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IxSj #-~ PIBK;, 1y Q Cu FOEé+| rEce ™.DOVa(ee > ...C»i 0*D@E--0

&KHQ - 4 7X * + =KDQJ <) HW DO +\SHUVRQLF ERXQGDU\ OD\HU WUD
ZKHUH VKDOO ZH JR ICTAAIERODYNAMICAA3INICA
Lx#z# “#0O "D @Eu U0L$ O JOHEFFATAN>L)R ,E» 8ZY xf &KHQ + %

<DQJ ' 2SWLPDO WUDMHFWRULHY GHVLJQ DQG FORVHG ORRS JXLGDQFH
UHQGH]YRXV !EROSPACEA#ONTROL
LxSj >xx #-~ 1y AN1C#q f E — oY GU 0-*xn &KHQ - 4 <XDQ ; $ 7X * +

HW DO &RPSXWDWLRQDO IOXLG G\QDPLFV YLVLRQ LQ &KLQD %HLMLQJ
Lxb HJ FA a 1y W'D Q », F2+X W 6 A 1 A+X.DO! +e#0 ——-0 &KHQ / /LX

' 'HQJ = ; HW DO $FFXUDF\ DQDO\VLY DQG DSSOLFDELOLW\ Rl WKH DWPR
2ADIOA3CIENCE
LxL% § E#E 716 1y Gz*3Q0*W'D O # @) dF 02L$O >|')R3, jy 0 —-FJO

&KHQ 0 . 'X 7 +X ; HW DO (I 'lHFW Rl DWPRVSKHUH SDUDPHWHU RVFLOO

QRUWKHUQ KHPLVSKHUH IRU QHDU VSDFH K\SHUVRQLF IOLJKW DHURWKHUPI
"ULLETIN

LxO8a C¥.. "] 1y 00;"'D f @ E—. é#.DO5,F "D f(™*6 &KHQ : ) =KDR

-LDQJ = = HW DO $ UHYLHZ RI PRPHQW HTXDWLRQV IRU UDUHILHG JDV (
Lx Q Cu FOEé+|rEce MLNE.DO! >SS —-}Aé - @ GU GUW- &KHQ ; 6WXG\ RQ
K\SHUVRQLF ERXQGDU\ OD\HU WUDQVLWLRQ >3K' 7KHVLV@ %HLMLQJ 3HNLQJ
lx & P ~U 1y "tgr° XO>|":; A+XU0..K $5~-W--0 8'0 —(x

&KHQ = & =KDQJ . /L) HW DO $SSOLFDWLRQ DQG UHVHDUFK SURJU
WHFKQRORJ\ LQ IOLJKW YHKLFOHVY *OURNALAOFA4SINGHUAASNIVERSITYA 3CIE
0;0 6A£79 7L6 dF 03L$ W'D)R 3)Q Cu FOO >| ™D @(© W, jy.DO'F ... 0O8Z,i

&KHQJ : ;LDR & < +X : 5HVHDUFK SURJUHVV RQ WKH LQIOXHQFH R

HQYLURQPHQW RQ WKH DHURG\QDPLF FKDUDFWHULVWLFV RI K\SHUVRQLF Y

0;0 6&"9 E#HE 1y dF 0AL$W'D 6O @)QCu FOO>"D@)R3 jy G U8Z028ZY W ——
0 &KHQJ ; ;LDR & < 'X 7 HW DO ,QIOXHQFH RI DWPRVSKHUL
RQ DHURWKHUPRG\QDPLF HQYLURQPHQW RI K\SHUVRQLF YHKLFOHV LQ QHDU
IERONAUTICSAANDAISTRONAUTICS
DD F 02L$0 >|~.DO! ..)a(e GEK ° _LNE E-F .. &XL ( - 5HVHDUFK
VWDWXWHY GHYHORSPHQW WUHQGY DQG NH\ WHFKQLFDO SUREOHPV RI QH
-ECHANICS
FA6 &UOET 'VE#a 1y +,)L5 (N©- I'D@ @F 0 f FQ Cu FOO >|"AiAN.DO!  1PYs#q f E —

'HQJ ) <H < ' -LDR = + HW DO 5HVHDUFK RQ +,)L5( SURMHFW T\
LQWHJUDWHG GHVLJQ RI DHURG\QDPLF DQG VFUDPMHW SURSXOVLRQ *OURN

