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(54) Rotor tip bleed in gas turbine engines

(57) A gas turbine engine (10) includes a compres-
sor (12), a combustor (14), and turbine (16) enclosed in
an engine case (20) with the compressor having a plu-
rality of alternating rows of rotating blades (28) and sta-
tionary vanes (26). The gas turbine engine (10) also in-
cludes a substantially circumferential groove (62)
formed in the engine case (20) of the compressor sec-
tion (12). The groove (62) is substantially adjacent to a

row of rotating blades (28) to extract a portion of tip leak-
age flow from that row of blades and to route the extract-
ed tip leakage flow to the turbine section (16) for cooling
turbine components. In the preferred embodiment of the
present invention, the groove (62) communicates with
a plenum (64) which communicates with the turbine sec-
tion (16) of the gas turbine engine (10) via channeling
pipes (66) formed within the engine case (20).
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Description

[0001] The present invention relates to gas turbine
engines and, more particularly, to cooling turbine sec-
tion components and to reducing the potential for a stall
or a surge therefor.
[0002] Conventional gas turbine engines are en-
closed in an engine case and include a compressor, a
combustor, and a turbine. An annular flow path extends
axially through the sections of the engine. As is well
known in the art, the compressor includes alternating
rows of stationary airfoils (vanes) and rotating airfoils
(blades) that apply force to compress the incoming
working medium. A portion of the compressed working
medium enters the combustor where it is mixed with fuel
and burned therein. The products of combustion, or hot
gases, then flow through the turbine. The turbine in-
cludes alternating rows of stationary vanes and rotating
blades that extend radially across the annular flow path
and expand the hot gases to extract force therefrom. A
portion of the extracted energy is used to drive the com-
pressor.
[0003] Each airfoil includes a low pressure side (suc-
tion side) and a high pressure side (pressure side) ex-
tending radially from a root to a tip of the airfoil. To op-
timize efficiency, the annular flow path for the working
medium is defined by an outer shroud and an inner
shroud. The outer shroud is typically the engine case
disposed radially outward of the outer tips of the rotating
blades. A tip clearance is defined between the engine
case and the tips of the rotating blades.
[0004] One of the major goals in gas turbine engine
fabrication is to optimize efficiency and performance,
without sacrificing engine stability. In order to optimize
the efficiency of the compressor and the turbine it is nec-
essary to ensure that work performed on the working
medium is not lost. One factor effecting total efficiency
is tip leakage losses. Tip leakage occurs when higher
pressure air from the pressure side of the rotor blade
leaks to the lower pressure suction side of the blade
through the tip clearance. Tip leakage reduces efficien-
cy in two ways. First, work is lost when higher pressure
gas escapes through the tip clearance without being op-
erated on in the intended manner by the blade, i.e. for
compressors the leakage flow is not adequately com-
pressed and for the turbines the leakage is not ade-
quately expanded. Second, leakage flow from the pres-
sure side produces interference with the suction side
flow. The interference results from the leakage flow be-
ing misoriented with respect to the suction side flow. The
difference in the orientation and velocity of the two flows
results in a mixing loss as the two flows merge and even-
tually become uniform. Both types of losses contribute
to reduction in efficiency of the gas turbine engine.
[0005] Tip leakage also may result in engine instabil-
ity, such as a stall or surge. If the tip clearance flow is
overly strong and sufficiently penetrates into the incom-
ing flow, the direction of the air flow through the com-

