HSCT ANTICIPATED SEAL NEEDS TURBOMACHINERY SEALS COMBUSTOR SEALS

John Henfry
 General Electric Co.
‘ Cincinnati, Ohio

The High Speed Civil Transport (HSCT) engine concept is a large mixed flow turbofan similar in
construction to current military fighter engmes The mission; however, is quite different. The engme
will operate for long periods of time at very hlgh Mach numbers and high altitudes. The engine is
required to have very low emissions and noise levels to be acceptable in commercial service. The
engine will be very large. Current thrust levels are in the 55000 Ib range. At the current supercruise
speed requirement of Mach 2.4, the Engine inlet temperature will be at least 380 degrees’F . This is the
lowest cycle temperature expected anywhere in the propulsion system. Seals will be expected to
operate at this temperature and higher for thousands of hours without failure. Durability , cost, and

weight wﬂ} all be very important in dﬁte:rrmnmg the type of seals selected for a successful HSCT
engme o . :

The next phase of the High Speed Rcsearch (HSR) program will be a technology demonstration of a full
scale demonstrator engine scheduled to test in 2005. This is a joint effort between NASA, Pratt
&thmcy, and General Electric. The ground test will be full size and incorporate as much of the
HSCT needed technology as possible at that time. The test will demonstrate noise, emissions,
durability, as well as the manufacturing capablhty to make an HSCT of advanced materials.

Wexght wﬂl be very expenswe in an HSCT due to the cost of fuel to go Mach 2.4. The weight of the
seals will be assessed at a cost about an order of magnitude higher than current subsonic aircraft
engines. Temperamres in the aft sumps pressurized with fan discharge air will be at current sealing
material temperature limits. Pressures and speeds will be about conventional for current subsonic
engines. Engine fluids to be sealed will be commercxal current fleet standards, but the proposed high
pressure hyﬁrauhc fluid(PFPAE) is new t:o the ﬂeet

Based on wezght conmderatmns, the engmes and nazzle accessories will not be contamed in an
environmental pod as in the past on the GE4 and J93 supersomc engines. This means that the
accessories (and electronics) will be required to survive in a temperature environment of 380 to 500
degrees}: for very long times. This will be a severe test for the actuator and component fluid seals. The
low noise exhaust nozzle will require several high pressure hydraulic actuators for the complex noise
suppressmn and thrust reverse systems for the commercxai HSCT.

The HSCT will fly at an altitude that reqmres that NOx be about 85% less than current combustors.

One of the requirements for alow NOx combustor is that cooling air to the combustion liners be reduced
to aminimum. This may require the development of a seal similar to the spline seals currently used in
turbines for the combustion liner segments to limit parasitic leakage. Another option under study is a
ceramic combustion liner. In this case, a seal needs to be developed that is compatible with a metallic
dome and thh a ceramic liner at very hxgh temperatures and }ast a long time for the HSCT mission.

- NASA/CP—2006-214329/VOL2 59



HTZZON dOLDATA/IAXIN NVAOIANL MOTA AAXIN LAINI AT

1994 0§ < —>

IWHALSAS NOIS'IN1dOdd 1LOSH

—l N LAOdSNVIL TIAID d33adS HOIH

LISH

60

NASA/CP—2006-214329/VOL2



3sIId13dns je dJuidud

3y} 0 d[qejiese damerddurd) are , 3samof,, ay) st siyy, eisd gy puey
$32.133p (8¢ e dey uej ay) 03 are sarpddns pue ysnay) saisyndoad ayy
Jo ¢/7 yoqe sapraoad jaqur 3y) ISMID druosyadns 3y -adeyoded ay jo
€/1 1noqe s1 Lrunpewoqan) Y], ‘wrd)sAs uorspndoid Jo MaIA [[BIAQ

I 4AI'IS

- W LYOdSNVUL TIAID AAHdS HOIH

LISH

61

NASA/CP—2006-214329/VOL2



3 - VBT

Al [oad
119487

UNOBINUBIHY
SlgspIoly

uone)