FA6 HE BR 1y *YCWoéa» @j,” +,)L5 (N©-O>BPY%DOF ... 8200@E-O

'HQJ ) &KHQ - ;LH ) HW DO 5HVHDUFK SURJUHVV RQ IOLJKW WHVWYV
VFUDPMHW *OURNALAOFAIEROSPACEAOOWER
E'y éax ®T 1y 3F 02L$0 >| =, £K *.p0 —L NE "Gy W.DO!AN B5 NE5,F  ]-0 —*H

'X 6 < )DQJ "1 OHQJ 6 + HW DO S5HYLHZ RI WKH DFKLHYHPHQ\
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SODQ RQ 3.H\ )XQGDPHQWDO 6FLHQWLILF B3UREOHPV RQ +\SHUVRQLF 9HKLFO

Q 0 »7- ~oa QCUQ'CMZ £>#q@ |1Q é#.DOB,F E-F .. *DR = ;
-LDQJ & : /L & ; 5HYLHZ RI QXPHULFDO VLPXODWLRQ PHWKRGV IRU K\SHU
HTXLOLEULXP IORZ IDVANCESAINA-ECHANICS
6oy9 -~U F E-&1Y 04xO >|laAG E, j*6 6 A ,i>8ZYFE-°_ *HQJ * <
/L OHFKDQLVP DQDO\VLV RI URFNHWYV EDVH IRUFH GXULQJ WKH VW VW
6EHICLES
rJO H.O QeL K8Z&QCu FOO>|"5,8 xALNE 0*D@ZE--0 *XL <
/LX [/ :HL &RPELQHG WKHUPDO SKHQRPHQD LVVXHV Rl ORQJ HQGXUDQ
IERODYNAMICAAS3INICA
N#Ow HO® C_N 1y 8ZY"™5 “eg-#{°_.DOF ... Fet{Fex +DQ 5 4 /LX
6 /LQ % 7 HW DO 5HVHDUFK SURJUHVV RQ VSDFHFUDIW VWUXFWXUDO Kt
OFA4ELEMETRY A4RACKINGAANDA#OMMAND
iU B6AE#HA|] >xx 1y 0) O>BPY%IiFf 26AGiFfGy*D0! 0*D@ZE--0

+H = & ;;LDR + 6 <XDQ ; $ HW DO JOLJKW WUDMHFWRU\ ELDV C
UHFRQVWUXFWLRQ IRU 0) IOLJKW WHVW ICTAAIERODYNAMICAA3INICA
7M7- »€D LxSj 1y * 3,3 O/Z4y5+5 " Z#HqEe ™MN'#{ E--0 +X = < :DQJ =
/| &KHQ - 4 HW DO 3UHGLFWLRQ RI FURVVIORZ WUDQVLWLRQ EDVHG R
*OURNALAOFA4HEORETICALAANDAIPPLIEDA-ECHANICS
To;® G655 P?2# 1y *3,0 O0(E-98i/- t8+0Q», 0 j5 «ciN*6 é# 8z02-0

+XDQJ / *XR & =KDQJ ; % HW DO $LUFUDIW VWUXFWXUDO KHD

EDVHG RQ IOLJKW SDUDPHWHU ORDG OLIH GLJLWDO WZLQ PRGHOV ICTAAIER

To6E+ PfE ~2ay, 1y dF02L$0 —°_," ..)a(@uA+X}Yy 0°,0 +XDQJ
1 =KDQJ ; - /L =% HW DO '"HYHORSPHQW VWDWXV DQG DSSOLFDWLRQ SU
WHFKQRORJ\& RCEEMGIBAOGYA2EVIEW
4UHa, ;Q: »# - 1y {FO Cu6a» @j#q@'6'E<0;,.DOF ... 8202-0 -L -+
&DL = :DQJ 7 < HW DO YORZ DQG FRPEXVWLRQ SURFHVV IRU ZLGH VSHHG
IERONAUTICAAETAISTRONAUTICAA3INICA
~:& C-0 R&I+ 1y Cuda» @j)AROEH#IDP OW>%+0O¢u° 5F 02Y°_
/L +: /LQ *: )HQJ : - HW DO 5HYLHZ RI IORZ DQG KHDW WUDGC

