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Sealing Issues for Hypersonic Engines

In most applications, air-breathing propulsion systems must operate over a wide range of
flight conditions. Variable geometry in the flowpath is generally required in order to
achieve adequate performance levels. The variable geometry elements must be sealed to
prevent performance loss due to leakage of high pressure air and combustion products. In
hypersonic applications, the sensitivity of performance to leakage is high. Furthermore,
any leakage of air in a hypersonic application can lead to a catastrophic structural failure
due to the high temperatures involved.

Stagnation Conditions Along Air-Breathing Flight Corridor

Unlike rockets, air-breathing engines must operate within the atmosphere. This chart
depicts the stagnation conditions along the air-breathing flight “corridor.” Stagnation
temperatures reach 7000 degrees Rankine at Mach 10 (about 10,000 ft/sec).

Temperatures in Hypersonic Air-Breathing Engines

Fortunately, seals do not have to withstand the freestream stagnation temperature. The
maximum temperature in the inlet boundary layer is much less, only about 3000 degrees
Rankine at Mach 10. This is largely due to wall cooling effects. Throughout the
flowpath, maximum temperatures in the boundary layers will be in this range given the
wall cooling required for current materials. This is a good measure of the secondary or
leakage flow temperature against which the seals must act.

Three major programs...

The three major programs currently funded in the United States cover three distinct
applications of hypersonic air-breathing propulsion. NASA’s Advanced Reusable
Transportation Technologies (ARTT) program is exploring the use of air-breathing
propulsion for space access. This application generally requires a highly integrated
propulsion system that accelerates from sea-level static conditions to orbital velocities.
Low structural weight and high reliability are of paramount importance.

The primary objective of NASA’s Hyper-X program is to demonstrate that a supersonic
combustion ramjet or “scramjet” engine can power a flight vehicle at speeds up to Mach
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10. The application for this type of propulsion system is mainly for a high speed cruise or
“Global Access” vehicle. The thermal environment within this class of flowpath is more
severe due to the extended period during which it cruises in the atmosphere. The design
of this type of propulsion system is biased toward cruise efficiency. Cooling requirements
dictate the use of liquid hydrogen fuel for at least the high speed portions of the flight.

The United States Air Force Hypersonic Technology or “HyTech” program is developing
air-breathing engine technology for high-speed cruise missiles. The air-breathing
propulsion systems for this application have the additional requirement of long shelf life,
which dictates the use of storable fuels such as gelled or liquid hydrocarbons. They must
also endure much higher g-loading, and since they are expendable, be inexpensive.

Advanced Reusable Transportation Technologies (ARTT)

The following 11 charts describe the ARTT program as of September 6, 1996. The
ARTT program is one of many under an overall effort known as the Advanced Space
Transportation Program (ASTP). Under ARTT, Contracts were issued to Aerojet,
Kaiser-Marquardt, Pratt-Whitney, and Rocketdyne to develop technologies relevant to
their particular concept for a rocket-based combined-cycle propulsion system that would
power a launch vehicle into low earth orbit. Guidelines given to the contractors were that
the vehicle be reusable, single-stage-to-orbit, and LOX-LH, fueled in order to maximize
the impact of air-breathing propulsion on the reduction of launch costs.

Hyper-X Program

The following 7 charts describe NASA’s Hyper-X program. The primary goal of the
Hyper-X program is to flight-validate the performance of an airframe-integrated dual-
mode scramjet flowpath at Mach numbers up to and including 10. Four flight vehicles will
be built. Each will be ground-tested to the maximum Mach number attainable in ground-
test facilities.

Hypersonic Technology Program (HyTech)
The following 9 charts provide an overview of the Air Force HyTech program. The

objectives of this effort are to develop and demonstrate hydrocarbon-fueled scramjet
engine technology with application to hypersonic cruise missiles.

