surface 94 in the radial direction. In that way, the first and 

20 second depressions 106 and 108 locally alter the concave shape of the flowpath surface 

94, which can help reduce secondary flows during operation in the engine 20, and can 

help increase adiabatic efficiency and flow capacity. One way to conceptualize the 

depressions 106 and 108 is as deviations (A) from a nominal (i.e., hypothetical) 

axisymmetric shape of the flowpath surface 94 (e.g., as deviations from a generally 

25 frustoconical segment). The first and second depressions 106 and 108 can extend to 

reach the perimeter of the flowpath surface 94. For example, a local minimum radial 

elevation of the flowpath surface 94 can occur in the first or second depression 106 or 108 

along the perimeter (e.g., along the pressure or suction side edge 96P or 96P). 

In the illustrated embodiment, the first and second depressions 106 and 108 are 

30 each generally concave in shape and are spaced apart in the circumferential direction. 

Furthermore, the first and second depressions 106 and 108 can each be positioned aft of 

the forward edge 98F of the spacer 76 and forward of the aft edge 98A of the spacer 76. 

When installed in the assembly 70, the depressions 106, 108 can each be positioned aft of 

the leading edges 90L of the airfoils 74 and forward of the trailing edges 90T of the 
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airfoils 74. Possible axial locations of leading and trailing edges 90L and 90T are 

illustrated in FIG. 3, for reference purposes. In that way, the first and second depressions 

106 and 108 can be localized at a generally mid-chord region relative to the pair of 

adjacent aiifoils 74 that are adjacent to the spacer 76. One or both of the first and second 

5 depressions 106 or 108 can have a normalized length that is approximately 93-94% of a 

root chord dimension of at least one of the aiifoils 74. As used herein, "root chord" refers 

to a chord dimension at a spanwise location where the flowpath surface 94 intersects the 

airfoil 74. Further, in the illustrated embodiment, the first and second depressions 106 

and 108 each have a normalized maximum depth that is approximately 6-7% of the root 

10 chord dimension of at least one of the aiifoils 74. In this way, the maximum depth of the 

first or second depression 106 or 108 can be approximately 6-8% of its length. It should 

be noted that the shape of the flowpath surface 94 is shown merely by way of example 

and not limitation. For example, additional depressions, protrusions or the like can also 

be utilized as desired for particular applications. 

15 In addition, a protrusion 109 is located on the flowpath surface 94 in the 

illustrated embodiment. The protrusion 109 is a localized endwall contour feature that 

locally increases the elevation of the flowpath surface 94 in the radial direction. In that 

way, the protrusion 109 locally alters the concave shape of the flowpath surface 94, which 

can help reduce secondary flows during operation in the engine 20, and can help increase 

20 adiabatic efficiency and flow capacity, in conjunction with the depressions 106 and 108, 

such as helping to reduce secondary flow effects along the aiifoils 74. One way to 

conceptualize the protrusion is as a deviation (A) from the nominal (i.e., hypothetical) 

axisymmetric shape of the flowpath surface 94. The protrusion 109 can be located in 

between the first and second depressions 106 and 108, in the circumferential direction. 

25 In the illustrated embodiment, the protrusion 109 is generally convex in shape. 

Furthermore, the protrusion 109 can be positioned aft of the forward edge 98F of the 

spacer 76 and forward of the aft edge 98A of the spacer 76. When installed in the 

assembly 70, the protrusion 109 can also be positioned aft of the leading edges 90L of the 

airfoils 74 and forwai'd of the trailing edges 90T of the aiifoils 74. As noted above, 

30 possible axial locations of leading and trailing edges 90L and 90T are illustrated in FIG. 

3, for reference puiposes. In that way, the protrusion 109 can be localized at a generally 

mid-chord region relative to the pair of adjacent aiifoils 74 that are adjacent to the spacer 

76. The protrusion 109 can have a normalized length that is approximately 93-94% of a 
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root chord dimension of at least one of the aiifoils 74, or a length that is substantially the 

same as that of at least one of the depressions 106 or 108. 