Rl K\GURFDUERQ IXHOV DQG SURJUHVV LQ UHJHQHUDWLYH FRROLQJ WHFKQ
IEROSPACEA4ECHNOLOGY

~@U Kk5F ]-W,®0 "— 1\9(x E- GU ]-W,®0 "—*x/n /L - & (G
(QF\FORSHGLD RI &KLQD 7KLUG (GLWLRQ OHFKDQLFV %HLMLQJ &KLQD (QF\F
~*C  KkSF dF 0°L$Q Cu FOO >|~ ...DO! GU ]--8Z*xin /L -/ (G 5HVHDUFK

RQ WKH GHYHORSPHQW RI QHDU VSDFH K\SHUVRQLF 10\LQJ YHKLFOHV %HL
+RXVH

~F¥% PeK@ )»C QFOO0>|"46872'LbO3+5 .DOF ... H_,i°_ /L 6 % 0D 5

'DQJ / $ UHYLHZ Rl FRPELQHG WKHUPDO SURWHFWLRQ V\VWHP IRU KLJK
4ECHNOLOGY

CCNoe y C*A 1y Q 'C#q @Gy?+ *pLNE.DOIF ... 0*D@E--0 ] /LQ = % /LDR
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* /JLQ - 0 HW DO B3URJUHVYV Rl PHDVXUHPHQWY LQ KLJK HQWKDOS\ GHWR
IERODYNAMICAAS3INICA 1

H+u A6 /6“&02-$0*QM#0!XQ JjOEAF |, A+X 0*D@BE--0 /LX

& X . "LUHFW PRGHOLQJ PHWKRGRORJ\ DQG LWV DSSOLFDWLRQV LQ PX
IERODYNAMICAA3INICA

H6S d8!- QCup FOO>|"5 'i 6V8QE-DOF .. jO>)R3 ILX & X &

5HVHDUFK SURJUHVV RQ WKHUPDO DFRXVWLF YLEUDWLRQ FRXSOLQJ
VWUXFWXUHVE BBERYIRTQUNRMANTA%NGINEERING

HM, Lx#8 %U\DQVN\ $ 1y 8ZY=8€E5 "ec¢-#{°_ A+XF .. =8€E-0
/ILX 4 ; &KHQ + ) %U\DQVN\ $ HW DO 3URJUHVV LQ DSSOLFDWLR

WHFKQRORJ\ IRU DHURVSDFH FRPSRVLWH VWUXFWXUHV ICTAA-ATERIAEA#OMP
H?2+ >l H* 1y Cwéa» @jDO! N®>..K 8202-0 /ILX ; < :DQJ
0) /LX -: HW DO 5HYLHZ DQG SURVSHFW RI UHVHDUFK RQ VFUDPMHW I
3INICA
#vO dF 02L$ ZLc7-O>|™"D @ {5 "iI0>|BE-6VSLNE.DO! >S5S —}JAé - @ K'E -Lb0 °W-—

ILX = : 6WXG\ RQ DHURG\QDPLF VWUXFWXUDO IOLJKW G\QDPLFV FRXSOL
SRZHUHG DLUFUDIW >3K' 7KHVLV@ &KDQJVKD 1DWLRQDO 8QLYHUVLW\ RI "HIF
5F£92 “Na~ ly j 1ly N ¢»468U)R @j°_ 0*DPBE--0 /IXR - 0
<DQJ 6 + 0X = 4 HW DO 3UH FRROHG FRPELQHG F\FOH HQJLQH WHFKQRO
5. Cu P J #E 1y Q%Y F-MZ£>"D@'BPY%>/-0° _.DOF ... E--0

IXR 6 & =KDQJ = * /LX - HW DO B3URJUHVYV LQ WKH KLJK WHPSHUDW

HTXLOLEULXP DHURWKHUPDO WHVW DQG VLPXODWLRQ WHFKQRORJ\ #HINES
-ECHANICS

EETA Lx# - GMN 1y dF 0°L$ W'D)R 3.D0)a(ee E-F ... AX "5 &KHQ = <

*XR ; HW DO 5HFHQW SURJUHVV LQ QHDU VSDFH DWPRVSKHULF HQYLURQ
($CN "T0 ~( 1y #QFO 00+ )I(BE y 4# 3+P« E@©W iy, DO ]-0 — (™*6—E—