166



o S A A A R R B R R AR SR S

| suonsanY

JOBJUOD JO JUIOd -
1obpng -
snjejs pue s|npsyos -
yoeoudde |eoluyos] -

saANoa(go pue punoibyoeg
sweiboid ‘SN uaun)

22
3
.
%
%
2
A
%
R

JuswiuoliAug d1uosiadAH

SRSSE0S5aRAR8ARA3AR8080R8808

SN

sanss| Moj{ Alepuooag pue s|eas

3 AAAAA5525 385300

auINO

2
5%
.

%
2

33
2

X
Mﬁ OO ORI KN M G R N M N

S R L e e %% A e L e TR R R A%

X
T A NN

SN AN SIS A UMM

\u
2
7
&
7
$%
7
3
2
7
2

o

~
\O
-



SN SN

SRR IR NV I A A S S N

AT

.........

s JOJUDT) UOJROSOY SIMO™T| s

...................................

....................................

..................................................

‘S]o)001 Ul SE 819Aas se S| saulbua ojuosiadAy
Buiyyesaig-ite ul sdwndogin} oluaboAlo uo puews(

‘saulbus Buiyjealig-iie oluosiadAy jo Juswdoljensp
8y} ul anss| Jofew e aiojaI8y} S Buijess yjedmoj

‘salnjie} oiydolise}ed 0} pes| ued pue
‘souewopad aonpai seb joy Jo (syes|) smojy Alepuodss

abuel "ou yoep\ apim e Jano aouewlopad ajgeydsooe
10} palinbai Ajjesauab si Aijpwoab ajzzou pue }ejui sjqelep

sauibug o1uosiadAH 1o} senss| Buljess

IR

S A A oy S Y S Y A OO

RRDNROOM AN

168



A A R S Y R T B B T PR3

N

A R AL

e e oeces N

¥

%

235/1} 0001 - AM9OI3A
gL 9L L ¢ o 8 9 ¥ ¢ 0O

jop1u0o bl 4 EEEE —
: 6 . 000°C
z'ut/mof} 1B — - —

eisd - aunssaid |e30 )
, - 8dniesadwal (30 — — \ ‘

Ill[l1ll_rllll

........
...........

r I | |

.L\\.
5050

\ . os

00l

Q)
0
...........

- — 061

00¢

0S¢

10p1I09) WBI4 Buiyiesig-ay Buojy suonipuo) uoieubels

asanoss | mwcmo :O.- mmwmm W_\Sml_ R LR Z L V5 1 “&&\&\S\m

00€

1 0001 ~
apniil|v




s,

wasess | WIS Research Center s

N

R B s

Temperatures in Hypersonic Air-Breathing Engines

%0.000 T T I
40,000} -
20.000+ 1 lonizatiot
region
20,000 . |
N
Dissociatis
10,000+ =1 region
9000}
8000+
7000 5
T 6000+ | Dissociatic
“» 5000}~ region
3
= 4000}
D
=
E 3000 Vibrationa
excitatior
region
2000
. SN
A
1000
900+
800+
700 ideal gas
600~ region
5001+
4004+
] i 1 1 A
3000 5 10 15 20 25

Freestream Mach number

170



£ O Lo N L

...........................................................................................
R A S S A S R A A S A S R S s R S B S B S0 G SRS BHSEI S SS e S A S SRR 553

....................
3

w swa)sAs suodeam AtejjiN
m weibold (Yoo | AH) ABojouyda] ouosiadAH 4ysSN -
|

5
IO ORISR S

sseo0e [eqo|b ueliny/AeliN
weiboid-x oluosiadAH YSYN -

$s900E 90edg

| welboid (1 1 MV)
salBojouyoa | uonepodsues] ajgesnay peoueApY YSVYN -

NN A T e NN N N S SN ATV
S O PP SOOI N OO MO I O SOOI

‘G’ @Y} Ul aAnoe Ajjualing ale uolsindoud
Buiyyeaig-lie ouosiadAy Buiajoaul swesboud Jofew saiy ]