FIG. 9 is a front elevation view of the spacer 76 and seal elements 110, shown in 

isolation. FIG. 10 is cross-sectional view of a portion of the rotor assembly 70 (taken at 

5 approximately the location of line 7-7 along the spacer 76 as shown in FIG. 5). As shown 

in FIGS. 9 and 10, one or more seal elementsl06 can be provided with the spacer 76. As 

best seen in FIG. 10, small gaps are formed between the suction side edge 96S of the 

spacer 76 and the suction side 88S of the adjacent airfoil 74 and between the pressure side 

edge 96P and the pressure side 88P of the other adjacent airfoil 74. The seal elements 

10 110 can be conventional sealing elements, such as bulb-type seal elements, that are 

flexible and conformable, such as being made of an elastomeric material. The seal 

elements 110 can be secured to the underside surface 100 of the spacer. In the illustrated 

embodiment, two seal elements 110 are provided, one along the suction side edge 96S 

and another along the pressure side edge 96P. The seal elements 110 each protrude from 

15 the respective edge 96S or 96P, and, where the underside surface 100 assumes 

substantially the same shape as the flowpath surface 94, can substantially conform to a 

shape of the flowpath surface 94, including substantially conforming to corresponding 

shapes of the first and second depressions 106 and 108, as shown in FIG. 9. In this way 

the seal elements 110 can provide further portions of the endwall and act as extensions of 

20 the flowpath surface 94 of the spacer 76. When installed in the assembly 70, as shown in 

FIG. 10, each seal element 110 can contact a corresponding surface 88S or 88P of the 

adjacent airfoil 74 and can at least partially fill the gaps between the aiifoils 74 and the 

spacer 76. 

In view of the entirety of the present disclosure, including the accompanying 

25 figures, persons of ordinary skill in the art will recognize that the present invention can 

provide numerous advantages and benefits. For example, the present invention can 

provide an endwall flowpath surface with a non-axisymmetric contour that can help 

reduce undesired secondary flow effects, increase adiabatic efficiency and increase flow 

capacity. This endwall flowpath surface can be implemented on spacers that are separate 

30 from airfoil stmctures. In certain applications, the endwall flowpath contour can alter a 

geometric relationship between the endwall flowpath surface and adjacent pressure and/or 

suction sides of adjacent airfoils, such as to provide smaller (i.e., tending to be more 

acute) angles between the flowpath surface and the airfoil pressure and/or suction sides. 

Furthermore, the present invention helps provide a relatively low-mass yet sufficiently 
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stiff spacer and can provide relatively tight sealing between the spacer and the adjacent 

aiifoils through the use of optional sealing elements. Other advantages and benefits will 

also be apparent to those of ordinary skill in the art. 

Discussion of Possible Embodiments 
5 The following are non-exclusive descriptions of possible embodiments of the 

present invention. 

A spacer assembly for a rotor assembly of a gas turbine engine can include an 

endwall segment having a non-axisymmetric flowpath surface, wherein a perimeter of the 

flowpath surface includes a forward edge, an aft edge, a suction side edge and a pressure 

10 side edge; a first depression formed along the flowpath surface adjoining the suction side 

edge; and a second depression fornied along the flowpath surface adjoining the pressure 

side edge. 

The assembly of the preceding paragraph can optionally include, additionally 

and/or alternatively, any one or more of the following features, configurations and/or 

15 additional components: 

the first depression can be spaced from both the forward edge and the aft edge; 

the second depression can be spaced from both the forwai'd edge and the aft edge; 

a stiffening rib formation located opposite the flowpath surface, wherein the 

stiffening rib formation includes a plurality of ribs; 

20 a first seal positioned along the suction side edge, wherein the first seal follows a 

shape of the first depression; 

a second seal positioned along the pressure side edge, wherein the first seal 

follows a shape of the second depression; 

the first and second depressions can be spaced apart in the circumferential 

25 direction; 

a maximum depth of the first depression can be approximately 6-8% of a length of 

the first depression; and/or 

a protrusion formed along the flowpath surface, located in between the first and 

second depressions in a circumferential direction. 

30 A rotor assembly for a gas turbine engine can include a rotor disk; a plurality of 

aiifoils matingly secured to the rotor disk; and a plurality of spacers each positioned 

between an adjacent pair of aiifoils of the plurality of aiifoils, at least one of the plurality 

of spacers including: an endwall segment with a non-axisymmentric flowpath surface, 

wherein a perimeter of the flowpath surface is defined by a forward edge, an aft edge, a 
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suction side edge and a pressure side edge; and a first depression formed along the 

flowpath surface adjoining one of the suction side edge and the pressure side edge. 

