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(57) Abrégée/Abstract:

An apparatus and method of cooling a gas turbine engine having a compressor with multiple, axially arranged stages of paired
rotating blades and stationary vanes located between an outer compressor casing and Inner compressor casing, comprising a

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2949685 A1 201/7/06/03
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13) A1

(57) Abrege(suite)/Abstract(continued):
closed loop cooling of the compressor by routing a liquid coolant through the vanes of at least some of the compressor stages and
through an intercooler to draw heat into the liquid coolant and routing the heated liquid coolant through a heat exchanger.
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ABSTRACT

An apparatus and method ot cooling a gas turbine engine having a compressor with
multiple, axially arranged stages of paired rotating blades and stationary vanes located between
an outer compressor casing and mner compressor casing, comprising a closed loop cooling of
the compressor by routing a liquid coolant through the vanes of at least some of the compressor
stages and through an intercooler to draw heat into the liquid coolant and routing the heated

liquid coolant through a heat exchanger.
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CLOSED LOOP COOLING METHOD FOR A GAS TURBINE ENGINE

BACKGROUND OF THE INVENTION

(0001] Turbine engines, and particularly gas or combustion turbine engines, are rotary
engines that extract energy from a flow of combusted gases passing through the engine in a
series of compressor stages, which include pairs of rotating blades and stationary vanes,
through a combustor, and then onto a multitude of turbine stages. In the compressor stages,
the blades are supported by posts protruding from the rotor while the vanes are mounted to
stator casing. (as turbine engines have been used for land and nautical locomotion and power
generation, but are most commonly used for aeronautical applications such as for airplanes,

including helicopters. In airplanes, gas turbine engines are used for propulsion of the aircraft.

[0002] Gas turbine engines for aircraft are designed to operate at high temperatures to
maximize engine thrust, so cooling of certain engine components, such as a gearbox or vanes
1s necessary during operation. It is desirable to increase and utilize the thermal capacity of the

compressor to perform desirable thermal management of the engine system.

BRIEF DESCRIPTION OF THE INVENTION

0003] In one aspect, embodiments of the invention relate a method of cooling a gas turbine
engine having a compressor with multiple, axially arranged stages of paired rotating blades
and stationary vanes located between an outer compressor casing and inner compressor casing,
the method comprising a closed loop cooling of the compressor by routing a liquid coolant
through the vanes of at least some of the stages and through an intercooler to draw heat into

the liquid coolant and routing the heated liquid coolant through a heat exchanger.

10004] In another aspect, embodiments of the invention relate to a gas turbine engine
comprising a core comprising a compressor section, combustor section, and turbine section in
axial flow arranged and enclosed within a core casing, with the compressor section having
multiple, axially arranged stages of paired rotating blades and stationary vanes. The engine

further comprises a fan section in axial flow arrangement and located upstream of the core
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providing a bypass air flow around the core casing. A closed loop cooling circuit having a
pump, an 1ntercooler located upstream of the compressor section, a heat exchanger located
within the bypass air flow, and a coolant conduit passing through the pump, intercooler, heat
exchanger, and at least some of the stationary vanes is in place. The pump pumps coolant

through the coolant conduit to draw heat from the stationary vanes and the intercooler into the
coolant to form heated coolant, the heated coolant then passes through the heat exchanger,
where the heat 1s rejected from the coolant to the bypass air to cool the coolant to form cooled

coolant, which 1s then returned to the stationary vanes and the intercooler.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005]  In the drawings:

[0006] Figure 1 1s a schematic, sectional view of a gas turbine engine according to an

embodiment of the invention.

[0007] Figure 2 1s a schematic of a compression section of the gas turbine engine of Figure

1 with intercooling of some of the compressor stages.
[0008] Figure 3 is a flow chart depicting a method of cooling a gas turbine section,

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0009] The described embodiments of the present invention are directed to systems,
methods, and other devices related to routing air flow 1n a turbine engine. For purposes of
illustration, the present invention will be described with respect to an aircraft gas turbine
engine. It will be understood, however, that the invention is not so limited and may have
general applicability 1n non-aircratt applications, such as other mobile applications and non-

mobile industrial, commercial, and residential applications.