Y. - 1LX 6 = <DQJ 3 ) <DQJ < HW DO 1XPHULFDO VWXG\ RI WKF

FKDQJH LQ LQIORZ YHORFLW\ RQ WKH VWDELOLW\ RI DQ REOLTXH GHWRQDWL
OHYSICA A-E€AHSNIRAGNBOMICA

000 HJ C¥IS 1y dF 0°L$Q Cu FOO >| " x f3+5 *\1*6 GU G U8Z0%8ZYW-*(x/n 4LQ
/LX * =KDR ; HW DO %DVLF SULQFLSOHV RI FRQWURO V\VWHP IRU K\S

%HLMLQJ %HLKDQJ 8QLYHUVLW\ 3UHVV
8PK7 I-Fii- »fL 1y 0Ece(6M7'6' 8Z02#NEZ? @j.DO'5,F 820 @] 5XL & 6

X </ :DQJ ;' HW DO 5HYLHZ Rl UHVHDUFK RQ URWDWLQJ GHWRQDWLR(
"%CT .0 HP: 1y QCu FOO>|"k @CXGYE4'LbO° _DOIF ... 0*DBE—-0O

6KHQ % ; =HQJ / /LX ; HW DO 5HVHDUFK SURJUHVV RI WKHUPDO SURW
LQMHFWLRQ IRU K\SHUVRQLF YHKLFOH !CTAAIERODYNAMICAA3INICA
"H#SE 0, Ot FOL$O >~ GU 820% J*x/n 6KHQ + - &KHQJ . <DQJ / 1HDU

VSDFH DHURFUDIW %HLMLQJ $YLDWLRQ ,QGXVWU\ 3UHVYV
"aT gl Qp J G f dF 03L$0 8w J?+3P6V 8* Q> /-0 8202-0 6KL * =
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<DQJ < - =XR = < OXOWL HOHPHQW FRXSOHG PRGHOLQJ DQG VLPXODWLF
DLUVKLSV ICTAAIERONAUTICAAETAISTRONAUTICAAS3INICA

%.0 O hfo 1y dF 0AL$ W'D)R3*Q U !)O>|"jy 7Uxf>/-0 6XQ

/ /ILDQ 3 &KDQJ ; ) HW DO 1HDU VSDFH DWPRVSKHUH PRGHOLQJ DQG
#OMMANDA#OABTIRIOLATION

@ i >xx Jaglpr 1y QFO0*D@E-9W{l& 72=%8.DOF ... *DGE--0

7DQJ = * <XDQ ; $ 4LDQ : 4 HW DO 5HVHDUFK SURJUHVV RQ WKH IXVLRC
VSHHG ZLQG WXQQHOV &)' DQG PRGHO IOLJKW !CTAAIERODYNAMICAA3INICA
% ¢E1 "T-O I(BE#q@'6')aB' u!j*6 GU 0 —*x/n
)»¥ BR  L+#™B 1y (6M7 @j.DOF ... @F °_ :DQJ % ;LH 4 ) :HQ + &

HW DO 5HVHDUFK SURJUHVV Rl GHWRQDWLRQ HQJLQHV *OURNALAOFAORC
» f b BR&IO; £#q rO 8w | LP«0%E,p' (© W.DO! >6 7)B3 0; :DQJ ;/ ;LH : &

7TKHUPDO FKDUDFWHULVWLFV DQDO\VLV RI VWUDWRVSKHULF DLUVKLSYV
%WNGINEERING

» - e 93f 1y h"D?QFOO>|"0fFéx N®>..K 0*DBE--0
':DQJ = * /LDQJ - + )DQ ;: 4 HW DO ,QWHJUDWHG VFKHPH RI DLU EUHD)
5HYLHZ DQG SURVSHFW ICTAAIERODYNAMICAAS3INICA
» ) —¢ &8'$ £ 'MZ5 ‘5| '60 & !>|1C# 8ZRPBE-O > @ M FQNL
MDVS :DQJ = :DQJ ; 3DUDOOHO '60& DOJRULWKP IRU XQVWUXFW
SODWIRUP -RXUQDO RI $HURVSDFH 3RZHU > @ M FQNL MDVS
de G*6 002Y0 °H++DAG J @ dF 02L$)R (O W ux A~ -Gy&eé 1P O*Al_ @] GU*% W
— aL+5e¢ X 1 %,7 KHOG VWUDWHJILF VHPLQDU RQ DHURVSDFH VFLH

