wo 2012/173651 A1 [N 00 00O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/173651 Al

20 December 2012 (20.12.2012) WIPO | PCT
(51) International Patent Classification: (74) Agents: Michael M. GNIBUS et al.; General Electric
F02C 3/22 (2006.01) F02C 9/40 (2006.01) Company, Global Patent Operation, 2 Corporate Drive,
F02C 7/224 (2006.01) B64D 37/30 (2006.01) Suite 648, Shelton, CT 06484 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2011/067461 kind of national protection available). AE, AG, AL, AM,
. - AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
28 December 2011 (28.12.2011) DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
61/498,264 17 June 2011 (17.06.2011) Us SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): GENER- . o
AL ELECTRIC COMPANY [US/US], 1 River Road, (84) Des1gnated States (unless otherwise lndlcated, fO}" every
Schenectady, NY 12345 (US). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventors; and UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(75) Inventors/Applicants (for US ornly): GONYOU, Craig, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Alan [US/US]; 1 Neumann Way, Cincinnati, OH 45215 DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(US). WEISGERBER, Robert, Harold [US/US]; 1 Neu- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
mann Way, Cincinnati, OH 45215 (US). EPSTEIN, Mi- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
chael, Jay [US/US]; 1 Neumann Way, Cincinnati, OH GW, ML, MR, NE, SN, TD, TG).
45215 (US). THOMPSON, Christopher, Michael Published:

[US/US]; 1 Neumann Way, Cincinnati, OH 45215 (US).

with international search report (Art. 21(3))

(54) Title: AIRCRAFT ENGINE FUEL SYSTEM AND METHOD OF OPERATING THE SAME

122

N

905 (A)

900

(L) or (G)

WiF

©)

‘ 920

Cer

© )

91j

101
N

()

FIG. 2

(A 925\><}
\\930

(57) Abstract: An aircraft engine fuel system 900 is disclosed having a gas turbine engine 101, a turbocharger 910, a compressor
bleed air system 930 for providing compressor air (A) from the gas turbine engine 101 to the turbocharger 910, and a fuel delivery
system 940 for providing compressed gaseous tuel (G) from the turbocharger 910 to the gas turbine engine 101, whereby the com-
pressor air (A) powers the turbocharger 910 and the turbocharger 910 pumps the compressed gaseous fuel (G) to the gas turbine en -
gine 101. Also disclosed is a method of operating an aircraft engine fuel system 900 including the steps of: operating a gas turbine
engine 101; extracting compressor air (A) from the gas turbine engine 101; routing the compressor air (A) to a turbocharger 910; and
operating the turbocharger 910 to pump a compressed gaseous fuel (G) to the gas turbine engine 101.
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ATRCRAFT ENGINE FUEL SYSTEM AND METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application
Serial No. 61/498264, filed June 17, 2011, the disclosure of which is hereby

incorporated in its entirety by reference herein.
BACKGROUND OF THE INVENTION

[0002] The technology described herein relates generally to aircraft systems,

and more specifically to aircraft engine fuel systems.

[0003] Certain cryogenic fuels such as liquefied natural gas (LNG) may be
cheaper than conventional jet fuels. However, such cryogenic fuels require careful
management of temperatures, pressures, and other parameters both in storage and en

route to the aircraft engine where they will be utilized to generate power.

[0004] Aircraft engines, at least during certain operating conditions, have
reserve capacity to drive additional components and systems. However, there remains
a need for simplified and more efficient systems for storing and transporting cryogenic

fuels in aircraft engine fuel systems.
BRIEF DESCRIPTION OF THE INVENTION

[0005] In one aspect, an aircraft engine fuel system 900 having a gas turbine
engine 101, a turbocharger 910, a compressor bleed air system 930 for providing
compressor air (A) from the gas turbine engine 101 to the turbocharger 910, and a fuel
delivery system 940 for providing compressed gaseous fuel (G) from the turbocharger
910 to the gas turbine engine 101, whereby the compressor air (A) powers the
turbocharger 910 and the turbocharger 910 pumps the compressed gaseous fuel (G) to

the gas turbine engine 101.
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[0006] In another aspect, a method of operating an aircraft engine fuel
system 900 including the steps of: operating a gas turbine engine 101; extracting
compressor air (A) from the gas turbine engine 101; routing the compressor air (A) to
a turbocharger 910; and operating the turbocharger 910 to pump a compressed

gaseous fuel (G) to the gas turbine engine 101.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The technology described herein may be best understood by reference
to the following description taken in conjunction with the accompanying drawing

figures in which:

[0008] FIG. 1 is an isometric view of an exemplary aircraft system having a

dual fuel propulsion system; and

[0009] FIG. 2 is a schematic view of an exemplary embodiment of an

aircraft engine fuel system.
DETAILED DESCRIPTION OF THE INVENTION

[0010] Referring to the drawings herein, identical reference numerals denote

the same elements throughout the various views.

