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(54) ACTIVE TIP CLEARANCE CONTROL SYSTEM FOR AIRCRAFT ENGINE

(57)  Anaircraft engine (10) includes an annular gas
path extending across a compressor (14) and a turbine
(18) with a casing (26), a shroud (32) and blades (28), a
clearance (C) defined between blade tips and the shroud
(32). An active tip clearance control device (36) directing
a cooling airflow (F1, F2) to the casing (26) includes a first
air source (40) at a first temperature, a second air source
(42) at a second temperature greater than the first, a
valve (46) having first and second inlets connected to the
sources (40, 42) and an outlet selectively connectible
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withthe inlets. The outlet is fluidly connected to the casing
(26) to selectively direct the flow of cooling air (F1, F2)
from the first or second source. A sensor (60) measures
the clearance (C). A controller (48) connected to the
sensor (60) receives a signal therefrom of a measured
clearance (C), and generates commands causing the
valve (46) to open to the first or second source (40, 42)
when the clearance (C) is above or below a predeter-
mined value.
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Description
TECHNICAL FIELD

[0001] The invention relates generally to aircraft en-
gines, and, more particularly, to active clearance control
systems in aircraft engines.

BACKGROUND

[0002] Aircraft engines can be provided with active tip
clearance control (ATCC) systems that are designed to
vary the radial gap between the turbine blades and
surrounding shroud in order to optimize tip clearance.
Active tip clearance control systems typically use cooler
engine air to selectively cool the turbine casing to mod-
ulate the tip clearance. However, improvements are
sought.

SUMMARY

[0003] Accordingto an aspect of the presentinvention,
there is provided an aircraft engine, comprising: a gas
path annularly extending around a central axis and ex-
tending in serial flow communication across a compres-
sor and a turbine, the turbine having a casing and a
shroud secured to and located radially inwardly of the
casing, a set of blades disposed radially inward of the
shroud in the turbine, a clearance defined between tips of
the set of blades and the shroud; and an active tip
clearance control device for directing a flow of cooling
air to the casing, the active tip clearance control device
including: afirst cooling air source at a firsttemperature; a
second cooling air source at a second temperature, the
second temperature greater than the first temperature; a
valve having a first inlet fluidly connected to the first
cooling air source, a second inlet fluidly connected to
the second cooling air source, and an outlet selectively
connectible in flow communication with the first inlet and
the second inlet, the outlet fluidly connected to the casing
to selectively direct the flow of cooling air from the first
cooling air source or the second cooling air source to the
casing; a sensor configured to measure the clearance;
and a controller operatively connected to the sensor for
receiving a signal from the sensor indicative of a mea-
sured clearance, the controller configured to generate
control commands to cause the valve to open to the first
cooling air source when a measured clearance is above a
predetermined value and to cause the valve to open to
the second cooling air source when the measured clear-
ance is below the predetermined value.

[0004] In certain embodiments, the aircraft engine as
defined above includes one or more of the following
features, in whole or in part, and in any combination.
[0005] Optionally, and in accordance with the above,
the turbine is a high pressure turbine and the aircraft
engine further includes a low pressure turbine down-
stream of the high pressure turbine along the gas path,
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the low pressure turbine including a low pressure shroud
surrounding low pressure blades, the aircraft engine
further including a conduit fluidly connecting the casing
to the low pressure shroud.

[0006] Optionally, and in accordance with any of the
above, the aircraft engine further includes an additional
conduit fluidly connecting the low pressure shroud to the
gas path inside the low pressure turbine.

[0007] Optionally, and in accordance with any of the
above, the controller is configured to vary the predeter-
mined value as a function of an engine operating condi-
tion, the predetermined value decreasing when the air-
craft engine is operating in a cruise condition, the pre-
determined value increasing when the aircraft engine is
operating in a take-off condition or a descent condition.
[0008] Optionally, and in accordance with any of the
above, the turbine further includes a manifold radially
outward of the casing, the manifold in fluid communica-
tion with the outlet of the valve to direct the flow of cooling
air to the casing.

