(12) (19) (CA) Brevet-Patent

R R C I P O
OFFICE DE LA PROPRIETE AN -3;3_“??:‘,":? R CANADIAN INTELLECTUAL
INTELLECTUELLE DU CANADA } PrROPERTY OFFICE 2 007 633
\ (1D 21 (C) i °

22) 1990/01/12

43) 1997/06/06
(72) HUBER, Frank W., US 45y 2000/03/14

(72) DIETRICH, Douglas J., US
(73) UNITED TECHNOLOGIES CORPORATION, US

51) Int.C1.° FO1D 11/10

349y COMMANDE DE DEGAGEMENT POUR LA TURBINE D’UN
TURBOMOTEUR

34y CLEARANCE CONTROL FOR THE TURBINE OF A GAS
TURBINE ENGINE

o } W foi
) > /%'
’“

<
\.\ % W{//

%,

A 2
O s

7 emm— %

Y%

W@N‘Wﬂ%@%}%

7%, 20

%%,

(57) An aerodynamic buffer zone 1n the gap between the tip of an air cooled axial flow turbine blade of a gas turbine

B

engine and 1ts surrounding shroud or seal (outer air seal) 1s created by discretely discharging a high velocity stream of

cooling air from the tip of the blade 1n a judicious direction. The stream 1s angularly oniented relative to the plane of
rotation of the turbine so that 1t 1s discharged 1n the gap 1n the direction of the pressure side of the turbine and preferably

at between a 15-45° angle relative to the flat surface of the tip of the blade.
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Abstract of the Disclosure

Clearance Control for the Turhine

of a Gas Turbine Engine

An aerodynamic buffer zone in the gap between
the tip of an air cooled axial flow turbine blade of
a gas turbine engine and its surrounding shroud or
seal (outer air seal) is created by discretely
discharging a high velocity stream of cooling air
from the tip of the blade in a judicious direction.
The stream is angularly oriented relative to the
plane of rotation of the turbine so that it is
discharged in the gap in the direction of the
pressure side of the turbine and preferably at
between a 15-45° angle relative to the flat surface
of the tip of the blade.
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Description

Clearance Control for the Turbine

of a Gas Turbine Engine

Cross Reference to Related Applications

5 The subject matter of this application is
related to the subject matter of commonly owned
U.S. Patent Applications Serial Nos. (Attorney Docket
Nos. F-5979 and F-6043) filed on even date herewith

and each bearing the title "Cooled Blades for a Gas
10 Turbine Engine".

Technical Field
This invention relates to gas turbine engines
and particularly to means for minimizing the

parasitic leakage at the tips of axial turbine
15 blades.

Background Art

As 1s well known, in order to improve engine
performance the aircraft engine industry has expended
a great effort in its attempts to minimize the gap
20 between the outer air seal or shroud and the tip of
the turbine blades of aircraft gas turbine engines.
For example, U.S. Patent No. 4,069,662, granted to

I. Redinger et al on January 24, 1978 and assigned to
United Technologies Corporation, the assignee of this

25 patent application, discloses an active clearance
control system that selectively impinges air on the

F-06057
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engine's casing to shrink the casing and move the
outer air seals closer to the tips of the turbine
blades. Other systems have passively attempted to
reduce the gap by flowing air at different
temperature levels in proximity to the outer air
seals to cause them to contract or expand.

Also well known is that the complexity of the
problem 1s directly related to the use for which the
engine will be put. For example, the maneuvers
assoclated with fighter aircraft put demands on the
alrcraft engine that far outweigh those demanded by a
commercial aircraft. The pilot of a fighter aircraft
will select many more bodies, chops and transitory
conditions than would a pilot of a commercial
airliner. These conditions obviously impact the
design of the engine which is particularly true of
the turbine rotor's space relations to the outer air
seal. These demands by the pilot cause heating and
cooling of the turbine section structure, such that
the shrinking and expansion and their rates affect
the turbine parasitic leakage problem. Hence, any
technical contribution that serves to reduce the gap
while allowing the turbine to operate without undue
rubbing the outer air seals is considered to be very
important and significant since the leakage impacts
the overall performance of the engine.

We have found that we can reduce the parasitic
leakage by discretelY‘discharging a portion of the
cooling air internally of the turbine blades from the
tip of the blade in a particular direction.
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Summary of the Invention

An object of this i1nvention is to provide an improved rotor
of the type that includes internal cooled turbine blades for
alrcraft gas turbine engines.

A feature of this invention is to direct the air discharged
from the airfoil of a turbine blade into the gas stream adjacent
the tip o the blade in such a manner that reduces aerodynamic
losses by reducing the effective tip clearance and desensitizes
the blade to increase tip clearance.