[0010] Figure 1 is a schematic cross-sectional diagram of a gas turbine engine, which can
comprise a gas turbine engine 10, for an aircraft. The engine 10 has a generally longitudinally

extending axis or centerline 12 extending forward 14 to aft 16. The engine 10 includes, in
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downstream serial flow relationship, a fan section 18 including a fan 20, a compressor section
22 1ncluding a booster or low pressure (LP) compressor 24 and a high pressure (HP)
compressor 26, a combustion section 28 including a combustor 30, a turbine section 32
including a HP turbine 34, and a LP turbine 36, and an exhaust section 38. The compressor
section 22, combustion section 28, and turbine section 32 are in axial flow arranged and

enclosed within a core casing 46.

[0011] The fan section 18 includes a fan casing 40 surrounding the fan 20. The fan 20
includes a plurality of fan blades 42 disposed radially about the centerline 12. The HP
compressor 26, the combustor 30, and the HP turbine 34 form a core 44 of the engine 10, which
generates combustion gases. The core 44 1s surrounded by the core casing 46, which can be
coupled with the fan casing 40. At least a portion of the fan casing 40 encircles the core casing

46 to define an annular bypass channel 47.

[0012] A HP drive shaft or spool 48 disposed coaxially about the centerline 12 of the engine
10 drivingly connects the HP turbine 34 to the HP compressor 26. A LP drive shaft or spool
50, which is disposed coaxially about the centerline 12 of the engine 10 within the larger
diameter annular HP spool 48, drivingly connects the LP turbine 36 to the LP compressor 24
and fan 20. The portions of the engine 10 mounted to and rotating with either or both of the

spools 48, 50 are also referred to individually or collectively as a rotor 51.

|0013] The LP compressor 24 and the HP compressor 26 respectively include a plurality of
compressor stages 52, 54, in which a set of compressor blades 56, 58 rotate relative to a
corresponding set of static compressor vanes 60, 62 (also called a nozzle), each set comprising
a paitr, to compress or pressurize the stream of fluid passing through the stage. In a single
compressor stage 52, 54, multiple compressor blades 56, 58 can be provided in a ring and can
extend radially outwardly relative to the centerline 12, from a blade platform to a blade tip,
while the corresponding static compressor vanes 60, 62 are positioned downstream of and
adjacent to the rotating blzides 56, 58. It 1s noted that the number of blades, vanes, and
compressor stages shown 1n Figure 1 were selected for illustrative purposes only, and that other

numbers are possible. The blades 56, 58 for a stage of the compressor can be mounted to a
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disk 53, which 1s mounted to the corresponding one of the HP and LP spools 48, 50, with each
stage having its own disk. The vanes 60, 62 are mounted to the core casing 46 in a
circumferential arrangement about the rotor 51. The compressor is not limited to an axial

orientation and can be oriented axially, radially, or in a combined manner.

(0014] The LP compressor 24 and the HP compressor 26 can further include at least one
guide vane which can be an inlet guide vane 55 positioned on the upstream end of the
compressor section 22 and an outlet guide vane 57 positioned on the downstream end of the
compressor section 22. The vanes are not limited to one type and can be for example non-

variable stator vanes or stator vanes.

[0015] The HP turbine 34 and the LP turbine 36 respectively include a plurality of turbine
stages 64, 66, in which a set of turbine blades 68, 7() are rotated relative to a corresponding set
of static turbine vanes 72, 74 (also called a nozzle) to extract energy from the stream of fluid
passing through the stage. In a single turbine stage 64, 66, multiple turbine blades 68, 70 can
be provided 1n a ring and can extend radially outwardly relative to the centerline 12, from a
blade platform to a blade tip, while the corresponding static turbine vanes 72, 74 are positioned
upstream ot and adjacent to the rotating blades 68, 70. It is noted that the number of blades,
vanes, and turbine stages shown 1n Figure 1 were selected for illustrative purposes only, and

that other numbers are possible.