[0009] Optionally, and in accordance with any of the
above, the manifold includes a baffle radially outward of
the casing and impingement holes disposed through the
baffle for impinging the flow of cooling air against the
casing.

[0010] Optionally, and in accordance with any of the
above, the controller is configured to compare the mea-
sured clearance to the predetermined value, and to direct
the valve to open to the first cooling air source or to the
second cooling air source based on a comparison be-
tween the measured clearance and the predetermined
value.

[0011] Optionally, and in accordance with any of the
above, thefirst cooling air source is afirst bleed locationin
the compressor and the second cooling air source is a
second bleed location in the compressor downstream of
the first bleed location.

[0012] Optionally, and in accordance with any of the
above, the sensor is a capacitance probe sensor.
[0013] According to another aspect of the present in-
vention, there is provided a system for controlling a
clearance between tips of turbine blades and a shroud
supported by a turbine casing in an aircraft engine, the
system comprising: a first source of cooling air operating
at a first temperature; a second source of cooling air
operating at a second temperature greater than the first
temperature; a conduit fluidly coupling the first source of
cooling air and the second source of cooling air to the
turbine casing; a sensor configured to measure the clear-
ance between the tips of the turbine blades and the
shroud; a valve in the conduit, the valve having a first
inlet fluidly connected to the first source of cooling air, a
second inlet fluidly connected to the second source of
cooling air, and an outlet selectively connectible to the
first inlet and to the second inlet, the outlet fluidly con-
nected to the turbine casing to selectively direct a flow of
cooling air from the first source of cooling air or the
second source of cooling air to the turbine casing; and
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a controller operatively connected to the sensor for re-
ceiving a signal from the sensorindicative of a measured
clearance, the valve controlled by the controller to fluidly
couple the first source of cooling air to the turbine casing
upon the measured clearance being above a predeter-
mined value and to fluidly couple the second source of
cooling air to the turbine casing upon the measured
clearance being below the predetermined value.

[0014] Optionally, and in accordance with the above,
the system as defined above includes one or more of the
following features, in whole or in part, and in any combi-
nation.

[0015] Optionally, and in accordance with any of the
above, the turbine casing is a high pressure turbine
casing, the system further comprising an additional con-
duit fluidly coupling the high pressure turbine casing to a
low pressure turbine downstream of the high pressure
turbine.

[0016] Optionally, and in accordance with any of the
above, the additional conduit further extends between
the shroud of the low pressure turbine and an engine gas
path at the low pressure turbine.

[0017] Optionally, and in accordance with any of the
above, the controller is configured to vary the predeter-
mined value as a function of an engine operating condi-
tion, the predetermined value decreasing when the air-
craft engine is operating in a cruise condition, the pre-
determined value increasing when the aircraft engine is
operating in a take-off condition or a descent condition.
[0018] Optionally, and in accordance with any of the
above, the conduitincludes a manifold radially outward of
the turbine casing and fluidly coupling the outlet of the
valve to the turbine casing.

[0019] Optionally, and in accordance with any of the
above, the manifold includes a baffle radially outward of
the turbine casing and impingement holes disposed
through the baffle for impinging air from the conduit
against the turbine casing.

[0020] Optionally, and in accordance with any of the
above, the controller is configured to compare the mea-
sured clearance to the predetermined value, and to direct
the valve to open to the first source of cooling air or to the
second source of cooling air based on a comparison
between the measured clearance and the predetermined
value.

[0021] Optionally, and in accordance with any of the
above, the first source of cooling air is a first bleed
location in a compressor of the aircraft engine and the
second source of cooling air is a second bleed location in
the compressor downstream of the first bleed location.
[0022] Optionally, and in accordance with any of the
above, the sensor is a capacitance probe sensor.
[0023] According to another aspect of the present in-
vention, there is provided a method for controlling a
clearance between turbine blades and a shroud of a
turbine casing in an aircraft engine, comprising: receiving
an indication from a sensor that the clearance is above or
below a predetermined value; when the clearance is
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above the predetermined value, controlling a valve to
flow a first flow of cooling air operating at a first tempera-
ture to the turbine casing; and when the clearance is
below the predetermined value, controlling the valve to
block the first flow of cooling air and to flow a second flow
of cooling air operating at a second temperature, the
second temperature greater than the first temperature,
to the turbine casing.