SEOEIIEOANIMROENNN 2

171



1GE2—d1SY

9661 ‘9 1oquiaydes

snjels 109loid

(LLYV)
saibojouyosa]
uoljeliodsuel ] ajgesnay pasuenpy

172



80€ 1 —uBjd uonBlodsuRIL

1S09 yaune| Jamoj 10} pasu ay}

Buialip ‘1adeayd pue Jajjews Bujwodaq ale Jelosoeds adudlds aoeds pue yue3

196pnq 2661 Ad S.VSVN JO Jusaiad GZ Inoge 10} JUNOIJE SIS0 uoneuodsuel |

173

saoines youne| ublaio} yum Ajoanooyje Bunedwod wolj S8dIAISS YOUNE]

[E10JOLILLIOD S}ILUY| pUB 90UdIdS soeds pue yues 1onpuod o} Ajige s, YSYN sl 1509 ydune

as|o BuiyjAiana sajqeus 1!
‘piwiesAd patiaaul ue Jo wuiod ayj 81| s uoljeliodsueld] ooedg

poaN ayl

weibold ABojouyosa] uoneyodsuel] ooedg paosuenapy




q6221— uBld uonelodsues |

so1sAyy uoisindoid paoueApy e
yoseasay uo|sindoid [BOIWBYOUON o
yoseasay uonejuawbny uoisindoid

sobeig yoseasay Jue|jadoid NS u| e uonesojdx3

soddq Jajsuel] UQIQO o ABojouyoa] Juejiedold « 1509-mo] ajqeuy .
13m0 n_.n:u sjeualely ainesodwa] -ybiH e 19jsuel]
uoisindoid pieog-uQ o S3INJONIS SSBN-MOT] o uqs0 obseg Aouayy3

. SWaSAS |01JUOD) PAOUBARY e -ybiy 4509-mo1 3jqeus .

youne ¥sid-ybiH ‘peoueApy
uois|ndoid uoneuodsues

1@xo0y Buiyeaiquy paulquog 013 'S'N dZIENAYH o

L J
174

sJ9younen]
[eloIawwo) Wnipap o
juawaAosdwy o_z_._:m

.nao;am a»c_o Ea_ucs_ wi] ejqesnay

ooccszotwm cm__._..“_: “
u..._ ,m : Esxm_ £

J SERORBIRRNOY

suondp A1an00aY
1soog Yi AABaH . $8559001d paujjwealsS e
sobeyg Jaddn . ubisaq 1snqoy ajdwiS uonjepodsued |

peojfed flews ajqeuy i

Buunjaejnuel 1S0D-M0T| PEOUBADY

siayounen jjBws

> bR SdiTfearai mm

v\ g,
mﬁ%

u\#

uonejuawajdw| Abajens



$5€e—d1SY

uolieplfeA 8pod d-40 —

Bunse | /sisAjeuy Bupjooy) jewssyl —

Bunse | /sisAjeuy suoneueA oliey 4/0 —

Bunse | /sisAjeuy mol4 Arepuoosg/Arewild —
Ausianiun 9iels elueAjAisuusd B

aoIye A ouswwAsixy mapN Buisn b4 ydeouo o joold —

Bunse] 8-0 Yyoew —

(s10100(u] dwey) uoneinbiuod WYHOS/INVYHASH0Y —
auApla)o0d B

aue|d X-1adAH Buisn b4 1deouo) Jo jooid —

Bunsaj -0 YoeiN —

(s10309(u ui4) uoneinbyuoD WYHOS/NVH/ASN0Y —
Rsupym 3 neid |

1 Z-dS Buisn ybl4 1desuo) jo jooid —

Bupse] 8-0 Yo —

(s10109(u] Jeinuuy) uoneinbijuo) WyHdAed0Y peseg sulqing —
1pienbiepy-iasie)] W

12-4S Buisn 1ybi4 1deouo) jo jooid —

Bunse | jaued Joisnquo) —

| Bunse ) 8-0 Yoe —

(s10309[u| 1or-InAS) uoneinbiuoD NYHOS/INVH/ASMNO0H —
10[oioy W

SNJ04 }oeljuo)d

199[04d saibojouysa] uoneriodsuel] djqesnday padueapy !