[0011] FIG. 1 shows an aircraft system 5 according to an exemplary
embodiment of the present invention. The exemplary aircraft system 5 has a fuselage
6 and wings 7 attached to the fuselage. The aircraft system 5 has a propulsion system
100 that produces the propulsive thrust required to propel the aircraft system in flight.
Although the propulsion system 100 is shown attached to the wing 7 in FIG. 1, in
other embodiments it may be coupled to other parts of the aircraft system 5, such as,

for example, the tail portion 16.

[0012] The exemplary aircraft system 5 has a fuel storage system 10 for
storing one or more types of fuels that are used in the propulsion system 100. The
exemplary aircraft system 5 shown in FIG. 1 uses two types of fuels, as explained

further below herein. Accordingly, the exemplary aircraft system 5 comprises a first

2
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fuel tank 21 capable of storing a first fuel 11 and a second fuel tank 22 capable of
storing a second fuel 12. In the exemplary aircraft system 5 shown in FIG. 1, at least a
portion of the first fuel tank 21 is located in a wing 7 of the aircraft system 5. In one
exemplary embodiment, shown in FIG. 1, the second fuel tank 22 is located in the
fuselage 6 of the aircraft system near the location where the wings are coupled to the
fuselage. In alternative embodiments, the second fuel tank 22 may be located at other
suitable locations in the fuselage 6 or the wing 7. In other embodiments, the aircraft
system 5 may comprise an optional third fuel tank 123 capable of storing the second
fuel 12. The optional third fuel tank 123 may be located in an aft portion of the

fuselage of the aircraft system, such as for example shown schematically in FIG. 1.

[0013] As further described later herein, the propulsion system 100 shown in
FIG. 1 is a dual fuel propulsion system that is capable of generating propulsive thrust
by using the first fuel 11 or the second fuel 12 or using both first fuel 11 and the
second fuel 12. The exemplary dual fuel propulsion system 100 comprises a gas
turbine engine 101 capable of generating a propulsive thrust selectively using the first
fuel 11, or the second fuel 21, or using both the first fuel and the second fuel at
selected proportions. The first fuel may be a conventional liquid fuel such as a
kerosene based jet fuel such as known in the art as Jet-A, JP-8, or JP-5 or other known
types or grades. In the exemplary embodiments described herein, the second fuel 12
is a cryogenic fuel that is stored at very low temperatures. In one embodiment
described herein, the cryogenic second fuel 12 is Liquefied Natural Gas (alternatively
referred to herein as “LLNG”). The cryogenic second fuel 12 is stored in the fuel tank
at a low temperature. For example, the LNG is stored in the second fuel tank 22 at
about —265 Deg. F at an absolute pressure of about 15 psia. The fuel tanks may be
made from known materials such as titanium, Inconel, aluminum or composite

materials.

[0014] The exemplary aircraft system 5 shown in FIG. 1 comprises a fuel
delivery system 50 capable of delivering a fuel from the fuel storage system 10 to the
propulsion system 100. Known fuel delivery systems may be used for delivering the
conventional liquid fuel, such as the first fuel 11. In the exemplary embodiments

described herein, and shown in FIG. 1, the fuel delivery system 50 is configured to
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deliver a cryogenic liquid fuel, such as, for example, LNG, to the propulsion system

100 through conduits that transport the cryogenic fuel.

[0015] The exemplary embodiment of the aircraft system 5 shown in FIG. 1
further includes a fuel cell system 400, comprising a fuel cell capable of producing
electrical power using at least one of the first fuel 11 or the second fuel 12. The fuel
delivery system 50 is capable of delivering a fuel from the fuel storage system 10 to
the fuel cell system 400. In one exemplary embodiment, the fuel cell system 400
generates power using a portion of a cryogenic fuel 12 used by a dual fuel propulsion

system 100.

[0016] Aircraft systems such as the exemplary aircraft system 5 described
above and illustrated in FIG.1, as well as methods of operating same, are described in
greater detail in commonly-assigned, co-pending patent application Serial No.
PCT/US11/54396 filed September 30, 2011, entitled “Dual Fuel Aircraft System and
Method for Operating Same”, the disclosure of which is hereby incorporated in its

entirety by reference herein.