818()
uoneoyddy

SIBUOIRIAY

8B
puoduwiog)
NOUBA

@EEEQ
N\ suopBNe
OB
JOISNAUWIOT)
BB 1IN

(nud)
aejdwion
ubisec)
fendeoun)

>

paieplieA

/  suosspuz ouibu
orensucuee  JO1SNAWD
o w Ewa w d Jgnuuy {sousncor‘oser)
31 W i mMuwﬁqw ﬁﬂww 8RS jind POIBDIRA
| L e BOUBULIONS
Jejnuuy v
OJeos Ny O/181ZZ0N
ojeog obe]

uodsue L JIAD | @@&&@ %M £ VORGSO @mz i m}\m@m@ﬁ m@% I,

- i

sel

62

NASA/CP—2006-214329/VOL2



)T

sejfojouydsey sjedey/Bupmoenuepy
Juauodwo) pue Bujssesosd |epoieyy uj sesueApy
asnbey Aepy sweisAs uojsindosd 19SH Jo ozis ebie eyl

JOHVY1 AH3A JHY S3HOD m.z_mvzm W3LSAS NOISTNdOHd LOSH
IJ

LHOdSNVHL TIAID A33dS HOIH

1OSH

63

NASA/CP—2006-214329/VOL2



13]ZZou Jsneyxa azis ,jJusdunrede,, [jews 3y} 3JoN
"SUBJOQJIN) [BIDIIWWIOD (SSB] ISNIY) qI000°001),,31q,, JUI.LIND X7 Jnoqe
10 J9S/q] STS INOQE. A [[IM IZIS 3100 Y, ‘JALID © 03 3SOP 3q [[IM JjduIeIp

uej YL, ‘ISnAY} SqIQ00SS PUE I9S/q[(0S PUNOIE 3q [[Im IZIS JUIFUS Y,

¢ AAI'IS

—————— TAOJSNVIL TIAID AdddS HOIH

LOSH

64

NASA/CP—2006-214329/VOL2



$692L0-2/€0L0S6(W)LVY

sauibua 19)ybyj [eonoe} pue sauibua yodsues)
[E1219WW0D JUaIND JO Jey} XOE 40 SIN0Y 1oy 0006 = 10} S|9AS| Ssals pue
sainjesadwa) ajoko xew je ajesado jsnw sjusuodwod walsAs uoisindoid | OSH

(uw) ewny
00S ooy 00€ 002 (00]8 0

LB v 1 7 T T T _ T T LI S | | g— T 1 7 T T 1

L. ..‘.sﬂ.oo .......... ............... ; SOF

A UoISSIN dluosang : /
[ } 4, ‘aimesedwa |
R TR W € — 1 H 000z
cwo_mm_i o_coﬂmm:m
L | A A . Ll 1 A _ 1 'y 1 A . J VRS SR | A - 5 1 i 1 80@
18ybno | uoissiy duosiadng
II.JI

LYOdSNVYL TIAID d33dS HOIH

LIOSH

65

NASA/CP—2006-214329/VOL2



*SINO0Y J10jJ sdanjeradurd) 3[4 3saysiy

S JE SJIS JUISUD SIY ], *I0Y [[NJ 198 0) duil} dAey J2AduU sduins y) pue jjoaye)

je sIINuUIW 7 J0J J0Y SI dUuISud diuosqns e jey) st juiod J9yjo ay ], ‘danjeraduid)
J9[uUl 22139p (8E Y3 03 NP J0Y SI JUIFUI oYM Y] Inq ‘A[[e103dsa Jajyns [[Im
UoI)I3S J0Y Y], ‘ISNIY) )eIouds 0) YsIy LI19A aae saanjeradurd) 3[d4d ay) uny)

