wo 2014/046891 A1 |1 I} NN TP OO0 0 O AN

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

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

=

\

(43) International Publication Date

27 March 2014 (27.03.2014) WIPO I PCT

(10) International Publication Number

WO 2014/046891 A1l

(51) International Patent Classification: (81)
F02C 7/28 (2006.01) FO1D 11/00 (2006.01)
FOID 25/24 (2006.01) FO2K 3/00 (2006.01)

(21) International Application Number:
PCT/US2013/058658

(22) International Filing Date:
8 September 2013 (08.09.2013)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
13/621,986 18 September 2012 (18.09.2012) us &4

(71) Applicant: UNITED TECHNOLOGIES CORPORA-
TION [US/US]; One Financial Plaza, Hartford, Connectic-
ut 06101 (US).

(72) Inventor: EXNER, Matthew; 4 Stacth Road, Fast Hamp-
ton, Connecticut 06424 (US).

(74) Agent: BURCH, Stephen A.; c¢/o CPA Global, P.O. Box
52050, Minneapolis, Minnesota 55402 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: FIRE SEAL

/100

§14O

FI1G.2

(57) Abstract: A fire seal includes a molded body having a
base portion, a curved portion extending from the base por-
tion, and a metal seal support surrounding said base portion
and a radially inward surface of said curved portion. The
curved portion has a partially circular cross section.



WO 2014/046891 A1 |IIIWAK 00T 0000 A

Published:
—  with international search report (Art. 21(3))



WO 2014/046891 PCT/US2013/058658

FIRE SEAL

TECHNICAL FIELD
[0001] The present disclosure is related generally to fire seals, and more

specifically to fire seals for use in a turbine engine.

BACKGROUND OF THE INVENTION

[0002] Turbine engines, such as those used on commercial aircraft, often utilize
multiple engine components that are connected together. Within the turbine engines, it is
desirable to seal gaps between two components of the turbine engine in order to prevent an
engine fire from spreading to another part of the turbine engine, should an engine fire occur.
This seal is accomplished using an engine firewall and a fire seal.

[0003] A typical firewall and fire seal arrangement seals a gap between two parts
of a turbine engine and maintains a fireproof seal and an air pressure seal between the two
parts for all operating conditions (including during an engine fire.) This fireproof capability
is validated during fire tests that expose the seal to upwards of 2000 I for a predetermined
period of time.

[0004] Existing fire seal designs utilize a tubular body constructed of silicone, or
a similar material, connected to a base. At high temperatures the body produces volatile
gasses in a process referred to as “outgassing”. In order to reduce the chances of a fire
spreading from an engine side of the fire seal to the opposite side of the fire seal as a result of
the outgassed gasses, the amount of volatile gasses outgassed to the opposite side is

minimized.

SUMMARY OF THE INVENTION
[0005] A turbine engine according to an exemplary embodiment of this
disclosure, among other possible things includes a compressor section, a combustor in fluid
communication with the compressor section, a turbine section in fluid communication with
the combustor, a gas bypass flowpath and a primary gas flowpath, the gas bypass flowpath
bypasses the compressor section, the combustor section, and the turbine section and the
primary gas flowpath passes through each of the compressor section, the combustor and the

turbine section, and at least one fire seal separating one of the compressor section, the
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combustor, and the turbine section from the gas bypass flowpath, the at least one fire seal
comprises, a molded body having a base portion, a semi-tubular curved portion extending
from the base portion, the curved portion has a partially generally circular cross section, and a
metal seal support surrounding the base portion and a radially inward surface of the curved
portion.

[0006] A further embodiment of the foregoing turbine engine, further includes a
mesh fabric liner supporting a radially outward surface of the curved portion.

[0007] In a further embodiment of the foregoing turbine engine, the mesh fabric
liner is a surface durability enhancer.

[0008] In a further embodiment of the foregoing turbine engine, the molded body
is a silicone body.

[0009] In a further embodiment of the foregoing turbine engine, curved portion
includes a flexing region and the fire seal further includes a gap radially across from the
curved section.

[0010] In a further embodiment of the foregoing turbine engine, the flexing region
is flexed when the fire seal is sealed and the flexing region is relaxed when the fire seal is
unsealed.

