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Minf = 2.94, Wedge An?le = 10.0, Rey = 1.28 X 10
| Yaw Angle Distribution

'40(“\ Eﬁglersige(n‘tws Solution

N ——Mesh = 60x40x130 =
0 20[ P, T Mesh=40x40x10.0=

e

—
(=
n
‘}5.
e i TR e Ao R

2.4 x
16x10°
YG = 125

0 20fn 0t

. jl 40( 20 P;;‘;E%:a;h _ A
- | teo-e—o-0-otmo-o-o—o—se0eo Y = () 75
40 20 Sb\ .

20 |- 0L

0oL

M'QHW)MQVOMH YG = 025

0.0 0.5 1.0 1.5 2.0
Spanwise Distance




e 25 ‘f,:
E . GLANCING SIDEWALL SHOCK INTERACTION 5 B
Minf = 2.94, Wedge An?le = 10.0, Rey = 1.28X 10" 7
. Yaw Angle Distribution . -
i '40%‘\ | E;EFQES;:FEN&SXOMWO = 24x102
¢ 0 20l ————-Mesh= 40x40x 100 = 1.6x 10°
g - YG = 125
" 00 20> 0L
‘. R oeeosemsrowrm YG = 1.00
0 20 \\\°~
. Y6 = 0.75
S 0r 20k, 0L ' . ‘
§ <_C:l M YG = 0.50 ;
T %); 20l ol | ' : |
: < #’\m@ vvvvvvvvvv oo YG = 0.25 ;
iy e s 10 5 20 ?
Spanwise Distance ‘
GLANCING SIDEWALL SHOCK INTERACTION \

Minf = 2.94, Wedge Angle = 10.0, Rey = 1.28 10°

Yaw Angle Distribution ‘
!
or Experiment _ o
Analysis ( PNS Solution 5 4 i
N ——Mesh = 60 x40 x 1 O=2.4x105 ,
O B _Mesh=40x40x 100 = 1.6 10 !
P . a0 eenzm YG = 4.00
5 g | o s erpmonosnn YG = 350 |
£ ,
: Tt o
> 0.0 0.5 1.0 15 2.0 ) ) S

Spanwise Distance

i
P




e o o gl - T S nlipar AR AR e W - ST em— - A e,

‘2aded sTY3 UT 1393B] PISSNOSTP

9q TITM pue uoT3}de13UT 13deT Aiepunoq JUITNQIN] BABM HO0US 13u10d/TTEMIPTS Huiduelb ayz parred

ST MOTI STYL "sSwdyqoid 913a3ds HuTsned buT[Tad Tauuni 3yy Jo uoIhaz 1au10d 3yj ut 3jeTnunose

ATTENIUDA3 TTIM MOTF A613uU3 MOT 3yl ‘3AeM HIOys 2y3 BuoTe sajeibTw yosTym PINTF A613ud Mo

3o _pasodwod TTeMm 3y} Ie3U UOTHE3I 12UUT I3T[EWS € DUB ‘SIUT] WEAIS PTOSTAUT 3Yy3l SMOTTO} Y23Tym Mo}

AB19u3 yb6TY PIDSTAUT 3O UOTEI1 133NO 3bieT ® AToweu ‘suotbaax molj @3eiedas omy Jo swidy ut pemM3Ita
9q ued Apn}s STy} woly 36I15Wd 3BYJ UOTIORIIIUT IPIS butroueTb ay3 3o saanjeaz Teqolb ayl

*aTbue yooys dY3l YITM SIATS5WAY) UBTTE 03 pPuUI] S103D2A A3T50T3A @2ejaIns ay3y pue A3Tjuapt
S3T S35S0T x3310A TTEMIPTS BY} ‘UOTIDISITP WE3IISUMOP 3yl UT SJOT3A3P MOTF 9Y3 SY -Xajion 11emapis
9yl wioy 03 213A0 STTO2 MOTF 3Y} ‘uUoTHaz dwelr 133no ay3z uy ‘uothHai duel 13MOT 3yl uT TIem3pis
Tauuny 3y3 sSpaemol UT umMelp BuTaq PINTF A613uUd MOT UT S3TNS31 HUTUIN}I3A0 STYJ ‘MOTF SNnoosIA
TTem 2eau wnjuawow MOT 3yl uodn juaTpeib 2anssaid D5T3e1S Weai3ls uTew ayj Jo uor3TsoduT ue wolj
S3TNSa1 1ader Aiepunoq TTEM3PTS 3Y) UT SIND20 3BY} BUTUINIBA0 Byl ‘UOT3D31TP weaijsumop 3yl ul
53seaiout 3Tbue med wnurxew ay3l IduUTS ‘BIEP JejuswTiddxa ay3z Aq pajysabbns OSTe ST H3310an JTer3pIs
9Yyz 30 yibuails paseaadUT BYL (62-L2 "SIY) JJOoUuOpHOg pue sep ‘ueysp Aq paansedaw s3jex burieay
ybty A139a ayy 103 sjunosoe Arqeqoad STYL -uOTHS1 STY] UT SS313s aeays [1em mMOT BUIIINS3I U3 TM
uoThaz 13u105 Y3} uT IjeTnuNOOE 03 MOTF AB13ud MOT Ai13a sasned sTyL ‘UOTIOIITP weailsumop ayl
Ut Ybusails UT SISEIIOUT pue S33EHUOCTD YSTYM P3YSITYEISd ST X33i0n Huoi}s Aian e ‘TIemM2pTS Tauuny
3yl 30 AJTUTOTA 8y} UI "UOTYSEF TESTUOD B UT Sp3aanoad Xo0Ys ayj 3o weaixjsumop MOTF pue ‘a1bue
abpam ay3 jo pea3zsut aThue 3anem 3y3z ATiesu je pauiny ST MOTF 9Yy3z ‘Irem ayy buoly °sainbry omi
IHIU 3Y3 uT uUMOYsS ST UOTDHd1 TTEMIPTS T3uunl 8Y3 UT pTat3 A3TO00Taa ayz 3o aan3oTd pa1TElap Y

5163534 AYT50T94
NOTIOVEAINY SOOHS TIVM3IAIS BNIDNVID




v

e

aly

GLANCING SIDEWALL SHOCK lm

.o

Near Surface Velocity Vectors .
7

Flow Tunnel Wall

\
GLANCING SIDEWALL SHOCK WAVE INTERACTION

Secondary Velocity Vectors L
¢
|
!

Tunnel Wall




VAL PACL IS
OF POOR QUALITY

RIGH

n

g 0 e’

\

NOILYHYd3s |
INEIINTD A

14 110 |ojuswadx]
NOILOVHIINI ¥OOHS TIVMIAIS INIONY19

SUI31104 Wl

*3jouopbog 30 S3ITNS3I 3yl yiIn

3UB3STSUOD ST YaTYM ‘TEITUOD ST TIEMIPLS 343 UO UOTIEDOT HoOYs ay3z
420YS 3yl 213ymM TIuuny Iyl Fo SUTTII3U3ID ay3 buole pajesoy uo
PuB 23U10D STY} UT uoThaa pajeiedas abiel e ST 813yl "100TF T3uUuUNy B
d9U10d 3Yy3z ojzut 1d3amMs uU3dq sey TTeMapIs ayl 3o uotbaxr A6iaua MoT
ucyy 133eaib yonw pauiny uaaq sey MOTF TTEM2PTS Y3 3eY3} 23S ued aug
9Y3z uT SMOTF TTO 32BFINS sMOYs 3inBTF STYL -3deFiINS WO330q IYy3 woiy
1TeM Tauun) ay3 ssoide butouelh xdoys ayjl
usy e Muﬂa 0°f yosey je 3Tnsax 1edtd4d3 auo smoys a8inbrj styl
134eT Azepunoq y3Tm pue ‘saTbue 103e13Ud6 H{OOYS ‘s1IqUNU Ydey

3O weaajsumop MOT4d "S3O3T[3FI1
1621 uoTrjeiedas JeuoljIppe ue
Y3 pue TTemapls ay3y Aq pouwiog
91T3US 2yl 3jey3 ‘salzzbap uay
‘UOT3IOBI33UT 3Y3l Fo AJTUIOSTA
5uT3037331 pue 13de7 Aaepunoq

‘doy ®y3 je pajedol ST abpam a3yl ‘aTbue abpsm 83163p
"PI9Tq 1TEemMopTrs Aq papraoid Toijuod
S5notiea je patTpnils SeM UOTIDLIIJUT
UdwWtTi1adHad 3O SIT19S € ‘ddouewiocyaad

3yl - TI3UUN)} PUTIM DTUOSI3ANS [X] STMAT YSYN 3Y3l UT uni aiam s3
6 ay3y 3o s302339 ayy Apnis ol

3I9TUT uO UOTIDEIIIUT 23Ae] Aiepunoq [TEM3PTS ¥ooys Buroue]

SuIsyied WITI {T0 TeIUswTiadw3
NOIIOVEAINI SJ0HS TIVMAAIS DNIDNVID




: [

PAZE i3
~ITY

OF POOR QuUA!

SUINOG WY 10 [00GA0UY
NOILOVYILNI ¥OOHS TIVMIAIS INIDNYI9

SUI9}10d wii4 |10 i0dnApuy
NOILOVYILINI MOOHS TIVM3QIS ONIDNY19

ORIGIN

‘2aN3jeU UT TEOTUOD ST }O0Ys 3ayj 3o weaiysumop
1Temapts ay3y buoTe 3omw 9yl jey3 sSaIEOTPUT OSTE 2POD 3Yl -pasn uaaq sey stsATeue SNd daams ay1buts
€ 95nes3q pITTapowm 473021100 30U ST UOTIZLIIFUT STY) Jo 8ouanyjutr weaiysdn aw:w 3yl Inq ‘s3nsai
Teuorielnduod Y3 UT PIJEOTPUT ST PUTTIIUID 3yy bHuore uorjeaedas ayl -uorjeaedas MOT3 © s3jesTput
OosTe sYsAyeue 3y3 23U105 STY3 Ul -2007F Tauuny 943 pue T1emapts ayy Aq pawiojy 13u10d 3yl O3UT 110
1TeMapTIs ayy 3o Hurdaams 3yy s3oTpaid A73991100 STSATeue ayl -s3Tnsa1 (ejuadwriadxa SNOoTAd2d Byl
Yitm uostaedwed 2103 8anbTF STyl ur pajuasaid aIae S3ITNS31 MOTF YO TeosTaduwnu ayl -‘apod 13indowod
SNd 2Tuosiadns e Sursn pajernaTed u3aq sey 2anb1zy snotnaad ayy ur PeqT21053p waiqoid moyl3 ayyl

SUIS33%d @TTd TTO TesTIATeUV
ROTISVEIINT SO0HS TIVMAAIS DNIDNVIS




M |
e
. N
) P
e
2l 3
U &
vI D
ooy
| ey
”,...x. 2
. O
¢ 0.
(LT
cC

SUJJIDd MO4 [I0 [DIUBWLIBdX]
suoibay uonoiodaS suIB}USY pUD JBul0)
| NOILOVYILINI MOOHS TIVMIAIS INIDNYT9

*3udsaid ST uotrbox mo

13 35139A21 262e7 e jeyy sSIa3EOTPUT MOTF 10 Y3 ‘duUTT293Udd
8yz buoTy -1d9ui0d ayy ybnouy
3INss3aid pIISTAUT IY} PIadKa o