WKH ODXQFK PHHWLQJ IRU WKH FRQVWUXFWLRQ RI 1DWLRQDO .H\ /DERUDW
&KDUDFWHULVWLFY DQG (IIHFWV %,7 1HZV

AKVI- LJA Fa#™1 1y K8Z& é&jEKr°_DOF ... oD% JW--0 ;LDQJ -
.DQ = 6KDR + < HW DO $ UHYLHZ Rl NH\ WHFKQRORJLHV IRU ORQJ }

YHKLFOH *OURNALAOFA(ARBINA)NSTITUTEAOFA4ECHNOLOGY

AA4O vSO "8} 1y QCu FO'D7iga° .DOF .G ..éA -8Z€EE &

:LDQJ 6 + 6KDQJ 6 ) 6KHQ = & HW DO 5HVHDUFK SURJUHVV DQG GHYHOF
ILOP FRROLQJ WHFKQRORJ\ 4 ERDGIWNRCEAGANTERIALSA
6/E 9! dFALSWDZE-©W.D0 >S5 -}Aé - @ GU ]-0 -L'0°L$0 —>A+X.D0!']6 ;LDR

& < 5HVHDUFK RQ DWPRVSKHULF G\QDPLFV FKDUDFWHULVWLFV LQ QHLE
7HFKQRORJ\ DQG (QJLQHHULQJ &HQWHU IRU 6SDFH 8WLOL]DWLRQ &KLQHVH $F
6/ _ *M Lxtg 1y dF 0°%L$ ~FOO >|~ ..)a(e>...K ]1-8ZY ;LDR = -L 5

; &KHQ $ + HW DO &XUUHQW VWDWXV DQG SURVSHFWV RI WKH GHYHORS
VSDFH !EROSPACEA#HINA
6/ [+ 513 He f[FO 5%$16 /(6%8¢é#, ..0A+X 0*D@E--0 LDR

= /XR . < /LX - 'HYHORSPHQWY DQG DSSOLFDWLRQV RI K\EULG 5%$16 /(6
UDQJH IORZV ICTAAIERODYNAMICAA3INICA

“Jx'- BAET9 TLO6 1y dF03L$Np 7 ©OW GO > iy G U82088ZYW--0

<DQJ - ) ;LDR & < +X ; HW DO :LQG VKHDU FKDUDFWHULVWLFV LQ QHD

DLU YHKLFOH *OURNALAOFA"EIJINGASNIVERSITYAOFAIERONAUTICSAANDAISTRC
“K*c »7- fe> 1y dF 02L$ ...)a(ee ALNE )1t.DO! ]- 0;0 — <DQJ -/
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-LDQJ & : =KX 0 HW DO '"HYHORSPHQW RI QHDU VSDFH &XUUHQW VWL
PHDVXUHV #HINESEAICADEMYAOFA%NGINEERING
“A ¢<@é ~b 1ly *¥QFOO>|""D@S jyuBPYié# -002>~3Y <DQJ /
.DQJ & ; /L / HW DO 7KH UHVHDUFK DFWXDOLW\ RI DHURG\QDPLF QRLVH |
WKH VXSHU VSHHGLQJ IOLJKW YHKLFOH B6ACUUMAANDA#RYOGENICS
“I-¥ "$5 ac~ 1ly Q Cu FOEé+| rEce ™.D0Na(ee >C»i 0*D@E--0 <DQJ
% 6KHQ 4 =KX '+ HW DO 7HQGHQF\ DQG FXUUHQW VWDWXV RI K\SHUVR
ICTAATERODYNAMICAA3INICA
A28 5o :G# ,C> ,i9[l&a Ej@7-E > @ KWWSV ZHLER FRP

&&79 FRP ,UDQYV )DWWDK PLVVLOH KDV WHUPLQDO PDQH:

KWWSV ZHLER FRP
&OET P#a » — 1y F 02L$Q Cu FOO >| ™D @(© W.D0!,9 ¢ £EKALNE E--0
<H < ' =KDQJ + ; -LDQJ 4 ; HW DO 6RPH NH\ SUREOHPV LQ WKH V
FKDUDFWHULVWLFV RI QHDU VSDFH K\SHUVRQLF YHKLFOHV ICTAA-ECHANICAA
¥%ETA HEX 1'h 1y 0AL$+e OF i*6 ©D% JW-*x/n <X '5 /LX + 'LQJ < - HW DO
.21*-,%$1 ',$178,-,1 <8%1/, +DUELQ +DUELQ ,QVWLWXWH Rl 7THFKQRORJ\ 3UH
>+$™e "EG6- &fY 1y QCu FO#q @158 >$iq O, £3+ 8202-0 <XDQ ; -
6KD ; * 6KL ; 7 HW DO 1RLVH WXUEXOHQFH UHODWLRQVKLS LQ K\SHU\V
ISTRONAUTICAASBINICA
F 8§ P P_6 1ly QPx:C> Cu6a» @j°_DOF .. E--0 <XH / -
=KDQJ ; =KDQJ 4 ) HW DO 5HVHDUFK SURJUHVV RQ KLJK ODFK QXPEHU V
#HINESEA*OURNALAOFA4HEORETICALAANDAIPPLIEDA-ECHANICS
.9+ ~Z dM' 6€'Df00; xA @*6-*Q 0*DPBE--0 =HQJ -1 /L 4 :X
/ .LQHWLF PRGHOLQJ RI UDUHILHG PROHFXODU JDV G\QDPLFV ICTAAIERO
P-E L A6S ~T-S O>"5"% 8% BP¥%UO 6V8YABA A+X —VE—
=KDQJ * <DQ < - /L 3 % 1RLVH LQGXFHG YLEUDWLRQ H[SHULPHQW

YLEUR DFRXVWLF FRXSOLQJ UHVSRQVH DQDO\VLV !PPLIEDA-ATHEMATICSAAND
P#ad "~ #qf E- *p.DO' F+[0 °.DO!> ... =KDQJ + ; =KRX + 2Q

EDVLF UHVHDUFK RI IOXLG PHFKIXQU$FVY 7ORLDA3CI 4ECHA2A

PU “#™ Pee _#a 6EDfPE- GU 0-*x/n =KDQJ - <DQJ + 0D 4 + OROHFXO
JDV G\QDPLFV %HLMLQJ 6FLHQFH 3UHVYV

PCc - *% 1 6 '60&6V8ICH#, ¢IND#q #06Q >... —}JAé - @ oD% @D% O, W-

=KDQJ 6 : 1R]]JOH WUDQV UHJLPH IORZ VLPXODWLRQ EDVHG RQ 1 6 '60& FI
V 7KHVLV@ +DUELQ +DUELQ (QJLQHHULQJ 8QLYHUVLW\

P>40 ROM  %FfE § BP%°_ XQCu FO 820 >|".Df], A+X}Y jO>)R3

=KDQJ : + )HQJ % & *XR ' - 7KH DGYDQFHG UHVHDUFK RQ DSSOLFD
WHFKQRORJ\ LQGHYHORSLQJ K\SHUVR®@KABsRYV KR NMENVA®BHNG BNREFINER E A

P<ce P_nm MAxf QCH FOO>"«8+a0*Q>6A Y>xf =KDQJ ;

% =KDQJ = ; &RQWURO RULHQWHG PRGHOLQJ DQG DQDO\VLV RI D V

1

JNFORMATIONAANDA#ONTROL

Pf$A ~F £ Pee<~ 1y QPxeC> ‘&6 OI(6E # C§(6E+0;B PYs 8202-0 =KDQJ ;

< /L -3 0D+ HW DO (ISHULPHQWDO LQLWLDWLRQ SURFHVV RI REOLTXH
FKDPEHU XQGHU KLJK ODFK QXPEHU FRQGLWLRQV ICTAAIERONAUTICAAETA!IST
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PEe I(6E OF*6A&A° _u!PvPvAR >S5S —-}JAé - @ GU ]-0-''W- =KDQJ = -

2EOLTXH GHWRQDWLRQ SURSXOVLRQ WKHRU\ WHFKQRORJ\ DQG LWV H[SHULI
%HLMLQJ &KLQHVH $FDGHP\ RI 6FLHQFHV
~, P#a 9 £F 02L.$Q Cu FOO >| "Eé+| rEce ™ Vu$}#q, TZLNE 0*D@E--0

=KRX + =KDQJ + ; 7ZR SUREOHPV LQ WKH WUDQVLWLRQ DQG WXUEXOH
IO\LQJ YHKLFOHYV ICTAAIERODYNAMICAA3INICA

~ afE WL% 1ly fiMUFxA)QCu FO'D@' jy.DO! 0®DGE--0

=KRX . =KX ; - 2X ' % HW DO :DOO FDWDO\WLF HIIHFWV RQ DHURG\QDF
ICTAATERODYNAMICAA3INICA
Fé K, % (50 1y Jj6V 8)R3;Q Cu FOO>|"5 “@jOLNE5F 82020 —° _