[0011] In a further embodiment of the foregoing turbine engine, a length of the
gap is decreased when the fire seal is in a compressed state relative to a length of the gap
when the fire seal is in a relaxed state.

[0012] In a further embodiment of the foregoing turbine engine, the gap is a space
between an end of the curved section and the base portion of the fire seal.

[0013] In a further embodiment of the foregoing turbine engine, the metal seal is
an outgas barrier operable to prevent outgassing from the molded body.

[0014] In a further embodiment of the foregoing turbine engine, the metal seal
support is a flexible metal material.

[0015] In a further embodiment of the foregoing turbine engine, the metal seal
support is stainless steel.

[0016] A fire seal according to an exemplary embodiment of this disclosure,
among other possible things includes a molded body having a base portion, a curved portion

extending from the base portion, the curved portion has a partially circular cross section, and
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a metal seal support surrounding the base portion and a radially inward surface of the curved
portion.

[0017] A further embodiment of the foregoing fire seal, further includes a mesh
fabric liner supporting a radially outward surface of the curved portion.

[0018] In a further embodiment of the foregoing fire seal, the mesh fabric liner is
a surface durability enhancer.

[0019] In a further embodiment of the foregoing fire seal, the molded body is a
silicone body.

[0020] In a further embodiment of the foregoing fire seal, the curved portion
comprises a flexing region and the fire seal further comprises a gap radially across from the
curved section.

[0021] In a further embodiment of the foregoing fire seal, the flexing region is
flexed when the fire seal is sealed and the flexing region is relaxed when the fire seal is
unsealed.

[0022] In a further embodiment of the foregoing fire seal, a length of the gap is
decreased when the fire seal is in a compressed state relative to a length of the gap when the
fire seal is in a relaxed state.

[0023] In a further embodiment of the foregoing fire seal, the gap is a space
between an end of the curved section and the base portion of the fire seal.

[0024] In a further embodiment of the foregoing fire seal, the metal seal is an
outgas barrier operable to prevent outgassing from the molded body.

[0025] In a further embodiment of the foregoing fire seal, the metal seal support is
a flexible metal material.

[0026] In a further embodiment of the foregoing fire seal, the metal seal support is
stainless steel.

[0027] These and other features of the present invention can be best understood

from the following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] Figure 1 schematically illustrates an example gas turbine engine.
[0029] Figure 2 schematically illustrates a cross sectional view of a fire seal for
utilization in the gas turbine engine of Figure 1.
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[0030] Figure 3 schematically illustrates an isometric view of the example fire
seal of Figure 2.

[0031] Figure 4A schematically illustrates the fire seal of Figure 2 in an installed
position with the seal uncompressed.

[0032] Figure 4B illustrates the fire seal of Figure 2 in an installed position with

the seal compressed.

DETAILED DESCRIPTION

[0033] Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section
22, a compressor section 24, a combustor section 26 and a turbine section 28. Alternative
engines might include an augmentor section (not shown) among other systems or features.
The fan section 22 drives air along a bypass flowpath 80 while the compressor section 24
drives air along a core flowpath for compression and communication into the combustor
section 26 then expansion through the turbine section 28. Although depicted as a turbofan
gas turbine engine in the disclosed non-limiting embodiment, it should be understood that the
concepts described herein are not limited to use with turbofans as the teachings may be
applied to other types of turbine engines including three-spool architectures.

[0034] The engine 20 generally includes a low speed spool 30 and a high speed
spool 32 mounted for rotation about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively or additionally be provided.

[0035] The low speed spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low pressure compressor 44 and a low pressure turbine 46. The
inner shaft 40 is connected to the fan 42 through a geared architecture 48 to drive the fan 42
at a lower speed than the low speed spool 30. The high speed spool 32 includes an outer
shaft 50 that interconnects a high pressure compressor 52 and high pressure turbine 54. A
combustor 56 is arranged between the high pressure compressor 52 and the high pressure
turbine 54. A mid-turbine frame 57 of the engine static structure 36 is arranged generally
between the high pressure turbine 54 and the low pressure turbine 46. The mid-turbine frame

57 further supports bearing systems 38 in the turbine section 28. The inner shaft 40 and the
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outer shaft 50 are concentric and rotate via bearing systems 38 about the engine central
longitudinal axis A which is collinear with their longitudinal axes.