175



§6€2—d1SV

(Buneay oiay)

| S{[eM 8pIS p8j00D
Apanersuabay

| _——spaa4 juejjedoid
| sjusiuyorely [eimjonns

slojoafuj wey

s10109[u] }sneyxg aulgin]

plojluew
uoyoafu] wey

lsqueyn
uonsnquon psjoon
Alanelauabay

plojiuey pue
Joyoalu| 1eooy
slaquey)
joooy
[ENRIAIPUY

sulbuzASIuL diM SLE — ubisaq SjoIyaA Sfeds-jind e
suiBuzAsnIyL iy L~ — BJoIMY 1S9L Pejeds Ajleuoisuswiq ©[eos 9/t e
ubiseq Aeuiwijaid yied mojd auibuz |

1daouon auibuz HHgy 1olosay

auibug ajeos-find ( v_
/ TR
9j2ZON | s0isnquodn
wey IR o D
jo}snquio) wey -
=
S|lEM apIS 8|NPON .% siopoefuj v o
weios g wey — uojssaidwoy =
sjeyooy niis edwon — nas
| (,069) .2'SL1 >
(.06€) 879 > (.00€) Jb'0G —>
101sNquion
Joysnquod wernsg
mﬂnuoz wey j101e(0s| v
(.8'8L1)
861

198[0.4 soibojouyoa] uonenodsuel] ajgesnay pPaoueApy




L562—dLSV

o)ey ainjelodWia] /ainssald jejot

£y Prat

(s18) suibugnsniyyl gy G2l — ubiseq ojoIysA 8[eods |ind e

~_ “Z auibugsni — 901Uy }s9) 9ed o
JolynnsaanIog o5 |~ 34Ul end (s1s) 8ul mm uL h_x ¥ — O[Ol 1S9 8Jeds ﬂF
TN T 1eju| J9ZIPIXO ubisag Aleululljdid yied moj4 sulbui m
i wOLL >
-« 19lwey > loy09f3 _
< ol Jlaesma L . >l >l
— 8|zzoN Joisnquio) _ Jaxin _ _ ue4 _ T ‘
A !
/\ D \/
I >
_ >
n > »
; P =
|
V /
!
: \/ \ \
- eisd 0001od Augeloenay «
‘g HINl ‘IsniyL g1 oG » yied moj4 ojui uonesbajy «
96,8 89, Ul peISSL » 10)8nquiod 153 % wawdojanag uey Juiog ubisaq uo paseg joju| paxiq e
Biem bl o Jejnuuy BIA SB[ZZON g o aseqejeq 19ju| buisixgy
pajoo) uabiay . l10100(3

auibug jefwey bunsixy

1desuo) suibuz 9Ogy penbuey-iasie)

100lo0.d saibojouyoa] uonenodsuel] 3|qesnay paoueapy &=

177



65€2—d1SY

suibugasniyL qiy 12 — ublseq SIoIUaA 8jeds-|ing e
aulbuzy/isniyL gy €' — eIoluY 18] pafeds Ajjeuoisuswiq 8eds /1 e

uBisaqg Aleuiwiaid Yyled mold4 auibug | (91 . UoISUBLI] Jouu]

auibu3 sfeos-ind ( )|

«OF UORO8g
BOJY JURISUOD

(,082) 0L
uoluesu|
oyey juswinqsu|

10} S9550g YUMm
SUOR8S ,6 oIy L

loysnquiod
Buibioniq

g

ydaosuos saajeH ids

Biy 1s91 punoJy) uoneinbyuos auibug Asuliym ® neid

(.ov) .0 uoisuBwIq Jauuj =
saje|d JUnop ul4

uoneso JUnoW

seleld JUNo Ul

1009l01d saibojouyosa] uonepodsuel] ajqesnay padueApy

178




19€2—d1iSV

auiBugAsnyL gy GG — ublseq SJoIYSA 8jeds-|ing e
auibuaASNIYL qIM || — SloIuY IS8 pejeas Ajjeuoisuswiq 8|eds 9/} e
ubisag Aleuiunjaid yied mojd suibus m