A still further object 1is to direct the cooling air
discharging from the tip of the airfoil of the turbine blade of
a gas turbine engine in the direction of the pressure side of

the airfoil and at a preferable angle of 15° and a maximum

acceptable angle of 45° relative to a radial line through the
axlis of rotation or the surface of the tip of the blade, and the
discharging air should be at a relatively high pressure.
According to the present invention, there is provided an
axial flow turbine for a gas turbine engine in combination with
an annular shroud surrounding said turbine, said turbine
including a plurality of internally air cooled turbine blades
each having a tip section mounted adjacent said shroud and
defining therewith a gap that is susceptible of leaking engine
working medium, each of said internally cooled blades having an
airfoil surface exposed to said engine working medium defining a
pressure surface and a suction surface, means for minimizing
sald leakage by providing a buffer zone in said gap, said means
including an orifice located in said tip section adjacent said
pressure surface and said orifice being skewed relative to the
rotation axis of said blade for leading air from internally of
sald blade into said gap toward the pressure side of said
plades, whereby the stream of air discharging from said orifice
defines a buffer zone so as to minimize parasitic leakage of

sald engine working medium.
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Also according to the present invention, there is provided
an axial flow turbine for a gas turbine engine in combination
with an outer air seal surrounding said turbine, said turbine
including a plurality of internally air cooled blades including
a plurality of passageways for conducting air internally of said
blade, said blade having an airfoil surface defining a tip
section, a root section, a leading edge, a trailing edge, a
pressure surface and a suction surface, at least one of said
passageways extending radially straight through for conducting
cooling air from said root section to said tip section having a
relatively flat outer surface, said one passageway feeding a
plurality of film cooled holes radially spaced in said airfoil
surface, said passageway being replenished with cooling air from
another of said passageways through replenishment holes spaced
radially along said one passageway, said outer air seal and said
tip section defining a gap susceptible of parasitic leakage of
engine working medium used in powering said turbine, means for
minimizing said parasitic leakage including an orifice in said
tip communicating with said one passageway and being oriented to
discharge cooling air angularly with respect to the axis of
rotation of said turbine and oriented in a direction toward said
pressure side, and a source of cooling air supplying air to said
root section for feeding cooling air to said passageways
including said one passageway.

The foregoing and other features and advantages of the
present invention will become more apparent from the following
description and accompanying drawings.

Brief Description of the Drawings

FIG 1 1s a sectional view of a turbine blade taken along a

chordwise axilis 1llustrating this invention;

FIG 2 1s a sectional view taken along lines 2-2 of FIG 1;

3a
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FIG 3 is a flow circuit diagram illustrating the
flow patterns internally of the turbine blade;

FIG 4 is a partial view in section of the tip of
a turbine blade showing a preferred embodiment of
this i1nvention;

FIG 5 1s a top plan view of the tip of the
airfoil section showing another embodiment of this
invention; and

FIG 6 1s a section taken through lines 6-6 of
FIG 5.

Best Mode for Carrying Out the Invention

This invention is particularly efficacious for
turbine blades of a gas turbine engine where internal
cooling of the blades is desired. The construction
of i1nternally cooled turbine blades is well described
in the literature and, for the sake of convenience
and simplicity, only that portion of the blade will
be described herein that is necessary for an
understanding of the invention. For details of gas
turbine engines and turbine blades, reference should
be made to the F100 and JT9D engines manufactured by
Pratt & Whitney Aircraft, a division of United
Technologles Corporation, the assignee of this patent
application and the patents mentioned above.

As can be seen 1in FIG 1, which is a
cross-sectional view taken along the chordwise axis,
and FIG 2, the blade, generally illustrated by
reference numeral 10, comprises an outer wall or
shell 12 defining a pressure surface 14, a suction

surface 16, a leading edge 18 and trailing edge 20.
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The blade 10 is cast 1nto a double wall configuration
wherein the inner wall 22 is generally coextensive
and parallel tc the cuter shell 12 but is spaced
therefrom to define a radially extending passage 256.
Since this passage 26 feeds cooling air to the film
cooling holes 28, passage 26 is referred to as the
feed channel. While feed channel 26 is shown as a
plurality of feed channels, the number of such
passages will be predicated on the particular
application. This is a dynamic rather than static
passage since cool air is constantly flowing inasmuch
as 1t is continuously being fed cooling air and a
portion of the air continuously is being discharged
at the tip through orifice 50. This is best seen in
FIG 2 showing schematically that cool air enters the
bottom of feed channel 26 and flows radially toward
the tip 30 of the blade.