S1 1B 3y} 2.19YM 3J 0000L Ie aSInIdJadns 0], *SauIud d1U0SQNS 10J UBY) IIAIS
310Ul OU AJE 1Y SHUIWAINbII aanje1aduia) 0s ISIOU MO] J0J JJOIYe) Je PIZISIIA0
st ouIdua 93y ], ‘seuIdud asm.rotadns ur anssi ay) s1 LJjiqeanp aanyesaduwad) Yy

b 4dAI'IS

LAOISNVIL TIAID d4HdS HOIH

LIOSH

66

NASA/CP—2006-214329/VOL2



NOISSIIN AINVS ¥OA HONW SV SAILL S€7 LNOAV SI LSOD TaNd

AADNISSVI/IVO 69 YADNISSVI/IVD 791
T LY %1°0C TANA/OVd
471 006%9 a7 00099 IVd
d71 T9ELET a7 99087t TANA 0014
a1 0859sS a7 000S9L MOLN
0008 JAA 000S IONVH
$6¢ 00¢ Jvd
14 14 SANIONHA
00€-0veEvV LOSH :NOSIIVAINOD

"7 OW ® LISH NO AAISNEIXE ST LHOIAM

LYOdSNVYL TIAID d44dS HOIH

LIOSH

67

NASA/CP—2006-214329/VOL2



*1L.DSH 243 uo anssi 31q € 3q [[IM JYSAL ‘133]J JIU0SqNS JUILIND Y} U0

q 13d (ST$ Se MO[ Se ST JIqUINU SIY ], ‘dUILIIE 3y} 03 UINJII J[UIOUOII JUNES

3y I3 03 duI3ud J13d 3o11d Surpes ul uoINPaAI )TZ$ Ioqe dxnbal [[IM Isearoul
YS1oM (] 1 V °peojied Jad [anj aJ0ul JOf B ISN [[IM Jjerdare diuosiadns y

S AAI'IS

JLAOISNVIL TIAID dIAAdS HOIH

LOSH

68

NASA/CP—2006-214329/VOL2



DSS'1°40S9°91Sd000S AVdAd :SOI'INVIAAH

A00€‘DISd00ST . VIAl :1dANdA
A0SY*OISdO0T  669€-"T-TIN TIO . SaINId
g by sy WLYEGL =S 01
A008T = 9S.L LoA
A00TI = €L LS dd JOSSTAIINOD
4079 = SLL L€ dd NVA
A08€ =7L b'T JAIINAN HOVIA
VISdL OL 969°b1 1.90000L OL S'IS :AANLILTV
SINAWIIINOTA LOSH

LAOISNVIL TIAID dAAdS HOIH

LIOSH

69

NASA/CP—2006-214329/VOL2



*32UdLIAdX? JUILIND UIY)IM [[9M 3] [[IM Spaads

3 [e19uad ur Jnq P3jdIAs 3daouod [euy) 3y} uo puadap [[IM S[eas Y} 10) spaads
Suiqqny ‘eisd | ueyy ssIf s1 saiojeredas pue ‘sduns‘yue} 3y) 10y dinssaxd

yuis “gisd op pue g s33139p (79 Ie 3xeydsip uej si uonezrnssdad duns
[eordA], ‘uorssiu 3y) Jo 33 druosiadns Suo] 3y) 10J SUOHIPUOD LD [eddL Y,

9 HAI'IS

JIOISNVYL TIAID d4HdS HOIH

LOSH

70

NASA/CP—2006-214329/VOL2



JYOLSNIINOD dd'T HLIA ATANIHOVINOFINL

6EB° VS
‘OLLESLIN

JLYOISNVUL TIAID d4ddS HOIH

LOSH

71

NASA/CP—2006-214329/VOL2



*I: 0Z Inoqe si onjea danssdad

[[BIAQ 3N w:a. 10J mnccﬁ.::_ danjeradur3) 03 Inp SIUISUA d1UoSqNS
ssed£q yS1q 0} paredwod mof aae sdoap danssaad [Bas a1y °S[eas JIe yjuLidqe|
pue ‘sduins [83s U0qJIed YjIM uejoqan) Mofj paxiu e si duisud fenydaduo)

