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(54) Gas turbine engine airfoil with tip recesses

(57) A gas turbine engine airfoil (54, 225, 88) extend-
ing from an airfoil base (56, 228,91) to an airfoil tip (58,
138, 86) at a free end (87) of the airfoil (54, 225, 88) and
from a leading edge (LE) to a trailing edge (TE) of the
airfoil (54, 225, 88) has at least one recess (92) extending
into and circumferentially completely through the airfoil
tip (58, 138, 86) and located inwardly of the leading and
trailing edges (LE, TE). The recess (92) is located in an
area (93) of the airfoil tip (58, 138, 86) subject to high tip
vibratory stress and or rubs and may be a circular scallop
(94) having a scallop radius (R) and a maximum depth
(D) of a few mills in a range of about .005 - .01 inches as
measured from a nominal tip edge (106) without the re-
cess. The airfoil may be on a radial blade (200), a stator
vane (204), or an impeller blade (84). An annular tip seal
(144) may surround a plurality of such airfoils with an
airfoil tip (142). A corresponding method of reducing vi-
bratory stress at an airfoil tip is also disclosed.
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] This application relates generally to gas turbine
engine clearances between relatively rotating airfoil tips
and seals and, more particularly, to clearances at airfoil
tips of blades and cantilevered vanes.

DESCRIPTION OF RELATED ART

[0002] Gas turbine engine blades have airfoils have
gaps between the rotatable blades and static seals or
casings and static cantilevered vanes and rotating seals
or rotors in both turbines and the compressors. Often
referred to as tip clearances, it is desirable for an effi-
ciency standpoint to reduce the gap between the rotating
component and the radially adjacent static part in order
to reduce leakage of the gas stream across this gap. The
leakage not only reduces efficiency of the compressor or
the turbine, but also reduces the life of the turbine blade
tips and shroud members because of high temperatures
acting on the parts.
[0003] Some gas turbine engine designers will set the
gap such that the blades will not rub at all. Some design-
ers provide a negative gap in order to produce rub during
the initial engine break-in in order to allow for the normal
wear from the rub to produce a smooth and close to zero
gap as possible. However, this rub can have undesirable
results such as high vibratory stress at an airfoil tip of a
rotatable blade or static cantilevered vane or at a tip of
an impeller. A rub can have undesirable result of a loss
of material fatigue strength.
[0004] Blade tip clearances are a compromise be-
tween avoiding rubs and minimizing leakage for best en-
gine performance. Rubs can lead to loss of strength,
cracking and additional maintenance. Currently, clear-
ances are often set more open, especially at LE and TE
where blades are thin. This avoids rubs in areas of high
stress, maintains material properties, and avoids tip
cracking. Thus, it is highly desirable to provide an airfoil
tip that has low leakage and avoids rubs in areas of high
stress in order to maintain material properties and avoid
tip cracking.

SUMMARY OF THE INVENTION

[0005] A gas turbine engine component includes an
airfoil extending from an airfoil base to an airfoil tip at a
free end of the airfoil and extending downstream from a
leading edge to a trailing edge of the airfoil. At least one
recess extends into and circumferentially completely
through the airfoil tip and is located inwardly of the leading
and trailing edges of the airfoil.
[0006] The recess may be located in an area of the
airfoil tip subject to high tip vibratory stress and or rubs

and may be a circular scallop having a scallop radius.
The recess may have a maximum depth of a few mills in
a range of about 0.127-0.254mm (5-10 mills (.005 - .01
inches)) as measured from a nominal tip edge without
the recess.
[0007] The airfoil may be on a gas turbine engine radial
or impeller compressor blade. The airfoil may be on a
gas turbine engine stator vane and extend radially in-
wardly from a base of the vane airfoil at an outward end
of the stator vane to a vane airfoil tip of the vane airfoil
at a radial inward end of the stator vane and extend down-
stream from a leading edge to a trailing edge of the vane
airfoil. The recess extends into and circumferentially
completely through the vane airfoil tip and the recess is
located inwardly of the leading and trailing edges of the
vane airfoil.
[0008] A gas turbine engine assembly may include a
plurality of the airfoils and an airfoil tip clearance between
airfoil tips and an annular tip seal surrounding the airfoil
tips containing the recesses or scallops.
[0009] A method of reducing vibratory stress at an air-
foil tip at a free end of an airfoil of a gas turbine engine
component includes determining an area or areas of high
tip vibratory stress and machining, cutting, or otherwise
forming at least one recess or scallop extending into and
circumferentially completely through the airfoil tip in the
area or areas of high tip vibratory stress.
[0010] The airfoil tip and airfoil may be in pluralities of
airfoil tips and airfoils from a single stage or circumfer-
ential row of blades or vanes surrounded by annular tip
seals and the determining an area or areas of high tip
vibratory stress includes running or rotating a rotor con-
taining the blades or an annular tip seal surrounding the
vanes respectively and observing nicks or scratches in
the annular seal or airfoil tips. The recesses or scallops
are formed in area or areas of high tip vibratory stresses
adjacent the nicks or scratches.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing aspects and other features of the
invention are explained in the following description, taken
in connection with the accompanying drawings where:

FIG. 1 is a sectional view illustration of a gas turbine
engine having axial and centrifugal compressor
stages.

FIG. 2 is an enlarged sectional view illustration of an
axial compressor stage of the engine illustrated in
FIG. 1.

FIG. 3 is a schematical sectional illustration of an
airfoil tip with recesses in the axial compressor stage
of the engine illustrated in FIG. 2.

FIG. 4 is an enlarged sectional view illustration of
the centrifugal compressor stage of the engine illus-
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trated in FIG. 1.

FIG. 5 is an enlarged sectional view illustration of
the recess in centrifugal compressor stage of the en-
gine illustrated in FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Illustrated in FIG. 1 is a gas turbine engine 8
with a high pressure gas generator 10. The high pressure
gas generator 10 has a high pressure rotor 12 including,
in downstream flow relationship, a high pressure com-
pressor 14, a combustor 52, and a high pressure turbine
16. The high pressure compressor 14 includes high pres-
sure multiple stage axial compressor stages and a single
stage centrifugal compressor 18 as a final compressor
stage. The rotor 12 is rotatably supported about an en-
gine centerline 28 by a forward bearing 20 in a front frame
22 and a rear bearing 24 disposed downstream of high
pressure turbine 16 in a turbine frame 26.
[0013] The exemplary embodiment of the compressor
14 illustrated herein includes a five stage axial compres-
sor 30 followed by the single stage centrifugal compres-
sor 18 having an annular centrifugal compressor impeller
32. Outlet guide vanes 40 are disposed between the five
stage axial compressor 30 and the single stage centrif-
ugal compressor 18. The compressor 14 includes a for-
ward casing 110 and an aft casing 114. The forward cas-
ing 110 generally surrounds the axial compressor 30 and
the aft casing 114 generally surrounds the centrifugal
compressor 18 and supports the diffuser 42 directly
downstream of the centrifugal compressor 18.
[0014] Referring further to FIG. 2, the five stage axial
compressor 30 includes third and fourth compressor
stages 190, 193 of rotatable compressor blades 200 cir-
cumferentially surrounded by a blade shroud 69. A cir-
cumferential row of non-rotatable stator vanes 204 is dis-
posed axially between the third and fourth compressor
stages 190, 193 of the rotatable compressor blades 200.
Illustrated in FIGS. 2 and 3 is a compressor blade 200
having a blade airfoil 54 extending radially outwardly from
an airfoil base 56 located on the high pressure rotor 12
to a radially outer blade airfoil tip 58 at a free end 87 of
the blade airfoil 54 as measured along a span S of the
blade airfoil 54. The blade airfoil 54 extends downstream
from a leading edge LE to a trailing edge TE. Each radially
outer blade airfoil tip 58 is radially spaced apart and in-
wardly from and adjacent to a blade rub land 62 of the
blade shroud 69 mounted on the compressor forward
casing 110. An annular rotor airfoil tip clearance 60 is
defined between the radially outer blade airfoil tip 58 and
the blade rub land 62 on the compressor forward casing
110.
[0015] The stator vanes 204 are cantilevered from and
fixed to the forward casing 110 of their radial outward
ends 234 and are unsupported at their radial inward ends
236 which are free ends 87. A vane airfoil 225 extends
radially between the opposite radial outward and inward