Cooling air is also continuously flowing to the
central cavity, which is a radially extending passage
32. It also 1s a dynamic passage since it is
continuously being fed cooling air and a portion of
the cooling air at the tip discharges through orifice
52. As will be apparent from the description to
follow, 1lnasmuch as this cavity feeds cooling air to
feed channel 26 to replenish the supply of cooling
alr as it is being exhausted through the film cool
holes 28, 1t is hereinafter referred to as the feed
chamber 32.

It is contemplated that feed channel 26 and feed
Chamber 32 willl receive compressor air as is typical

1n these designs.
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It 1s apparent from the foregoing as the cooling
alr in the feed channel 26 progresses radially from
the root toward the tip of the blade and feeds the
radlally spaced film holes 28, the cooling air
becomes depleted. However, since feed channel 26 is
always 1n communication with feed chamber 32 by the
radially spaced holes 36, the supply of cooling air
1s continuously being replenished. Obviously, the
cooling air in feed channel 26 and feed chambers 32
ls being pressurized as it progresses toward the tip
of the blade by virtue of the rotation of the blade.
Because of thils inherent feature, the film cooling
holes in proximity of the tip of the blade are in a
position to receive cooling air at an acceptable
pressure level.

In heretofore designs, the specified pressure of
the cooling air at the tip of the blade was
predicated on the inlet pressure at the root of the
blade. Hence, the higher specified pressures
required higher inlet pressures. This presented a
problem to the designer in trying to avoid leakage
when flowing the cooling air from the source through
a non-rotating section to the rotating blade
passages.

The feed chamber 32 is generally a hollow cavity
extending from the root to the tip and is bounded by
the inner wall 22. Ribs such as ribs 40 and 42 may
be incorporated to prbvide structural integrity to
the blade. The use of ribs, of course, will be
predicated on the particular design of the blade and
its application.
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Because holes 36 serve to direct cooling air
against the inner surface 44 of the outer shell, they
are hereilnafter referred to as replenishment cooling
holes 36. Thus, the replenishment cooling holes
Serve, among other functions, means for replenishing
the feed channel 26 and means for enhancing cooling
effectiveness by introducing turbulence of the flow
entering the film cooling holes. It has been found
that replenishing the feed channels by the

trip strips 46 in feed channel 26. The trip strips
Seérve an additional function besides the cooling
aspect in that they create a pressure drop feature.
This may be desirable where the cooling air
approaching the tip of the blade owing to the
centrifuging of the air in the feed channel 26 and
feed chamber 32 becomes over-pressurized and it is
necessary to reduce this pressure to attain the
pressure ratio necessary for optimizing the formation
of the film egressing from the film cooling holes 28.

channel 26 and feed chamber 32 are straight through
radial passages and eliminate the generally used
serpentine passages. This feature allows the
designer of the blade to reduce the tip size since it
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no longer has to accommodate the turning passages of
the serpentine passage design and now allows the
designer to apply aerodynamic tip sealing techniques.
Thilis permits the aerodynamic designer to select the
blade tip chordal length at the minimum required by
aerodynamic performance considerations without undue
regard to internal cooling size demands. Of course,
this feature carries with it several advantages that
are desirable in turbine design. By taking advantage
of this feature, the blade can be made lighter, it
has a significantly reduced pull and the disk,
supporting the blade, can be made lighter. All of
these features favorably influence the weight,
performance and life of the turbine.

In operation and referring to the flow circuit
in FIG 3, cooling air enters the blade at the root
section at the lower extremity of the blade and
progresses through the airfoil section to the tip as
l1llustrated by the dash arrow lines A and straight
arrow lines B. Holes in the tip allow a portion of
the air to be expelled in this location, a portion of
the cooling air flows to the shower head at the LE
and a portion of cooling air is directed to the TE as
represented by the horizontal arrow lines C and D
respectively.

As the alr progresses radially outward toward
the tip, the air in the feed chamber (arrow B)
continuously replenishes the air in the feed channel
(arrow A). Hence, the feed channel is constantly
being supplied with cooling air. Because of the
pumping action associated with the rotation of the
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blades, the pressure at the tip where it is most
needed is inherently generated. This assures that
the proper pressure ratio across the film holes is
maintained along the entire surface of the shell.

Since the inner wall replaces the ribs that
formed the serpentine passages, the inner wall serves
as a heat transfer surface to provide the same heat
convection feature that is attributed to the
serpentine design.

In accordance with this invention and as best
seen 1n FIG 2, the orifices 50 and 52 are oriented so
that the flow discharging out of the feed channels 26
and feed chamber 32 is directed toward the pressure
side of the blade at an angle substantially equal to
40° to 45°. The angle is measured from the flat
surface of the tip of the blade and will vary at
different stations of the airfoil. Preferably, the
angle will be at a minimum value, say 15°, but should
not exceed 45°. This serves to create a buffer zone
at the tip of the blade in the gap 54 between the tip
and the schematically shown shroud 56 surrounding the
blade. Since the discharging flow through orifices
50 and 52 has had the benefit of the blade's pumping
action, the velocity at which the flow is being
discharged is significantly high to effectuate a
reduction of the aerodynamic losses otherwise
occurring in this gap and effectively desensitize the
blade to tip clearance.