[0024] Optionally, and in accordance with the above,
the shroud comprises a high pressure turbine shroud and
a low pressure turbine shroud, and the method further
includes, when the clearance is above the predetermined
value, flowing the first flow of cooling air from the high
pressure turbine shroud to the low pressure turbine
shroud; and when the clearance is below the predeter-
mined value, flowing the second flow of cooling air from
the high pressure turbine shroud to the low pressure
turbine shroud.

DESCRIPTION OF THE DRAWINGS

[0025] Reference is now made to the accompanying
figures in which:

FIG. 1 is a schematic cross sectional view of a gas
turbine engine;

FIG. 2 is a block diagram of an active tip clearance
control device for the engine of FIG. 1;

FIG. 3is aschematic cross sectional view of a turbine
section for the engine of FIG. 1 with the active tip
clearance control device of FIG. 2;

FIG. 4 is a flow chart of an exemplary method for
operating the active tip clearance control device of
FIG. 2; and

FIG. 5 is a block diagram of an example computing
system for implementing the method of FIG. 4.

DETAILED DESCRIPTION

[0026] FIG. 1 illustrates a gas turbine engine 10 of a
type preferably provided for use in subsonic flight, gen-
erally comprising in serial flow communication a fan 12
through which ambient air is propelled, a compressor
section 14 for pressurizing the air, a combustor 16 in
which the compressed air is mixed with fuel and ignited
for generating an annular stream of hot combustion
gases, and a turbine section 18 for extracting energy
from the combustion gases. A core casing 20 surrounds
the compressor section 14, combustor 16, and turbine
section 18. A housing or nacelle 22 surrounds the core
casing 20 and defines an annular bypass passage 24
therebetween. While FIG. 1 depicts engine 10 as a
turbofan engine, itis understood that other aircraftengine
types are contemplated.

[0027] Referring additionally to FIGS. 2 and 3, the
turbine section 18 includes a high pressure turbine 18a
downstream of the combustor 16 and a low pressure
turbine 18b downstream of the high pressure turbine 18a.
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Inother cases, engine 10 caninclude only a single turbine
section 18. lllustratively, the high pressure turbine 18a
includes a casing 26, also referred to as a housing, that
surrounds rotating blades 28 and stationary vanes 30. In
embodiments, different numbers of blades 28 and vanes
30 are contemplated. As noted above, the blades 28 are
adapted to extract work from the gas flow, while the vanes
30 are adapted to direct the gas flow, for instance to a
subsequent set of rotating blades 28. Other high pres-
sure turbine 18a configurations are contemplated. In the
shown case, the high pressure turbine 18a includes a
shroud 32 secured to and located radially inwardly of the
casing 26. The vanes 30 are secured to the casing 26 via
one or more vane platforms 34. The blades 28 are
adapted to rotate within the shroud 32, with a tip clear-
ance C defined between the radially outer ends (or tips) of
the blades 28 and the radially inner surface of the shroud
32.

[0028] Maintaining an appropriate tip clearance C can
help in preventing performance losses, for instance due
to leakage between the tip of a blade 28 and the shroud
32. However, the tip clearance C is known to vary under
different engine operating conditions, for instance
throughout different stages of a flight. In addition, the
blades 28 typically expand radially due to thermal growth
during engine operation, thereby affecting the tip clear-
ance. It is thus desirable to maintain an appropriate tip
clearance C, for instance by cooling (and thereby shrink-
ing) the casing 26 to which the shroud is mounted to
reduce the clearance C.

[0029] In accordance with the present invention, there
is provided an active tip clearance control (ATCC) device
36, also referred to as an active clearance control (ACC)
device, for varying the clearance C between the tips of the
blades 28 and the radially inner surface of the shroud 32.
In particular, the device 36 is adapted for selectively
providing a flow F of cooling air to the casing 26 to vary
a size thereof, thereby varying the clearance C between
the tips of the blades 28 and the shroud 32 supported by
the casing 26. Stated differently, the temperature-in-
duced contraction of the casing 26 forces the shroud
32 to approach the tips of the blades 28 to reduce the
clearance C. As such, the device 36 is also referred to as
a system for controlling a clearance between tips of
turbine blades 28 and the radially inner surface of the
shroud 32. The degree of contraction of the casing 26
may be controlled by varying the temperature of the flow
F of air, as discussed in further detail below.