pressor will reverse, degrading performance of that
stage and potentially causing a surge. Since engine in-
stability is highly undesirable, particularly in aircraft ap-
plications, the problem of tip leakage and instability has
been investigated for many years. One solution is to re-
duce the tip clearances and ensure that the engine is
operated well below the surge line. Most current solution
attempts to reduce tip clearance involve actively chang-
ing the tip clearance by adjusting the diameter of the
engine case liner. However, the active control of the tip
clearance requires additional hardware that adds com-
plexity and undesirable weight to the engine. Solutions
for improving surge line conditions include engine case
treatments or bleeding valves, or both, as disclosed in
the U.K. Patent Application GB 2158879 entitled "Pre-
venting Surge in Axial Flow Compressor", published No-
vember 20, 1985. The U.K. Patent Application discloses
use of both case treatments and a bleed valve for se-
lective bleeding of the compressor air. However, the
scheme potentially improves engine stability, but sacri-
fices performance by wasting the compressor air bled
through the bleeding valve.
[0006] Another factor that effects gas turbine engine
performance is the need to cool certain turbine compo-
nents. The turbine section of the gas turbine engine is
subjected to an extremely harsh environment, charac-
terized by very high temperatures and pressures. The
components of the turbine must be cooled to prevent
these components from burning in a very short period
of time. The cooler air is typically bled from the compres-
sor and routed to the turbine. Although the bled cooling
air is necessary to cool turbine components, the loss of
the cooling air from the compressor is highly undesira-
ble.
[0007] Typically, the cooling air bled from the com-
pressor must have pressure high enough to flow down-
stream to the turbine, but also to be taken from the com-
pressor stage with the lowest pressure usable for cool-
ing purposes such that no additional work is performed
on the air, thereby wasting energy and lowering the gas
turbine engine efficiency. In order to ensure that no ad-
ditional work is performed on the extracted cooling air,
other than absolutely necessary, the cooling air is divert-
ed from the compressor before the air enters a blade
stage and after the air passes through the vane stage.
This is done to prevent the following stages of blades
from performing additional work on the air and to raise
static pressure of the air as it passes through the vane
stage. Thus, the need to divert air from the compressor
to cool turbine components reduces the overall engine
efficiency, but is necessary for the engine performance.
[0008] Therefore, it is desirable to improve stability of
the gas turbine engine without sacrificing performance
thereof.
[0009] It is an object of the present invention to im-
prove both performance and stability of the gas turbine
engine.
[0010] In broad terms the invention provides a gas tur-
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bine engine comprising a compressor, a combustor, and
turbine, the compressor having a plurality of alternating
rows of rotating blades and stationary vanes and includ-
ing an opening arranged substantially adjacent to a row
of rotating blades to extract a portion of tip leakage flow
from that row of blades and means to route the extracted
tip leakage flow to the turbine section for cooling turbine
components.
[0011] In one embodiment of the present invention, a
gas turbine engine having a compressor, a combustor,
and turbine enclosed in an engine case with the com-
pressor having a plurality of alternating rows of rotating.
blades and stationary vanes includes a substantially cir-
cumferential groove formed in the engine case of the
compressor substantially adjacent to a row of rotating
blades to extract a portion of tip leakage flow from that
row of blades and to route the extracted tip leakage flow
to the turbine section for cooling turbine components. In
the preferred embodiment of the present invention, the
groove communicates with a plenum which communi-
cates with the turbine section of the gas turbine engine
via channeling pipes formed within the engine case. The
extracted tip leakage flow reduces the overall tip leak-
age flow that would otherwise be available to pass from
a pressure side of the blade to a suction side and to mix
and interfere with the suction side flow.
[0012] The reduction in tip leakage optimizes both en-
gine efficiency and stability. Efficiency and performance
of the gas turbine engine are optimized because first,
there is no performance penalty since the bled flow is
used for cooling the turbine components and second,
tip clearance flow is reduced, thereby reducing interfer-
ence between the pressure side flow and the suction
side flow. Moreover, engine stability is improved since
tip leakage ceases to be sufficiently strong to cause a
surge. Therefore, the present invention improves not
only the efficiency and performance of the gas turbine
engine, but also the stability thereof.
[0013] Some preferred embodiments of the present
invention will now be described, by way of example only,
with reference to the accompanying drawings in which:

FIG. 1 is a simplified partially broken away repre-
sentation of a gas turbine engine;
FIG. 2 is an enlarged, fragmentary, top schematic
representation of a compressor section of the gas
turbine engine of FIG. 1 having alternating stages
of rotating blades and stationary vanes;
FIG. 3 is a side schematic representation of the al-
ternating rows of rotating blades and stationary
vanes of FIG. 2 with a rotor tip bleed groove, ac-
cording to the present invention; and
FIG. 4 is a side schematic representation of the al-
ternating rows of rotating blades and stationary
vanes of FIG. 2 with multiple rotor tip bleed grooves,
according to an alternate embodiment of the
present invention.