FIG 4 shows a preferred embodiment of a turbine
blade where the radial passage 70 crosses over the
airfoil from the suction side 72 so that the air
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discharges at the tip adjacent the pressure side 74.
The discharge orifice 76 is oriented with the flat
surface 78 ¢f the tip of the blade sc that it forms a
20° angle.

FIGS 5 and 6 exemplify another embodiment of
this invention where the tip of the blade is grooved
to define a coolant pocket 60 adjacent the pressure
side 62 of the blade. The discharge holes 64, in
this instance, are angled to provide a buffer zone
adjacent the tip of the blade to provide an
aerodynamic seal to reduce the leakage of the engine
working medium occurring in this gap.

Although this invention has been shown and
described with respect to detailed embodiments
thereof, 1t will be understood by those skilled in
the art that various changes in form and detail

thereof may be made without departing from the spirit
and scope of the claimed invention.

-10~- )
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An axilal flow turbine for a gas turbine engine in
comblnation with an annular shroud surrounding said turbine,
sald turbine including a plurality of internally air cooled
turbine blades each having a tip section mounted adjacent said
shroud and defining therewith a gap that is susceptible of
leaking engine working medium, each of said internally cooled
plades having an airfoil surface exposed to said engine working
medium defining a pressure surface and a suction surface, means
for minimizing said leakage by providing a buffer zone in said
gap, sald means including an orifice located in said tip section
adjacent said pressure surface and said orifice being skewed
relative to the rotation axis of said blade for leading air from
internally of said blade into said gap toward the pressure side
of sald blades, whereby the stream of air discharging from said
orifice defines a buffer zone so as to minimize parasitic

leakage of said engine working medium.

2 . An axlial flow turbine as claimed in claim 1 wherein
sald airfoil section also defines a leading edge and trailing
edge and said blade including a pocket formed in said tip
extending substantially adjacent the leading edge to
substantially adjacent said trailing edge and being in proximity
to said pressure surface, and said orifice means includes a
plurality of spaced skewed holed in said pocket leading air

internally of said blade into said gap.

11
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3. An axial flow turbine for a gas turbine
engine in combination with an outer air seal
surrounding said turbine, sald turbine including a
plurality of internally alr cooled blades including a
plurality of passageways for conducting air
internally of said blade, said blade having an
airfoil surface defining a tip section, a root
section, a leading edge, a trailing edge, a pressure
surface and a suction surface, at least one of said
passageways extending radially straight through for
conducting cooling air from said root section to said
tip section having a relatively flat outer surface,
sald one passageway feeding a plurality of film cool
holes radially spaced in said airfoil surface, said
passageway being replenished with cooling air from
another of said passageways through replenishment
holes spaced radially along said one passageway, said
outer air seal and said tip section defining a gap
susceptible of parasitic leakage of engine working
medium used in powering said turbine, means for
minimizing said parasitic leakage including an
orifice in said tip communicating with said one
passageway and being oriented to discharge cooling
alr angularly with respect to the axis of rotation of
sald turbine and oriented in a direction toward said
pressure side, and a source of cooling air supplying
alr to said root section for feeding cooling air to

said passageways including said one passageway.

-12=-
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4. An axial flow turbine as claimed in claim 3

wherein said angle of said orifice is substantially

equal to 15-45° relative to said flat outer surface,

5. An axial flow turbine as in claim 3 wherein
sald blade includes a mid chord section, a radial
straight through passageway in said mid chord section
extending from said root section to said tip section
and being substantially parallel to said one
passageway, saild mid chord section having radially
spaced holes communicating with said one passageway

for replenishing cooling air to said one passageway
to compensate for the cooling air used to feed said

film cooling holes.

6. An axial flow turbine as in claim 5 wherein
passageways adjacent said pressure surface and said
suction surface and said mid chord section include at
least one orifice discharging air from said tip
section into said gap and being skewed relative to
the rotational axis of said turbine and oriented to
discharge cooling air toward said pressure surface.

7. An axial flow turbine as in claim 6 wherein
sald tip has a flat surface and the angle of all of
said orifices is substantially equal to between
15-45° relative to said flat surface.

8. An axial flow turbine as in claim 5 wherein
sald passageway adjacent said suction surface is
routed through the airfoil to discharge at said tip

section adjacent said pressure surface.

....13-
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