10016] In operation, the rotating fan 20 supplies ambient air to the LP compressor 24, which
then supplies pressurized ambient air to the HP compressor 26, which further pressurizes the
ambient air. The pressurized air from the HP compressor 26 is mixed with fuel in the
combustor 30 and ignited, théreby generating combustion gases. Some work 1s extracted from
these gases by the HP turbine 34, which drives the HP compressor 26. The combustion gases

are discharged into the LP turbine 36, which extracts additional work to drive the LP
compressor 24, and the exhaust gas 1s ultimately discharged from the engine 10 via the exhaust

section 38. The driving of the LP turbine 36 drives the LP spool 50 to rotate the fan 20 and
the LP compressor 24.
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[0017]  Some of the ambient air supplied by the fan 20 can bypass the engine core 44 as a
bypass air flow and be used for cooling of portions, especially hot portions, of the engine 10,
and/or used to cool or power other aspects of the aircraft. In the context of a turbine engine,
the hot portions of the engine are normally downstream of the combustor 30, especially the

turbine section 32, with the HP turbine 34 being the hottest portion as it is directly downstream

of the combustion section 28.

|0018] Hot portions of the engine also exist within the compressor section 22 and therefore
the ambient air supplied by the fan 20 or cooler air from the compressor can be utilized, but
not limited to, cooling portions of the compressor section 22. The bypass air flow can pass
through a heat exchanger 76, located upstream of the compressor 26, within the bypass air flow
of the bypass channel 47. Though illustrated within the bypass channel 47, the location of the
heat exchanger 76 is not limited to the bypass channel and can be located at any suitable

position within the engine 10.

0019] Referring to Figure 2, a schematic of the compressor section 22 further illustrates an
inner compressor casing 80 comprising, the rotor 51, and an outer compressor casing 82
disposed within the core casing 46. The multiple, axially arranged stages 52, 54 of paired
rotating blades 58 and vanes 62 are located between the outer compressor casing 82 and the
1inner compressor casing 80. A closed loop cooling circuit 84 having a pump 86, an intercooler
38, a heat exchanger 76, and a coolant conduit 90 passing through the pump 86, intercooler 88,
heat exchanger 76, and at least some of the vanes 62 is located proximate the compressor
section 22. The coolant conduit 90 allows liquid coolant to travel in the closed loop cooling
circuit 84 by utilizing the pump 86 to pump coolant through the coolant conduit 90. The
intercooler 88 and heat exchanger 76 can be any suitable type of heat exchanger, including,
but not limited to surface coolers. Furthermore the intercooler 88 can comprise an inlet guide

vane 55 and the heat exchanger 76 can comprise or be located adjacent to an outlet guide vane

S7.

[0020]  The core casing 46 includes passages 92 through the outer compressor casing 82 each

including an inlet 94 and an outlet 96 to allow the coolant conduit 90 access to and from the
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vanes 62. The coolant conduit 90 connects the heat exchanger 76 to at least one of the plurality
of vanes 62 through the inlet 94 and then to the pump 86 via the outlet 96 after which the

coolant conduit 90 i1s connected back to the heat exchanger 76.

[0021] In one implementation, the engine 10 can further comprise a gearbox 45 that can be
located at any suitable position within the engine 10 such that it connects the fan 20 of the fan
section 18 to the spool 48, 50 of the core 44. The gearbox allows the fan to run at a different
speed than the engine. The closed loop cooling circuit 84 includes a connection via the coolant
conduit 90 from the heat exchanger 76 to the intercooler 88 and back to the heat exchanger 76
whereln the intercooler 88 is provided on the gearbox 45. The intercooler 88 can be disposed

on the gearbox 45 and the core casing 46.