3 MOTF 2y} 3JO dinjeu TeuoTSU3WTIP-33IY3 Y3 O Isnesaq asii
3 punojy pue 3pod SNd STMIT 24yl YITM PIJBTNOTED U33dq SCY UOTIDIT}A1
9yl ybnoayy astz 3inssoad ayl ‘uOTIIBT}S1 HOOYS anbI1qo 3y3 3o Isnedaq sind30 uorieiedas ‘wo33o
Y3l e ‘JuTTI33U3dD Y3 buoly -sarezedas MOTF IY3 ‘UOT3D3T}a1 HO0Yys |9yl 30 JuUITpeal 3inssaa
9STNuea1lsS 3S13Ape 3yl o3 palyddlqns ST MOTF ABI3uad moT STY3 uayM ‘u0T3D0e133uT 13der Aiepunoq
TIeMapIs/yooys butouels ayjz o3 anp 13uiod ay3y ux moly A613ua MOT O uoTrjeTnundde ue AQ pasnes uaaq
Sey ‘do3 3y e ‘uorjeredas 19u10d Yl °TIUUN) DTUOS23ANS [X] STMIT YSYN QU3 UT SITPN3IS HOOYS
butouelh 3y uTr JuIsazd uotjeiedas dUTTa33Uadd

pue 13ulo0d ayy 30 ydeabojoud paTTEIP ® ST STYL

EUISITES Fo(l TTO TeaUowTISdw3

TOTTood USTIEIEdSs JUTTISIUS) puE Isuio)
NOIISVHIINY 550HS TIVMIAIS BNIONVID

” i ‘EL;-. A R




et

31

. no— \

/X ‘92u0)sg joiry

,TH_ N :._

$22:03p 0 6 = DYYyO

¥/A ‘aaums-g 1010y

TTe— T U0iI2043)u| ADM XI04S $¢3.597 06 = oydio

1omapis budupyg gf

co.mwcb-c_

“anby .
M 12045200190 5U01}2043}u| 10juBWPUN 4

uodounbiyuoy uonopiop (37
L3INI DINGSY3dAH 0'S HOVA

S3Tnsaz 2T3STI133orzRYD JO poylaw YITH [T3M 8a1b6e wajsds uoIssazdwos ayy Ybnoiy3y ssor ainssazid
T30} pur 8511 Iinssazd 2TI3E}S )0 SUoT}1OTPaid - pabiau 8f£BY 3de11nS TMOOD pum duez 943 woix siader
Alepunoq ay; :19TUT 3yl 3o jeoayy Y3z 1eaN - 13dety Azepunoq st IITUT 3yy ojur Mot 9yl 30 pityy
dU0 4Ta9jeurxoadde ‘0°¢ yoey e ad23ans dwex ayz uo Swio; jeyy 1adey A1epunoq AOTYY AT3wazixa aYy
SMoys oste 3anbty 9YL -uoT3Tpuos g-¢ Yo'l ayy 203 ubrsap Teuotsuawtp-omy woom B ST S14y3 jeyy pue
12pTnoys je payyasues u2aq sey tmoo ay3 wo13 jooys uuu ‘UoT3"dl1100 sUswaderdstp ab6iey 94yl 3o 33tds
Ut ‘jeyy sajeosrtpur 9anbty sty '3(T3oad ut abueys 3 nNage ay3 Aq pajou aie sanem Muo:u 30 uortzeoog
9yl -3’TuUT Bayy ybnoayy SUOTIED0T snocriea e Sattyoad 13qunu yosey SMOYs YysTYm ainbry wo3jjoq Yy urt
umoys 3ie uorjernayes STY3 ¥0 S3Tnsaix ayy "0000052 sem j3co03 iad laqunu sprouday pue $9216sp - ¢
Sen yoejje 3o 37b6ue ‘0°6 sem zaqunu yoey Wea1ys aary ayyg “23pInoys ayy ieau uotjeyrasues ysoys

}0 uoT3TpPUOD UBTSIP IITUT Iy3 431194 03 aﬁau=0ﬂm:wsﬂwuoau pawio31ad 3sit3 sen sTsdTeue SNd ¥

*abuex paads g-¢ o3 0°'2 yoey ayy 1oz P3uULSTS3p a19m 3je1d1TE 3S3Yy3 30 AM« ybnoy3re ‘g¢-gx pue yi-g
‘91-4 ‘GT1-4 3yy 103 S3aTuT 1eTnbuelsaz uo Pasn uaaq aaey SajeTdapts jdams ABTTUIS “jJafur ayy jo
SIapts ayy aaao burTrtds MOoT3 passaadwos am P23easual feip ayy dZTWIUTW 03 M:ou 94yl 30 ab6pa butpeart
943 03 3jeyd uorssaidwosr-aid 34y 10 3ab6pa buypeay 3yl wozay suni 21erdapts jdans y *AlTeuzajur MmO}
943 s$saidwod 1ayjzany o3 P31nojuod sY TMos ayy pue 13prnoys duez 943 3e parrasues st Y2TYM 3do0yYs

€ S33e13uab dr7 TMoOD SYyl °sSautrT paysep 9y 4q umoys se ‘laqunu ysey UbTIS3p ayy e dt1 Moo oyy
9PTSINOG 3snL TT1e; o3 paubtsap aie sdueiz Y3} woizr syooys Y3 pue yooys styg ‘d3e7d uorssaiduosr.aid
943 3o 3b6pa butpeat 24yl 3je aaem uuozm ® Sa3jeiauab yoejje Jo at1bue e butAiy 33eidzte

9yl -Imon ay3 o3 Teu13ina sdwez uorssaidwos 33143 pue dweil uotrssaidwos-g1d ® ‘UOTIDIS-SS01)

deTnbue3sax sey ISTUT 3yl -aanbrj STY3} uT umoys st 39TUT UoTSS31dwos paxtw 94l jo Buimeap
dT3ewdyss y ‘db1eT Az3an 9u023q uen JusuaderdsTp 13dey Aiepunoq 943l subTsap 3jatur di{uosi1adAy ur
INq ‘TrRWS ajInb ST u:meouamamﬂu 193det A2epunoq 103 uOT3ID3110D 2yl subtsap jaqur OTuosi1adns 3sow
UI °S323139 JuduwadeTdastp a3 1 1 1387
39 poyjawm e bursn paubtsap sem ISTUT STYL - Tauuny PUTM 0TX01 STMIT ySYN Yl uTt paysay
94 03 ST pue AarSueq YSYN o3 32ei13uod aapun poubrsap sem IFTUT uvoTsSsSaidwod PIXTW 9°¢ yoey ayg




- &

AR ‘91erdaprs ay, 5Suotle dn jdams Butaq MOT3 13de] Aiepunoq A6iauad moT y3Im drI7 TMos Iyl
3e TeUOTSUBWTP-331y)} ATYLTY ST MOT} 3yl -sdwel uo~ssS3aidwos 3y> 03 anr 23e[dapts IY3 UO IND.D ey
I74S9 aT1dTiThw ayy pue ajerdapis pue duer ayy uo smoib jeyy 234e1 Azepunoq N=Ty3 a4yl Aq padeys
4e3q sey dIT [MOD ayy o3l 3bpa butpeay 3B3TUT 3y} wol1}l PpIBTIMOTF a3yl °IMOD 3Yy3y 13A0 UTeWOPp rOT3
943 3337 9aey saaem 3N20ys Iy YEnoylz uaad 3stsaad 174SH uamﬁuwas ?yy Aq paonputr smor3 A1epuodas
buo13s 3yl -SUOTIEPTNOTZD TRUOTSU3WIP-OM} Syl UT Pa3o>TPai SS3IUNITYY 3Ul 03 spuodsaizios pue
¥OTY3} 33Tnb ST Ioerins dwel ay3 GvoTe 1ade[ Aiepunoq @yl °19ul02 STY} OJUT aosejians dwei dyy buoye
i uMelp 6UT3Y MOTF MOYS OSTE S103153A A3Td0(da A2epuodas oyl -duez uotssaadwod yosed woir3 I'IESH 9Y3
” Aq ajerdapts pue duel 3y3 Aq pawioy 13uU10D ay3 ut PauUTY]} pue sanem HO0Ys Yl 3o A3TUIDTA I9y3y ut
P3uaydTy) uaaq sey aadel Aizepunoq 3yl -paIiolstp ATybiy aq o3 13dey A1epunoq e3vldaprs ayi mMous
$1nojuo0d zaqunu uUdel Iy} ITTYm ‘ad3erdaprs ayy buoile Jomm buoi1ls ATowai3xd moys s10323a A3Td019A
A1epuodds 3yl - "3anbTF ISITF SY3 UT umMoys se sieadde piar; MOT3 du3 ‘dIT TMOd 9yl 1eaN

.mmummu:mﬂzouvcmnsauu:uov Mwﬁan»uu ouuu»:Oucoucumzwzw
, pue s3d0ys uorssaidwod Iyl UOTIETNOTED STYY UI °S10323A A3T2073A A1~ U0D3S 3yl utr sbuerys jdniqe
: ue P330339p aq OSTe ued A3yl °"sS25€3INS PITOS dY3 wolj Aeme SINO3UO0D Y2el 3O UOGTILIJU3IDOUOD
€ AQ pajou ale sSIALM YOO0YS °SIDEFINS ISIY] 13U SINOJUOD Yydey 30 UOTILIJUIZUOD ® Aq 134ef

W A1epunoq ayy 3o yimoib pue juawdoranap oayy ajou T1TM auo ‘ojerdapis pue MmOd ‘dwel 343} JO IdLFINS
W PTITOS 3y3y uQ "31°O0IY3 BY3} 1LIU UOTIEDIOT ® 03 36pP3 BUIpeIT TMND oMu 3o weai13sdn 3sn{ uor3iedoy
h ® wol1j paadroid sainbry 8yl -aueyd TRUOTINIS-SSO0ID 3yl UIYITM A3TD0Tan A1cpuosas MOYys Iprs
( IYbT2 Byl JTTYM ‘SINOJUOD 1IqUNU Yydel SMOYS axnbTF 9yl o apTs 13a[ Iyl ‘pajernoied sem }ITUT B3Yy3
30 3T1ey ATuo ‘Azjawuwds MOT3 3O asneddg "Saprs Yo uo Iie sajerdapis pue ‘doi ay3 32 Ioejans [MCH

Y3 ‘wolzoq 3yl e sY asepans duer dy3 33TUT IY} FO UOTIIIS-SSOID ® UT PITIMOTF Y3 SMOYS dInbT}

9Yy3 jo wojjoq Iyl -3b6pa buTpea] 3aTUT Syl W01} IJUEISTP pPaqliaosaid e pue aull Mmuﬂuuv> e >u uanlb

dueTd JBUOT}IDIS-SSO01D IY} 3O UOTIEDOT Y3} Yitm ‘33[uTl ay3 jO STIBWIYDS B ST 3iIn 13 y2ed 3o dojy ayy

3¥ - SainbTF 3O SIT1IS e UT pajuassad aie uorjeTNOTED TeuoTSUIWTIP-331Yy3 Iy} Wo13l SITNSaI ayl

‘IT795D 9yl 103 oseq

elep paysSTIqels? i1no O3 ISOTd 4A13a ST YOoTUM ‘Q'» 3O 13p10 JY3 UO ST yo0YSs uotrssaidwos-ai1d ayl jo

A}'_I3qunu yoey PIDSTAUT YL " (ITESH) UOTIDEIdUT 194e] Aiepunoq Hooys bButdue(b ayy 3o buty19pow

33e1ndoe 103 PIITNbII UOTINTOSII PTI6 30 STIAIT 2yl 03 SPuUodSazi1od Ys>1ym *prib TEUOTIDIS-S5015

09X08 ue uO pawiojiad aiam suotjeandwod 3yl -IeTdIpPIS Yy JO IoeFiIns PIrios Iyl buote pasn

u2aq aaey SUOTITPUOd Azepunoq dITs ON °3PIS 3yy Buole PTITIMOTF 94yl UT Pasn uaaq sey uoT3lTpUOD

A1epunogq IATITATISP 0132 e ‘ajetdapis 3dams Iyi 3o abpa ayy buote 3snC sary dwe1l uotrssaidwod-21d

9y Aq pajezauab ®o0ys Iyl IsSnedag - Ised 3ITUT JEUOTSUIWIP-OM3 Y3y uT Isoyy se Iuwes IYy

913m 3ased TEUOTSUIWIP-IIIY3 dYl 10} SUOTITPUOD wWed1}s 3313 ayl -weirboid stsd{eue GNd 9yl Huisn
A{TRUOTSUTWTD-322Yy] pazATeue ua3aq Sey 32n6T3 SnOTA31d Yl UT PIqTIOSIP IITUT 0°¢ yoey Iyl

A3T50TSA XIEPNODd9S PUE YSgunN (dey
ITINT DINOSHILXH 3¢ HOVR
4\ R T T Y T | e




R T P

auD|g AsAn

> |

q L3Nl SINOSdIdAH O°G HOVA

‘wa3sAs uorstndoad ay; 103
sugiqoid 1ofew asod pynom S2inbHTIF 953Yl UT UMOYs se 13427 Aiaepunoq 23eTdapTIS 2yl IO UOTIIOISIP 2y}
pue TTEIIPTS AUl 1edU HKIJ104 IYY JO SOUIISTHI 3IY} °PIyILIS pauTewal 3IITUT ay3l T uang °SUOCTITPUOD

9saYyy ' j1Ee3SuUn 3TUT ue 1366113 ATqugoad prhom 33TUT 3yjy 30 a3u10d 3Yy3z utr uorjezedas abief
B JO 82Ua23STX3 3yl °ia3ylani paysiew ag 3ou pynod stsAfeue ayz eyl 3ea1b o0s sem uoljzeiredas ayjl
FO @pn3TuSew 3yl ‘I13A3MOY 3IITUT 0°6 YyoerW Iyl FO ISeD 8y3 Ul ‘S3YSEe3IEL-31 MOTF 3Y} TTIUN INUTIUOD
ued stsAfeue butyosiew 3y} UIIFO ING ‘3ISCT IIe UOTHI1 BUTIETNDITOSI Y} UTYITM MOTF 3yl O STIEIIP
TIV “A3T0079A 39aT3TSod [TRWS B 0} 33591 ST AITOOT@A SATIDINLOD ISTMWEDIIS anTIebau ayy Tapou

STYy3 Ul -suorjeiedas [Tews Fo AITUTOTA 8Yy3 ut ‘icrieurHordde JYyT4 B sAordwa sTSATeue SNd YL

