DEVELOPMENT AND EVALUATION OF HIGH TEMPERATURE GASKETS
FOR HYPERSONIC AND REENTRY APPLICATIONS

Mrityunjay Singh
Ohio Aerospace Institute
Brook Park, Ohio

Tarah Shpargel
ASRC Aerospace
Cleveland, Ohio

National Aeronautics and Space Administration @

Development and Evaluation of High Temperature
Gaskets for Hypersonic and Reentry Applications

Mrityunjay Singh
Ohio Aerospace Institute
NASA Glenn Research Center
Cleveland, OH 44135

Tarah Shpargel
ASRC Aerospace
NASA Glenn Research Center
Cleveland, OH 44135

www.nasa.gov

NASA/CP—2007-214995/VOL1 443



AoDeseu MMM

MIOAA @4N1N o
sSuoIsSN|a2u0) pue Arewwns .
uonezilalderey)d [ein1dniISoIdIN 1S9 1S0d -
(speoj| Japun)
Al1j1geIS rewiayl pue sansuadeley) bueag peo -
SIsAjeuy [ewiayy -

UOISSNIJSIJ pue S1NSaY «
suonipuo) bunss] -
[elialel\ alellsgns -
S19)Sk9) JO uonealiqe -

S91NPad0lid [eluswiadxy «

414 3|1nys adeds
ul Bunsa] pue uswdo|aAa 19XSeS pue Sjue|ess -

Sjuawalinbay pue paoN -
UOI12oNPOJIU| pue punolb)oeyg e

aulINO

uonensiuiWpy adeds pue sonneuoIdY [euoieN

444

NASA/CP—2007-214995/VOL1



AoDeseu MMM

suoneinbyuod yjoq ui paiidde aq ueos s)ayses) paseq ALY

(S00Z) S)ue/eas pue seissypy wo.i-

A

SISOy JUIor > SJoWolSe|q «
ade| aseaEy WQH_WOQEOO
% ‘uoQgJed0.In(} ‘Y109 ‘IaqgnJ ‘Sol|[eISN e

== :S19)seb pawiojaid e
\. (‘019 ‘sio1s8A|0d paljipow Jaqqny
weess ‘S1low 10y ‘saueylaink|jod) SIay10 -

(SALY) sauodl|IS -
(sulsal ‘Jawouow aje|Aioe) solgolseuy -

7 7 :s19yseb aoe|d-ul-wio- .

By =
. \Vr\ 7 7 A1111geadInIas pue Alljigesnay e
R " Alquiasse/iuawubife Jo aseq
pawojesd e ajes A|[elusWu0IIAUS PUR d|qepIOoY e
[ 7 7 99UR]SISaJ [e2IWAYI0WIaY] pue JeaH e
JP m—— s19yseb ayl 1ano/ybnoiyl abexesa| 0187 .

j j\J 9JU®rI3|0] [euoISuUsWIp Poo9)

:Sjuswalinbay |[elauas

S19)Se9) 10J Siuswalinbay aouew.iojlad ealdA L

uonensiuiWpy adeds pue sonneuoIdY [euoieN

445

NASA/CP—2007-214995/VOL1



AODeseu’ MMM

dn Jauuny -Aiobae) 1 »S
‘JUBWIAA3IYIY JO Spiremy -auizebepy aAl] OIYyQO UIBYLION e
plemy 00T A2y S002C »

JSr 1e Bunss
19021V 3yl PBAIAING

Jueeas yoeli)d
VS 439VvdO Yiim pajess
Bnid DDOY anbojeuy «

"'SWIVISAS paseq punoib pue adsedsolae Ul
suoneoljdde ainyeladwal ybiy snolea 1oy |njasn
ale solige] J1WeIad SnoLeA Yyium apew sbaidald e«

lredal abewep eale able|
10} S1d82u09 deim oljjelaw/oiwelad a|qIxal}
10} seale juawyoene ‘sdeb ‘sabpso ay) buljess .
SealJe 1aylo pue s[eas-] loj J9||iy deo .
1d22u09 Bn|d 0} aAIsaypeue|eas abp3 .
sBuneos adelns Buissiw
pue ‘sajoy [frews ‘sabnob ‘syoeld Jo Jreday .