[0036] The core airflow is compressed by the low pressure compressor 44 then
the high pressure compressor 52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pressure turbine 46. The mid-turbine
frame 57 includes airfoils 59 which are in the core airflow path. The turbines 46, 54
rotationally drive the respective low speed spool 30 and high speed spool 32 in response to
the expansion.

[0037] The engine 20 in one example is a high-bypass geared aircraft engine. In a
further example, the engine 20 bypass ratio is greater than about six (6), with an example
embodiment being greater than ten (10), the geared architecture 48 is an epicyclic gear train,
such as a planetary gear system or other gear system, with a gear reduction ratio of greater
than about 2.3 and the low pressure turbine 46 has a pressure ratio that is greater than about 5.
In one disclosed embodiment, the engine 20 bypass ratio is greater than about ten (10:1), the
fan diameter is significantly larger than that of the low pressure compressor 44, and the low
pressure turbine 46 has a pressure ratio that is greater than about 5:1. Low pressure turbine
46 pressure ratio is pressure measured prior to inlet of low pressure turbine 46 as related to
the pressure at the outlet of the low pressure turbine 46 prior to an exhaust nozzle. The geared
architecture 48 may be an epicycle gear train, such as a planetary gear system or other gear
system, with a gear reduction ratio of greater than about 2.5:1. It should be understood,
however, that the above parameters are only exemplary of one embodiment of a geared
architecture engine and that the present invention is applicable to other gas turbine engines
including direct drive turbofans.

[0038] A significant amount of thrust is provided by the bypass flow B due to the
high bypass ratio. The fan section 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about 35,000 feet. The flight condition of
0.8 Mach and 35,000 ft, with the engine at its best fuel consumption - also known as “bucket
cruise Thrust Specific Fuel Consumption (“I'SFC’)” - is the industry standard parameter of
Ibm of fuel being burned divided by Ibf of thrust the engine produces at that minimum point.
“Low fan pressure ratio” is the pressure ratio across the fan blade alone, without a Fan Exit
Guide Vane (“FEGV”) system. The low fan pressure ratio as disclosed herein according to
one non-limiting embodiment is less than about 1.45. “Low corrected fan tip speed” is the
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actual fan tip speed in ft/sec divided by an industry standard temperature correction of [(Tram
°R)/ (518.7 °R)] 0.5. The “Low corrected fan tip speed” as disclosed herein according to one
non-limiting embodiment is less than about 1150 ft / second.

[0039] In the illustrated example of Figure 1, there is a gap between the engine
nacelle defining the bypass flow path 80 and the compressor section 24. During operation,
the nacelle moves slightly in relation to the compressor section 24, since the nacelle is a
composite of structures and is not attached directly to the compressor section 24 via fasteners.
The nacelle structures include access ports that can be opened and closed in order to provide
access to the engine during maintenance activity. The relative motion, and the lack of
fasteners, results in a gap in the nacelle wall differentiating the compressor section 24 from
the bypass flow path 80. A fire seal is attached to the nacelle side of the gap and is
compressed between the nacelle wall and an engine firewall seal land when the access port is
closed. The fire seal provides both a fire barrier and an air pressure barrier, thereby sealing
the gap and preventing engine fires from spreading from the compressor section 24 to the
bypass flow path 80.

[0040] Figure 2 schematically illustrates a fire seal 100 that is utilized in the
example turbine engine 20. The fire seal 100 includes a silicone body portion 110 that has a
base 160 and a semi-tubular curved section 150 has a partially generally circular cross section
that extends from the base 160. The base portion 160 and a radially inner side of the curved
section 150 is covered by a metal seal support 120 that includes a base seal support section
160 and a curved seal support section 122. The curved section 122 of the metal seal support
120 lines an inner circumference of the curved section 150 of the silicone body 110. A
radially outward side of the curved section 150 of the silicone body 110 includes a mesh
fabric 130 liner that is a surface durability enhancer and increases the surface durability of the
fire seal 100. The metal seal support 120 is bonded to the silicone body 110 of the seal 100
during the molding process and prevents out gassing from occurring at any surfaces covered
by the metal seal support 120.