sulbu3 ajeos-ind Aﬁ
| (+8€) .5°09 >
Q H- ry
0 —
£ ET
N 9jzzo
N (.es) 122oN // \Hr
w L8 +
S v JUT N (ub¥)
0 W£L
\ lolejos|
2
—| | 950
$10399[u]
jond
ifemepis
18fwey k m
s10)08(u} jond ’
~®_Em._ow ....Om o M |Y_ Tl mN o
(.0g)
+ Nk 4
jend IH!
1elweldg +
—CN_QOO . _.m. F
piatved 0¢€
py auibug

1dasuo suibugz H9gy auApiayooy

100[01d sa1bojouydsa) uoneuodsuels] a|gesnay padueapy :




29¥e—disSY

S00Z | v00C | €00 | ¢00C L00Z | 000C 6661 | 8661 Z661 9661
I, 4
53591 14614 ,
- Z ydeouo)
s1s91 b4
R B L 3dadu0d
, ¥ao
| aseyd wiol} JI93sumoq g
1daou0) jo jooid
¥add0od ] wesboud b4
DR T e ) 9]e)S UUdd e
e T Q;—,m.ﬁ ~__ u“v._ﬁ_)_wv._ﬁz 4
N __ MBde
= TR = __ 100y ¢
— — _ T —, UAPIND0Y
weabold 391 punosn
uaouco“« jooid owsQq xmo_ﬁuw 1 [eonud $3U0ISDIIN
S00Z ¥00Z €002 €00 L00ZC 0002 6661 8661 £661 9661

180

apnpayds 133foad 114V

weabo.ud uoneiiodsues] asredg pasrueApy




LTI - GRS T T L R R R

SN
2,
%

'8 aufpiexooy
Asuyym-peld
90 9]E]S uusd
G'G lpienbiep Jasie)

. 10lolay
:(lejol NG) Sioeqjuod

IIGOOM IO IIIDISIOIIIISRSSESSIFE SO AR
-

9P
O

%
2
7
2
%
2%
5%
2
E
22
7
2
75
%
2
v.u
%
2
24
\
2

ogel 0¢s ¥Vv.ic Lve L} 0¢ eve G§
101 20Ad I0Ad O0O0Ad 66Ad 86Ad L6Ad 96Ad

181

(N$) 139angd

welboud (1 IMY)
solfojouyoa | uoneuodsuel | ajgesnay padueApy YSYN

4&}4.4\ .\.\%

s .._mw_.‘_mo —\_O._ mmwm”_ Si \sml_ e . Y - s
. G55




R A B B A R L A A Y T R A I A A A e A R e D A A S e A S A IR R 02348

€e0S-¥¥S (502)

| Jeuen B4 oeds leusIEl YSYN
la)JonH amn I :10BI0Y JO JUIod

weltboid (] | HVY)
salbojouyoa | uoleuodsuel] ajgesnay paosueApy YSYN

7 z R A A N e
gy mecmo —.—0 -_mmmmm w_\sml_ e R

182



96-81-0LHINOHET

96 N[ -- peaye-ob weiboid X-18dAH e

96 190 € - 96 1EN
ubisaq ejepipue) laidepy Jajsoog
-0}-9|91Ud A\ pue 8[oIydA yoseasay X-1edAH :||| eseud