"IT74S9 3yl

N 4q pajeai1ds uorieiedas Lue UOTIICISTP IY3} IITVUINTTS 30U SIOP ING ‘3eO0IY3 3IITUT Iyj 03 pesdoid o]

W. suorjeTnOTED ay3 sMolTe po3Tq 3JO ﬂw>ww $TY3y ButdAtddy -scory,eINOTED TEUOTSUIWTIP-OM3 WOIF pPaIewIlsa

u92gq sey uorjetado 33TUT uTejuTew O3 A1ess903du PIITQ FO sjunowe ayl -sajeTdaprs TeEUIIIUT pue TMOD
‘duez ay3 uo paayrq TOIAIUCD 134eT Airpunoq 104 SUOTSTAold Sey UOTIEBTNTED 3YY "L IITUT JUL

A}10013p, AIDPUODSS DUD JBQUINN YOON
|
M
|

*13u10D 3Y} uUT SinH20 uotrjeiedas sbiey e ‘Hutrtusny sTY) Aq paieaid

juartpeab aanssazd 9si13ap2 3y o3 paldaLqns ST I3UI05 3Y3l UT MOTF AB612uU3d MOT 3yl SY "MOTF 3yl

ssaidwod 13Yzany o3 padeys uaaq sey [MOD 3yl JFO IDBFINS TEUIRJUT IYL °23UI0D 3Y) UT P33LIJLIDUOD

ST moT3 AE13u3d MOT Byl ‘puUODIS puE ‘X3310n B 03UT dn 5TTO01 MOTF A1EBpPUIDBS BY3 ‘3SITY f12uU10D

STY3y suiny MoT3 4Lxepuonas ayy se uaddey mmCﬂuu oMl -931eld3nTsS pue TMOO 3yl /q pawioF I3uicy

ay3y ybnoayy suin) mMOTF STY} JeBY) I1EDTPUT SI0322n A3TOO0TOA A1EpPUODIS 3Y)} PUB IDEJINS IMOD Jeuidjul

9yl sS133unoduld a3eTdapts oyly dn BuTnhow MOT(F A1epuUOS3S buoils 3yl -umoys se pTaTF MO Iyl

yhnoayz umMoOp S3AOW ‘SINOIUOD YdEY 2Yy3 UT SHUTT TeBIuozZTioy 3yz Aq pu¥1edTPUT ‘ysoys sTyl -dri (modo
2yy Aq pajeisuab ST aaem }o0ys e 3Jey: mMoys sainbTy BUTMOTTOF 94y} ‘IMOD BY3 S193LI MOTF @Yz SY

ERT N $Y[Je]
AIT50ToA ATEPUOSSS PUE T5qunN Uoen
ITTNT SINGSEIIXA 57% HOWH




MACH 5.0 HYPERSONIC INLET
Mach Number and Secondary Velocity |

g

\
MACH 5.0 HYPERSONIC INLET i!
Mach Number and Secondary Velocity 1
‘V‘H/Sur'vey Plane i
|




j
H
t
)

- [ S

SS3J)G UD3YS 20D)ING [MO)
L3N OINOSY3IdAH 0°S HOVN

+21nbT3 ST UT p33EIISUOWIP
AT1e3Td ST 39TUT STY3} UT MOTF By} dinjeu TeuoTSuaWTIP-33’j3 Ayl -~uUoTIOAT3al ®ooys ay3y [oiajuod o3
saucz paaTq 3yl pue adejans dwel Yz woiF HO0UsS PpPI3FodITF 1 a3yl Aq paonpoad @¥ie 33TUT Syl JO }deq
3yl I1e3aUu IJUTTI33U3Id 3Y3 buole suotbai 1eays ysTy 8yl -<c£3anbTJy snoTaaad 3yl uT Uu3I3S suotbaa Mot}
pajeiedas pue .613ud MOT 9Yy3 03 Spuodsaiiod STYL ~SISTXKI ieays mof 3O uot1631 atier e [TemMapTs
pue TMOD 3yl am pawioj 13u10d 3Y) UT 3JEY] I3S UBD BUQ "3IPTS 23Y3T3a uo STTeMIPTS 3yl pue wolz3oq
3yy e asejans dwez ayy ‘dol 3ayy je ST JITUT 3Y3 3O TMOD YL °"SS313S ieays Jo STanIT 31SaMoOT 2Y3z
ardand pue 3saybry ayl HuTaq pa1 YiTm ‘papod 10j0Dd u3dxq sey 1=3Ys ayl ©397UT uoTssaadwod pIAKTIA
0°6 Yoey ay3 Fo 2oeFINS [MOD TEuUIIJUT IY)} UO SSIIS 1eaYys p2indwod ay3 S3OTdap IanbTF sTYL

§59131% I2oUs 90EFiIng TMOD
ITINT DINOGSYIdXH 0 & HOVM




- PO sty . B ; P —————

e v

mm $S94}S JDAYS muot:m dwoy _
S8 LAINI OINOSHIdAH O°G HOVAA

. *Irema2pts ayjy uo siadey
mnmv::om AI2TY3 Byl pue S}id0YsS uorssaadwod HUTIDSTID1 DY} U3IMIBY SUOT3IDEII,UT 134Ae] Aiepunoq/xooys
utoueth 3O ITNSIT BYl ST UCTNINGTIISTP IBIYS 3Y) 3O 133222eYyd TeuOoTSUSWIP-3I31Yyy Iyl - pasn
ST paaTq T023u0d 134Ael Aiepunocq II3YM pue SUOTIDATI21 {o0ys Jo AITUTOTA 3yl utr dweir ayz buoge
ISTHD SuotTfax 1eays ybry ‘3anb6TF snotadad 3Yyj Y3IMm SY °SuoT3zoezaruT a3del Aiepunoq TIBMIPTIS/{DO0YS
ButoueTh 3O SBIPNIS yiewyouaq dY3 UT I3TTied pajou sem uotawouayd STYlL 'SUOTIOITIX HOCYS
JO A3TUTIdTIA 3yl UT andd0 suorbai pajeaedds 13Yyjzo0 ‘duel pue TI2M IPTIS 3Yl Aq padwici 13Uio0d 3yl
buoTy 'mMOT¥ A6i13uU3 MOT 2aA0W31 U330 UED YOTYM pas[q 13Ae] Aaepuncq pue SuOT3ID3TFI1 Ud0YS 33Tdsap
33TUT 3y3l 3noybnoyl surtewax uotEs1 £613ud MOT 3yl " IMOD pue TIemMapTS 9y} Aq pawloj 13ulod Y3 ut
mo13 pajeiedas pue Abizuad moT Y3 03 burtpuodsaizos uorbal xedys Mol 261BT B SI3ITI0U BUO ‘TTEMIPIS
8yl 3o do3 9y3z 3y °"3IITUT BY3} FO 3LOIYY Y3} ybnoiyy uorjiels dIT IMON Y3} WOIF SUOTIITPLOD [TEMSPTIS
pue aderins dwel 3ay3l Moys €3 J1nbBTF STY) UT PIAOCWIL U33Q SeY TMCO BYL "3IITUT 0°G 'JoeW 3Yyy 3O
uotjaod [BUIIJUT JY} UT SSII3S 1B3AYS PApPoOd 1070D SMOYS ‘I1nBIF snoTaasd ay3z IHIT ‘danb1j STYL

555135 I1e9yS 9o5eying Apogiajzuan
I3TNT DINOSd3IdXH 0 & HOVM




. -
-

3qMwoanS ainydo)

i1 anjoppy puo obojids s)ojdapis
SAUHTIN ACO8 03003813 WNY3X3 / WNYIIN!

*33TUT 8yl punoie mMoTF

943 osTe 3Inq ‘sqniwesxls ainjded ayy ATUO JOU SPNTOUT O3 PSPUIIKI butaq ST 3poo 133ndwod SNd aY3

FO uTewop Teuotrjeindwod 3y} ‘UOTIICISTP pue Geip pIa[q SNsiaa beap abelrrds 33TUT 3O Apn3s apeiy

STY3y Ut pTE O °"3IITUT 3Y3} IO SI3UI0d 3Y3 UT pPa3BIINIDUCD 10 1TermdpTs ay3y Huofe 124312 ‘paalq

13dey Aiepunoq y3Tm pITT0I3u0d aq Aew mMoTy Ab613ud MoT 8y} JO 31sS31 BYL °SYO0YS UOTES3adwod IYy

Aq 31dams noT3y Ab6isua Moy ayy 3o abe11tds aswos moyTe o3 3jerd sprs 3Yly ys3ou 03 3q pinoM uoIInJos

9sTwoidwod ¥y ‘33TUT DYl FO IPTS 3y} punoe umolq 2q pInom sy}do0ys uotTssaidwod Iyl Aq pazrainssaad

MOT3 :6eiap abe[TTds YPTS IATSSIOK3 Y3IM 33TUT ue sonpoid prnorm 3T ‘swarqoid UOT3I0ISTP S3aTuT

Y3 JZTWTUTW PTroM STyl a[TtyM -~TMOd 3yl Jo weailsdn STTEMIPIS ayl 9JBUTWT{d 03 3 PIROM UOTIINTOS

3sardwts ayl - TIemIprs ayx uo dn prTNg 3BYY S13AeT Alepunoq ®OoTY3l Y3 TM wWa3zsAs yooys uorssazdwor

943 FO UOT3IDEIdIUT 3Y3 ST sSwa[qoid TEUOTSUBWTIP 331Yy3 3yl JO uTHTIO 9yl -waytqoad JTNOTFFTP

€ _YaTm padsez ST 1dubTSIap IBTUT IY3} ‘S3I09FF9 359Ul S9ZTWIUTW O ‘S}IDTUT paads ybty ut S3daFid
TeUuOTSUSWTP-33ay) 3O IduejlaoduT ay3 pajeijsuowap aney 33TUT 0°G yoey 3ayy 3o suotyefnated ayl

bexqd SATITPPY PUE 3BET(1dS 33E€(dapTS
STOHIIW Xq0d TIAAIANT TVNUIIXI/TUNGALIN




SISAjouy S840} JsIADN 9}0Jn30y auwiy ()

sisAjouy pfaiy mo4 u01}DgIN}Iaq 96407

(¥
uonDIII|dwy SADM J0 m._mx_oc< (¢
SuOBN|OS SNsLBIDIDYY (7

)
Saibojouy Jojouossy z110ywiay (1)

ZZN{g PuD 1IDISBY ‘LIDISUN Ja8iul
SISATYNY 071315 MOT4 DINOSHIINS AQV3LISNN

"SPT2TF MOTF 39TUT JO SITIPN3IS 3jeindoe SWT3 SATOAUT T[IM XI10M 31NNy yory ‘SUOTSUdWTP
981Yy3 pue or’ ur suorjenba 591035-13TABN 3yl 03 SUOTINTOS 23eIndoe swT) uo paai
S310333 JeuoTjejnduiod 3sajzey ayg 'NOT} Ssew pue 3anssaid ut sabueys o3 3osadsaz yitm 39
SITpn3}s payre3}ap aiow pamorle @aey suorienba A3tnutiuos pue wnjuswow o>

3biel -sorystzazoeieys Apeajsun s,33TuT ue ssasse o3 pasn uaaqg
d9ALM TEUOTSUBWTP-2UO pajestystydos 210y -padoT3nap osie ai1am SUOTINTOS DTISTIIIDLILYD ‘S3IN3FFa
PTI2T3 Mol 3ay3 4Apnis ol ‘s3onp I3TUT 3yl 30 saTouanbaiy Teanjyeu 9UTWI3I3p 03} SIThoTeUE JOJRUOSDI
Z23Toyuwray aajswezed dwunT padordua sanbtuyss) 3satTaea ayg ‘PIsSn uaaq aaey sanbruysey Teo>134Teue

IUIA3IITP TeI3AdS ‘ZZNQ pue 31EB3SUN 39TUT 03 A2T7TqT3daossns s,3aTuT pasodoid e autwiayap oy

OSTe aney saipnis uorienba

"IITUT 3Yy 103 swarqoad anbrieyg puU®E j3jEIDITE

bue 13TuT ayz 103 swatqoad Tos3uU0d ‘autbuz ayy oa UoT3103STp Ape3ajsun UT 3TNS31 UED SIUEINISO

Ue yons -°"aosexins uorssaidwod ayz buote xyooys Teutwia;y 843l 3o juswanow Asuanbaijy ysbry ‘2TpoTaad

B 5T STYL -"anodo Aew z2z2nq 33TuT Sse mouy uouswouayd iayjzoue ‘apouw uorssaidwod T2U233x3d Ut ST

ISTUT 3yl BTTYM -3jezosate pue sutbua ‘3afut ayy 03 53TNnsa1 otydoaiseies yiim puodsas e 3o uotryoeay
€ UT Ind50 ued pajiezsun 03 pajiers Woljy UOTIISuezy syl "beip utr aseaisur pue 415002321 uT aseaionap
futpuodsazioo ayy yzim ‘9pow uoTSsaidwos Teuia3zxa ue ur Swioziad uayy 3aTur ayy ‘wP234r3sun,,