L AdIrIS

LAOISNVIUL TIAID dHHAdS HOIH

LIOSH

72

NASA/CP—2006-214329/VOL2



AINATIAIXI (T
HONVINIOJTAd
LSOD AONANAINIVIA
LHOIIM
LSO
I'+020d (I :SISVA NOLLOATHS

HINIIAGVT LAVHS Y4.LNI
STVAS NOIVD LAVHS JH.LNI
STVIAS NOU VD HH04d

STVAS NOGIVD ADVA :STVAS dNNS

STVHS DILV.LS
STVAS HSNA4
STVAS HINIJAGVT : STVASHUIV

wXO4TOOL.: 'TVES AYINITHOVINOIANL

JAOdSNVIL TIAID AdHAdS HOIH

LOSH

73

NASA/CP—2006-214329/VOL2



‘spuewdp Inbrun
pue ‘2uaLIadxa ¢ ($) [+D0O( SULIIPISUOD IPLW 3 [[IM SUOIIIIS [eul) Y,
-£1ounyoeurogan) LDSH Y} 10J UOHEIIPISUOD USISIP IIpUn S[e3s JO ,,X0q[00L,,

8 HAI'IS

JIOdSNVYL TIALD addds HOIH

LIOSH

74

NASA/CP—2006-214329/VOL2



L661 ‘8 190

apig A10ss922y auibug ‘@jzzoN pue auibuzy

(z 10 1) siojen)oy dejq yusbionuo)

(¥ 10 1) s10)eNn)OY Joo( Jouu|

(¥ Jo 1) sio)en)oy 100q JaIno

MINNDY UTISI( SWISAS [VITUDYIIPY

Jd) - 4SH

75

NASA/CP—2006-214329/VOL2



L661 ‘8 190

apIg K10SS022Y JYeIdIIY ‘9]ZZON pue aulbug

(z 1o 1) sio1enioy dej yusbianuo?)

(¥ Jo 1) siojemoy Jooq Jouuj

XoqJear)
Kiossaooy
aweILINy

(z1o1)
siojen}oy dej Juabiani(

(¥ Jo ) siojenjoy Jooq JaInO

MIIADY] USISI( SWIISA [PIIUDYIIPY

Id) - 4SH

76

NASA/CP—2006-214329/VOL2



26/61/60 1dd'2SOIMLIW ‘3T

jons1 ssaulpeay ABojouyoa ) \/

1eoA |edssid
10 00 66 86 16 96
| | ] ] | |
1 i T ] 1 L 1 00°0
] . 1
Kienje@ ¥aa ¥ad 4
jusuodwo) woysAg | wayshs ! r
{ouo) |jojuo) josuod | 4. m
ajzzoN ajzzoN | ajzzoN | 4 =3
]
" ! " -+ szo w.
1 -
\ " : T «Q
] ! ho
! | i ! T m =
' ugsey ! -+
' pajsal " uolsid 2 pW.
, dojenjoy ! 9 1 T > m.
' 92 [Ind4 X
" ! BuisnoH ! T+ os0 &
' " ' Y — m pIv
[}
" @ ! Q ! A% L g >
—_ —— — — S S VAN S U — —_— o i —t
- “ i =9
1 ] —— n
" m | 1 28
" ' Wielque 4 Bap 005 o 9
" " " BN sro -
! " L %Y yueique 4 6ep 002 T - W
' ¢ _ agiL 4 re)
! !
! _ " WL ..m.
1 i 1 —=4 =
' ! ! ~
1 ! 1 .
1 ! 1
! | i lols @ - 001

yBiap 103en)OYy |93)S
| WB1aM J03en)oy [eudjeiN-3yBramiybi

juswissassy pue Bupjoes ABojouyos

—

LX-d 2138 ABojouyoa | S|0u0) odO- Il ¥SH

77

NASA/CP—2006-214329/VOL2



paxmbaa £3ojouyd3) Jo 243 LISH W)

0) 323 03 paydadxd a,._u_u.s_ u1 uopdNpal pue Ljmqeded arnjerdduid) Ul JUIWDUBADE
Ay} MOYS AIY ], °S[Eas puR SICJBNJIIE [BUIN)XI ) J0J SIIBYD ILIPUW 1€ ISIY],