[0014] Referring to FIG. 1, a gas turbine engine 10
includes a compressor 12, a combustor 14, and a tur-
bine 16 sequentially situated about a longitudinal axis
18. An engine case, or an outer shroud, 20 encloses
sections 12, 14, 16 of the gas turbine engine 10. Air
flows along an annular air path 22 through the sections
12, 14, 16 of the gas turbine engine 10 and is exhausted
through an aft portion 24 of the gas turbine engine 10.
The compressor 12 and the turbine 16 include alternat-
ing rows or stages of stationary vanes 26 and rotating
blades 28. The stationary vane stages 26 are mounted
onto the engine case 20. The rotating blade stages 28
are secured onto a rotor 30.
[0015] Referring to FIG. 2, each rotating blade row or
stage 28 includes a plurality of blades 34 that are simul-
taneously rotated in a direction of rotation, designated
by an arrow 36. Each blade 34 includes a leading edge
40 and a trailing edge 42 with a mid-cord section 44 dis-
posed therebetween. Each blade 34 also includes a
pressure side 46 and a suction side 48 that extend from
a root 52 to a tip 54 of the blade 34, as best seen in FIG.
3. Each stationary vane row or stage 26 includes a plu-
rality of vanes 56 oriented to redirect air flow for the next
stage 28 of the rotating blades 34.
[0016] Referring to FIG. 3, a tip clearance 60 is de-
fined between blade tips 54 and the engine case 20. A
substantially annular groove 62 is formed within the en-
gine case 20 above the stage 28 of the rotating blades
34. The groove 62 communicates with a plenum 64
formed within the engine case 20. The plenum 62 com-
municates with the turbine section 16 of the gas turbine
engine 10 through a channeling pipe 66, also formed
within the engine case 20.
[0017] During operation of the gas turbine engine 10,
the incoming air 22 is compressed in the compressor
12, ignited and burned in the combustor 14 with the hot
products of combustion entering and expanding in the
turbine 16, as best seen in FIG. 1. As the air 22 enters
the compressor 12, each stage of rotating blades per-
forms work on the incoming air, thereby compressing
the air. The air pressure on the pressure side 46 of each
blade 34 is higher than the air pressure on the suction
side 48, as best seen in FIG. 2. As the air is worked on
by a particular stage 28 of blades 34, the pressure and
temperature of the air is increased. The higher pressure
and temperature air then passes through a stage 26 of
stationary vanes 56. The vanes 56 redirect the air flow
for the following stage 28 of the rotating blades 34, as
indicated by arrow 70, and increase static pressure of
the airflow.
[0018] As each stage 28 of the blades 34 performs
work on the incoming air 70, tip leakage 72 occurs
through the tip clearance 60 of each blade 34, as best
seen in FIGS. 2 and 3. Tip clearance flow 72 passes
from the pressure side 46 of each blade 34 to the suction
side 48 thereof. As the tip clearance flow 72 attempts to
flow to the suction side 48, a portion of the tip clearance
flow 72 is extracted into the groove 62. Thus, only a por-
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tion of the tip clearance flow 72 actually passes to the
suction side 48 of the blade 34. This diversion of a por-
tion of the tip clearance flow reduces the amount and
strength of the tip clearance flow 72 that actually passes
to the suction side 48 of the blade 34.
[0019] Referring to FIG. 3, the extracted tip flow from
the groove 62 flows into the plenum 64 and then through
the channeling pipe 66 into the turbine section 16 of the
gas turbine engine 10, because the pressure of the tip
leakage flow is sufficiently higher than the pressure of
the air in the turbine section 16.
[0020] The benefits of the present invention are two-
fold. First, network is lost since the diverted tip leakage
flow 72 is used for cooling turbine components, which
is necessary for the functionality of the gas turbine en-
gine 10. Second, the present invention reduces tip leak-
age flow 72 that passes to the suction side 48 of the
blades 34, thereby increasing both engine stability and
efficiency. A significant reduction of tip leakage flow oc-
curs when a portion thereof is extracted and drawn into
the turbine section 16 of the gas turbine engine 10 via
the groove 62, plenum 64, and channeling pipe 66. The
extracted tip leakage flow is no longer available to pass
to the suction side 48 of the blades 34 to mix and inter-
fere with the suction side air flow. This reduction in in-
terference between the suction side flow and the tip
leakage flow minimizing mixing losses, thereby increas-
ing engine efficiency. Also, the reduction and tip leakage
flow 72 reduces the potential for an engine surge, since
the reduced tip leakage flow 72 is not sufficiently strong
to cause reversal of the compressor flow and trigger the
surge. Therefore, the present invention not only increas-
es the efficiency of the gas turbine engine but also in-
creases the stability thereof. Even the bled tip leakage
flow is not wasted, because it is used for cooling the
turbine section components.
[0021] Referring to FIG. 4, in an alternate embodi-
ment of the present invention, multiple stages 26 of ro-
tating blades 34 include tip leakage grooves 62 that ex-
tract the tip leakage flow for use in cooling turbine sec-
tion components. The tip leakage flow can be diverted
into a single plenum 64 or multiple plenums 64. Addi-
tionally, cooling air for the turbine section 16 of the gas
turbine engine can be modulated with a valve 76 to vary
amount of cooling air supplied to the turbine section 16.
[0022] Rotor tip bleed can be used either as a sepa-
rate bleeding scheme or in combination with conven-
tional bleeding schemes. The precise location of the
groove 62 with respect to the blade 34 depends on the
specific configuration of the blades 34 and of the gas
turbine engine 10. However, it is preferable to locate the
groove 62 between the leading edge 40 and the mid-
cord section 44 of the rotating blades 34, as best seen
in FIG. 2. Although the preferred embodiment of the
present invention describes a substantially circumferen-
tial groove 62 for extracting the tip leakage flow, an in-
terrupted circumferential groove or a plurality of holes
communicating with the plenum 64 is contemplated by