¥39avdo jo Aujiresiapn/Ajiqeded asniniy

(439vy9)
9y J101191X3 pue Buipuog 10} aAISaypy Aloloeljay uus|9

apIS xoeg -1 1S0d apIS JU0I4 -1S31 1S0d

a6l # PPoW
TI-0€L AHI

M3IA 3pIS M3IA Juo.H
Bunsa] 18r 21y Bunsa] 18r 21y

uonensIuIWPY 82eds pue sonneuolay [euoleN

446

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

yored yVS ~ sleusseq  sjool dey/|uQ

3 _-1 .
S

T
il .

desmiangQ olieje
1o ay)sodwon fiojoeljey
palojiel uly] ‘ejqixald
Slan0n (Yys) leday r—
Baly ||lews 3|qixal]

lreday a1 pue abp3 Buipea] DOY ealy abieT

uonensIuIWPY 82eds pue sonneuolay [euoleN

447

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

1vO1 pue

‘0dV ‘OSr

1e bunsa |
1901V

(Dye)
S13INAH

(DY9O) bunsal
By 34vO

deimianQ d1weIa) 9|qIXa|d

(437vLSul)
lreday 9|l pue abp3 Buipea 10} WalSAS pajeibalul

D

uonensIuIWPY 82eds pue sonneuolay [euoleN

448

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

S1S9] 19,24V Ul 8dUBW.I0)Iad BWSR|d 1Ud||99X]

(09s) awi ainsodx3 ajdwes a|iL

000T 006 008 00L 009 00S oov 0o0e 00¢ 00T 0
008T
Jajua) a|dwes uo pasnao r 0002
elqg ‘Ul GZ'0 = 3zIS 10dS Ja1awolid
dwsay [eg aIL 002z
—
[}
B V4 P AT v g e A ATV A :
e L oove €
@
=
@
«
J
- 009¢
0082
000€

dwa L uone.qied djiL —— MO HVd—— [H V4 —
88ST uny ‘T-1T-049O :8|dwes
asuodsay aineladwa] ajdwes 1sa]

deamianQ d1wela) a|qixald

(431v.LSu)

1S9 1S0d

S002/22/9 1-L1-0HD uawioadg
Malf Juol S0/8/9 PSjeq) UEld 1581

8851 Uny isajsod sisal 09 ElS.

S00ZILHO -1 1-DND uswpeds
MAIA 1UOJ4

lreday a1 pue abp3 buipesa] 10} walsAS paljeibalul

uonensIuIWPY 82eds pue sonneuolay [euoleN

449

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

| EEE |
1VO1 .

pue D3y 12 é

bunsa] 19001V

249 e
Bunsal VO

(OYe1) SIIANAH

JawAjod ALY paseq auo2l|Is JawAjod anne|qy weoj ALY
wiol} spew sigysen LT D49 wiol} spew sigyseo 9T D49 woJ) spew sigyseo TT D49

suoneol|ddy A1ljuaay 10} s19¥ses) a|qixa|d

uonensIuIWPY 82eds pue sonneuolay [euoleN

450

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

1uoJH e (samnuiw 6 ‘jyoid 1s8) DO)
T# 9|dwes S13NAH

S|PPIN

d
<

Adoed

sa|dwes 19)se9
\@ P31S3| S1JNAH JO SISAjeuy [£1N12NJ1SOIDIN

uonensIuIWPY 82eds pue sonneuolay [euoleN

451

NASA/CP—2007-214995/VOL1



AoDeseu MMM

(s1opmod

A1010B1J9Y OM] pue ‘Z1lu4 |17 ‘siaql) paddoys awos ‘AlY) €T DHO
(Japmod Al1010eI)aY e pue ‘Z1li4 | H ‘siaql4 paddoyd ‘Ald) 6 D49
(1apmod Aio10eupay e pue ‘Z11i4 17 ‘siaqi4 paddoyd ‘ALY) Z D49
ALY auljaseg

uolealjiluap| uswidads pue ainje|ousaWoN

‘uolneziialoeleyo
salliadoud rewlayl pue ‘Bunsal Ailjiqissaidwod ‘Buljeay aosreuiny
pidel 1oj pasn pue paJsedald alam ssauydlyl 831yl JO S189YS UIYL e