[0022]  An optional flow control device, for example, but not limited to, a control valve, can
be included 1n the loop such that coolant flow to the intercooler 88 can be either on, off, or

modulated depending on operating conditions.

[0023]  Referring now also to Figure 3 a flow chart illustrating a method 200 of cooling a gas
engine turbine by first 202 introducing fan air 75 as a cooling fluid to the heat exchanger 76.
This tan air 75 passes over the heat exchanger 76 to cool liquid coolant to form cooled coolant
98 within the heat exchanger 76. Then in step 204 the cooled coolant 98 is routed from the heat
exchanger 76 through 206 the vanes 62 and to 208 the intercooler 88 to cool the vanes and the
intercooler. Upon passing through the vanes 62 and intercooler 88 the liquid coolant draws

heat from the vanes 62 and the intercooler 88 forming heated coolant 100. Then in step 210

the heated coolant 100 flows from the vanes 62 to the pump 86, which can comprise a
compressor, and then continues to the heat exchanger 76 where heat is further rejected from
the coolant to the bypass air to cool the coolant to form the cooled coolant 98. The cooled
coolant 98 1s then returned to the vanes 62 and to the intercooler 88 and the process repeats.

The cooled coolant 98 can be used to cool other items such as the gearbox 45 or core casing

46 via the intercooler 88.
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0024] Conventional means of moving liquid, gas, or a two-phase mixture can be used to
pump the hiquid coolant. The pump is a pressure rise device, for example a pump or a

compressor. The pump or compressor can be driven using work from the engine for example

a connecting gear on the shaft, or using electrical power generated from the engine.

[0025] It should be noted that an intercooler as described in the disclosure above is a
mechanical device that can be any type of heat exchanger and should not be confused with the

thermodynamic cycle of cooling a compressor stage or set of stages, i.e. intercooling.

[0026] While there have been described herein what are considered to be preferred and

exemplary embodiments of the present invention, other modifications of these embodiments

falling within the scope of the invention described herein shall be apparent to those skilled in

the art.
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WHAT IS CLAIMED IS:

1. A method of cooling a gas turbine engine (10) having a compressor (24, 26)
with multiple, axially arranged stages (52, 54) of paired rotating blades (56, 58) and stationary
vanes (60, 62) located between an outer compressor casing (82) and inner compressor casing
(80), the method comprising a closed loop cooling of the compressor (24, 26) by routing a
liquid coolant (98, 100) through the vanes (60, 62) of at least some of the stages (52, 54) and
through an 1ntercooler (88) to draw heat into the liquid coolant (98, 100) and routing the heated
liquid coolant (98, 100) through a heat exchanger (76).

2. The method of claim 1 wherein the routing the liquid coolant (98, 100)
through at least some of the vanes (60, 62) comprises routing the liquid coolant (98, 100)

through variable stator vanes (60, 62).

3. The method of claim 2 wherein the routing the hiquid coolant (98, 100)
through at least some of the vanes (60, 62) comprises routing the liquid coolant (98, 100)

through non-variable stator vanes (60, 62).

4. The method of claim 1 wherein the routing the liquid coolant (98, 100)
through the intercooler (88) comprises routing the liquid coolant (98, 100) through a heat

exchanger ('76).

5. The method of claim 4 wherein the routing the liquid coolant (98, 100)

through the heat exchanger (76) comprises routing the liquid coolant (98, 100) through a heat

exchanger (76) located upstream of the compressor (24, 26).

O. The method of claim 4 wherein the routing the liquid coolant (98, 100)
through a heat exchanger (76) comprises routing the liquid coolant (98, 100) through at least

one of inlet guide vanes (55) and outlet guide vanes (57) for the compressor (24, 26).

7. The method of claim 1 further comprising passing a cooling fluid (75)

through the heat exchanger (76).
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8. The method of claim 6 wherein the cooling fluid (75) comprises air from a

fan section (18) of the gas turbine engine (10).
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