[0030] The depicted device 36 includes a conduit 38a,
38b, 38c¢ for flowing cooling air from one of a first cooling
air source 40 or a second cooling air source 42 to the
casing 26. In the shown case, a manifold 44 is annularly
disposed about the casing 26 for fluidly coupling the
conduit 38a, 38b, 38c to the casing 26. The device 36
further includes a valve 46, also referred to as a two-way
valve or a switching valve, in the conduit 38a, 38b, 38c¢ for
selectively fluidly coupling and uncoupling the first cool-
ing air source 40 and the second cooling air source 42
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from the casing 26. Stated differently, the valve 46 is
adapted to switch the source of cooling air (i.e., afirst flow
F1 from the first cooling air source 40 or a second flow F2
from the second cooling air source 42) flowing towards
the casing 26. As such, the conduit 38a, 38b, 38c illus-
tratively includes a first conduit portion 38a fluidly cou-
pling the first cooling air source 40 to a first inlet of the
valve 46, a second conduit portion 38b fluidly coupling the
second cooling air source 42 to a second inlet of the valve
46, and a third conduit portion 38c fluidly coupling an
outlet of the valve 46 to the casing 26 (illustratively via the
manifold 44). Various valve 46 types are contemplated.
[0031] The depicted device 36 further includes a con-
troller 48 for controlling the positioning of the valve 46 and
a sensor 60 positioned within the shroud 32. The sensor
60 is adapted to measure the clearance C between the
tips of the blades 28 and the radially inner surface of the
shroud 32. Various sensor 60 types are contemplated, for
instance a capacitance probe sensor. In addition, the
number of sensors 60 can vary. For instance, in a high
pressure turbine 18a having multiple rows of blades 28,
one or more sensors 60 can be provided to measure the
clearance C for each row of blades 28. The sensor 60 is
operatively coupled to the controller 48 to indicate the
clearance C. The controller 48 is thus adapted to select
between the first cooling air source 40 and the second
cooling air source 42 based on the measured clearance
C. Forinstance, a predetermined value for the clearance
C can be established, the predetermined value corre-
sponding to an ideal value for the clearance C basedon a
specific mode of operation of the engine 10. The con-
troller 48 can then compare the measured clearance C to
the predetermined value to determine which cooling
source 40, 42 to select. For instance, in an engine oper-
ating mode corresponding to a cruise condition of the
aircraft, the predetermined value can be selected so as to
minimize the clearance C to improve engine 10 perfor-
mance and efficiency. On the contrary, in an engine
operating mode corresponding to a takeoff or descent
condition, the predetermined value can be selected to
provide a greater clearance C to avoid engagement
between the tip of the blades 28 and the radially inner
surface of the shroud 32. In some embodiments, the
predetermined value is a range of acceptable values
for the clearance C such that the controller 48 will control
the valve to switch between cooling sources 40, 42 if the
measured clearance falls outside the range.

[0032] AsshowninFIG. 1,thefirstcoolingair source 40
and the second cooling air source 42 are bleed locations
in the compressor 14. Other locations within the engine
10 are contemplated. The second cooling air source 42 is
illustratively located downstream of the first cooling air
source 40 in the compressor 14. As such, the second
cooling air source 42 provides cooling air at a greater
temperature than the cooling air provided by the first
cooling air source 40. In an exemplary embodiment,
the first cooling air source 40 is located at a position
within the compressor 14 to provide P2.8 air, while the
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second cooling air source 42 is located at a position within
the compressor 14 to provide P3 air. Other locations
within the compressor 14 are contemplated, for instance
the first cooling air source 40 providing P2.1 air and the
second cooling air source 42 providing P2.5 air. By
varying the temperature of the air F flowing to the casing
26, the degree of contraction of the casing 26 is con-
trolled. Stated differently, the cooling air from the first
cooling air source 40, being at a lower temperature than
the cooling air from the second cooling air source 42, will
effect a greater degree of contraction of the casing 26,
thereby reducing the tip clearance C.