1T ANV 01 SIdAI'TS

LIOISNVIL TIAID AdAdS HOIH

- | IOSH

78

NASA/CP—2006-214329/VOL2



jone] ssauipeay Abojouysa | \/

Jeaj |essid

16/61/60 Ldd'ZSOIHLINW ‘314

10 00 66 86 16 96
“ — ] h n " 00
' \ ! .
\] -
fianieq ¥aa ¥ad 4
wsuodwo) woyshAs weishs O >
[013U0D) jonuon jonuo) -1 o
8jzzoN ajZzoN | ajzzoN | |eag jsog pajes - AliqedeD pajessuowsg -
. pini4 onespAH - i S
, 1olenpy ! X end - T oov 10..
| 8zIs |ind ' jond - aunxi4 1 9
u) siees olweukq g onels ! 10Ny ujsalL qe (7))
' ujisa) g8 T 1)
v ™ vy v__.J &
(0D Sjeag olweuAq B ONeIS m ! " 41 o
" ! " ® oo ! Awu
' i ' fupqede) pajesjsuowsq 1 - m
1
: _ " 1 o
' ! ' m
' ! ] 4
) ' 1 g
1 ! 1 4 ]
" " " O
1 " ! |eag iseg 109|8S - |09 o)
1 1 C
_ ' ' pinid dlneJpAH - n o
¢ Jolenpy ' ' jond - T o
“ 8zIS |ind ' |and "| alnxi4 o =
u} Buiy uojsid oiweuiq ' Jojenypy ul1sa) ge =
! . ujisa] gely T <
] ! ' e
Y | . Y.V _ VY T
] ! ] ;
...lw|||>|L||||..||_..|||. — —_— e — o= —)- 002
{eos Bury uosid olweukq
UofjedlIdA

Aqedes ainjesadwa] [eag J0jenjoy

jJuswissessy pue Bupjoel ABojouyos ]

ZX-d ome ABojouyoe s|o5uod

~ 9dO-Il¥SH

79

NASA/CP—2006-214329/VOL2



ABojouyoa} JuaLND Woy |3 XON Ul UoRONPal %Gg ue salinbal [eob suolssiwd 9sINID

Sunoy 0006 -
, Y7 -
Jejsweied fjsenes xON 8jyoid uoissius U0 IBYMAUBAS %66 —
b S0 0 _ asinuo auosqns Buunp %566 —
~~trrrr+++r+r4 0 . @sinuo ouossedns Buunp %666 —
ViV0 ¥01J38 dd}
>~———————
oo 3 Kouaioyse uonsnquiod  «
(1] 2 XON (pasodoid owuossadns
861 Buisn ‘AjloAneus)) dvd3 199N —
0z SUOISSIWLB DHN PUB QD
, (pa50d0Jd ouossadns
18P 103298 dd1 LOSH B 861 Buisn ‘AjAnelus)) dvd3 199N -
‘e ‘ABojouyde} Juemnd A6ojouyoa} 1s9q
I3 XON 2sini) suossadng JUaLIND MOJaq |3 XON 3SInUd Jluosang -

¢ mojaq |3 XON @sinud dluosiadng -~
suoissIwa XON

j0)snquwion) Aouaidiy3 ybiH ‘XON moT-elin
‘a1qeIA JO 1002 Aq ssauipeay ABojouyoa] ysijqels3 UoISsiN

———————————
INOdSNVYL TIAID A33dS HOIH

LIOSH

80

NASA/CP—2006-214329/VOL2



‘pa3dadde syudwaainbaa 311 3y) uo uipuadap

Pasn 3 ued SIdUI] J0)SNQUIOD dffferdul damerddurd) yang 1o DA Y yoeoadde
( pazriodesaad/paxrudad uea))dd ] ue Suisn XQN JO [9A9] MO[ SIY} Pajerjsuowap
sey 75 °dUO0Z UOHSNUIOD [RIIUI AY) OJUT JTB OU IO )] L3 ued sIdul| Y I,
*ASojouyd3) I0)SNQUIOD Ul ,, UONUIAUL,, Ue PAIIMDbaI SIY ], °IHS 0) PIjIUI] Udd(q sey