=RX ;) 3DQ . <DQ 4 HW DO 2YHUYLHZ Rl G\QDPLF VWUHQJWK RI K\SHL
PXOWL ILHOG FRXSOLQJ HQYLURQP&HQIWE CHNRIDINGN ICALA3CIENCEA

C) PEa*c )»M4 1y QCu FOO j@ EMO"r OA® 8z02-0 =XR / ; =KDQJ & /
:DQJ ; HW DO SHTXLUHPHQW RI K\SHUVRQLF DLUFUDIW SRZHU !ICTAAIER

$ODP 0, 3DVKD $$ -DPHHO $*$ HW DO +LJK DOWLWXGH DLUVKLS $ UH
GHVLJQ DSSURDFKHV IRCHIVESAOFA#OMPUTATIONALA-ETHODSAINA%NGINEERI
$QDQG 9 *XWPDUN ( 5SRWDWLQJ GHWRQDWLRQ FRPEXVWRUV DQG WKHLU
OROGRESSAINA%NERGYAANDA#OMBUSTIONA3CIENCE

$QGHUVRQ - +\SHUVRQLF DQG KLJK WHPSHUDWXUH JDV G\QDPLFV 7KLU
,QVWLWXWH RI $SHURQDXWLFV DQG $VWURQDXWLFV

$QQDPGDV 9 * 0 %KDOOD 6 6RK & . $SSOLFDWLRQV RI VWUXFWXUDO KHI
$VLD 3TRUCTURALA(EALTHA-ONITORING

$XVWLQ - -X < ([SORULQJ FRPEXVWLRQ DQG VX4BPANBRBAFEIORNYO LDIRAY IONA
%DVGDQLV 7 7DWVLRV * 9DORXJHRUJLV ' *DV VXUIDFH LQWHUDFWLRQ L
FDSLOODULHV YLD WKH OLQHDUL]HG %ROW]PDQQ HTXDWLRQ ZLWK YDULRXV E
%KDUDGZDM 6 5DR $ 9 OHDVH . (QWU\ WUDMHFWRU\ WUDFNLQJ ODZ YLD
OFA'UIDANCE A#ONTROLAANDAS$SYNAMICS

%LUG * $ OROHFXODU JDV G\QDPLFV DQG WKH GLUHFW VLPXODWLRQ RI JD
3UHVV

%RHLQJ %RHLQJ EXLOW ; % FRPSOHWHV VL[WK PLVVLRQ VHWV QHZ |
KWWSV ERHLQJ PHGLDURRP FRP QHZV UHOHDVHV VWDWHPHQWV"LWHP
%RQDOOL 5 /HZ 7 3DYRQH 0 $QDO\VLYV RI WKHRUHWLFDO DQG QXPHULFD
SURJUDPPLQJ IRU FRQWLQXRXV WLPH RSWLPDO FRQWURO )%%%A4RANSACTIO
%R\G , ' &KHQ * &DQGOHU * 9 SUHGLFWLQJ IDLOXUH RI WKH FRQWLQXXP
K\SHUVRQLF IORZV OHYSICSAOFA&LUIDS

%UDQGHLV - *LOO - ([SHULPHQWDO LQYHVWLJDWLRQ RI VXSHU DQG
FRQILIXUDWLRQV ZLWK OLIWLQJ VXUIDFH QG $WPRVSKHULF YOLJKW OHFKD
$.$$

%URHU $ $5 %HQHGLFWXV 5 =DURXFKDV ' 7KH QHHG IRU PXOWL VHQVRU
PROQLWRULQJ RI FRPSRVLWH DLUFUDIW VWUXFWXUHY !'EROSPACE
%UXQWRQ 6 / 1RDFN % 5 .RXPRXWVDNRV 3 ODFKLQH OHDUQLQJ IRU I10XL

&LUIDA-ECHANICS
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%U\DQW / 7LJJHV 0O ,YHV ' $QDO\WLF GUDJ FRQWURO IRU SUHFLVLRQ
$WPRVSKHULF )OLJKW OHFKDQLFV &RQIHUHQFH %RVWRQ 0% $XJIJXVW
%XQNHU 5 6 $ UHYLHZ Rl VKDSHG KROH WXUELQH ILOP FRROLQJ WHFKC
&HUFLJQDQL & /DPSLV O .LQHWLF PRGHOV IRU JDV VXUIDFH LQWHUDFWLR
OHYSICS