[0041] The fire seal 100 includes a gap portion 140 where the curved portion 150
of the silicone body 110 would connect to the base portion 160 if the curve of the curved
section 150 continued. The fire seal 100 further includes a flexing region 112 opposite the

gap portion 140. The combination of the gap portion 140 and the flexing region 112 allows



WO 2014/046891 PCT/US2013/058658

the fire seal to fit tightly at a turbine engine gap and create an adequate seal when the fire seal
100 is compressed.

[0042] The metal seal support 120 is made from any metal seal material, such as
stainless steel. The metal seal support 120 is thin enough to allow the fire seal 100 to flex in
the flexing region 112 when there is relative motion between the two components being
sealed. The flexing allows the seal to be maintained during relative motion. The silicone
body 110 may be molded onto the metal seal support 120 using standard molding processes.
In some examples, such as the illustrated example, a mesh fabric material is included in the
molding process to enhance surface durability on the radially outward side of the fire seal.
The radially outward side of the fire seal 100 is not covered by the metal seal support 120. In
order to facilitate the flexing of the metal seal support 120 at the curved section 122, the
metal seal support is constructed of multiple segments broken along a radial line stemming
from the engine centerline axis A (Figure 1). By breaking the metal seal support 120 into
multiple segments, the flexibility of the metal seal support 120 in the curved section 122 is
improved as well as the flexibility of the overall seal 100. Figure 3 schematically illustrates
an isometric view of the fire seal 100 of Figure 2. The curved section 122 of the metal seal
support 120 and the curved section 150 of the silicone body 110 are semi-tubular and define
an axis B. The axis B follows the circumference of the gas turbine engine core. As with the
example of Figure 2, the gap portion 140 is defined by the area that would incorporate the
curved section 150 of the seal 100 if the curved section 150 extended to the base portion 160.
The silicone body 110 and the mesh fabric 130 are illustrated as not fully extending to the
end of the fire seal 100 for illustrative effect. In a typical implementation, the silicone body
110 and the mesh fabric 130 extend the full axial length of the fire seal 100. In another
typical embodiment, the metal seal support 120 is segmented, as described above, and is
broken at a segment break 124 that runs radially away from the engine centerline axis A.

[0043] Figures 4A and 4B schematically illustrate a cross section of the fire seal
100 installed between a fan bypass duct 312 and a compressor section 310 of the turbine
engine 20, illustrated in Figure 1. The engine structure includes a firewall 330 that interacts
with the fire seal to prevent fire from traveling from the compressor section 310 to the fan
bypass duct 312 should an engine fire occur. Due to the relative motion between the outer
nacelle wall 340 and the compressor section 310 during operation of the engine 20, a gap 314
between the outer nacelle wall 340 and the compressor section 310 exists. To seal the gap

7
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314, a fire seal 320 is connected to an outer nacelle wall 340 of the compressor section 310.
The fire seal 320 is connected to the outer nacelle wall at the fire seal base 326 via any
method including, but not limited to, one or more fasteners through the fire seal base 326. A
firewall seal land 332 extends axially (relative to the engine centerline axis A) from the
firewall 330. The firewall seal land 332 interfaces with the curved portion 322 of the fire seal
300 and creates a seal that is operable to prevent engine fires within the compressor section
310 from exiting the gap 314 and entering the fan bypass duct 312.

[0044] Figure 4A illustrates the fire seal 300 in an uncompressed (relaxed)
position, without the influence of the firewall seal land 332. Figure 4B illustrates the fire seal
300 in a flexed, or compressed, position due to the relative positions of the firewall seal land
332 and the outer nacelle wall 340. In the compressed fire seal 300 of Figure 4B, the curved
region of the fire seal 300 is flexed, and the length gap 324 in the fire seal 300 is decreased
relative to the length of the gap 324 when the fire seal 300 is relaxed. It is understood that
the gap is sealed when the fire seal 300 is compressed, and unsealed when the fire seal 300 is
relaxed.

[0045] As described above, when the fire seal 300 is exposed to high
temperatures, such as those present in the case of an engine fire, the silicone body outgasses
volatile gasses that can combust. The volatile gasses are outgassed from the exposed surface
of the fire seal. The presence of the metal sheet 350 covers the inner radial wall of the curved
section, as well as covering the surface area of the base portion 326. The coverage over the
seal significantly reduces the silicone surface area exposed to the duct side of the fire seal
100. As a result, the only portion of the seal that outgasses is the radially outward portion of
the curved section 322. Only a minimal portion 360 of the curved section 322 of the fire seal
300 is exposed to the bypass duct side 324, thereby minimizing the amount of volatile gasses
outgassed into the component gap 314 and reducing the possibility of fire spreading from the
engine side of the seal to the bypass duct side of the seal.