this invention. Also, the tip leakage flow can be routed
into the turbine section 16 by the channeling pipe 66 di-
rectly from the groove 62, without passing through the
plenum 64.

Claims

1. A gas turbine engine (10) having a compressor sec-
tion (12), a combustor section (14), and a turbine
section (16) enclosed in an engine case or outer
shroud (20) with an annular flow path (22) extending
axially therethrough, said compressor section (12)
having a plurality of rows of rotating blades (28) al-
ternating with a plurality of rows of stationary vanes
(26), said gas turbine engine (10) comprising:

a groove (62) formed in said engine case (20)
of said compressor section (12) and extending sub-
stantially circumferentially therethrough, said
groove (62) being substantially adjacent to one row
of said plurality of rows of rotating blades (28), said
groove being in fluid communication with said tur-
bine section (16) for channeling cooling air from
said compressor section (12) to said turbine section
(16).

2. The gas turbine engine (10) according to claim 1
further comprising:

a plenum (64) formed in said engine case or
outer shroud (20) and being in communication with
said groove (62) and said turbine section (16).

3. The gas turbine engine (10) according to claim 2
further comprising:

a channeling pipe (66) formed in said engine
case or outer shroud (20) and being in communica-
tion with said plenum (64) and routing said cooling
air from said plenum (64) to said turbine section (16)
of said gas turbine engine (10).

4. The gas turbine engine (10) according to claim 1
further comprising:

a channeling pipe (66) formed in said engine
case (20) and being in communication with said
groove (62) and routing said cooling air from said
groove (62) to said turbine section (16) of said gas
turbine engine (10).

5. The gas turbine engine (10) according to claim 3 or
4 further comprising:

a valve (76) cooperating with said channeling
pipe (66) to modulate amount of cooling air being
diverted to said turbine section (16) of said gas tur-
bine engine (10).

6. The gas turbine engine (10) according to any pre-
ceding claim further comprising:

a second groove (62) formed in said engine
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case (20) of said compressor section and extending
substantially circumferentially therethrough, said
second groove being substantially adjacent to an-
other row of said plurality of rows of rotating blades
(28), said second groove (62) being in fluid commu-
nication with said turbine section (16) for channeling
cooling air from said compressor section (12) to
said turbine section (16).

7. The gas turbine engine (10) according to any pre-
ceding claim wherein said groove (62) is substan-
tially annular.

8. The gas turbine engine (10) according to any pre-
ceding claim wherein said groove (62) is circumfer-
entially interrupted.