[0017] FIG. 2 illustrates an exemplary embodiment of an aircraft engine fuel
system 900. The system shown in FIG. 2 comprises a cryogenic fuel tank 122 capable
of storing a cryogenic liquid fuel 112. In one embodiment, the cryogenic liquid fuel
112 is LNG. Other alternative cryogenic liquid fuels may also be used. In the
exemplary fuel system 900, the cryogenic liquid fuel 112, such as, for example, LNG,
is at a first pressure “P1”. The pressure Pl is preferably close to atmospheric

pressure, such as, for example, 15 psia.

[0018] Cryogenic fuel tank 122 is shown being located within an aircraft
fuselage 6, although other installation locations may be utilized. Heat from the
aircraft environment, as illustrated by the letter Q and the arrows crossing the wall of
the tank 122, may be added to the liquid within the tank to raise the temperature of the
cryogenic liquid fuel 112.

[0019] Fuel from tank 122 may exit as either a liquid (L) phase or a gaseous
phase (G) en route to a heat exchanger 905 which adds additional heat to the fuel 112

4-
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which then flows in a gaseous state (G) to the compressor section of a gas-to-gas
turbocharger 910, which may be of any suitable commercially available design.
Turbocharger 910 pressurizes and pumps the gaseous fuel (G) through a second heat
exchanger 915 which adds additional heat and energy to the fuel before it flows

through a fuel delivery system 940 to a gas turbine engine 101 for combustion.

[0020] Compressor air (A) is extracted from the gas turbine engine 101 via
compressor bleed air system 930. Compressor air (A) is typically at a higher
temperature and pressure than atmospheric environmental air and thus offers a
potential resource for thermal and kinetic energy. Compressor air (A) may thus be

used to provide the high temperature or “hot” side resource for heat exchangers.

[0021] Compressor air (A) is routed through heat exchanger 915 to exchange
heat and energy with the gaseous fuel (G) as previously described. A valve 925 may
be used to selectively control the flow of compressor air (A) between the heat
exchanger 915 and the heat exchanger 905, which is the first heat exchanger the fuel
reaches after leaving the tank 122. The valve 925 may also be utilized to bypass

compressor air (A) around the turbocharger 910.

[0022] After leaving the heat exchanger 915, the compressor air (A) then
flows through the turbine section of turbocharger 910 where it serves to deliver energy
to and drive the turbocharger to pressurize and pump the gaseous fuel (G) as

previously described.

[0023] The compressor air (A) then leaves the turbocharger 910 and then
flows through the heat exchanger 905, where it delivers heat to the fuel to either
convert it from a liquid (L) to a gaseous state (G) or to enhance the energy of fuel in a
gaseous state (G). After much of the thermal and kinetic energy of the compressor air
(A) has been extracted through heat exchangers 905 and 915 and turbocharger 910,
the compressor air (A) may exit the aircraft engine fuel system 900 as shown at 920
and then serve other purposes such as being routed through other aircraft systems such
as environmental control systems (ECS) or be returned to the gas turbine engine 101

with lower pressure and temperature for cooling of key components, as desired.
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[0024] While the exemplary embodiment of FIG. 2 depicts the use of two
heat exchangers 905 and 915, depending upon the operating parameters of the system
it may be desirable to have a single heat exchanger or more than two heat exchangers.
The turbocharger 910 may be placed anywhere in the system including upstream or
downstream of, or between, heat exchangers. Similarly, heat exchangers may be
placed upstream or downstream of the turbocharger 910 with respect to fuel system

flow.

[0025] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to make and
use the invention. The patentable scope of the invention may include other examples
that occur to those skilled in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements that do not differ from the
literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal languages of the claims.
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WHAT IS CLAIMED IS:

1. An aircraft engine fuel system 900 comprising:
a gas turbine engine 101;
a turbocharger 910;

a compressor bleed air system 930 for providing compressor air (A)

from said gas turbine engine 101 to said turbocharger 910; and

a fuel delivery system 940 for providing compressed gaseous fuel (G)

from said turbocharger 910 to said gas turbine engine 101;

whereby said compressor air (A) powers said turbocharger 910 and
said turbocharger 910 pumps said compressed gaseous fuel (G) to said gas turbine

engine 101.

2. An aircraft engine fuel system according to claim 1 further comprising at least
one heat exchanger 915, 905 to transfer heat from said compressor air (A) to said

compressed gaseous fuel (G).

3. An aircraft engine fuel system according to claim 2 wherein said at least one
heat exchanger 915 is located between said gas turbine engine 101 and said

turbocharger 910.