[0046] While the above example describes a seal between a compressor section
and a bypass duct, it is understood that the described seal can be utilized between any two
turbine engine components and provide an adequate seal. Thus the listed components are
exemplary only. Furthermore, while the above seal is described as a silicone seal, it is
understood that another similar material could be utilized in place of silicone and fall within

the auspices of this disclosure.
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[0047] Although embodiments of this disclosure have been disclosed, a worker of
ordinary skill in this art would recognize that certain modifications would come within the
scope of the invention. For that reason, the following claims should be studied to determine

the true scope and content of this invention.
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CLAIMS

1. A turbine engine comprising:
a compressor section;
a combustor in fluid communication with the compressor section;
a turbine section in fluid communication with the combustor;

a gas bypass flowpath and a primary gas flowpath, wherein said gas bypass flowpath
bypasses said compressor section, said combustor section, and said turbine section and
wherein said primary gas flowpath passes through each of said compressor section, said

combustor and said turbine section; and

at least one fire seal separating one of said compressor section, said combustor, and
said turbine section from said gas bypass flowpath, wherein said at least one fire seal

comprises:  a molded body having a base portion;

a semi-tubular curved portion extending from said base portion, wherein said

curved portion has a partially generally circular cross section; and

a metal seal support surrounding said base portion and a radially inward

surface of said curved portion.

2. The turbine engine of claim 1 further comprising a mesh fabric liner supporting a

radially outward surface of said curved portion.

3. The turbine engine of claim 2, wherein said mesh fabric liner is a surface durability
enhancer.

4. The turbine engine of claim 1, wherein said molded body is a silicone body.

5. The turbine engine of claim 1, wherein said curved portion comprises a flexing region

and wherein said fire seal further comprises a gap radially across from said curved section.
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6. The turbine engine of claim 5, wherein said flexing region is flexed when said fire

seal is sealed and wherein said flexing region is relaxed when said fire seal is unsealed.

7. The fire seal of claim 5, wherein a length of said gap is decreased when said fire seal
is in a compressed state relative to a length of said gap when said fire seal is in a relaxed

state.

8. The turbine engine of claim 5, wherein said gap is a space between an end of said

curved section and said base portion of said fire seal.

9. The turbine engine of claim 1, wherein said metal seal is an outgas barrier operable to

prevent outgassing from said molded body.

10. The turbine engine of claim 1, wherein said metal seal support is a flexible metal
material.
11. The turbine engine of claim 10, wherein said metal seal support is stainless steel.

11
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12. A fire seal comprising:

a molded body having a base portion;

a curved portion extending from said base portion, wherein said curved portion has a
partially circular cross section; and

a metal seal support surrounding said base portion and a radially inward surface of

said curved portion.

13. The fire seal of claim 12 further comprising a mesh fabric liner supporting a radially

outward surface of said curved portion.

14. The fire seal of claim 13, wherein said mesh fabric liner is a surface durability
enhancer.

15. The fire seal of claim 12, wherein said molded body is a silicone body.

16. The fire seal of claim 12, wherein said curved portion comprises a flexing region and

wherein said fire seal further comprises a gap radially across from said curved section.

17. The fire seal of claim 16, wherein said flexing region is flexed when said fire seal is

sealed and wherein said flexing region is relaxed when said fire seal is unsealed.

18. The fire seal of claim 16, wherein a length of said gap is decreased when said fire seal
is in a compressed state relative to a length of said gap when said fire seal is in a relaxed

state.

19. The fire seal of claim 16, wherein said gap is a space between an end of said curved

section and said base portion of said fire seal.

20. The fire seal of claim 12, wherein said metal seal is an outgas barrier operable to

prevent outgassing from said molded body.

21. The fire seal of claim 12, wherein said metal seal support is a flexible metal material.

12
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22. The fire seal of claim 21, wherein said metal seal support is stainless steel.

13
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