asIId d1uosyadns je uonerduas xQN 313ydsojexys ay) ur A 3snuwr 1 HSH Y3 dUIS

(A 9C (L1 IS

JHOISNVYL TIAID dA4dS HOIH

LIOSH

81

NASA/CP—2006-214329/VOL2



dl i
A _,_____._ doo _______ e 3__ _w/ ) ,_,.:m.“.”: .
S T T e LT L

o ey I g o

LI (porwosy swo)
. uig Kopedseyy,  PU1JOPUF

| 3upd
/ JdL 070" e=ip eu./_ _JuceU asapy 1938 3updg

b /_) b

T A "
\‘. ! e_-.uEOU JIwesd))) "y ® B_v__-.ﬂ“\: _

|
IO : R R
080° Buysng apixQ fdwoy 1My, J i

= 0000'1 =
Eeu:c.u «:oE:uwt< Em JOH - Joury (I

‘3014 JudWIdO[IAd(] S[BIIAJRB]A JAUIT] I0)SNQUIO))

INdHA-dSH

82

NASA/CP—2006-214329/VOL2



*UOT)RIIPISUOD JIPUN I SJUIWYOIB}IE JY)0 [BIIAIS Ik
JXaU PI)JII[ASUMOP ST JIUI[ IJIWRIID Y} JI (L ,,UONIUAUL,, Ue SI [BIS [BaT Y],
UIOP JJ'T Ue 0} UHOHIIUU0D JAUI DA B J0] [€3s [en)dadoucd & SMoys Jaeyd SiyJ,

€1 4dI'IS

JYOdISNVYL TIALD AdA4dS HOIH

LIOSH

&3

NASA/CP—2006-214329/VOL2



"JEIM PIJBII[IDE Ul IS PInod Buipeo] 2anssad PP Mo] APANIE[Y.
S0971 40 SISH et ding [esg.

- dueydwo)) poox)PIquIdsse 03 Aseq.

‘yipim ded yuageainbd 7o'~ uy s)NsY - uSisa(y [BUOIUIALO,).

*3[3urys wreassdn uo ooy 1y £q paurejaye.

ydaouo)) uisa( [eas durds [eixy ISulys dd'1

wwa3o.d spouawpy dp)-yovg 101snquio) E &, .m

Shingled Liner
GEAE Concept

Figure 11

84

NASA/CP—2006-214329/VOL2



*JoU]] J0ISNGUIOD YY) JO PUd }je Y) ojul

pajetodaodul SJUIWSIS YIIM JS3} 103938 9SJALD) € UO PIISI) 3q [[IM S[e3s ,, {10[),,
-33eyed] [qeMmo][e Uo ejep 1S3} J0393s Surpuadap ‘(@R AD AD e padojdadp
[e3s,, 10P2,, parednsiydos aioui e 03 defI9A0 UR Se I[J}I| Sk 3 Aew [Bas Y],

‘[€9s aur[ds [BUOTJUIAUO0D JIYJRI € [PIM JIUI] [B)W PIJUIWSIS B SMOYS IPIS SIY ],

b1 HAI'IS

JIOISNVYL TIAID dA44dS HOIH

LIOSH

&5

NASA/CP—2006-214329/VOL2



"UOTJUIAUL
ue se xa[duwod se 0) deprsao ue se djduirs se aq Aewt s[eas dne)s J0IsnquIod AYJ, (€

*AJIqeanp pue ‘SPAJ] 3anssaad ‘azis ‘damyerdadud)
Aq padudjreyd daxe syuduwdambax ureds sud)sAs uonenjyde pue S[OHU0D YL, (T

*3Z1s pue ‘damyerdadud)
‘Anpiqeanp 9500 QY3m 3q [IM uSIsap [eds LOSH YY) 10J SIALIP 31q YL, (T

AAVININOS

LYOdSNVYL TIAID dHALS HOIH

LIOSH

86

NASA/CP—2006-214329/VOL2





