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Typical High-Temperature Seal Structur of Reusable and Hypersonic Vehicles
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Abstract Reusable and hypersonic vehicles pose an extraordinary challenge for seal structures. Airframes and

engines require lightweight, high-temperature seal structural that can withstand the extreme environment of hypersonic

flight. This paper reviews relevant seal technology for typical vehicles (e. g. Space Shuttle, X-38 and X-51) and

presents several seal technologies for future hypersonic vehicles, foues on high-temperature seal structural of the space

shuttle TPS, vehicle penetrations and control surfaces.
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Control Surfaces:
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« Elevons

« Landing gear doors
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+ Payload bay doors

« Crew access doors
+ Canopy
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Fig.1 Typical high-temperature seal structure
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Fig.3  Various types of gap fillers used in the space shuttle

X TR IIAERE, MR T AR % 1, HZh
INEEME 4 iR, MRS B — R EE R A2
Tk 5 I RE A T N A X RS Bl i 25 20, B =
SN, Tho R ARG AR R 0 SN2 R R4 T ORI
BN R A SRR R T i — A R B A
SR, SR AIMIE — R R AR, BN R R
BSAFUE KREVR)Z . XFP R EIE S RER B F1 R 34 KN/
m’ (A IR T AE R Z 1 066°C F 5 i, T AE 93 — 1
FAOTELEE M/INT 177°C 45 45 R ROE BCR

ini strain to
etainin, (Ipetal) . SUe D
’ strip 8 stiffener ‘“}}g}f’f member

ceramic
fiber

sleeve

tensioning
rod
siucone

pressure
sealant

glass

fiber "\
coverimg \2

petaining
strip

bottom  srain—
member isolator pad

B4 bR PR R

Fig.4 Soft heat/pressure seal
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Fig.6 Detail view of the landing gear door seal structure
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I Hybrid Thermal Barrier
Nextel 440 Sheath

Saffil

Spring Tube

Back Shell -

(AETB-8)
5 “f-~ Back Shell
Hybrid - _ i
Thermal e (S:arrler "
Barrier .. tructure
(HTB) "~ L-Bracket
IE‘ES?J;; = Metal Shim
Board o> "1+ Silicone
Beat Shield == 17 i:‘()arﬁ l
(PICA or Avcoat) | Gasket

'~ U-Beam
Kl 14 HS K BS PFXf b ik % B 454
Fig. 14 Detail view of the improved seal structure between HS and BS

O R A5 F R T RS #E 4% BF (Hybrid Ther-
mal Barrier) , R BB X% S5 1F B S 2 0% BHF 25 5
B, g TR EAE S R RS A I B AN T
REAE B R sk 2 B T R T AR AR i
B N T B TR D/ IR A A R B
B pAE Ak
3 EHIERE RSN

PR T A 45 AT B T R I S N R A
B E TR T SRR A S
3.1 BEBEAEH

AIE AT RAT AR A SR e B B — BRI R
KRB RIS AR Z 1) X B BT B AZ 1 412°C
it FHLOR IR A Sl A% L5 S5 il BE SO A
R, RN ORAIENLZE G 1224, T mR R i By —
SEMPHURERE BB R Z RIE 2 W HIAFR 1 R4 o]
S AN ARG AUBHR AE ST . AT, NASA B T
Z ) —Fh L dt ( Baseline Seal ) 4514, WLIE 15,

— 24 —

Permanent set

Spring tube

Nextel sleeving
K15 LmE
Fig. 15 Baseline seals
BELR B B R A AL, AR S iR
B4 2 B RETT IR, DULRAE [l 30k 5 AR 78
TR R BRI 78 S T R A T B T )2 P e
USRI RTINS B

A\_ ~Rudder structure

Rudder/ —

p: g 1— o))~ Vertical seal

B Shelf seal A
‘Titanium seal attachment

he}gf/fealing surface:
i

ile on aluminum

..~ Fin structure

W)
Forward-»
N

\‘Body flaps

K16 kB EFa R
Fig. 16 Typical application of baseline seals

Bl 16 b 4 X% B 7 X-38 g b /R &
Pl AL T [ A B B 2 ] e AR IR Y
3.2 iptRsCEE

A % s A RN AR X =51 1) s i R & sl
Wo R THRIER IR LA TAE, RIS &k
Wl i 2R AREMNR RS a2 B Z5 LA et
HRAZ S A R B IR B FN R 7 (1100 ~ 1 371°C 3K 0.7
MPa) , [RIE, 38 07 EL A AR 5 i Bt 804k A B 4008 19 B
J1o RAWLMEEL X AT EE TOLAE T,
TRZ Ty kA, R R B A 2 A1 E 3R )G
{SRELREE R AT Ay Il 5 LAGRAIE 55 X0 22 1 04 70 70 42 il
20 20 90 ) NASA JF &M S 254, WK 17,

Movable Gap change
horizontal Hot oas flow™ ™
engine pa&ﬂ_ lot gas tlow

__ Film cooling
“ for high
heat flux
enironment

ZCeramid] > .
X waters \-a[;llltter
1 Preload:

\ -+ Pressurized cavity
“—*Optinal bellows/springs

17 MR s R
Fig. 17  View of wafer seals structure
TEWF R FE P, NASA-GRC F 043 Bk 56 7%
FERea AR BeZs o Brfbrt AR E AR AL RE
R FERE A AALRE S AR, FERTA Atk &
Atk B G 2 A P e S O FRAR 3 o 2 st 4 A 110 1

FHIBEI T2, http://www. yhelgy. com 2013 4F 25 1



PR ATk 1 357°C, AR [B] B4 A T 3 20 ml 4 HR
PRE R HL AR T A L BIFSE eI, 3 bbb AR 2 e 235
FRTFESN AR 25 00 254 T 64T B % B, R S w8l
AR EAH LY, ANAEA B o T 1 AR e i LA
T 2R ARG i Pt AT

X TR AEBR A H) | AR 25 b 45 F 1 [ P sl AN
& TRIETF & T 4 B B vk i P fer e B,
5 R T 22K Ay 2 ol R O 2 R T W A
TRAE S B 5 R, HLF % 52 51 NASA W S,
IF T AR 90 7 3 4 1S NHK Spring 23w F il
1 BATE R 45 5 1 Bal Seal T FRZ 7B A0 45 45}
FRoamnEE . IR REAE SR T (1 100°C) TAE,
5 TRl S A AT — R R MERE B 0 Rl
FEANHE 2 6 4 £ 036 RO R WiRE K, i R AR R i be
VB P, SRS A0 [l 53 ) 3 T AGRFR R EAAE , X —
SRS A T 25 B 450 1 105, DR R B il AR UE T
RK PRI, A S B B T &SN T, 5
—ANGF DA TR B ] A SRR T DA B %
e B R Y B A T

@ PR (o) R R
P18 B e A A T e o
Fig. 18 Preload devices of wafer seals structure
A S A L T4 o 1 e A
K19,

P19 MR B o s i e o A 7
Fig. 19 Typical application of wafer seals in control surface sealing
4 L5iE
VE Ryt P T RAT AR I R R 2 — | PR
ARV 2976 AT 852 ff ] RAT A S e M 7S R AT A

FHIB B T2, http://www. yhelgy. com 2013 4F 25 1

M fE, SEGEM LA PR ER R % B AR [
B, PR B EORT IR R R 5 M A AR KR AN ),
I i FE P A B BRI S W A | 5 B A T R 1Y
WFFE AT, B A S T e TR B AR R AR
TN B AR E , S 4 A B B B 2 A
BT AYSLAH RS | B Al A 1Y fifp e TR B AL, S ST A
B EPEREIIE A 7 1% S bRt

S 3k

[1] Bruce Dr, Steinetz M. Seal technology for hypersonic
vehicles and propulsion systems: an overview [ C ]. http://
scitech. calt. casc

[2] John Celand, Francesco lannetti. Thermal protection
system of the space shuttle[ R]. NASA Contractor Report 4227,
1989

[3] Curry D M, Latchem ] W, Whisenhunt G B. Space
shuttle orbitor leading edges structural subsystem development
[R]. ATAA -83-0483. Reno., 1983

[4] McBride D U. Subsurface flow considerations in thermal
protection design[ C]. AIAA-86-1261, AIAA/ASME 4" Joint
Thermophysics and Heat Transfer Conference, 1986

[5] Finkbeiner Joshua, Dunlap Pat, Steinetz Bruce. nvesti-
gations of shuttle main landing gear door environmental seals[ R ],
NASA/TM-2005-0213860,2005

[6] Cooper Griffin Snapp. Ecaluation of space shuttle tile
subnominal bonds[ D]. B. S. University of Kansas ,2000

[7] Fu J H, Graves G R. Thermal environments for space
Shuttle payloads[ R]. ATAA-85-6058 ,1985

[8] McAnally Bill M. Space Shuttle orbiter payload bay
door mechanisms[ R]. NASA/TM-2001-210338

[9] Jeffrey De Mange, Shawn Taylor. Overview of CEV
thermal protection system seal development[ R]. NASA/CP-2009
-215677,2009

[10] Jeffrey De Mange. Advanced control surface seal de-
velopment for future space vehicles [ R]. NASA/CP -2004 -
212963, 2004

[11] Dunlap Patrick H, Steinetz Bruce M, Investigations of
a control surface seal for reentry vehicles[ J]. Journal of Space-
craft and Rockets,2003, 40.570-583

[12] Dunlap Patrick H, Steinetz Bruce M. Rudder/Fin seal
investigations for the X—38 Re—Entry vehicle[ R]. NASA/TM -
2000-210338

[13] Taylor Shawn C, Demange Jeffrey J. Evaluation of
high temperature knitted spring tubes for structural seal applica-
tions[ R]. NASA/TM-2004-213183,2004

[14] Glass David E, Ray Dirling, Harold Croop, et al. Ma-
terials development for hypersonic flight vehicles[ R]. AIAA -
2006-8122

(%I FHR)



	201301