The assembly of the preceding paragraph can optionally include, additionally 

and/or alternatively, any one or more of the following features, configurations and/or 

5 additional components: 

the first depression can be spaced from both the forwai'd edge and the aft edge of 

the flowpath surface; 

each of the pair of airfoils can have a leading edge and a trailing edge, and the first 

depression can be positioned aft of the leading edge of the airfoil and forward of the 

10 trailing edge of the airfoil; 

a mounting structure extending from the endwall segment opposite the flowpath 

surface; and a fastener for securing the mounting structure to the rotor disk; 

a stiffening structure located opposite the flowpath surface, which can include a 

central rib; and a plurality of additional ribs extending from the central ribs at acute 

15 angles; 

a seal positioned along the endwall segment, wherein the seal follows a shape of 

the first depression; 

a second depression formed along the flowpath surface adjoining the other of the 

suction side edge and the pressure side edge; 

20 each of the pair of aiifoils can have a leading edge and a trailing edge, and both 

the first depression and the second depression can be positioned aft of the leading edge of 

the airfoil and forward of the trailing edge of the airfoil; 

a first seal positioned along the endwall segment, wherein the first seal follows a 

shape of the first depression; and a second seal positioned along the endwall segment 

25 opposite the first seal, wherein the second seal follows a shape of the second depression; 

the first and second depressions can be spaced apart in the circumferential 

direction; 

at least one of the first and second depressions can have a length that is 

approximately 93-94% of a root chord length of at least one of the plurality of aiifoils; 

30 and/or 

a protrusion formed along the flowpath surface, located in between the first and 

second depressions in a circumferential direction. 

A rotor assembly for a gas turbine engine can include a rotor disk having one or 

more attachment features; a plurality of aiifoils extending from the rotor disk, each airfoil 

13 
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having a suction side and an opposite pressure side; a spacer positioned between an 

adjacent pair of aiifoils of the plurality of aiifoils, the spacer including: an endwall 

segment with a flowpath surface, wherein a perimeter of the flowpath surface includes a 

forward edge, an aft edge, a suction side edge and a pressure side edge, wherein the 

5 suction side edge is positioned adjacent to the suction side of one of the pair of airfoils 

separated by a suction side gap, and wherein the pressure side edge is positioned adjacent 

to the pressure side of the other of the pair of aiifoils separated by a pressure side gap; 

and a radial depression formed along the flowpath surface adjoining one of the suction 

side edge and the pressure side edge; a first seal positioned at least partially along the 

10 suction side gap; and a second seal positioned at least partially along the pressure side 

gap, wherein the first or second seal conforms to a shape of the depression. 

The assembly of the preceding paragraph can optionally include, additionally 

and/or alternatively, any one or more of the following features, configurations and/or 
additional components: 

15 the spacer can be mechanically attached to the rotor disk, and wherein the pressure 

side edge and the suction side edge of the endwall segment are each radiused; 

a stiffening structure located opposite the flowpath surface, which can include a 

central rib; and a plurality of additional ribs extending from the central ribs at acute 

angles; and/or 

20 a protrusion formed along the flowpath surface, located in between the first and 

second depressions in a circumferential direction. 

A spacer for a gas turbine engine can include an endwall segment having a 

flowpath surface; and a stiffening structure located opposite the flowpath surface. The 

stiffening structure can include a central rib; and a plurality of additional ribs extending 

25 from fee central ribs at acute angles. 

The spacer of the preceding paragraph can optionally include, additionally and/or 

alternatively, any one or more of the following features, configurations and/or additional 

components: 

a perimeter of the flowpath surface can include a forward edge, an aft edge, a 

30 suction side edge and a pressure side edge; 

a first seal element positioned along the suction side edge; and/or 

a second seal element positioned along the pressure side edge. 

Any relative terms or terms of degree used herein, such as "substantially", 

"essentially", "generally" and the like, should be interpreted in accordance with and 
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subject to any applicable definitions or limits expressly stated herein. In all instances, any 

relative terms or terms of degree used herein should be interpreted to broadly encompass 

any relevant disclosed embodiments as well as such ranges or variations as would be 

understood by a person of ordinary skill in the art in view of the entirety of the present 

5 disclosure, such as to encompass ordinary manufacturing tolerance variations, incidental 

alignment variations, alignment or shape variations induced by thermal, rotational or 

vibrational operational conditions, and the like. 

While the invention has been described with reference to an exemplary 

embodiment(s), it will be understood by those skilled in the ait that various changes may 

10 be made and equivalents may be substituted for elements 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 embodiment(s) disclosed, but that the invention will include all 

15 embodiments falling within the scope of the appended claims. For instance, teachings of 

the present invention can be scaled or relative proportions adjusted as desired for 

particular applications. 
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CLAIMS: 

1. A spacer assembly for a rotor assembly of a gas turbine engine, the assembly 

comprising: 

an endwall segment having a non-axisymmetric flowpath surface, wherein a 

5 perimeter of the flowpath surface includes a forward edge, an aft edge, 

a suction side edge and a pressure side edge; 

a first depression formed along the flowpath surface adjoining the suction side 
edge; and 

a second depression formed along the flowpath surface adjoining the pressure 

1.0 side edge. 