96 Je|\ -- 6 bny
uoijuljeq 1deouon yelolly yoesy |eqojly | 8seyd

Apmis
ubisa a|olys/ oluosiadAH Buiyiealqiiy |end-jenq e

uoisindoid uolneine jeiauab pue weliboid-x
oluosiadAy <-- ss8001d MaIAB BAIAINS OM] -

c6 099q - Sweiboid-y, erepipued g| Ajlsjewixosdde
seljjuep! Wesa] onig, solineuoidy YSVN e

punoisyoeyq

183



uojjonpay YsI4

-€
7 jeuuny 1x,L
jauuny ,01x,01
m s}sal ubjsaq sju|
Aupoed y-1sd _
1saj uoysindoid uoisindoid
solweuApolay
ubiseq walsAs pUqAH w’ i s} suibus
pooueAapy ‘s - 0 yoep 8|eos-|jn4{ —
S e SISBL IO
asindAy ui O%S AdH —
sisal yiedmoiy <
aleas-|ind 0i-4 yden
11H 8 ul
@ sisa] y8fwelog
& . ajeog-jind £-G UEW
sisa} 1ybiy 114 8 uj sisaL
patamod \ /u&. 3)9IYaA-X
4 8[oIyan-X — 3jess-lind 2-S yoe
spaads ojuosiadAy o NS _%m lind 2-S YoeW  owabeuey
ybnouy; jjoeyey [euisay |
:uojsuedxa-adojaAus uopjenisuowlaq sojweudpoiay
19[weiog pajesbajuj ’ q
9|gesnal e« awelpIy 01-§ Yorw uolsindold
aue|d-X uois|ndoid
8]oAD-pauIquwo
PAD-pauIquog | 9seud
A jujod
uoisjosq

uonepIeA usiso(

juawdojensg

uoiepliea
Abojouyosa]

Abojouyoaj

184



96-81-0LHINVIHY]

spoyjaw sisAjeue
Jubisep ajepdn/aiepljeA pue (Jepouw, Se 8|diyaA yolessal Jo
1se} Buipnjoul) sisa} punolb pue bl wolj synsai sjejelo) -
_BuidAiojoid pides, Aisnpul yim sassaoold YSYN alelbaju -
s1a}s00q pue saijioe; ‘spoyiow ubissp bulsixa asn -
| saJnjonis
ajdwis ‘sjeusiew Buysixe Jo SN smojje awl} 1se} pajwl| --
b1y} 1ed elep enbiun Jo spuodes +G 8Xe]-
layealay}
1eak 1ad auo AJ} ‘8661 Ul 8joIyaA yoseasal isily oyl A4 -
Wby Bunels@ooe fosinio 1olwelds 0L Yoey -
apouw 1olwelds :/ Yoew --
18lwel woyy uolisuel) G yoep --
:SUOIIPUOD 1S3} INO}
JO 8UO 0} 8|2IYdA Yoieasal snowouone yaes 1so0q 18400y -

(10 - 26 Ad) S®ldlyaA yoieesal
1olwesos inoy A} 4se) punolb ‘pjing yoeoiddy e

TUDI} ul eouewiopad jefwelos spow-jenp ‘pajelbsiul
-awelplle alepl|eA Y4oAse awl} }silj 8y} 10 [e0H e

[ oseqd X-JodAH

185




UOUIOOWILLNINHAX 3 L1HOTd X-HdAH/I
96-91-01/5A2'8000EV19d4D/0H®

sojisua)orIRY) [01jU0) puk AlljigelS palamod sadjejsuoulaq «
Anqesado pue asuewIouad 19fwesdg usboipAH sajelysuowaq «

ININIHIdX3 LHOITd X-d3dAH




96-81-0LINOLS] sajqesant|ad AV souoisal N/

pajuawnaop sjoo} @ ABojopoyiaw pajepijea pue paoidwy g|
uojesa|a0oe—isal JYbi|j ajotyaA-X 0 YoBN |1
as|n10—}sa} bl 8foIydA-X 0 Yoel. 0l
159} by} 9121YdA-X G YoeW
1s8} ybiy ajdIyaA-X L yoepw
sisAjeue AyApisuas ubysap suejdiie 0| yoew
ejep Jubly) Jo/pue jauun} puim wouy parepdn sjooy @ ABojopoulsiy
LLH ‘Y-8 Ul 183} 9|dIYaA-X
pajeduqe) 8[31yaA-X
papieme JoBIjU0D uoljealiqe} ajoIyan-Y
umsmm_ d4H {.palejdwon,, ubisap ajotyan-x
palinbae ejep %00[|-491nd