€q 03 PTeS uayl ST 3JTUT 8yl (33TUT Syl wo1y pabiobsip aq pue pagqinjaad aq Aew j}ooys Jeurwiay

943 ‘12A3MOY ‘SUOTITPUOD BWOS 13pupn "30NP 3ITUT BYl UTYITIM yooys fewiou Teutw1ay ayy butrdaay
Aq beap moT pue Ai23nooaz IITUT YybTY Bpracad o3 paubrsap st 3aTur cOﬂmmm»mEoovmstw:h

ZZng pue Jiezsoy ‘¥IRIsSup ISTUT
SISXTVNY GTa1d mo1d ITTNT Xav3Iisnn

| e v Y




PR

295 ‘awlj
vl L0 A 10

d

IhI\qoa
uoiyisod Apoqsajua)
DaJy 400( |04)uo) —"—\ \,\h
D3Jy J0O( 32uDQun}si( : . . | 4

SISAIDUY — ————
D}D] |DjusWIIBAX]

SJUBISUDJ| JDIS3Y / LDIsun _
14INI JINOSH3dNS NOISSIHINOD CIXIN G°¢ HOVIN

aadzeys aosnpozd o031 pual PINOM YdTYM TBUCTSUIWTIP-IBUO PuE PIDSTAUT ST STSATeue ayy 3nq ‘SIsATeus
9yl S30p ueyl SUOTITPUOD Paliels 03 uinlax (enpeib aiow e smoys Juawtiadxad syl -uorIeinp
UT pue apnjTubew UT Yjoq IUITSUEBI} JIeISun TETITUT 3Y3 T3pow 03 ITqe ST STSATrue 3yl !poob
93Tnb ST uostiedwod 3yl [ei1auab ul - (SIUTT pPIaYsep) sSTsATeue 2y} pue (S3UTY PTIosS) JuU3WTIadK3 3y)
30 uostiedwod e smoys 2inbHTI BYL ~PpI3ILD0] 9i13M s3goid [eIUSWT2II4KE 313yM 33TUT dY3 UT SuoTIed0]
2T13103ds 3e S3inssaid pajeNOTEd pue STOI3UO0D [EdTueYd3w 3yl pIAIT2pouw sIsATeue uorjeqiniiad
85181 3yl "33TUT 3y) 3ie3saz o3 AT[edTeWOlNe pabueyd ar1am Apoqiajudd ayi 30 uorisod ayy pue
100p ssedAq Toi3uod e HUTPNTOUT ‘33TUT @Y} UT S31N3LIF [EITUBYDIW UTE}I3D PUB ‘3IBISUN O3 3IITUT
2yl pasred 2oueqinlisip STIY] °"IOLEQIN}STP dInssaad Yoeq e 93E3iD 03 PasO[d %EM 100p IdUEqINISIP
B Judwriadda ay3z ul -s3T3T{Iqeded 31e3S31 pue jlejsur ST IUTWIIIAP 03 AfTeuorjeinduwod

pue ATTejuswTiadxd pITPrRIS UI3Q SeY IITUT UOCTSSaaduod PaxIw 09-06 §°2 Yo°W Iyl

sjustsueil yIiejsagsaieasun
Y3INT SINOSYIdNS ZOHmmummtoo 43¥Id §°¢2 ADVH




LQV Grr:._.

010 800 900 ¥00 ¢00. 0

al
w®
sishjouy —------ ®
Juswadx3 DL
: o =9
o —
3 p°
© 582
i 8Es
mﬂ/.daumw
T asc
UOHDIS 31Y| = 3
= .
_ o

d

WYY

uonipuo) Aopunog woassumoq L\ /|
_ — — 1

S81I0}SIH BWI| YO0 SIBWWOH / ||0}S 405S34dwi0n
LIINI JINOSY3dNS NOISSFHANOD GIXIN ST HOVW

I 1 VR

Y

‘STsATeue ayz 30 Iinjeu TEUOTSUBWTIP-3UO 3yl 30 3snedaq A1qeqoad jJuswtiadxa
243z y3IM 331be jou s3op stsdTeus ayy 3o A103STY BWI3 Byl -3juasaid Jooysiaww 2y 3Yy3y YiTM JUITsUEL]Y
31e3ysun 3y jyo apnitubew 3y3 3o1paid AT33BINOOE ued SISATeue ayy jeyz MOYs Juawriadxa pue sIsATeue
Y3 3o uostiedwoo ayl ‘uoT3TPuod A1epunog e se PapTAO2d jLaTsSuea} weaijsumop ayy YyytMm wayqoad
STY3} Tapow o3 pasn osTe sem siISATeue uotrieqinyiad 8baeT ayl -3juatsueay weax3lsumop 3yl o3 3suodsaz
S,39TUT dY3 papiodax uayy 3IITUT 3ayy ybnoayy SUOTIEOOT Te13nds e 513unpsuell oanssaid paads
Y6TH -Aouanbaiz pue apnjyTubeuw urouy 3o juarsuel} e aonpoid o3 pays4> sem 3oNp 3I3TUT 3yy 3o pu?
9y3 3e bnTd e juswriadxa ayy url _P3ui0} ST ydoysidwuwey B se }o0ys Tewiou Y3 30 A3TuTrOoTa BY3 uTt
ISTX2 Aew 8i1nssaidaano ue ‘3iejsun 338TuT butang -Ajyeuoryeindwod pue ATTejuawriadxad yjzoq osuodsaa
TTe3s 20ss3aadwod/¥ooysidwwey ayy 4pn3s o3 pasn usaq osTe sey 3IITUT 09-0% ¢°2 yoey ayL

58TI03STH SWt)l ¥OoO0USISUWeH/TTEIS I0sSa91duc)
ITINT DINOGSdddns NOISSTddN0D a3axiu -2 AoV




N o

G1

10-3€¢0°0 = 3wy 10-3G170 = awy) 10-3£02°0 = aw) |

2zng 191yl .
SYNOINOD Y3IGNNN HIVW TYIININOIS

ORIGINAL PAGE IS
OF POOR QUALITY

‘Judwraadxa ayz ur prp
3T se 313s3T sajeadax uayy uiajjed 3yl -dTIT TMod ayj woij weazlsumop ATajerpawur 3TqISTA AT1eayo
8ie ‘uorysey BurjeursiTe ur IMOD pue ApPoq133uas ay3y uo pajesor ‘MOT} pajeiedas Jo suoTHA2 Te13nas
‘D95 10-96£2° 03 [0-9612° =3 ‘aseyd styy ur -dry Moo 843} 3o paermiojy 3snf uorzizod e c3 pajesiyaa
3¥20ys 3yl pue ssew 3S3FUT 03 uebaq 3I3TUT AYl ‘235 [0-2667° =3 ‘BUT)} STY3 Y -dncm ucTsuedxd ue jo

ucT3d37321 pue uotjebedoizd ayy o3 butpuodsaiaoz awty 3o poriad e 103 uorjtsod sTU} uTt pavreuwaz
120ys moq Syl ‘piemyno L{fetpea P3T11ds moT; pue painidnaz 1-AeT 1esys syy ‘diy Apoqaajua>s

3yl payoeax yo0ys 3yl sy "9TqISTA ATAe3TD =i suotrbai oMy 3yy FEuIprATp 13Aey iaeays 2yr dry
TMed 3yy pue yooys moq ay3 3o aseq ayj Uaan3aq papualka Moy 2518n31 FO UOI6I1 e ‘o35S 10-26(1"
03 10-9661 =3 woil ‘aseyd uorsyndxa 843l UT ‘3aeM UOTSS31dwOD PIIdDATIIL e YyiTm uoriseiajut

F0 3INSaa e se Apoqi3iuads ayz 3o dry ayy oy Panio3 sem xooys rmoq 8yl -ainbii ayjy T umoys

ST 2z2nq a8yl jo 37242 2uo butTianod S30o1d sSinojuod ysey jo asuanbas ¥_"0°2 uodey weails a1y je
I9TUT dTI1jdwwWASTRE ue ybnoiyy Mol S3aTOAUT wdiqoid ayl -owayss IT2TTdHD Hoewiopoey e Euisn gyy
uosiajjed-iybrim 38 (¢g "y3Y) swosmay Aq pajatdwed aaam SUGTIETNDOTED BS3YL “IIATOS S91{01S--13TABN
Apeajsun ‘ajeansoe auwiy e butsn patpnys Hutaq aze waTqoad 2znq 38TUT 3Y3 jo sTresag

EzZng yofur
W SYN0INOD ¥IAWNN HOVH TVIINIABIS

oy




e - - - - ingmpy B - el eliley s o~ LW . AU - -

9NPOW auibug 18lwibuog
= IIH3A DINOSYIdAH JIMINT9

*STopow uoI3TSuUL1)l pue Id>UITNGaIny

Jo A38TIen e 13pTSUOD 03 Pa3u Aew JuUO ‘SMOTF StuosiaadAy uT Juasaid saadeyl Ai.pinoq Y21yl

ayy 1apouw ATajeinooe o] STSpow 3T23dS pue STISUTH TedTwayd xajdwod 310w 3y3z o3 aanjeiradwsy 10

uoT3ouny e Se sjeay oTyroads 353TdWTS 9yl WO1F Swioy [B13AIS 24e} UED TIPoWw STYL "S[apow uot3ienha

AB13aua ay3 ut s323333 seb-Teazx 9PNTOUT 03 Spaau 3auo *sSMOTJ D2TuosiadAy uUT punojl sainjeiadusy

ybTYy BY3 TOpow AYI3zeINddE Ol °UOIINTO531 pTab paseaiduTt 3o asn 3ayy ybnoiayz 10 Hutdwep snossta

TBIDTIT3IE JO W10y BwOS ybnoiyj 15Y3Td PazZTwiuTw 3¢ UED YITYM ‘SUOTIBYTINSO MOTF HOOYS-3Isod

3o 231Hap SWOS 233UNODUP SWTHEIT STY) UT SUOTIBRINOTED MOT} 3ISOW ‘uoTieTnoTed 3ayy ur sjurod ysaw 3o

saaqunu abzeT AoTdwd ISNW 3uo ‘S3IOBRFINS Huofe Lue €3yooys aeau sjuadrTpeirb ybTy ayy Tapouw Afajzeinosse

ol -sa3del Ailepunoq.pa3eay ‘}YOTY3} pue “sS3OEIINS PITOS 10 Sanem Hooys 30 A3TUTOTA BY) UT s;uatpead
YS6TY ‘SuoTbax pPIOSTAUT BY3) uT siaqunu ysey yb1y Aq pazTiazdeaeyd ¥ie sMOTF STuosiadAH

‘uotsTndoad butyieaiq-ite ostuosiaddy 103 siualreys 1ofew e sutewal ubtsap 3aTul - sIoejans
Sutaow BUTTR3S Y3IM paleTsosse swarqoid proae o3 osie A133woab 27qeTaen 3o wnwlulw e YiIMm paubisap
2ie Afrensn 387Ut DIuOosiadAy -B[DTY3a 2y} IPTSUT U3YE] 3 IOU 3Isnu MOTJ TLUIIIHI 0y 9y} (padTq
1ader Aiepunoq 3jnoyitm ajeizado 3snw S3ITUT ostuosiadAy ‘aneians Apoq ay3y Euole pajezauab jeay ay;
30 3snedag -sweiyaTe a8yl y3IM pajeabajus aw:mﬂc 91e S)}3TUT dTuUosiadAy ‘3IFEADITC Yy JO }O0Yys moq
8yy Aq paptaocad piary uOTSSaidwod 3ayy 3O abejurape axey ol - }ooys Tewiou JeuTwial ou yYjIMm 3aTUT
UoTSSa2dwod PaxTw 3yl 3O UOTIEBTIEA B S3WOD3Q UIYI 3ITUT IYL ' SUOTITPUOD d1uosqns ©3 MOT3 9y}
butbutraq proane 03 3utbua uoT3sSnquod dTu0s19dns 3O puTq suos doTanap 3Isnuw auo eyl 3ea1f os saavm
#20Yys ybnoiyi S$3sSsSOT dyiz pue ‘ybry os aie sainjeiadwal pue ainssaad uorjeubess 9yl -~ p2123uNODUd
918 suwarqozd TenysdAyd TeuoriIppe ‘spaads oTuosizadAy ioj poubtsap 3ie sauThbud pue sS3IBTUT SY

STNPOW 2UTILu3 jForwesLss
ITOTHIA DINOSEIdXH SIdINTD




Contm——

iy A

Jus|nging
Iouiwiod
ar PI3SIAU]
- 195!
O«
T3
=g
Z 0o
Sa
o . . _
S8 ¢ = JUIN

SINOJU0Y) 8UNSSaid 01D)S
JINGCW LIINI L3IPAVYIS

*23deT Aaepunoq ayy utyzIm $309333 ju3wadeTdSIP 3O ISNEDIq P ISPTISLOD
918 S303333 SNOOSTA Iy} Se weaiysdn ATIYLBTTS sanow wasds yooys STYL ~sS32e3rsns uotrssaidwod ayy
Aq pazezaual butaq suej uotTsuedxa pues 3O0Ys JO IDUIPTAD £33S DUO pue wcijoq pue doj y3oq s3Spom
uoTSS31aWwod sey 3IITUT BYL SMOTF JU3TNGIny pue ICUTWEBT ‘pPIISTAUT fSUOTITPUOD JUBIF3TP 3314
403 33TUT ay3y 3o 133uas ayy yb6nolYyy SINCIUOD dinssoiad STie3ls smoys aanbTy Isity ayy *sTauuny
putm dTuosiaddy AatbueT ay3 ut Pa3sa) 21am yodTyMm S3T133W036 U0 (9 "39Y4) 1euwny Aq AITHUET YSYN e
123ndwod1adns e uo pawioyiad aism SUOT3EBTNOTED S34035-13TABN TTNF 3YL -~ SUCTITpPUOD ubtsap-33o0 je
IITUT dTuosiadAy e ybnoayy MOTF BYy 10} S3INSaz Pa3eInotes moys saanbT3 231y, BUIMOTTOF ayl

T f=yuIn
$IN03U0) 3inssaid oT3e3sg
ITndod IFINT ITFNvEOS

s Mg 84
: : - .