[0033] As noted above, the valve 46 is controlled to
flow cooling air F from the first cooling air source 40 or
from the second cooling air source 42 to the casing 26
based on a signal received from the sensor 60. In parti-
cular, the sensor 60 is adapted to measure the clearance
C and transmit this information to the controller 48. The
controller 48 is adapted to compare the clearance Cto a
predetermined value for the clearance and then control
the valve 46 to select an appropriate source of cooling air.
As noted above, the predetermined value for the clear-
ance C can vary based on an operating condition of the
engine. For instance, during a cruising condition of the
aircraft, it is desirable to minimize the tip clearance C to
improve performance and efficiency of the engine 10. As
such, inthis operating condition, the predetermined value
for the clearance C will be lower. In other conditions, for
instance at a takeoff or landing condition of the aircraft, it
is desirable to provide a greater tip clearance C to prevent
engagement between the tips of the blades 28 and the
radially inner surface of the shroud 32. As such, in this
operating condition, the predetermined value for the
clearance C will be greater.

[0034] In some cases, the operating mode of the en-
gine 10 dictates a default configuration for the valve 46,
as controlled by the controller 48. For instance, during a
first engine operating mode in which it is desirable to
minimize the clearance C (e.g., a cruise condition), the
controller 48 controls the valve 46, by default, to flow the
first flow of air F1 from the first cooling air source 40 to the
casing 26. During a second operating mode in which is it
desirable to increase the clearance C (e.g., a take off or
descent condition), the controller 48 controls the valve
46, by default, to flow the second flow of air F2 from the
second cooling air source 42. Simultaneously, the con-
troller 48 receives measurements of the clearance C from
the sensor 60 and compares the measured clearances C
to the predetermined value (or values, if multiple are
provided based on the specific engine operating mode).
The controller 48 can then override the above-described
default instructions to the valve 46 if the sensor 60 read-
ings dictate that more or less cooling is required.
[0035] Referring to FIG. 3, one embodiment of the
manifold 44 is shown. lllustratively, the manifold 44 in-
cludes an annular cavity 44a surrounding the casing 26
and an inlet 44b fluidly coupling the valve 46 to the
annular cavity 44a via the third conduit portion 38c. A
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baffle 50 extends substantially axially through the annu-
lar cavity 44a around the casing 26, with exemplary
fasteners 52 securing the manifold 44 and baffle 50 to
the casing 26. Other attachments are contemplated. In
some cases, the baffle 50 is integrated with the manifold
44. A plurality of impingement holes 50a through the
baffle 50 are provided for impinging the cooling air flow
F against the radially outer surface of the casing 26. The
number, sizing and arrangement of the impingement
holes 50a can vary. In other cases, the baffle 50 is
omitted.

[0036] Referringto FIGS. 1-3, as discussed above, the
depicted engine 10 includes a low pressure turbine 18b
downstream of the high pressure turbine 18a relative to
the core gas flow. Itis thus advantageous to direct the flow
F of cooling gas from the casing 26 of the high pressure
turbine 18a to components of the low pressure turbine
18b to provide additional cooling thereto. In particular, in
the shown case, after impinging on the casing 26, the
cooling air F is directed through an aperture 26a in the
casing 26 towards a shroud 54 of the low pressure turbine
18b, thereby cooling the shroud 54. The depicted shroud
includes one or more apertures 54a through which the
flow F of cooling air is passes to enter the core gas flow in
the low pressure turbine 18b, for instance to provide
additional air to the low pressure turbine blades (not
shown). Advantageously, by flowing the cooling air F into
the core gas flow at the low pressure turbine 18b after the
cooling occurs, additional work can be extracted from the
air F to create thrust. Other configurations are contem-
plated, for instance directing the cooling flow F into core
gas flow downstream of the casing 26, or into the bypass
passage 24 downstream of the casing 26 and/or the low
pressure turbine shroud 54.