™ ANM<TLHOMNOO

S K [,
%3 @8 vas Aws VARV

_
o002 0002 6661 8661 L661 9661

oINP3aYIS [ [PA9]

187



€891 09¢ <¢¢vr 0cyr G0 9./C
101 Z0Ad 10OAd O0O0OAd 66Ad 86Ad /L6Ad 96Ad

(W$) 139ang
.

PRI

Juswiadxg b4 1elwerdg x-1odAH YSYN

:
W
Z
a
M
mm

e i e o]

gw J mﬂc o O F—O J1BOSD m Si \sml_ e L 2

188



R{RAR LT ST IR R LT C E ER IR LA AL vy

DGR LIRS R AL IR AR L TE LA AR LS L AR RIS LRI AL

o I e d eI L L L LA G QLA E S CLLIL LI 2 L2 LRI R TR

1216798 (LG2)
181uan yosessay As|bue] YSVYN

yosney souIA "IN Joejuod jo juiod

juswiiadx3 Y64 Jolweldg X-19dAH YSYN

NN AR A A A A A AT A AR NS
S A R A A A3 35S

R

s

SAA A%

RGeS

s B R R S T
s -_mucmo —-—0 J mmwmm w_>>®|_ e e e

%
&www.s\\\\vvw\\.“»

N

PRGN

SRS

RTINS

SO

IRTRORTRTRNERS

AR

SR

AR
RS

AN

S50

S

SRS

PRI

3R

SRR

SRS

X

SRR

RRIIRRINR

SRR

189



- - Kiojesoqge ybrm

AQ (y99LAH) weiboid
o9 oluosiadAH

T T LT e R R = AR

10N



so|o1ya/\ diuosiadAH
jo Ajwe4 o} auols-buiddels As) o

jequio)
ui ajqenoddng Ajjeonsibo] - Aunqeing -
Aupqixsjd/uoneaijdiynpy 82404 — adueuwilo}lad -
sjebie] |eonD-awll S| — AujiqesadQ -
yiesis INOYHAA S|qeAlnIng — Ajgede)
ajissi| @sini s1uosiadAH auibug psjeng-uogqies0ipAy
o} uoneolddy wua]-ieapN jennuajod « 8- USEN ajesisuowaqg/dojanag -

T

| EEmcE
&fn_ E_ 1198 Yoo LAl




suoiiunwiqgng pews —
3y 9sodind [esausy —

lojeq}puad —
:peayiep) «

= >

19)so0g 19420y pijos + 1alwelog uogiesoipAH :uoisindoid e

SdD + SNI :9JUEpPINDY .

+ 1 000°‘001L 9pNINY e

NN 0S. :abuey .

8 yoep :poads .




uoljejuawiniisuj
/sapoed

sllieiog g=| Joj sapjioe. pue ..:.n__ﬁ.ﬂcmE::w_r.Imm 1

suigousyU3 ABojouyosy jefuieios.

yredmoj4 auibug

nogouig

70t spouyja|
- Bullopo yiednol y/solpms 1deauog WelsAs/sasAlEUY oISSI |eonAjeuy/sisAjeuy

i G6L2 |GGL

193



uonesado O Mo
S3SS0 2iNssaud [e10L
uonesadQ yoep mo-
sjand Jtwiaopuz J9A
u

uoneibaju
CIBIIIEYN juswabeuepy
Jewday ] pue sainonas

$95507 pajood-Ajoaneisusbey
aousahbianiqg Buipjoyswe|4

pue Hunojid

$9SS07
MOj4 UdZ0.4

Buixipy pue
uonosluj jon4

9|zzoN \ 101sShquio)