;L AN Lo e




~ C om0 Aaaiha RN - g oy

jusinuny | —— IR 4

¥y o0

\.‘..‘.-.ll.ﬁ&l
\ﬂ\\\ﬁh\mwﬁﬂwwwu“nnnz---?

EFEEE I L T e
EEPErFrEFEEY m.w.mw‘mxn ToTI It T It e T

J0UIWDT

PI3SIAY I =
cps e R i e
e & aR i R R e S e e e O
i i LEEEE MMMWMWWMMWMMMMMMWMMMMMmWMmmanWMH
m EEHEEES PRI s an s iy
; EEEEEEE} EEEE SIS IITI I I IS I I o RIS I T
_ AiFi3 oI oIS I I IS T III I
. S S e e S e S
3- “Uwﬂ“!i””

m G'C = JUp
- Dj8l4 J0JO3A Apoojep
FINAON LIINI 13PAVHDS

-futjeaedas INOYITM leutwe] Iyl usyl sS3uaTpezb ainssaid asianpe 1aybry 3daooe o3 ayqe st 13del

Aiepunoq juaTngin) ¥Yl °-uUIJS ST uorzeiedas ou ‘uOTIETNDTED JUITNGINY IYY UT ITTYM ‘SUOTIED0]

uoT1o3T3d1 uuozm ay3 e sinddo uorjeizedas MOY}F ‘dsed leurwe] Byl UI " SIdLFInS UOTSS31dwod

ay3 uo Yyymoab iadey Aiepunoq 23LCTPUT SISED JUITNGINY pue Jeutwe] 3yl yiog "IITUT sSTY3 ybnoayy

MOT} 3IU3TNGIN3 pue IeuTuwe] ‘PIOSTAUT 3yy 103 S3oTd 10303n A3} TD0TSA 32e dIdY UMOYS " SUOTIITpuUOD
ubTsap-330 3 3IITUT o2ruosiadiy e ybnoiyy moT3 smoys ‘a@anbri snotadad ayy IaAYTl ‘a@anb13: STyl

E

=FuTl
Piotd I0359pa A3TOST9A
TTnaod ITINI I3CUvHEdS




R

GO=H/2
3)UD}SI(] ISIMWDAIG

01

. 0jo(Q o
PIOSIAY) —-—
JOUIID ) === ——

9INSSAI 1}0}C

Jus|ngun|
= YSI9N ‘SisAjouy

UOIINGLISI(Q 84nssald 21)01S :o;@Em
INAON LAINT L3MAVYOS

‘ejep

s31 pa3iotprad ayz

‘SITITXD

woo asayy

i1® yatm uany

TBIUduWTIad®ad YiTM TT3aM A1qeuosear aaibe s3

BM3pTs ayiy uaamyaq de

MJ

M&

SUTHEe3 Jie SUOTIDdE133UT

3Yy3y @12ym uoTbai e ul Isey

‘ITews A73aT3eyaz st MAM

353Yy3 30 TTY

‘uotsuedxd Tremaprs
u2am3aq uoT631 ayi ur MOTx o

95 MOT} O3} 3anp SHO0US pPasnput pue S353333 pua o3 @n

P uotTsuedxa

‘uotTjeIlE

‘yo0oys

Ul "1°¢

p MOT3 1eutwe;]

3y3 Ing

1"t

TTeM3pTs 30 SUOT3IOEI33UT 2yl 03 anp xa1dwod ATY
Hsx 1edu uorjeaedas moli Aq pasnes 1adheg 4d1epuno

Bty st ¢-°¢

H/7X punooie uorsue

‘yooys [moo
pue 9-2: Hs/x
m butuaqoTYy

X2 TTenapls

0} 3np uorsuedxd sSTY]) 33s jou S30

SMOYS UOTINGTIIISTIP dInssaid PIISTAUT ay3 ‘a1duexs

03 3np 3inssaid ur Iseardap Teriuelsqns
‘6°¢€ 03 9°2 Hs% u3aamiaq A1retroadsa suory

943l UT S30U3233FTp 3biel 23s ues aup -ainb
*39TUT oTuosiadAy ayy ut S3YbTay omy e UOTINQGTIISTP

NQI13STp 21nSs3a1d 3U3TNQIN] pue 2eUTwE] ‘PIdOSTaUT
T3 STY) UT UMOYS OSTe IIe SI[NSI1 Tejudwriadxy
2inssaad [TemaptIs 3yl sMoys ainbr} styl

104

USTINQTIISTIY 9Ins591d 3T3€35 TTenopts
JTNAGH ITINI IIFAVESS




=T

“butrdwmep TeroTyYILe y1IM Huticowms HOO0US SNS19A UOTINTOSII PISCLIIDSUT 3TN
3wWTI UNI PISEIIdUT B} UO PpIN1oFiad 5§ 3ISnu S3Tpnls apeal swos ‘J1SnoTaqQ "UOT3IDIITP [ewiou N
Ut sjutod ysaw peapuny s3i1yjz pasn Y2TUM S3A2nd PITOS Yjoows 3yl Aq umoys ST styr ‘uoTINTOSTa ysiu
P3sSe215UT Y3ITM IWOD13A0 3 ued waTyoad 33 3eYy 393e2TpuUT Apnis sty ‘butdwep f{etor3Tiae 3o >oddy
snhotaen 10 ‘sawalns Buynuaia . ytp Teroads YiTM suafqoid estiawnu Ssayj auwod1on0 93 Eutidu 333e
21e si1ayjo ayIyM ‘pasn aie sanbruysay BUTOUIIIFRTIP TRAZUND UM Afaeindot3jaed sunrjeinojes
Mo13 paads (bTy UT suorleITIOSO 3s31} DP3ouUATIAdKD ARy S12ynieasai 193130 "3IAND paIysep d[r3oad
2TPPTW BYyy ux u:wma>w 350w 3ie {OTYM SUOTIEITTO50 dinssaid yooys-3sod azdnas S22uUdT1adNd MO}
843 ‘pasn aie jurtod \[Taw p3ipuny auo uaypm ‘sadezans [modo pue dwz1 2yj 03 jrwiou uoTriddatp ay3y

ut sjutod ysow 3O siaqunu JUBI3FFTP YITM UN1 ud3aq aaey Ianbij sTUY 30 suotjeinorTes> oMy ayl

*$303339 BuTUOTI3ITSURI} JUITNQqING O3 ICUTWET JO ISNEDddq SITNSI1 paje(ndTEd 33 ueyi 13uuTyl

ST IMo2 ayy uo 1adey Aiepuneq a3yl - 13del Aiepunoq dwex 943 JO SS3UYDTY] IY) sSey se ‘parrapow

413931105 u3aq sey y3buaiys pue UOTILDO0T HDO0US 3yl !JUI[[3IND ST IUINUTIFINI PuY STS’Teue UIBMYIY

uostiedwoos ayy ‘yeiaau’db ur  CIHMGH BYY O ummmM Aaepunoq ayy 30 SsauydTYy By SIJLDTPUT YsIuyM 3333 g

3Yy3y o3 yoeq AT®dInb suiny 3T ‘3a2nd ay3z jo doj ayy aeay *IMOD 23 30 IPTSUT IYI U0 UOTSSI1dmod

PainqI13sip ayy Aq pasne> st dn prs JY6T1 ayy 03 2sST2 lenpeif ay3y I[TYM UOTIILD0] HOOyS [MOD

Yy FO SATITOTPUT ST JIYHTI B3 03 wun) dieys ayy ‘aaind 2Yy3 dn HUTNUTIUVOD  3[DT313a SUINY Iains

343 aisaym uorjzed0[ ¥} Aq PAJEOTPUT ST SS2UYOTYY Y3l !3drjins duez aYy3y uo umoab sey ysryn zadet
dzepunoq %oOTY3 BYy3l SMoys 9anh13 3yl 3o 3ied zamol ayy ‘ajar 21y 3e ¥1130ad BY3 butiaprsuo)n

'53de1ans [Mod pue dwexl Yjoq U0 SINDD50 UOTITSURAY eyl 1S} 2Yy3 LT uoTIEDTIPUT Jwos

snrt @13yy ybnoyzTe ‘uarnqany ATIr} uni aiam suotrjerndTed Y3l jyo TI¥ UTIRIDIY S62153p (19 O3 1enhba

@anjexadwd) Tejoy pue parenbs 131w 13d suojmop 903%1°9 Tenbd 21inssaid te3oy ‘4 ¢ 01 [enba aaqunu

yoey 30 SUOTITPUOD Tauuny Tejuswtiadxad ayjz 03 1as 3i1am SUOT3ITPUOD wWe3IIS I323 Y3 ‘suoTIe[NI[=2

93} 30 TTe uI °SITOITD ayy Aq pajou aie s3[nssi Tejusuriadxa 213 BTTYM ‘S3UTT pIausep io pros

Aq uan1b aie sisATeue a1l jo s3Insaz Ay sased Tre ur -oT3ew3yss i1addn 3yl uo pajou I1e s3113024

343 Fo uoTje~ny 3YL "wo3loy Ay} e umMoys St sa[ryoad asincsaid joztd Teauawrzadua pue paye[nd[eEd
943 s uostiedwod e pue doj 3yl 3¢ UMOYS ST IITUT IY3 30 dST3eWdydS ® I1nS513 ysea ujg

‘puodaq pue awihzi p3ads sty urt
suorjernoTes 2aning pTE U3y} Ued S13MSue ISIY] - paIssasse 2q ued s510310e3 3S3AIY3Y C1 AITATIITSURS )
‘SucTieINdTED 3Y3 UT STIpPow IZUI[NGIN] pur UOTINTO0S31 prab ayy butSiea Ag -3afur ayy anoybnoayyy
sattrjoad 3ianssaid uteiqo o3 2qoid a2inssaad jojtd butrsiane1yr e y3t1m pakanans seo, pPratymorg
33 ‘UOTIDATIII }O0Us By3y 30 AJTuUIdTA 2y3y Ul -3de3ins duel 9yl Aq pa3na[3a1 ST piue abessed alel B
TBUIIUT 33 SIsianel]l YOOoys sty3 pue dI{ 1Mod ayy Aq paierauab st HOOYS ¥  "32[UT 3yl 03 FduvrijuI
243y e MOT3 0°9 yosey e saonpoid 36Epanm 233163p ¢ 9 Teutwou B3 % L yosey 3¥ (19 “32d) 191105 SNY €
Butsn sSIM37 YSYN 3¢ auop stsAfeue ayz pue (G2 “JIY) Sawmy YSyN ae P31s533 A{feurbrio sem pajernajun
9q 03 3ITUT dTuosaadAy a3yl -S3TNSIT [eIJUR2UTIAAND 03 paiedwod udaqg @ABY SUCT. 2TN2eD Iyy

Jo S3TNSV2 JY3 pue 3IBTUT 4° 7 yoey e yhnoayy moTi Byl 30 dpew uaaq aney sSUOIIBINOTLD TeLINIS

s3UTod USSW 36 359373
: UotyeiInbtjuo) UOTIEpIies dio
IFINT SINGSHIdAR %71 AdVM

T T A

e do o el PP AR W - .




| _ =
19154 ,/Sd 01Dy 8.nssaid J0lid w
3 ) o . ‘ 1 3
¢ T T oYY o v 71T T 77 Yy r—T T f —
i - ) 7 =
” 1 1 @
,, o
-
{ . O
- ] o
, i Baa
', S
| 3
Smey g
| ] =<
—_ 'S
w SJUIOG YSAN [DWION O Jaguiny 3

s, ,,,.ﬁ,.,n,.ﬂ,...._._.._,..__.ﬁ.,.g____égé_amﬂm R [ wm

SUI0d YSBJY JO }034)3
U01}DINDUOY UOHDPIDA (4D

LFINI OINOSHIdAH ¥°L HOVN




D}0JDWO?) PUD PIOUOQJ I — —— ——

i T T e Lo L & s o Cu Endechgaes e - ORnuptelioys e w b PR S ———- - D

L

J31Sd,/Sd '0noy 2inssaid jog _

L oumn auh Sum S SEn SEnd SR B

YyM}d3g puD [jBUysng
|3pON 3dudINQUN}

WD A NIOM W01} 93UDISI] |OWION

/,; 2

\
N

\

m_m_UOS_@moC.w_DQLD._. 40 199443
uonoInbiyuOY UoHDPIA (1) | MWO3)
13N OINOSEIdAH ¥°L HOVI mfo_,__ﬁ%mmm%%%zﬁwum%\z