ends 234, 236. Each vane airfoil 225 extends radially
inwardly from a base 228 of the vane airfoil 225 at the
outward end 234 of the stator vane 204 to a vane airfoil
tip 138 of the vane airfoil 225 at the radial inward end
236 of the stator vane 204. The vane airfoil 225 extends
downstream from a leading edge LE to a trailing edge
TE. Each vane airfoil tip 138 is radially spaced apart and
outwardly from and adjacent to a rotor seal land 232 on
the high pressure rotor 12. An annular vane airfoil tip
clearance 66 is defined between the vane airfoil tip 138
and the rotor seal land 232 on the high pressure rotor 12.
[0016] Referring to FIGS. 1 and 4, compressor dis-
charge pressure (CDP) air 76 is discharged from the im-
peller 32 of the centrifugal compressor 18 and directly
into a diffuser 42 and then through a deswirl cascade 44
into a combustion chamber 45 within the combustor 52.
Referring more particularly to FIG. 1, the impeller 32 in-
cludes a plurality of impeller compressor blades 84 in-
cluding impeller airfoils 88 extending outwardly from im-
peller airfoil bases 91 on a rotor disc portion 82 to impeller
airfoil tips 86 at free ends 87 of the impeller airfoils 88.
Each of the impeller airfoils 88 extends downstream from
a leading edge LE to a trailing edge TE of the impeller
airfoil 88. An annular centrifugal blade tip shroud 90 sur-
rounds the impeller compressor blades 84 and impeller
airfoils 88. The centrifugal blade tip shroud 90 is adjacent
to the impeller airfoil tips 86 defining an annular impeller
airfoil tip clearance 80 therebetween. The impeller airfoil
tip clearance 80 varies in axial width W in a radial direction
R as measured from the engine centerline 28.
[0017] It is desirable to minimize the rotor airfoil tip
clearance 60, the stator airfoil tip clearance 66, and the
impeller airfoil tip clearance 80 during the engine oper-
ating cycle and avoid or minimize rubs between the as-
sociated lands and airfoil and blade tips, particularly, dur-
ing engine accelerations such as during cold bursts. In
more general terms, it is desirable to minimize airfoil tip
clearances 140 (illustrated herein as the rotor, vane, and
impeller airfoil tip clearances 60, 66, 80) between airfoil
tips 142 (illustrated herein as the blade, vane, and im-
peller airfoil tips 58, 138, 86) and annular tip seals 144
(illustrated herein as the blade rub land 62 on the com-
pressor forward casing 110, the rotor seal land 232 on
the high pressure rotor 12, and the centrifugal blade tip
shroud 90). To this end, the rotor and vane airfoil tips 58,
138 and the impeller airfoil tips 86, as illustrated in FIGS.
3 and 4, have recesses 92 located in areas 93 subject
to high tip vibratory stress to avoid rubs in the areas 93
of high stress, maintain material properties, and avoid tip
cracking.
[0018] As exemplified in FIG. 3, the recesses 92 in the
airfoil tips and impeller blade tips are located inwardly of
the leading and trailing edges LE, TE of the airfoils and
are illustrated herein the form of circular scallops 94. The
airfoil and impeller are solid and the recesses 92 and
scallops 94 extend circumferentially completely through
the tips. The airfoil tips may also have leading and trailing
edge corner cuts 96, 98 to further reduce vibratory stress
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deterioration of the airfoil tips which is particularly useful
for thin leading and trailing edges LE, TE.
[0019] The recesses 92 and scallops 94 are formed in
or cut into nominal airfoil tip edges 106 of the rotor airfoil
tips 58 which is illustrated as a dashed line in FIG. 3. The
recesses 92 and scallops 94 are also illustrated as
formed from or cut into impeller tip edges 108 of the im-
peller airfoil tips 86 as illustrated in FIGS. 4 and 5. Nom-
inal airfoil tip and impeller blade tip shapes 100, 102 are
illustrated in dashed lines in FIGS. 3 and 5. The nominal
shapes are the originally designed tip shapes before the
recesses or scallops are formed or cut in the tips. The
nominal airfoil tip edge 106 are equidistantly spaced
apart from the blade rub land 62 and are, thus, conical
as illustrated in FIG. 3 or cylindrical. The nominal impeller
tip edge 108 has an impeller blade tip shape 102 that
may be a simple or a compound curve including at least
a first sector 120 having a first radius of curvature R1 as
illustrated in FIG. 5.
[0020] The recesses 92 and scallops 94 are very shal-
low having a maximum depth D of only a few mills such
as in a range of about 5-10 mills (.005 - .01 inches) as
measured from the nominal airfoil and impeller tip edges
106, 108 respectively for the exemplary engine illustrated
herein. Larger engines may have larger recesses or scal-
lops. The scallops 94 are circular having a scallop radius
SR. The scallop radius SR of the scallops 94 in the im-
peller tip edges 108 of the impeller airfoil tips 86 is smaller
than the first radius of curvature R1 of the impeller blade
tip shape 102.
[0021] There are known methods of determining areas
of high tip vibratory stress in the airfoil tips and impeller
blade tips. There are analytical methods such as finite
element analysis, empirical methods, and semi-empirical
in which a combination of testing and analytical methods
are used to determine if stresses will produce cracks or
if there is undesirable rubbing. During engine production
and overhaul, the engine is often run or rotated and rub-
bing may occur between airfoil tips and surrounding seals
indicating areas of high tip vibratory stress in the airfoil
tips and impeller blade tips. Nicks and scratches ob-
served after such engine runs indicate such areas and
where the recesses or scallops should be placed on the
airfoil tips and impeller blade tips. The recesses and scal-
lops can be machined or cut into the airfoil tips adjacent
the nicks and scratches. The size and depth of the re-
cesses and scallops may be tailored for each individual
airfoil and, thus, vary from airfoil to airfoil within a stage
or annular row of blades, vanes or impeller blades.
[0022] The present invention has been described in an
illustrative manner. It is to be understood that the termi-
nology which has been used is intended to be in the na-
ture of words of description rather than of limitation. While
there have been described herein, what are considered
to be preferred and exemplary embodiments of the
present invention, other modifications of the invention
shall be apparent to those skilled in the art from the teach-
ings herein and, it is, therefore, desired to be secured in