[0037] Referring now to FIG. 4, there is shown an
exemplary method 400 for controlling a clearance C
between turbine blades 28 and a turbine casing 26 (in
particular, the shroud 32 of the casing 26) in an aircraft
engine 10. Atstep401, anindication from a sensor 60 that
the clearance C is above or below a predetermined value
is received. At step 402, when the clearance C is above
the predetermined value, a valve 46 is controlled to flow a
first flow F1 of cooling air operating at a first temperature
to the turbine casing 26. At step 403, when the clearance
C is below the predetermined value, the valve 46 is
controlled to block the first flow F1 of cooling air and to
flow a second flow F2 of cooling air operating at a second
temperature, the second temperature greater than the
first temperature, to the turbine casing 26. Various mod-
ifications and additions to the above method 400 are
contemplated.

[0038] WithreferencetoFIG.5,insome embodiments,
the method 400 may be implemented using a computing
device 500 (for instance that includes controller(s) 48)
comprising a processing unit 502 and a memory 504
which has stored therein computer-executable instruc-
tions 506. The processing unit 502 may comprise any
suitable devices configured toimplement the method 400
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such that instructions 506, when executed by the com-
puting device 500 or other programmable apparatus,
may cause the functions/acts/steps of the method 400
as described herein to be executed. The processing unit
502 may comprise, for example, any type of general-
purpose microprocessor or microcontroller, a digital sig-
nal processing (DSP) processor, a central processing
unit (CPU), an integrated circuit, a field programmable
gate array (FPGA), a reconfigurable processor, other
suitably programmed or programmable logic circuits,
other suitable processing systems or circuits, or any
combination thereof.

[0039] The memory 504 may comprise any suitable
known or other machine-readable storage medium. The
memory 504 may comprise non-transitory computer
readable storage medium, for example, but not limited
to, an electronic, magnetic, optical, electromagnetic, in-
frared, or semiconductor system, apparatus, or device, or
any suitable combination of the foregoing. The memory
504 may include a suitable combination of any type of
computer memory that is located either internally or ex-
ternally to the device, for example random-access mem-
ory (RAM), read-only memory (ROM), compact disc
read-only memory (CDROM), electro-optical memory,
magnetooptical memory, erasable programmable read-
only memory (EPROM), and electrically-erasable pro-
grammable read-only memory (EEPROM), Ferroelectric
RAM (FRAM) or the like. Memory 504 may comprise any
storage means (e.g., devices) suitable for retrievably
storing machine-readable instructions 506 executable
by processing unit 502. In some embodiments, the com-
puting device 500 can be implemented as part of a full-
authority digital engine controls (FADEC) or other similar
devices, including electronic engine control (EEC), en-
gine control unit (ECU), and the like.

[0040] The methods and systems described herein
may be implemented in a high level procedural or object
oriented programming or scripting language, or a com-
bination thereof, to communicate with or assist in the
operation of a computer system, for example the comput-
ing device 500. Alternatively, the methods and systems
may be implemented in assembly or machine language.
The language may be a compiled or interpreted lan-
guage. Program code for implementing the methods
and systems for detection may be stored on a storage
media or a device, for example a ROM, a magnetic disk,
an optical disc, aflash drive, or any other suitable storage
media or device. The program code may be readable by a
general or special-purpose programmable computer for
configuring and operating the computer when the storage
media or device is read by the computer to perform the
procedures described herein. Embodiments of the meth-
ods and systems may also be considered to be imple-
mented by way of a non-transitory computer-readable
storage medium having a computer program stored
thereon. The computer program may comprise compu-
ter-readable instructions which cause a computer, or in
some embodiments the processing unit 502 of the com-

10

15

20

25

30

35

40

45

50

55

puting device 500, to operate in a specific and predefined
manner to perform the functions described herein.
[0041] Computer-executable instructions may be in
many forms, including program modules, executed by
one or more computers or other devices. Generally,
program modules include routines, programs, objects,
components, data structures, etc., that perform particular
tasks or implement particular abstract data types. Typi-
cally the functionality of the program modules may be
combined or distributed as desired in various embodi-
ments.