‘'S19ql) DIS vYS-ouuelA] paddoyds yiim Buoje (salwelsd
A1010e1)91 pue sainjeladwa)l Bunjpw BulhArea yim sasse|b) sia||l)
JO Jaquinu e pue A1y Wolj apew alam S1ayseb a|qixa|) T-NJO e

'SJI9]|1) Se ||]om se juauodwod
Bulesauab seb Jo junowe ayy Buljjonyuod Ag (Alisuap 19xseb
leul}) saiod Jo junowe Jo |011U09d sapinoad walSAS ALY 1ued om] .

S[elale|A 19y ses) Jo uolealiqeq pue juswdo|anag

uonensiuiWpy adeds pue sonneuoIdY [euoieN

452

NASA/CP—2007-214995/VOL1



AODeseu MMM

(sainujw) awip

09 05 ov 0€ 0C ot 0

00C

e ul ‘ageuln) ainyeladwsal
ybiy e ylim awel) peoj uoJisu|
€ Ul 1IN0 paliied SeM 1S3

009

PIOY 31NUIW SAI- e

alyoud 786 —o—
aiyoid yozT @

r 008

(D) ainjesadway

Isd 00T pue Isd
09 :Slo)Ses) UO peo] /21NSSald -
(4 0022) 2.70¢T pue
(4 008T) 0,286 :Ssainjeiadwal e

:SUOIIPUOD 1S9

00vT

‘uolnepixo abps juanaid 01 suswioads
7-O0V .TX.T JO s8bpa ay} [eas 01 pasn sem H3gvHo -

'S1S91 AlljIgels jewuayl pue Aljigissaidwod
Bulinp felarew alel1sqns se pashn sem salisodwo)d
1vD-0 woly (bulreod JIS pue siaqi4 uogred 00€-1) ¥-00V -

suonipuo) Bunsa] pue sarelisqns alisodwo)

uonensIuWpY adeds pue sonneuolay [euonen

453

NASA/CP—2007-214995/VOL1



AODeseu’ MMM

(D,) aimeltadwa ]

(40)= D)
6049 V
[40)c D)

aseg ¢

00wl

ooct ooor 008 009 0ov 00¢

I Ul D,002T 01 dn ‘ulw/Bap oG : arey HuljesH

uonensIuIWPY 82eds pue sonneuolay [euoleN

Sv-

0v-

Ge-

o¢e-

S¢-

0¢-

(0p) SSO] SSEN

S|ellale|N 19Y)Se9s) JO SISAjeuy alnawiAelbowisay

454

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

‘Bunsal 1ayliny

10} pasn aJam €T-0Y9D PUe '6-049
‘2-O49S suonisodwod palyipon

‘Sjuswalinbal
aouew.Jolad 19yseb 198w 10U ||IM 1l
‘suoneslyipow uonisodwod 1NOYIM

‘o|ge|leAe sabewl
INTS J0 [eando ou aJe atayl ‘Bunso)
1a1je Lede ||9) e8I W 19X Seb aseqg

(pjoy utw g) D,286 pue 1sd Q9

e [elIBle 19Yses aseg Jo bunsa]| uoissaidwo)d

uonensIuIWPY 82eds pue sonneuolay [euoleN

455

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

A T

(0o/wb 92°T)
Aisusp ybiH

(D) aumesadwa |

‘Buneay

la)e |elarew 19yseb
a1 Jo abewl ue sI 49|
ay) o] "Buneod OIS
9yl pue Yy39vyo

JO uonoeIaUI 3Y)
smoys (aybu) aimoid
9UL ‘X 051 ¢ 04D
Jo sabeuw eondo

(oo/wb T°1)
AlIsuap moT

¥0°0-

(D) @injesadwsa |

c00-

10°0-

00¢T

00 0021 00

009 00

100

r¢00

(u1) uonisod

r 700

¢00

r €00

(u) uomsod

r 00

S00

- 900

900

r L00

800

(pjoy uiw g) D,286 pue 1sd Q9 1e

[elia1e|N 19ses) z-O49 Jo bunsa] uoissaidwo)