the appended claims all such modifications as fall within
the scope of the invention.
[0023] Various aspects and embodiments of the inven-
tion are indicated in the following clauses:

1. A gas turbine engine component comprising:

an airfoil extending from an airfoil base to an
airfoil tip at a free end of the airfoil,

the airfoil extending downstream from a leading
edge to a trailing edge of the airfoil,

at least one recess extending into and circum-
ferentially completely through the airfoil tip, and

the recess located inwardly of the leading and
trailing edges of the airfoil.

2. The component as claimed in Clause 1 wherein
the recess is located in an area of the airfoil tip subject
to high tip vibratory stress and or rubs.

3. The component as claimed in Clause 2 wherein
the recess is a circular scallop having a scallop ra-
dius.

4. The component as claimed in Clause 2 wherein
the recess has a maximum depth of a few mills in a
range of about .005 - .01 inches as measured from
a nominal tip edge without the recess.

5. A gas turbine engine compressor blade compris-
ing:

an airfoil extending radially outwardly from an
airfoil base located on a gas turbine engine rotor
to an airfoil tip at a free end of the airfoil,

the airfoil extending downstream from a leading
edge to a trailing edge of the airfoil,

at least one recess extending into and circum-
ferentially completely through the airfoil tip, and

the recess located inwardly of the leading and
trailing edges of the airfoil.

6. The gas turbine engine compressor blade as
claimed in Clause 5 wherein the recess is located in
an area of the airfoil tip subject to high tip vibratory
stress and or rubs.

7. The gas turbine engine compressor blade as
claimed in Clause 6 wherein the recess is a circular
scallop having a scallop radius.

8. The gas turbine engine compressor blade as
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claimed in Clause 6 wherein the recess has a max-
imum depth of a few mills in a range of about .005
- .01 inches as measured from a nominal tip edge
without the recess.

9. The gas turbine engine compressor blade as
claimed in Clause 6 wherein the gas turbine engine
compressor blade is a radial compressor blade or
an impeller compressor blade.

10. A gas turbine engine stator vane comprising:

a vane airfoil extending radially inwardly from a
base of the vane airfoil at an outward end of the
stator vane to a vane airfoil tip of the vane airfoil
at a radial inward end of the stator vane,

the vane airfoil extending downstream from a
leading edge to a trailing edge of the vane airfoil,

at least one recess extending into and circum-
ferentially completely through the vane airfoil tip,
and

the recess located inwardly of the leading and
trailing edges of the vane airfoil.