A1100]aA @m._>,88:m

*SMOTF a3qunu yoel 13YBTY 103 SITNS31 SNO3UOI1d S3anTh spaads 1amoT e [[sM 231Inb

S4aom yotym Tapow IOUBTNQIN] e (ITgEe[TEaB ST BleEp [eIUdWIIadHa Y3TM uostieduod ou YosTyM 10} SMOTF
poads Y6TY 30 uoTjETNOTED Y3 Ul Sidbuep 37qTIssod S3IESTPUT LOTIBINOTED STYL °SMOTF oTuosiaddy
3O UOTIETNDO[ED 10} P3PUSWWOD31 ST Topow pasoadut 3y3 pue 13333q Yosnw ST JU3BWTIBAXd Y3 M uostaedwod

a w 9yl 'dJIY PITOS 3yy se ieadde SITNS31 3y} ‘{iom STIY} UO paseq [Ipow ITeos yibuat e Hursn pue
w5 *Yoaeasal 13TTie3d ITIY3l UuT TIpow STY3 Y3TMm suafqoad aeTIwis punoi (29 °"Fay) Yyitmj{oag pue TIduysng
O < ‘umMop S)elaq TIpow STy} ‘13a0MOY ‘SuoTIEINOTED dTuosiadAy ayyz 104  -suwrbai paads sruosaadns moT
< D 9yl ut swdtqoad jo saddy 3us1933TpP Auew 103 Bpod SHd 9Yz UT pasn ATTNISSIOONS uaaq sey ystym [apouw
oo BljBIBWE)-PTRUOPON B BUTSN S3ITNS31 dY3 SMOYS JUTT Paysep ayl °2I3Y UMOYS IIE TIapow asuaTnqany ay3
M o UT S3Teds Y3BbuaT 3JuazdzFTP HutdoTdwd 3IITUT o 7 yodey 3Y3 JFO© SUOTIETNDOTED OM3 FO SITNS3a1 ¥yl
=3 _
O o
[ JTe
(o IS TopouW dduo(ngin. 3o 359333

USTIEINDTFUCD UOTIEPTIEA TJD

ITINTI JINOSUIdXR % L HOWVM
' yoonl i n \ et ' : M, M




= . - =0 . S G el A SRR

SjUIod YSSI [owioN Qg

VS i,
(yr VN Y L |
N// ; \\\\\\\Nx\\ﬂmm&

SJuUIod YSaW |oWON (0|

- JJJJVV\ \mﬂ\x\

i
|
2
AY100[0A [DWION

NS e
UONN|OSSY YSa JO 09))7
LIINI DINOSH3dAH ¥°/ HOVW

[UoTINTOS31 PTab paseaidur YiTM SUOTIBTTTIOSO TEDTI3WnU 30 uoOTIEUTWITS
pue 3sed jutod paipuny 3a1yi syl ut uouswouayd MOTF 3O UOIINTOS3I 133339 BUTIEOTPUT I.nbry doj
Y3 uUeyl 13yjoows yosnw ST 3InbTF wo3ljoq 3yl -sjurted pPaipuny 32i1y3y sey wo3joq 3Yyi ITTYM ‘Isejiins
1Moo pue dwex ayj uasamiaq sjutod PT156 paipuny 2uU0 Y3TM S3ITnsSaI paindwod ayy smoys ainbIy ayy jo
3aed zaaddn ayl -aanssaid ur SuoTieTiEn TEDOT 03 IATITSUIS 3Sow ayj sT A3Td0T2A Yy yo 3juauodwod
STYlL °3ybTay abessed mMoT3 Te20T ayy o3 PIZTTEBWIOU u33(q 3sBY Y5TYM UOTIDIITP wWedils ayy o3
dernotpuadiad A31d073a 3y3z 30 sarTyoad 8ie aiay paizold -Lanbiy snotaaid ay)} ueyy 4Aem 3uU31333TIp E
UT UOT3IETNOTED JIITUT $°¢ YoBY Y3 UO UOTINTOS22 YSouw 3O S3D2139d 3yl sajei3suowap ainbry STYL

XIT50T5A TEWIoN
USTINTOSSE (SOW 6 355777
LITNI DINOSH3AdAH % £ HOWW




S 0T v TEeAeREes T RERORT T T e I - RTVEEEETa RN s A - R e e

- o
3AOM A0S BEB&V/\\\
v / .

320N Q__m / |~
g y / \..\\“ T
3ADJ, 4O0US JUI0)

.

>

anDp, ¥oous Jaho Aiopunog

1ok Aiopunog {IOM

5in}on 1S 19ADT ADPUNOg SADM HO0US
NOHOVHIINI $INYOD OINOSHIdAH

‘SuoTjeINOTEd. 3yl UT paTea2nld1 OSTE seM
aAeM }OOyS 13u105 Iy} pue saosejans dITs omy Aq papunoq uorbax IeTnbueTI} € JO IINed} A1epuodIs
3y3 ‘UOTITPPE UI ‘SainbT} 9S3Y3 UT uUIBS ATTSed 3ie wa3isAs }ooys pappaqua ayis Aq pauwioy szutod
a7dTi3 3O 385 32U} pue sadsejans [TeM 3y3 woiy aaen ®ooys 13de7 Aiepunoq 9yiz 3yl FO UOTIOISIIJUT

ayy Aq pezeiauab aanem Ho0ysS 13uiod BNbBITYO ue 3O sSainjeadd Aizewrad 3yl -~uUOTIDLIIIUT 213U10D
oTuosiadAy oYz 3o pIATF 2anssaid Tejo} pue ‘3inssaizd DIIBIS ‘IdqUNU YOBY PI3e[NOTEd 3yl ussaid
S31n6TF 931yl IXK3U BYL °S33nUTW NdD §°0T1 o prnom I123ndwod I Ayyd STMdT 2y3 uo awrty burindwod
jualentnbad 3yl ‘€€0€/0/§ WII SIMST dY3z uo pawzro}iad 213m suoTieTndTed ayi ybnoulTy *sjutod
(000°00E) 02IX06X0G6 3O pasodwod walsAs prib e HUTSN UOTIDEIIIUT I3UL0D aTuosiadAy 8ayy uo pawiojiad
219M SUOTIBTNDTED °'2€°0 Pue 62°0 3O soraex ainjeiadwa3 lem paosnpoiad yosTym Butyuey so3163p

0061 pue auTyuey sSa3163p 0.1 uU33M3aq patiea 3injezadwd) uoTjeubrls [auuny JYL 936 0 pue 93ST 0
uaamyaq butdiea 13qunu SpTOUA3Y wWea1}S 331 3L PI3DONPUOD I13M S3ISIF pue ‘TIUUNY PUTM uMOpMOT(q

g°11 YoeW B UT pajunow sem Tspow Yl ‘SSIv01d UOTIBOTITISA YIewyosusq 3yl jJo 3ied se ‘1anjos

MmoTF TeuOTSuUdUWTP 331Yy3 Hbutyosiew piemio} SISdad @Yy bursn ‘(g "338Y) WIH pue pTeuOU Y ‘uTlabbng

Aq paTIpn3s SeM UOT3IOB1IIUT STYL ~WIISAS IAEM }O0US Pappaqua 3yjz 3o uoT}Dadsia3uT Aq pawioy sjurtod
97ddT13 OM3 JO 335 B pue ‘sadejins TTem ayy uo yymoib 13der Aicpunoq prdex ayy 4q P33e13U3b sanem
H{o0UsS 2Y3 3O UOTIDISISIUT 3Y3z wol1y BUTITNSII }O0YS 213ui0d 3INbTI[4o ue JO SISTSUOD pue 3inbr}y STY3
UT umoys ST UOT3DE1IIUT MOTF I9UI0D dY3 FO AINIONI}S dYL -S3dadsuod 38TUT DTuosiadns padueape YyiIm
pajeIososse suaTqoid 3o sseld abier B Fo TeoTdAl ST 3EBY] UOTIDEIIJUT I3Ul0D XaTdwod e sjuasaidaa

31 3ey3 ur juejzodur sT eusuwouayd sTyl -ATIuspuadIapuTr pajeaal a3q jouued pue pajeraziajut

21e 5352339 PIOSTAUT pue SNOJSTA 343 ‘BSEd STY3J ul -3pnjTubew JO 13pi10 Jwes 3Yy 3O 91 SUOTITPUOD
asayy a3pun paosnpoad 13AeT Aaepunoq SnNOdSTA 3yl pue 13ABT HOCYS PIISTAUT ay3l UIIIaym authaz

MoTF A3TSUap MOT ‘OTuosaadAy ayz spiemol pa3d3ITP SeM JU3WTIadxa ayjl ur 3sSa1aj3utT Aaewtad ayl

“(2€ °"§3Y§) TOS31DH FO UOTIOBIDIUT SIJUI0D DTUOS13dAY

ay3 punoie 193uUl32 SUOTIZEI33UT 234eT Aiepunoq LUITNGIN] IAEBM HO0YS TBUOTSUDSWID 331Y) ATybTy

asayl °s3daouocd 33TUT 3jeadiTe padueape 3FO ubTsap ayjz urtr juejziodwT 3wod3aq TITM eyl uoudwoudyd
Hiewyosuaq pIa3dIT@s AFTIUIPT 03 pasn butaq osTe ST STSATeut SNJd TeuoTsuawTp 331yl 3yl

NOIIOVY4dINI E3INGOD JINOSHIJXAH TS




f HYPERSONIC CORNER INTERACTION 5
Minf = 11.8, Laminar Flow, Rey = 0.5X 10
Mach Number Contolrs

Boundary Layer Shock Wave

Corner Shock Wave
Embedded Shock Wave

Slip Surface

ORIGINA

L
OF Poop ( AGE IS

R QUALITY

. HYPERSONIC CORNER INTERACTION g
Minf = 11.8, Laminar Flow, Rey = 0.5X 10
Static Pressure Contours

Boundary Layer Shock Wave

Corner Shock Wave
Embedded Shock Wave

-
-
4 L

Slip Surface ' |




[ _ HYPERSONIC CORNER INTERACTION.  « * /
: Minf = 11.8, Laminar Flow, Rey = 0.5X 10 ‘11
Total Pressure Contours |

L _ Boundory Layer Shock Wave :j
"Q |
; Corner Shock Wave ‘;

Embedded Shock Wave

Slip Surface

o ORIGINAL PAGE 1S
OF POOR QUALITY

\

. MYPLRSONIC CORNER INTERACTION - ¢ |
Mint = 11.8, Laminar Flow, Rey = 0.5X 10 ‘
Static Temperature Contours i

Boundary Layer Shock Wave ‘

; Corner Shock Wave
» Embedded Shock Wave

Slip Surface . |




i ) ——

SOIWDUAQ pinj4 jouonoindwon _
ul
UoI}o3uI(Q 84nng pud sanljiqodny Juaiing

, SOWI] |0 1D |04}U0D

Japun si ((ubisap 40 ) 159} By} 1DY} 0S S)NSAL 3y} JoIpasd pud
juswuiadxa uo ubisap’ 0} yjoq pasn aq M swo.iboid Jayndwod
p3duDoApD ‘uonojuswiiadxe pub 49 O Aojdisyul 9S00 YIp |,

9AI1}030dS.194 S.BE vV
NOILYHOIINI INVHAIY 1IN 404 04D

* L uoTaeabajur

BWeIFaTY 3IITUI g4D 03 9pINH ABoTouyds3d] S,13s(,, B UO SITI3S IBUTWIS STY3 JO EIPT UTEw a3yl ST STYL

*ubTS3ap 13pun wdIsAS sweiyaTe 3ITUT 3yl 03 juejzoduwr die jeyl s3assadoid prIn{F aYy 3O Hutpuejsiaapun

Tejuswepuni e 13yd1e3s31 aY3 sSIATH OSTE UOTIOEIIJUT STY} 3INng ‘Sd2uTl TIeC 3 TOI3U0D 13pun

ST ‘ubTsSap 10 °31S33 9Yl BY3 eyl 0s s3INsSa1 ayy 35Tpaad o3 pue juauwrasdxa ue ubIsSap 03 Yyj3oq pasn
3q TIIm sweaboad 133ndwod paosueape ‘uoriejusutaadxkad pue Q4D UI3MIBQ UOTIOLIIIUT ISOTD YITM