9. The gas turbine engine (10) according to any of
claims 1 to 6 wherein said groove (62) includes a
plurality of circumferentially interrupted grooves.

10. A gas turbine engine (10) having a compressor sec-
tion (12), a combustor section (14), and a turbine
section (16) enclosed in a case or an outer shroud
(20) with an annular flow path (22) extending axially
therethrough, said compressor section (12) having
a plurality of rows of rotating blades (28) alternating
with a plurality of rows of stationary vanes (26),
each said row of rotating blades (28) includes a plu-
rality of blades (34), each said blade (34) having a
blade tip (54) defining a tip clearance (60) between
said tips of said blades and said case or outer
shroud (20), said gas turbine engine (10) compris-
ing:

an opening (62) formed in said case or outer
shroud (20) of said compressor section, said open-
ing being substantially adjacent to one row of said
plurality of rows of rotating blades (28), said open-
ing being in fluid communication with said turbine
section (16) for extracting air from said tip clearance
of said row of rotating blades of said compressor
section (12) to be routed to said turbine section (16).

11. The gas turbine engine (10) according to claim 10
wherein said opening (62) is a substantially annular
groove.

12. The gas turbine engine (10) according to claim 10
or 11 wherein said opening (62) is a circumferen-
tially interrupted groove.

13. The gas turbine engine (10) according to claim 10
wherein said opening (62) comprises a plurality of
holes disposed substantially circumferentially with-
in said case or outer shroud (20).

14. A gas turbine engine (10) having a compressor sec-
tion (12), a combustor section (14), and a turbine

section (16) enclosed in an engine case or outer
shroud (20) with an annular flow path (22) extending
axially therethrough, said compressor section (12)
having a plurality of rows of rotating blades (28) al-
ternating with a plurality of rows of stationary vanes
(26), each said row of rotating blades (28) includes
a plurality of blades (34), each said blade (34) hav-
ing a blade tip (54) defining a tip clearance (60) be-
tween said tips (54) of said blades (34) and said en-
gine case or outer shroud (20), said gas turbine en-
gine (10) comprising:

a plurality of grooves (62) formed in said en-
gine case or outer shroud (20) of said compressor
section (12), each of said plurality of grooves (62)
extending substantially circumferentially through
said engine case or outer shroud (20), each of said
plurality of grooves (62) being substantially adja-
cent to one respective row of said plurality of rows
of rotating blades (28), each of said plurality of
grooves (62) being in fluid communication with said
turbine section (16) for extracting air from said tip
clearance (60) of said respective row of rotating
blades (28) of said compressor section (12) to be
routed to said turbine section (16).

15. The gas turbine engine (10) according to claim 14
further comprising:

a plenum (64) formed in said engine case or
outer shroud (20) and being in communication with
each of said plurality of grooves (62) and said tur-
bine section (16).

16. The gas turbine engine (10) according to claim 15
further comprising:

a channeling pipe (66) formed in said engine
case or outer shroud (20) and being in communica-
tion with said plenum (64) and routing said cooling
air from said plenum (64) to said turbine section (16)
of said gas turbine engine (10).

17. The gas turbine engine (10) according to claim 14
further comprising:

a plurality of channeling pipes (66) formed in
said engine case or outer shroud (20) and being in
communication with each of said plurality of
grooves (62) and routing said cooling air from each
of said plurality of grooves (62) to said turbine sec-
tion (16) of said gas turbine engine (10).

18. The gas turbine engine (10) according to claim 14
further comprising:

a plurality of plenums (64) formed in said outer
shroud (20) and being in communication with said
plurality of grooves (62) and said turbine section
(16).

19. A gas turbine engine (10) comprising a compressor
(12), a combustor (14), and turbine (16), the com-
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pressor (12) having a plurality of alternating rows of
rotating blades (28) and stationary vanes (26) and
including an opening arranged substantially adja-
cent to a row of rotating blades (28) to extract a por-
tion of tip leakage flow from that row of blades (28)
and means to route the extracted tip leakage flow
to the turbine section (16) for cooling turbine com-
ponents.
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