11. The gas turbine engine stator vane as claimed
in Clause 10 wherein the recess is located in an area
of the vane airfoil tip subject to high tip vibratory
stress and or rubs.

12. The gas turbine engine stator vane as claimed
in Clause 11 wherein the recess is a circular scallop
having a scallop radius.

13. The gas turbine engine stator vane as claimed
in Clause 11 wherein the recess has a maximum
depth of a few mills in a range of about .005 - .01
inches as measured from a nominal tip edge without
the recess.

14. A gas turbine engine assembly comprising:

a plurality of airfoils,

each of the airfoils extending from an airfoil base
to an airfoil tip at a free end of the airfoil,

each of the airfoils extending downstream from
a leading edge to a trailing edge of the airfoil,

an airfoil tip clearance between airfoil tips and
an annular tip seal surrounding the airfoil tips,

at least one recess extending into and circum-
ferentially completely through each of the airfoil
tips, and

the recess located inwardly of the leading and
trailing edges of the airfoil.

15. The assembly as claimed in Clause 14 wherein
the recess is located in an area of the airfoil tip subject
to high tip vibratory stress and or rubs.

16. The assembly as claimed in Clause 15 wherein
the recess is a circular scallop having a scallop ra-
dius.

17. The assembly as claimed in Clause 15 wherein
the recess has a maximum depth of a few mills in a
range of about .005 - .01 inches as measured from
a nominal tip edge without the recess.

18. The assembly as claimed in Clause 14 further
comprising:

a plurality of blades including the airfoils,

the airfoils extending radially outwardly from the
airfoil base to the airfoil tip,

the airfoil base mounted on a gas turbine engine
rotor, and

wherein the annular tip seal is a blade rub land.

19. The assembly as claimed in Clause 18 wherein
the recess is located in an area of the airfoil tip subject
to high tip vibratory stress and or rubs.

20. The assembly as claimed in Clause 18 wherein
the recess is a circular scallop having a scallop ra-
dius.

21. The assembly as claimed in Clause 14 further
comprising:

the airfoils being vane airfoils on stator vanes
cantilevered from and fixed to an engine casing
at radial outward ends of the stator vane,

the airfoils unsupported at free radial inward
ends of the airfoils, and

wherein the annular tip seal is a rotor seal land
on a rotor of the assembly.

22. The assembly as claimed in Clause 21 wherein
the recesses are located in an area of the airfoil tips
subject to high tip vibratory stress and or rubs.

23. The assembly as claimed in Clause 21 wherein
the recesses are circular scallops having scallop ra-
dii.
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24. The assembly as claimed in Clause 14 further
comprising:

the airfoils being impeller airfoils extending out-
wardly from impeller airfoil bases on a rotor disc
portion of an impeller to impeller airfoil tips at
free ends of the impeller airfoils, and
wherein the annular tip seal is an annular cen-
trifugal blade tip shroud.

25. The assembly as claimed in Clause 24 wherein
the recesses are located in an area of the airfoil tips
subject to high tip vibratory stress and or rubs.

26. The assembly as claimed in Clause 24 wherein
the recesses are circular scallops having scallop ra-
dii.

27. A method of reducing vibratory stress at an airfoil
tip at a free end of an airfoil of a gas turbine engine
component, the method comprising determining an
area or areas of high tip vibratory stress and machin-
ing, cutting, or otherwise forming at least one recess
or scallop extending into and circumferentially com-
pletely through the airfoil tip in the area or areas of
high tip vibratory stress.

28. The as claimed in Clause 27 wherein the recess
or scallop is formed to a maximum depth of a few
mills in a range of about .005 - .01 inches as meas-
ured from a nominal tip edge without the recess or
scallop.

29. The as claimed in Clause 27 wherein:

the airfoil tip and airfoil are from pluralities of
airfoil tips and airfoils from a single stage or cir-
cumferential row of blades or vanes surrounded
by annular tip seals,

the determining an area or areas of high tip vi-
bratory stress includes running or rotating a rotor
containing the blades or an annular tip seal sur-
rounding the vanes respectively and observing
nicks or scratches in the annular seal or airfoil
tips, and

forming the recesses or scallops in area or areas
of high tip vibratory stresses adjacent the nicks
or scratches.