[0042] According to the present invention, there is
provided an aircraft engine system for varying the tip
clearance between rotating turbine blades and the sur-
rounding case by comparing the clearance, as measured
by a sensor, to a predetermined value, and then selecting
between sources of cooling air being at different tem-
peratures based on the readings of the sensor. Advan-
tageously, the temperature of the cooling air provided to
the turbine is selected based on the desired level of
shrinkage of the casing, which has a direct effect on
the tip clearance. As such, fuel and air consumption
are improved due to the minimization of tip clearance
losses. In addition, in embodiments where the cooling air
flow, after being used to cool the low and high pressure
turbine casings or shrouds, is directed into the core gas
flow path at the low pressure turbine, additional work or
thrust is generated.

[0043] Itis noted that various connections are set forth
between elements in the preceding description and in the
drawings. It is noted that these connections are general
and, unless specified otherwise, may be direct or indirect
and that this specification is not intended to be limiting in
this respect. A coupling between two or more entities may
refer to a direct connection or an indirect connection. An
indirect connection may incorporate one or more inter-
vening entities. The term "connected" or "coupled to" may
therefore include both direct coupling (in which two ele-
ments that are coupled to each other contact each other)
and indirect coupling (in which at least one additional
element is located between the two elements).

[0044] Itisfurther notedthatvarious method or process
steps for embodiments of the present invention are de-
scribed in the preceding description and drawings. The
description may present the method and/or process
steps as a particular sequence. However, to the extent
that the method or process does not rely on the particular
order of steps set forth herein, the method or process
should not be limited to the particular sequence of steps
described. As one of ordinary skill in the art would ap-
preciate, other sequences of steps may be possible.
Therefore, the particular order of the steps set forth in
the description should not be construed as a limitation.
[0045] Furthermore, no element, component, or meth-
od step in the present invention is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the

claims. As used herein, the terms "comprises", "compris-
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ing", or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such
process, method, article, or apparatus.

[0046] While various aspects of the present invention
have been disclosed, it will be apparent to those of
ordinary skill in the art that many more embodiments
and implementations are possible within the scope of
the presentinvention. Forexample, the presentinvention
as described herein includes several aspects and embo-
diments that include particular features. Although these
particular features may be described individually, it is
within the scope of the present invention that some or
all of these features may be combined with any one of the
aspects and remain within the scope of the present
invention. References to "various embodiments," "one
embodiment," "an embodiment," "an example embodi-
ment," etc., indicate that the embodiment described may
include a particular feature, structure, or characteristic,
but every embodiment may not necessarily include the
particular feature, structure, or characteristic. Moreover,
such phrases are not necessarily referring to the same
embodiment. The use of the indefinite article "a" as used
herein with reference to a particular element is intended
toencompass "one or more" such elements, and similarly
the use of the definite article "the" in reference to a
particular element is not intended to exclude the possi-
bility that multiple of such elements may be present.
[0047] The embodiments described in this document
provide non-limiting examples of possible implementa-
tions of the present technology. Upon review of the pre-
sent invention, a person of ordinary skill in the art will
recognize that changes may be made to the embodi-
ments described herein without departing from the scope
of the present technology. Yet further modifications could
be implemented by a person of ordinary skill in the art in
view of the present invention, which modifications would
be within the scope of the present technology.

Claims
1. An aircraft engine (10), comprising:

a gas path annularly extending around a central
axis and extending in serial flow communication
across a compressor (14) and a turbine (18), the
turbine (18) having a casing (26) and a shroud
(32) secured to and located radially inwardly of
the casing (26), a set of blades (28) disposed
radially inward of the shroud (32) in the turbine
(18), a clearance (C) defined between tips of the
set of blades (28) and the shroud (32); and

an active tip clearance control device (36) for
directing a flow of cooling air (F1, F2) to the
casing (26), the active tip clearance control de-
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vice (36) including:

a first cooling air source (40) at a first tem-

perature;
a second cooling air source (42) ata second
temperature, the second temperature

greater than the first temperature;