*wPUTISAL xHTajeY, pue 1011d-pue-TeTil
saseTdaa HuTpuelsiapun Tejudwepuni pue stsiteue ai1eym ‘wa3lsAs ubrsap ayy ojur , ubisag paseqd
sTsATeuy, pas3npoajuTr sey Q4D snyl °-3daduod y}Yoorq BUTPIINg € WOi} SMOTF SNODSTA JEUOTISUIWIP 331Y)
xa1dwod ATybry Byl puelsiapun pue 4pn3is o3 A3Tuniizoddo ay3 13yosieasax aYy3l Spioije pue ‘sSIwWAWTIIIKD
JUoTIEDITEA, 10 ,HiBewyduad, TIeD 2i1e sjuadwtiadxa 3o saaddy asayl -Ajtrriqeded Qi) @243l Ajtiaaa
03 TTejap pue Aceandoe JUBTOTIINS 3O ejep Tejuawriadxka yjIm uostavdwod pafreiap Aq paureb aq Ajuo
ued 3IJUIPTFUOD STYL °"MOTF 34yl JO SoTsAyd [edTIT1D ayy 3uasaidaa A123eandoe Huri2apow teotrsAyd pue
wyjlTioLSTe TesTaawnu SIpod IYl 3ey3 paTISTIES ST a3ubTrsap 10 13ynieasaz ay3l ayjl aduo ‘smolF PINTI
a8yl 3o butpue3lsiapun FO STIAdT Mau 103 abexs ayjy 38s sey uany ur A3rrtqeded mau STyl “pajnduwod
9q ued MoTF X3aTdwod FO S21n3edF IIELDTIJUT JY3l ‘A103STY UT dSwT) 3Si1TI BY) 103 ‘3IBY3 UT 2133uTbhbud
ubTsSap Y3y 103 A3rrrqeded 3o wieal mMau e pauado sey uorjeabajul Sweiyary IBTUI 203 Q4D

ant3dodsiad 9iInjng Y
NOIIVEDIINT INVIIaIV ITINT §063 T30




‘5961 AInp ‘9
*fO0A ‘°y3eyl IystadwnN ,‘swdTqoad osTToqaaddy pue dTroqeaed I 31ed SPOYlaU UoOTIIAITQ but3zeuaalTy
3O uoT3ETNWIOI Te13UdH ¥, ‘"3 " ‘uuny pue °p *se1bnoq

' ©2861 ‘SS31g oTwIpedsy ‘SMOTJ TEUOTSUGWIPIIINM pue ¥o0US ‘ITuOSUEI] , ‘S303333 SNOOSTA YIIM
. moTd STuOosueil, ‘"¥ ‘M ‘AaTTig pue ‘°S ‘yjoaweys ‘°H ‘preuvodsy

_ 6261 >M=a ‘Ghyl-6L "ON 13ded VYIV ,‘SMOTJ TEUIIIUI JO s3dadsy
sTweudg pINTJ Teuoraeyndwod, ‘¥ M ‘A3TTig pue °H ‘pPTEUOdH

‘0861 Aaenuep ‘y¢ “TOA ¢ sAyd -dwod ‘p ,‘SdWIYDS ITOTTduI }DOTE PITT2Ie3UTT]

JO @sQ pue 3in32nils SY3 uQ, ‘°H ‘prevoadd pue "H M ‘Aa1Tag

. v ' LL61T 3snbny 2.¢ "d  ‘u2
‘1oA **SAyd -dwo) °p ,‘POYIBU ITOTTIWI PITTTEIBUIYH © Aq suoTienb3 sayo3§ 13TaeN @1qISsaidwo)d
TEUOTSUBWIPTITNW 8yl 3FO UOTINTOS, ‘'H ‘PTeEUOEdW pue ¥ ‘M ‘AdTTaE

* (uotjeaedaad
uT ¥4 YSYN) . ‘Butysaey paemiaog TeriedS Aq MOTJ SNODSTA TEUOTSUSBWIQ-TITNU FO uot3eyndwo),,
f'M "X ‘wTy pue ‘- ‘pleuogal ‘"D d ‘urabbng

_ ‘ge61 Aienuep ‘/210-59
! ‘oN 13ded WYYIY ,‘Butyoiey piaemiog Teryeds Aq MOTJ doTuosiadnS SNODSTA TEUOTSUSWTA-TITNU
3o uotjeandwo)d, ‘°M "X ‘Wil pue "H ‘pIEUCEOWN ‘"D “d sutabbng

. 0861
Kaenuep ‘5410-08 "ON 22ded YyIY , ‘S3@2Tul uT MOTJ dTuosiadng [euolsuawtr(q 331yl jFO uot3zeandwo),,
“°4 *An37 pue ‘d ‘' ‘Aysaoysaiy ‘"H ‘preuo@odll ‘"D ‘d ‘ulubbng

“0861
Aaenuep ‘grzs-UD ¥SYN . ‘STSATeuy MOTJ 3IBTUI dSTuosiadng Jeuorsuawrg 2331yl e 3O juawdotanaq,,
«*d "p ‘Aysaoxsaiy pue "y ‘AadT ‘"H ‘pTERUO@DY ‘D °H sutabbng

"Gl61 1990320 ‘8L1-061 "dd ‘61 "TOA
¢« 5&yd *dwo) °p ,‘SeH PIDSTAUI 10 SNOOSTA € JO MOTJ oTUOS23dNS
TeuoTIsulawWIg-aaiyl, ‘-8 "M ‘A3TTag pue 'Y ‘pTeEUCQdIN

XAdvuoo1ia1d ONV SIONIEIITE

‘0l

u
,
A
|
i
i




‘§£861 Axenuep ‘96c0-C@
"ON 23ded YYIV ,‘Swa3sAS 23BUTDP100) TEUOBOYII0UON Y3IMm 3s| 103 sTsATeuy moTJd AiepuosassAiewtay
SNOJSTA, ‘°H ‘PTRUOUIN pue ‘*y M ‘Aa[Tag ‘-8 ‘AndT ‘02

‘1961 TTady ‘68S€S ¥D VYSYN
«'5WI3SAS 33eUTPI0O) PIION1IFSUO)
Y3Im 3s) 2103 sTsATeuy moTd 3oang DTUOSQNS 91qTssaadwo) juarnqiny TeuoTsuawtg-saa1yl v,
‘"d "p ‘AqSA0NSRIy pue ‘Y ‘M ‘ASTTag ‘°H ‘preucdOl ‘‘d ‘AndT ‘61 4
,
|
|
|

“8L61
19quIAON “620f ¥D VSYN . ‘STSATEUY MOTJ 35nQ JUSTNQINL TeUOTSUSWTQ B21yy ® 30 juauwdoTanaqg,,

‘*d4 "M ‘A3TTag pue ‘‘H ‘pleuogol ‘Y ‘AndT ‘'Y -d ‘uewast3 -9l

‘9461 ISNbNY ‘1HRITE-92Y
320day JUIN ,‘S3IONQ P3AIN) pue JY6TEIIS UT MOTJ SNODSTA TeuoTsuawrQ@-331yl jo uotjejndwo),,

‘"H ‘PTEUOQON pue ‘°d “p ‘Axsnoysaiy ‘Y ‘M ‘Aeyrag A

‘(uotyeizedaad
ut jaoday) ,*S3aTUI 2TUOSiadng Pue 1395N33TQ dTuosuel] (-2 UT S3AeM HOOYS 3O Idsuodsay stTweudq,,
‘’H ‘PTeUOQDY pUE ‘'p ‘g ‘yjoaweys ‘°s °N nTT 91

“§£861

Isnbny ‘g2/¢ UD ¥SYN ,‘I3SNFITQ/33TUI Ue 3O uoThag HooyS TeUuTW13l 3yl UT SMOTJ TeuoTsuawiq

831ylsonl JUSTNGInL 3TGTSS31dwo) 10F suoTienbl $3403S-13TABN 3yl FO UOILINTOS TesTa3uny,
‘'H ‘PTBUOQ@OW pue ‘"p °S ‘yiolweys ‘°S ‘N ‘NIT ‘g

‘€861 ATnp
‘2681-£8 ‘ON 13adeq yyIv »‘d3SNIITG/3BTUL YR 3O UOTHE3Y HO0US TeuTwial 9yl uT SMOTJ TeUuOTSUWI(Q
83ayrsonl JuUITNqanl a1qTssaadwo) 103 suotrjenb3 S9H03§5-218TABN 3Y3l JO UOTLNTOS TesTiduwny,,

‘°H ‘preEUOQOl pue ‘"p G ‘YIoIWBYS ‘S ‘N ‘RIT ‘H1

“E861 230300 'J-9000£6-58Y "d3Y YUS ,,‘STSATRUY S3X403S 19TaEN
e butrsp suorioeiajur iadeq Aivpunogsanem ®Oo0Uys OTuosSuBRI] FOo wsTURYD3Y BY} FO uotrzEbTISIAUT

‘"H ‘PTRUCQOY pue ‘°p "H ‘BUTTAQTD ‘°p 'S ‘yjzolweys ‘'p '@ ‘d025s0y ‘€1

‘G6L61 ATnp
‘LEL116-S2Y¥ 320d3Y TYVN ,,‘SMOT4 13SNFFTQ SNODSTA TRUOTSUSWIQ-221yl Sutandwon 103 poyIau v,,
‘"4 'M ‘AaTTag pue ‘4 ‘pIEUOQOl ‘Y °d ‘UewdsT] 21

“HL61
Azenuep ‘gz-g -dd ‘o1 "TOA ‘*sAyd -dwod °p ,‘SIONQ UT MOTJ SNODSTA Apes3s Teuorsuswrg-33iayl
buT3oTPaid 103 poy3ay TeSTIBWNN, ‘Y M ‘datrag 11

XHdVEO0ITdId ONVY S3ON3udddd

q . VR A T Y ‘AN . VR £ . A
F " S 1y e o B v R P Gy . il s s dci BRI N 7



"8961 29quasaq ‘9142-01%2 dd ‘Teuinop YyIy ,‘9uUoc) pamex e uo uotjezedas pue
4armoap 123deq Aiepunog julTNRqani, ‘‘p ‘M ‘pirquTed

‘8461 Ydaey ‘IY jaed ‘99-9/-Y1-1044V ,‘0°f YOPW 3B UOTIDEIIUT 13deq] A2epuncg jusnganisonep
%d0ys anbr1qo, ‘'S ‘Fjouopbog pue ‘3 ‘I ‘sep ‘'g ‘wexyso

"9L61 dunp ‘I 32ed ‘89-9L-YL-TA44Y 4‘0°§ YOBW € UOTIOEB1AJUT 19AeT Alepunog JudTNGiInlsonem
¥20ys anbTTqO. ‘'S ‘sjouopbog pue ‘3 ‘I ‘sep ‘°g ‘weysp

"9L61 29quad3ag ‘9601-0601 "dd ‘g1 "ON ‘9% “TOA
‘Teuanop YYIV ,‘SUOTSUBWTIQ 231yl UT UOTIOEIUI 134eT Aiepunog juarnqanisanemM %o0ys ankr1qo
0°tf yosey, ‘"W ‘s ‘j3youcpbog pbue ‘3 ‘I ‘sep ‘-g ‘weyso

“§L61 Ydaey ‘2e0L-0 NI YSYN OSIY 2761
‘uojbutyseM 3o °"ATUn ‘STSIYL QYd . ‘IUSTPEIH DINSSIIg 3S13ApY PIsnpul aneMm }d50YyS B uT 13deq
Aiepunog 3juaTnqan) 37qTssaidwod e 3o 10TaeyDE, ‘-5 ‘M ‘asoy

“£L61 TTady ‘0STL-0 NI VSYN . ‘STopPoW I2TUI 2TUoS13dAy aTess-abie] uty3T= SPpT9T4 MOT4 30
. uoT3ebT3ISIAUI, ‘ D "3 ‘uosieM pue -5 -y ‘soun

"£L61 Aaenuep /@72 YD VYSYN .°3I9TUI §°¢ ysey e 103 waiysdg
po2318 ® 30 ubtsag, ‘'3 L ‘XOOWDTIY pue ‘-p ‘biaqds

0261 ABY ‘9102-X WL VSYN ‘0 S=UW ‘suoTyTpuo) ubtsag 3e
9dUBW10313d - WIISAS IAITUL UOTSS32dWO)-P3KTH ‘TEUCTSUIWTQ-OMI ‘BTEDS abieT e jo uotjebrysaanur
Tejuswtaadxy, ‘'g "N ‘Buom pue -3 ‘M ‘uosiapuy

"SGL61 Isnbny ‘ceG6Z ¥D YSYN . ‘S3IaTul
uotrssaidwod PIKTIW oTUOS2adns Ul PaaTg Aq SUOT3IDEI3IUI 134AeT Aiepunog aaeM-3d0ys 10 To13U0),

‘73 ‘oxaoysay pue 'y M ‘3SBUTH ‘°y ‘W ‘epnyng

6461 ATnp ‘gGh1-6¢ 'ON 13ded YYIV . ‘SMOTJ A1epuodas pue Azewrag STUOSQNS SNOISTH
30 uotjeyndwo) pue stsAfeuy, ‘°H ‘preuogol pue ‘-y ‘M ‘AaTTag