4. An aircraft engine fuel system according to claim 2 wherein said at least one
heat exchanger 905 is located in said fuel delivery system 940 upstream of said
turbocharger 910.

5. An aircraft engine fuel system according to claim 2 wherein said at least one
heat exchanger 915 is located in said fuel delivery system 940 downstream of said

turbocharger 910.

6. An aircraft engine fuel system according to claim 1 wherein said turbocharger

910 is a gas-to-gas turbocharger 910.
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7. An aircraft engine fuel system according to claim 1 further comprising least

two heat exchangers 905, 915.

8. An aircraft engine fuel system according to claim 7 wherein at least one heat
exchanger 905 is located upstream of said turbocharger 910 with respect to fuel
delivery system 940 flow and at least one heat exchanger 915 is located downstream

of said turbocharger 910 with respect to fuel delivery system 940 flow.

9. An aircraft engine fuel system according to claim 1 further comprising a valve

925 to selectively bypass compressor air (A) around said turbocharger 910.
10.  An aircraft engine fuel system 900 comprising:

a gas turbine engine 101;

a gas-to-gas turbocharger 910;

a compressor bleed air system 930 for providing compressor air (A)

from said gas turbine engine 101 to said turbocharger 910;

a fuel delivery system 940 for providing compressed gaseous fuel (G)

from said turbocharger 910 to said gas turbine engine 101;

at least one heat exchanger 905 located upstream of said turbocharger
910 with respect to fuel delivery system 940 flow and at least one heat exchanger 915
located downstream of said turbocharger 910 with respect to fuel delivery system 940

flow; and

a valve 925 to selectively bypass compressor air (A) around said

turbocharger 910;

whereby said compressor air (A) powers said turbocharger 910 and
said turbocharger 910 pumps said compressed gaseous fuel (G) to said gas turbine

engine 101.
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11. A method of operating an aircraft engine fuel system 900 comprising the steps

of:
operating a gas turbine engine 101;
extracting compressor air (A) from said gas turbine engine 101;
routing said compressor air (A) to a turbocharger 910; and

operating said turbocharger 910 to pump a compressed gascous fuel

(G) to said gas turbine engine 101.

12. A method of operating an aircraft engine fuel system 900 according to claim
11 further comprising the step of routing said compressor air (A) and said compressed

gaseous fuel (G) through at least one heat exchanger 905, 915.

13. A method of operating an aircraft engine fuel system 900 according to claim
12 wherein said step of routing said compressor air (A) and said compressed gaseous
fuel (G) through at least one heat exchanger 905, 915 occurs before said compressor

air (A) is routed through said turbocharger 910.

14. A method of operating an aircraft engine fuel system 900 according to claim
12 wherein said step of routing said compressor air (A) and said compressed gaseous
fuel (G) through at least one heat exchanger 905, 915 occurs after said compressor air

(A) is routed through said turbocharger 910.

15. A method of operating an aircraft engine fuel system 900 according to claim
12 wherein heat is transferred from said compressor air (A) to said compressed

gaseous fuel (G) in said at least one heat exchanger 905, 915.

16. A method of operating an aircraft engine fuel system 900 according to claim
11 further comprising the step of operating a valve 925 to selectively bypass

compressor air (A) around said turbocharger 910.

17. A method of operating an aircraft engine fuel system 900 according to claim

12 wherein said routing of said compressor air (A) and said compressed gasecous fuel

9.
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(G) is through at least two heat exchangers 905, 915 with at least one heat exchanger
905 being upstream of said turbocharger 910 and at least one heat exchanger 915

being downstream of said turbocharger 910.

18. A method of operating an aircraft engine fuel system 900 according to claim

11 wherein said turbocharger 910 is a gas-to-gas turbocharger 910.

19. A method of operating an aircraft engine fuel system 900 according to claim

11 further comprising the step of routing said compressor air (A) to other aircraft

Systems.
20. A method of operating an aircraft engine fuel system 900 comprising the steps
of:

operating a gas turbine engine 101;

extracting compressor air (A) from said gas turbine engine 101;

routing said compressor air (A) through at least one heat exchanger
915;

routing said compressor air (A) to a turbocharger 910;

operating said turbocharger 910 to pump a compressed gascous fuel

(G) to said gas turbine engine 101; and

routing said compressed gascous fuel (G) through said at least one heat

exchanger 915 before delivery to said gas turbine engine 101;

whereby heat is transferred from said compressor air (A) to said

compressed gaseous fuel (G) in said at least one heat exchanger 915.

-10-
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