Claims

1. A gas turbine engine component (200, 203, 84) com-
prising:

an airfoil (54, 225, 88) extending from an airfoil

base (56, 228, 91) to an airfoil tip (58, 138, 86)
at a free end (87) of the airfoil (54, 225, 88),
the airfoil (54, 225, 88) extending downstream
from a leading edge (LE) to a trailing edge (TE)
of the airfoil (54, 225, 88),
at least one recess (92) extending into and cir-
cumferentially completely through the airfoil tip
(58, 138, 86), and
the recess (92) located inwardly of the leading
and trailing edges (LE, TE) of the airfoil (54, 225,
88).

2. The component as claimed in Claim 1, wherein the
recess (92) is located in an area (93) of the airfoil tip
(58, 138, 86) subject to high tip vibratory stress and
or rubs.

3. The component as claimed in either of Claim 1 or 2,
wherein the recess (92) is a circular scallop (94) hav-
ing a scallop radius (SR).

4. The component as claimed in any preceding Claim,
wherein the recess (92) has a maximum depth (D)
in a range of 0.127-0.254mm (.005 - .01 inches) as
measured from a nominal tip edge (106, 108) without
the recess.

5. A gas turbine engine component as claimed in any
preceding claim, wherein the component is a com-
pressor blade (200, 84),
the airfoil (54, 88) extending radially outwardly from
the airfoil base (56, 91) and wherein the airfoil base
(56, 91) is located on a gas turbine engine rotor (12).

6. The gas turbine engine component of Claim 5,
wherein the compressor blade (200, 84) is a radial
compressor blade (200) or an impeller compressor
blade (84).

7. A gas turbine engine component as claimed in any
of claims 1 to 4, wherein the component is a stator
vane (204),
the airfoil (225) extending radially inwardly from the
airfoil base (228) and wherein the airfoil base (228)
is located at an outward end (234) of the stator vane
(204) and the airfoil tip (138) is located at a radial
inward end (236) of the stator vane (204).

8. A gas turbine engine assembly (10) comprising the
gas turbine engine component (200, 203, 84) of
Claim 1, wherein the component comprises a plural-
ity of the airfoils (54, 225, 88) and wherein
an airfoil tip clearance (140) is present between the
airfoil tips (142) and an annular tip seal (144) sur-
rounding the airfoil tips (142).

9. The assembly (10) as claimed in Claim 8, further
comprising:

9 10 
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a plurality of blades (200) including the airfoils
(54, 88),
the airfoils (54, 225, 88) extending radially out-
wardly from the airfoil base (56, 228, 91) to the
airfoil tip (58, 138, 86),
the airfoil base (56, 91) mounted on a gas turbine
engine rotor (12), and
wherein the annular tip seal (144) is a blade rub
land (62).

10. The assembly (10) as claimed in Claim 8, further
comprising:

the airfoils (225) being vane airfoils (225) on sta-
tor vanes (204) cantilevered from and fixed to
an engine casing (110) at radial outward ends
(234) of the stator vane (204),
the airfoils (225) unsupported at free radial in-
ward ends (236) of the airfoils (225), and
wherein the annular tip seal (144) is a rotor seal
land (232) on a rotor (12) of the assembly.

11. The assembly (10) as claimed in Claim 8, further
comprising:

the airfoils (88) being impeller airfoils (88) ex-
tending outwardly from impeller airfoil bases
(91) on a rotor disc portion (82) of an impeller
(32) to impeller airfoil tips (86) at free ends (87)
of the impeller airfoils (88), and
wherein the annular tip seal (144) is an annular
centrifugal blade tip shroud (90).

12. A method of reducing vibratory stress at an airfoil tip
(58, 138, 86) at a free end (87) of an airfoil (54, 225,
88) of a gas turbine engine component (200, 203,
84), the method comprising determining an area or
areas of high tip vibratory stress and machining, cut-
ting, or otherwise forming at least one recess (92) or
scallop (94) extending into and circumferentially
completely through the airfoil tip (58, 138, 86) in the
area or areas of high tip vibratory stress.
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