a valve (46) having a first inlet fluidly con-
nected to the first cooling air source (40), a
second inlet fluidly connected to the second
cooling air source (42), and an outlet selec-
tively connectible in flow communication
with the first inlet and the second inlet, the
outlet fluidly connected to the casing (26) to
selectively direct the flow of cooling air (F1,
F2) from the first cooling air source (40) or
the second cooling air source (42) to the
casing (26);

a sensor (60) configured to measure the
clearance (C); and

a controller (48) operatively connected to
the sensor (60) for receiving a signal from
the sensor (60) indicative of a measured
clearance (C), the controller (48) configured
to generate control commands to cause the
valve (46) to open to the first cooling air
source (40) when a measured clearance
(C) is above a predetermined value and to
cause the valve (46) to open to the second
cooling air source (42) when the measured
clearance (C) is below the predetermined
value.

The aircraft engine (10) as defined in claim 1, where-
in the turbine (18) is a high pressure turbine (18a)
and the aircraft engine (10) further includes a low
pressure turbine (18b) downstream of the high pres-
sure turbine (18a) along the gas path, the low pres-
sure turbine (18b) including a low pressure shroud
(54) surrounding low pressure blades (28), the air-
craft engine (10) further including a conduit (26a)
fluidly connecting the casing (26) to the low pressure
shroud (54).

The aircraft engine (10) as defined in claim 2, further
comprising an additional conduit (38a) fluidly con-
necting the low pressure shroud (32) to the gas path
inside the low pressure turbine (18b).

The aircraft engine (10) as defined in any preceding
claim, wherein the controller (48) is configured to
vary the predetermined value as a function of an
engine operating condition, the predetermined value
decreasing when the aircraft engine (10) is operating
in a cruise condition, and the predetermined value
increasing when the aircraft engine (10) is operating
in a take-off condition or a descent condition.
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The aircraft engine (10) as defined in any preceding
claim, wherein the turbine (18)further includes a
manifold (44) radially outward of the casing (26),
the manifold (44) in fluid communication with the
outlet of the valve (46) to direct the flow of cooling
air (F1, F2) to the casing (26).

The aircraft engine (10) as defined in claim 5, where-
in the manifold (44) includes a baffle (50) radially
outward of the casing (26) and impingement holes
(50a) disposed through the baffle (50) for impinging
the flow of cooling air (F1, F2) against the casing
(26).

The aircraft engine (10) as defined in any preceding
claim, wherein the controller (48) is configured to
compare the measured clearance (C) to the prede-
termined value, and to direct the valve (46) to opento
the first cooling air source (40) or to the second
cooling air source (42) based on a comparison be-
tween the measured clearance (C) and the prede-
termined value.

The aircraft engine (10) as defined in any preceding
claim, wherein the first cooling air source (40)is afirst
bleed location in the compressor (14) and the second
cooling air source (42) is a second bleed location in
the compressor (14) downstream of the first bleed
location.

The aircraft engine (10) as defined in any preceding
claim, wherein the sensor (60) is a capacitance
probe sensor (60).

A method (400) for controlling a clearance (C) be-
tween turbine blades (28) and a shroud (32) of a
turbine casing (26) in an aircraft engine (10), com-
prising:

(401) receiving an indication from a sensor (60)
that the clearance (C) is above or below a pre-
determined value;

(402) when the clearance (C) is above the pre-
determined value, controlling a valve (46) to flow
a first flow of cooling air (F1) operating at a first
temperature to the turbine casing (26); and
(403) when the clearance is below the prede-
termined value, controlling the valve (46) to
block the first flow of cooling air (F1) and to flow
a second flow of cooling air (F2) operating at a
second temperature, the second temperature
greater than the first temperature, to the turbine
casing (26).

The method as defined in claim 10, wherein the
shroud (32) comprises a high pressure turbine
shroud (32) and a low pressure turbine shroud
(54), and wherein the method further comprises:
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when the clearance is above the predetermined
value, flowing the first flow of cooling air (F1)
from the high pressure turbine shroud (32) to the
low pressure turbine shroud (54); and

when the clearance is below the predetermined
value, flowing the second flow of cooling air (F2)
from the high pressure turbine shroud (32) to the
low pressure turbine shroud (54).
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