1sheyxyg

" soBueyey
~ Jestuyoa] auibug

101e|0

$3INoN4IS
pajoon-AloaIssed

adojaauz
nauepy pue ybij4 ay} 1OA0
onelado pue souew.oyiad

aouew.oiad
asIniy

ainyden
SSep\ 1900V

oney
8.nssaid

Bunaels
S|

N

SIONITIVHO
TVOINHOAL




SOAINPPY
Alpuali4 Ajjejuswuoiiaug,, —

S|and « adojoaug ssoloy Anjiqesedo —

buijood aandy/mold BN - ggyewIOI9d aulbug pajelbajule
Juswebeuely jewtayl A1jow09s o|qelLIEA —
Ageployy/Aiiqeinioeinuep — uoinjesadp 19lwey _um.wc_m MO —
sden pue sjeag — ME}S PIOD —

sbuneon — Buiniels e

BuijooD anissed "SA aAnOY - sdoiq ainssald jjews

Aunanedwog jend - yum Aousroly3 uonsnquiod ybIH —
6 :o__%ohm\ms__omm suoljes2dp b moT -
obP3 BUIPESTISIHI = sply uolisnquog/uoniubl —

uoneziajoeieyd
Speo- 211SNOdY/1edH — Buiinpayos/bunxipuonasfuj —

s|eLI91e/sa4N1oNNS o $101ShquIo] o

juswdojenaq 1elwelas uogs e20pAH _.
suJaouo)/senss| Abojouyosay




(seusodwon s1welan 10 uogJen-uoq.ier)
9|ZzzoN poJ|00) AloAalssed —

10]1d/Avju]
[and pue Jolsnquio) dljjela|y pajood-|an4 Ajjediwiayiopus —
(sbuneo9 Jauieg jewsayl yym oljjelsp)
}9ju] poj00) AjoAIssed —
(sansodwo) os1weian) sabpg Huipea] pajoon Ajanissed —
sainlonilS e

(o1wiayjopus) pajeng uoqied0ipAH snoasexr) —

9]zzoN dwey uoisuedxsg sjpuig —

S10]id Jauinquiey-luljp —

loysnquo) buibianiq g-g —

loo(Q Hels apis-Apog yum Joisnquionaaiul g-g —
yredmol «

|




s||ays 4810
alsodwon siwesdn Yy siniis aljjelsiyl pajood-|ang —

(11vYS D170 @981d-2UQ)
9|ZZON/i01Shquio)13|u] pajoo) AjdAanelpey —

sabp3g Buipea ausodwo) sjwela) pajoo) Ajaaissed -
S91N}oNJ1S

a|zzoN duwey uoisuedx3 a|buls —

(1an4 uoquesoipAH snoasex) pue pinbi) siojid Auned -
uonaaluj |ang 104 sinAS YU 1oisnquiod g-¢ -
Buipiels-jlos -
}9]u] uoissaidwo) jjemapls g-¢ —
yredmoi4 -

' 1desuog suibug jelosay |




A AT A A A A A A A AR ARSI AR AR anan: RS
e e R R4 R TS RS AR SR RO SO R e

"

"™
2%

N

R

R LeW|S ResearCh Center %

-

N
(g

L
R T

3%

22

FY02
12.0

10.0

00000000008

LRI

0.0

BRIttt s bty

1004

3
N
3
3
X
N
Y
3

%

=

BUDGET
10.5

IR ARk

BT

®
¥
;
§
R
&
:
:
¥
b
3

3
3
3
]
%
X
N
S
3
]
3
Y
=3
W
g
E
]
]

10.5

USAF Hypersonic Technology (HyTech) Program
3.8

N
1o

- Aerojet and Pratt-Whitney (UTRC) contracts ($M)

- Nominally $20M / yr (total) FY96-FY02
FY96 FY97 FY98 FY99 FY00 FYO1

- Balance to high risk research efforts
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