XHdVa@o0I1a1d OGNV S3IONId3ddd

‘0

‘64

"8

“Le

“92

‘§¢

i T4

‘g

“ee

‘12




1861 ‘L611-1%
-oN 1aded YYIV ,°‘SMOTJd 23snj3TQ dTuosuei]l ‘pajeledas ‘Apeajsun ut sjudwainseady 1339WID0TaA
1ase], ‘"W ‘uaqles pue ‘°p -1 ‘iebog ‘°"p "l ‘uowles 0%

1961 ‘1621-18% "ON

15ded YYIY . ‘UOTIBTTTIOSO MOTJ 12Sn3}TQ STuosuell ut aTeds yibuaj pue Asuanbaij o513s5T133d0C1RY),,

<'5 “p ‘IT3N0IY pue ‘Y ‘uaqles ‘°p ‘L ‘aebog

“6L61 AInp ‘2051-6L “ON
13ded ¥YYIY . UOT3DEI3UT 13de] A1epunog JUaTNganl/aneM-3o0ys TewION & U0 13quni spiouday pue
yoey 3o 323333, ‘¥ "p ‘sebarp pue ‘"9 "D ‘2IeY

‘g6l Aiaenuep ‘(GET0-¢8 "ON 2oded YVIV OSTY) ‘81068
HI YSYN «‘SPITd MOTJ 32TuI 2Tu0s13dng DTi32uwASIHY 3O STSATEUy SNOISTA {euocTsSudwTIg-33ayl
e jo uotjeprTea, ‘'H "€ ‘uOSIIpuy pue ‘°‘p "1 ‘uosuag

‘¢g61 Azenuep ‘(9¢10-59 "ON 213ded VYYIY OSTV) ‘950L{8 WL VYSVM u ‘ SUOTSUDWIQ
231yl uTr uoT3doe1a3ur 13de] Aiecpunog JUITNYINL/ANEM HIOOUS anbt1qo 1IeM2pPIS butouels a3yl
03 UOT3INTOS eOTAdWNN, ‘" "1 ‘uosudg pue ‘°H '@ ‘UOSa3puy

‘0g61 Aaenuep

‘(0%850-08 -"ON 22ded YYIV

OSTY¥) ‘11518 WL YSYN ,‘STsATeuy MOTJ SNOISTA JeuoTsuawig-32a1yl e bursp s3ajul sTuosiadng 3o
uoT3ENWIS TedTiduny, ‘3 "D ‘3umol pue ‘H ‘g °‘uUOSIApPUY

‘1961 Aienuep ‘ogc0-18 "ON 13ded YYiY ,‘S13ul0) uorssaidwo)
3 SuoT3oe13jul 23de] Aaepunog JUITNQINL/YHO0YS 4§ 2 42 3° putiess aduanyjul weazysdp,
+-y ‘'S ‘3jouopbog pue ‘‘p -p ‘SuTqiad ‘°S "D ‘SITIIAS

*2L61 Aey *969-269 dd
‘¢ "ON ‘01 IOA ‘Teuanop YYIVY ,‘Saaquni spTouday Y6TH 3e sabpam butridasiajul 3o 213duUl10) Jyjy ut
uotyoe1ajul otuosiadng, ‘"H ¥ +163x20y pue ‘-3 "p ‘ISIM

©9961 Y21ey ‘0050-99 320dag YSOJY ,°Sdueld BbuTt3dsasaajulg
oml buoTe moT4 dTuosiadiAH, °'°'f 'Y °‘TIS31D

) ‘gg61 Aienuep ‘(GEI0-£9 ‘ON 22ded yYv¥IY OSTY) ‘L60€%® WI ¥YSVYN
«‘P33TE YITM UOTIOEIIIUI 13Ae] Alepunog JUITNGINI-YO0YS Teuorsusuig-oml e 3O uotyebtysanul
Tejuawtiadx3, ‘'l "d ‘Tluel pue ¥ "M ‘3ISBUTH

YHIVEH6T1aId TRV SIONIEIITY

"6

R 3Y

3

AY

1

"t

31

Tet

Y




e - .. E R A o g i o o, WA SR L W, g

”ll\

‘1861 ATNP ‘£%%§ ¥D YSYN ,‘UOTITSUEIL punoy O3-2ienbg ® uUT mMOTJ4 JuITNqing,
*°Y ‘STYSIUURTX Pue ‘Y f ‘METIITYM ‘°d "N "W "V ‘2074Ael

2261 Aoy ‘gy1-1€1 dd ‘gz "Toa ‘A71931end TEITINEUOIIY
»’532nQ padeys-s uT moT4d 3yl, ‘°d ‘meyspeig pue ‘g ‘posueg

- (uotjsaedaad
UT 4D YSYN) »*‘39NQ UOT3ID3S-SS01) 1eTIND1TD :II 3ied s3ong padeys § uT moT4 Sutrdotranaq,
. 'l ‘STHSIUUBIX pue ‘"H "p ‘METIITYM. ‘°d M "W Y ‘loTde]l

"e961l
Aell ‘06SE HD YSYN . ‘SIONQG UOTINIS SS01) 21enbg.I 11ed ‘s3ong padeys-s ut moTyg Eu.dotaaaq.,
“-l4 ‘STHSIuUUETX pue ‘°H ‘' ‘METIITYM ‘°d "N ‘W ¥ ‘ioTdel

"9L61 ‘815-(6n» dd ‘gg "TOA ‘SOTuEYDddY PINT4 “p
W 'S3ad1d 2eTND1T) panin) utr judwdolanag mold 30 Apnis
: 1939wowauy i13se], ‘°y ‘buon pue T ‘joqiel ‘°x ‘femeaby

“Z2961 Aey ‘166T ¥D YSVYN
»'Pud3g 3adTd ® uUT MOT4 JUITNGAInl pue leuTwe] FJO SIudwIInsedy 1afddog ia3seq, ‘"W ‘STYSIuUuUetry

pue ‘°d "y "W 'Y ‘20Tdel ‘W "W ‘uosqId ‘"W "W ‘3Iddeudy

‘1961 A1enuep ‘(£9CC ¥D ¥SYN
u'S134e7 Lixepunog 3ITUI UTYLl Y3TIM 3IONQ@ PIaind € UT MOTJ JIUITRGINn] pue leutwe] 3O Juawdinseay,,
‘'l ‘STHSIUUETX PuB ‘H ‘p ‘METIITYM ‘"d "N ‘W ¥ ‘201del

‘06T ‘SRL-TLL *d ‘€% "TOA “°YddW pINTd
w'53dTd uT MOT4 3o suorjelndwo) pur sjuIWIinsedy, ‘"W ‘IMoyY

©2861 ‘600026-28¥ "3dZ vys ,°suorienby
S33035-23TAaBN 9Y3} butsn spuag adtd pue 3ong 22enbg 93163Qq 0¢ uT MOT4 IuITNqan]l pue 1eulwe] jo
uotyeindwod, ‘°H ‘preUO@OW pue ‘- 'y ‘ulabbng ‘'Y M ‘AITtag

1961 ‘19%1-1% "ON 13ded yYyIY M.m&auuauQHVMCH

3dCwey 03 uotr3zedTTddy Y3IM SMOTJ 13sNFFT@ [EDTITI213dng UT SIUAdWTI3dK] uoTIERITTIDSO
pad2104,, ‘D 'f ‘TITINOay pue ‘°p ‘] ‘ambog ‘°W ‘udqlfes

XAJVIOOITIId aNY SIONIYIITd




*€£861 A1eniqag ‘6ut3aan uoTsSTNdold JYNNYL . ‘SuoTienby $24035-13t1AEN Au:vumcosﬂa-uuu:h
ay3 BuTrsn PTIT4 MOTJL IITUI 3alweldS ® 3O STSATeuy [edTiawny, ‘Aely ‘ieuny

"£861 Aienuep ‘g/10-g9 'ON 13ded YYIY . SPT3Td MOTJ 32TUI TeITITiIQNS
Apeajsupn pum TeDTITID-183N JO UCTIEINWEIS TEOTIIWNN,’ 'Y ‘IWOSHMIN

"9861 Aienuep ‘gog0-98 "ON 13ded VYYIY ‘,Suotienb3 S3yo3s
13TABN (Q-£ Y3 SuTsn ¥oely jo ITHuy e IITUI PIaNTds oTIjawwASTIKY dTudsiadns e 30 Apnis vy,
‘"D 7 ‘233Uny pue °‘5H°q ‘I3I[MOH

‘6861 19q0i120 ‘2({05-S% "ON 12ded yVyIY ‘,S3II2TUI uOoISSItdwo)d
Teu133x3 TeUOTSUAWT(J-OMl O UOTEay sin3aady ay; HurcATeuy 10} poyiay e 3o uoraenyeai,,
‘°%°D *'133s3104 pue’ ‘" iy ‘Tr9qdwue)

9861 ‘(P3YSTIIqnd 3q 03 ‘133UdD YD1eISIY STMIT YSYN °‘aabcuey
329014 3ISSUTH uaixepm) ,‘3oNnQg-S BUTSNIFTQ © UT MOTJ A18pPUOIIS O uoTIeBTIISIAUY fejuawtaadny,,

4 "W ‘3jeyg pue ‘°d ‘I3ATT ‘"W L ‘MR ‘°Q ¥ ‘TTITHEp

‘C861
yoaey °‘sg-0¢ ‘dd ¢butiasurbuz [edstueysay ,‘SUOTSUIWTQ 231yl pue 1070 ul-ejeq Stweudg pinTd..
‘*D "D ‘TieweTH pue ‘M ) *3INd ‘°H ‘g ‘UOSIIFUY

“I861 13qWdnON ‘9692% WL YSYN ,’‘eieQ dTweudg PINT4 [evolsuawlq a1yl
3o Ae1dstqQ pue 6uTssanoid ay3 o3 sanbruysal ostydein 1010 pIieiauan 133ndwo) 3o voryesriddy,,
‘°D O ‘Tiewern pue ‘°M "3 ‘33Nd ‘°H g ‘Uosiapuy

*9961 A1enuep ‘1¢G0-%8 "ON 13ded yYYIY ,‘eieq [ejuawriadxi yitm uostieduo) pue siong
Panin) uT MOT4 SNOODSTA 3O suorjejndwo), ‘3 "I ‘IFunol

1861

A1enuep *(£000-19 "ON 22ded YYIV OSTY) ‘2/919 W1 VSYN ,‘STSATeUY SNODSTA TRUOTSUIWIG-2a1Yyl
® bursr BurtuoTiTsuel] TEUOTIDIS-SSO01D YITM SIISN}FTQ PIAlnN) UT SMOTJ 3O UOTIBRINWTS
TedTiduwnN, ‘°H '§ ‘UOSIIpUY Ppue ‘-3 ‘I ‘IFumol

‘9861 Azenuep ‘go(-%8 °"ON 23ded ¥VYIVY ,°3IoNng-S

ue Ut MOTd ITqIssaadwo) Truorzelndwo) pue Tejudwriadxl 3o uostiedwo), ‘-3 D ‘IUMOL pur
‘‘d "M ‘ISBUTH ‘"W P ‘MM Y ‘TTINEA

XHAVIS0YTAId ANV SIDNIEIITY

Y v .
I T O T o Y U L

‘09

i 19

‘89S

LS

° 96

13

B 19

‘$S

°Zs

‘1




"OL6T ASNBNY 49861 ‘H6T0-58 VYIV ‘wlFBI1DITY A6
II3TUI STUOSaadng 3o AboTopoyzay ubtsaq SNOJSTA TeBUOTS

9861 “°D°@ ‘uojbu
»‘SOTWRUAQ PINTJ TreuoTieandwo) UT UOTINDITQ 91

dd ‘@ "oN ‘g “TO0A Teuinop yyIy ., ‘elEQ TIuswtIaduy yyIm suostieduo) pue siadeq Aaxepunog
AUSTNRqan] oTuosiadAy wuntaqrirnbauoy 3o UOTIELTNOTED, ‘I I ‘yitmyoag pue ‘-y-@ ‘yIrauysng

‘ON aaded yyIy «»‘MOTJ 3IITUI OTUOSIBAAH e F#0 suorjejndwo) snoast
‘°Y ‘107de]l pue ‘gq-pM ¢

XHd795011d1d OGNV SIONau3idd

PR o .

OTOouYs3l pasueapy
uauwIq ?3Iayl, :°'H

TyseM ‘ssaad Awep
ning pue SaT3TITIq

"L861 Azen
A TeuoTsuawrg-3a3a
BN ‘-p*1l ‘uosuag

T T R v ~ s ot TR T e
Rt S B - R ot

103 swajlsdsg
‘g ‘uosiaapuy

edy JeuoIjepy
edel juaiiny

‘6951-29%1

uep ‘go20-/9
Yyl pue -omr,
“°95°M ‘yTuny

LR