uonensIuIWPY 82eds pue sonneuolay [euoleN

456

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

AlIsuaq
18yBIH

Www z'z *1 ‘ww 1

AlIsuaqg
lamo

(ploy ulw g) D286 pue
Isd 09 1e [elIB1RA 183 seD -9 Jo sydeiboloin

uonensIuIWPY 82eds pue sonneuolay [euoleN

457

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

I G ¢

s

b

- g g |
frasp o) (oo ST'T)
! _u c ._|_ (o) samesadwsa | >H_wcwﬁ MO (0) aunresadwa) e
£0'0-
A . - z00-
| o0 00er 00 008 oor 2 100
0ozt oooj oor 0 , , , , g0
, , o , 0 - Cl 00
3 o
100 m. 200 &
@wo g £00 \M
200 3 oo =
| bo0 500
- 500 L 900
900 100
100 400

(8]19A2 "UIW g)
0,286 1e 1sd Q9 1e [eliale|\ 18)SeD 6 DHD

uonensIuIWPY 82eds pue sonneuolay [euoleN

458

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

SENNTD)
J0 s|eyeq
[24N1ONAS0IIA

(00/wb 8T°T) (00/wb 90°T)

Alsuap ybiH Alsusp mo
: ) (9) @inresadwa | . (urw) swry
200 20°0-
00T 000T 008 0o 00, oo
L L 1 O
\ 4 100
. B
800 = 200 &
v00 = =
= L €00 =
S00 ~—
900 ¥0'0
L0°0 - §00
800
. 900
600

(pjoy "uiw g)
0,286 pue Isd 09 1e [elI8leA 189S £T DD

uonensIuIWPY 82eds pue sonneuolay [euoleN

459

NASA/CP—2007-214995/VOL1



AoDeseu MMM

‘Aligissaldwod areridoidde
MOUS 0] palo|lel aq ued sfeliarew 19yseb Jo Alilsusp ayl

‘S|eralew aleasgns y-00v
ayl yum Ajbuoiis puoq jou op uonisodwod 19yseb ay] e

'S9oeJINS allsodwod y-O)HV paulydew
Buijeas ul aAI1103})0 AIDA 819M SluR|eaS YIgVvyD -

‘Ajigeded ainjeladwal ybiy sey walsAs elarew
19y seb ay] ‘sainjeladwal ybiy e paisal pue padojonap
aJom suonisodwod 19yseb a|qixa|) JO A1olIBA BPIM Y

SuoIsSN|ouo) pue Arewwns

uonensiuiWpy adeds pue sonneuoIdY [euoieN

460

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

249 VYSVYN ‘dejung red

lsued DND

W0N0g pue ainixij
1S9 ybnoiy) suod
MO[} J8lswelp “ul ¢'0~

MO|]
1a1uao ul |

3|eds 0] umelp
10U 3InBI4 :310N

9]0y UNM 19%Sses) . //é

MO| «——

LN\ e

— MO|H

s|aued
" OIND «C X uC

2INIX1y 1S9 | — /

apIsyoeq |aued
uo |eas buu-O

Slelialel 19y seo

\9 D49 Jo dn1as 1S9 [ellualod J0) d1ewayas

uonensIuIWPY 82eds pue sonneuolay [euoleN

461

NASA/CP—2007-214995/VOL1



AoDeseu MMM

1oddns Joj weiboid amnys pue | vD1 buleog
pue ‘DHV ‘OYe wolj SISqWaN wea] 41y 3aunys .

wea] s[eas ‘dejunqg yed pue z1auia1s aonig "iqg o

Bunso ]
[ealueyda|N 10) aoredsolay DYSY ‘sdij|iyd uoy e

SjuawabpaMmoud Iy

uonensiuiWpy adeds pue sonneuoIdY [euoieN

462

NASA/CP—2007-214995/VOL1