2. The assembly of claim 1, wherein the first depression is spaced from both the forward 

edge and the aft edge. 

3. The assembly of claim 2, wherein the second depression is spaced from both the 
forward edge and the aft edge. 

15 4. The assembly of claim 1, further comprising: 

a stiffening rib formation located opposite the flowpath surface, wherein the 

stiffening rib formation includes a plurality of ribs. 

5. The assembly of claim 1, further comprising: 

a first seal positioned along the suction side edge, wherein the first seal 
20 follows a shape of the first depression. 

6. The assembly of claim 5, and further comprising: 

a second seal positioned along the pressure side edge, wherein the first seal 

follows a shape of the second depression. 

7. The assembly of claim 1, wherein the first and second depressions are spaced apart in 

25 the circumferential direction. 

8. The assembly of claim 1, wherein a maximum depth of the first depression is 

approximately 6-8% of a length of the first depression. 

9. The assembly of claim 1, further comprising: 

a protrusion formed along the flowpath surface, located in between the first 

30 and second depressions in a circumferential direction. 

10. A rotor assembly for a gas turbine engine, the assembly comprising: 

a rotor disk; 

a plurality of airfoils matingly secured to the rotor disk; and 
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a plurality of spacers each positioned between an adjacent pair of aiifoils of 

the plurality of aiifoils, at least one of the plurality of spacers 

comprising: 

an endwall segment with a non-axisymmentric flowpath surface, 

wherein a perimeter of the flowpath surface is defined by a 

forward edge, an aft edge, a suction side edge and a pressure 

side edge; and 

a first depression formed along the flowpath surface adjoining one of 

the suction side edge and the pressure side edge; and 

a second depression formed along the flowpath surface adjoining the 

other of the suction side edge and the pressure side edge. 

11. The assembly of claim 10, wherein the first depression is spaced from both the 

forward edge and the aft edge of the flowpath surface. 

12. The assembly of claim 10, wherein each of the pair of airfoils has a leading edge and 

a trailing edge, and wherein the first depression is positioned aft of the leading edge of 

the airfoil and forward of the trailing edge of the airfoil. 

13. The assembly of claim 10, further comprising: 

a mounting structure extending from the endwall segment opposite the 

flowpath surface; and 

a fastener for securing the mounting structure to the rotor disk. 

14. The assembly of claim 10, further comprising: 

a seal positioned along the endwall segment, wherein the seal follows a shape 

of the first depression. 

15. The assembly of claim 10, further comprising: 

a stiffening structure located opposite the flowpath surface, the stiffening 
structure comprising: 

a central rib; and 

a plurality of additional ribs extending from the central ribs at acute 

angles. 

16. The assembly of claim 10, wherein each of the pah* of airfoils has a leading edge and 

a trailing edge, and wherein both the first depression and the second depression are 

positioned aft of the leading edge of the airfoil and forward of the trailing edge of the airfoil. 

17. The assembly of claim 10, further comprising: 
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a first seal positioned along the endwall segment, wherein the first seal follows 

a shape of the first depression; and 

a second seal positioned along the endwall segment opposite the first seal, 

wherein the second seal follows a shape of the second depression. 

18. The assembly of claim 10, wherein the first and second depressions are spaced apart 

in the circumferential direction. 

19. The assembly of claim 10, wherein at least one of the first and second depressions has 

a length that is approximately 93-94% of a root chord length of at least one of the plurality of 

airfoils. 

20. The assembly of claim 10, further comprising: 

a protrusion formed along the flowpath surface, located in between the first 

and second depressions in a circumferential direction. 

21. A spacer for a gas turbine engine, the spacer comprising: 

an endwall segment having a flowpath surface; and 

a stiffening structure located opposite the flowpath surface, the stiffening 

structure comprising: 

a central rib; and 

a plurality of additional ribs extending from the central ribs at acute 

angles. 

22. The spacer of claim 21, wherein a perimeter of the flowpath surface includes a 

forward edge, an aft edge, a suction side edge and a pressure side edge, the spacer further 

comprising: 

a first seal element positioned along the suction side edge; and 

a second seal element positioned along the pressure side edge. 
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