&HULPHOH & *DPEOH - $ VLPSOLILHG JXLGDQFH DOJRULWKP IRU OLIWLQJ

UG $HURVSDFH VFLHQFHV PHHWLQJ 5HQR 1HYDGD $PHULFDQ ,QVWLWXWH

&KDL 5 6DYYDULV $ 7VRXUGRV $ HW DO 2SWLPDO WUDFNLQJ JXLGDQ
UHFRQQDLVVDQFH PLVVLRQ EDVHG RQ UHFHGLQJ KRUL]JRQ FRQWURO )% % % A4
3YSTEMS

&KDL 5 6DYYDULV $ 7VRXUGRV $ HW DO 5HDO WLPH RSWLPDO JXLGDQF}
PDQHXYHU YHKLFOHV 'HVLJQ Rl WUDMHFWRU\ RSWLPL]DWLRQ DSSURDFK IR
SUREOHPV 6LQJDSRUH 6SULQJHU

&KDQJ : +X + ;L < HW DO D 'DWD GULYHQ ILQH JUDLQHG SUHGLFWLRQ RI
JHUR SUHVVXUH JUDGLHQW IODW SODWH ERXQGDU\ OD\HUV OHYSICSAOFA&LUI
&KDQJ : ;X 3 7LDQ - HW DO E 4XDQWLI\LQJ WUDQVLWLRQ SUHGLFWDEL
LQLWLDO GLVWXUEDQFHV WR WUDQVLWLRQ RQVHW OHYSICSAOFA&LUIDS
&KDUOHV + OLFKDHO * 1HDO + ; DWWLWXGH FRQWURO V\WVWHP GHVLJQ
IOLJKW UHJLPHV *XLGDQFH 1DYLJDWLRQ DQG &RQWURO &RQIHUHQFH DQG ([
&KHQ - 4LDR ' +DQ + $XIJPHQWHG DQDO\WLFDO DHURFDSWXUH JXLG
DSSUR[LPDWLRQ *OURNALAOFA'UIDANCE A#ONTROL AANDA$SYNAMICS

&KHQ 6 OF*UHJRU 2 3 / (QGUXZHLW $ HW DO 6LPXODWLRQ RI WKH IR
FRPSRVLWH VDQGZLFK SDQHOV )NTERNATIONALA*OURNALAOFA-ATERIALA&ORN
&KHQ 6 < ORGHOLQJ Rl PDWHULDO HQYLURQPHQW LQWHUDFWLRQV IRU K\S
>3K' 7TKHVLV@ OLFKLJDQ 8QLYHUVLW\ RI OLFKLJDQ

&KHQ ; ;L < B5HQ - HW DO &URVV IORZ YRUWLFHYV DQG WKHLU VHFRQGDL
KLJK HQWKDOS\ ERXQGDU\ OD\HUV *OURNALAOFA&LUIDA-ECHANICS $
&KHQJ / :DQJ = &KHQJ < HW DO OXOWL FRQVWUDLQHG SUHGLFWRU F|
K\SHUVRQLF YHKLFOHVY OROCEEDINGSAOFATHEA)NSTITUTIONAOFA-ECHANICA
%NGINEERING

&KHQJ + /LX ; /LDQJ ; HW DO 5HLQIRUFHPHQW OHDUQLQJ EDVHG RSWLI
K\SHUVRQLF YHKLFOHV ZLWK GLVWXUEDQFH REVHUYHU #HINESEA*OURNALAOF
&KRL + ORLQ 3 *ULG SRLQW UHTXLUHPHQWY IRU ODUJH HGG\ VLPXODWLR
OHYSICSAOFA&LUIDS

&LKDQ , + .OXHYHU & $ $QDO\WLFDO HDUWK DHURFDSWXUH JXLGDQFH
*OURNALAOFA'UIDANCE A#ONTROL AANDASYNAMICS

&LKDQ , + .OXHYHU & $ $QDO\WLFDO JXLGDQFH IRU ODUV DHURFDSWXUH
OFATHEAISTRONAUTICALA3CIENCES

'LFDUOR - / $HURFDSWXUH JXLGDQFH PHWKRGV IRU KLJK HQHUJ\ wuU
ODVVDFKXVHWWY ,QVWLWXWH Rl 7THFKQRORJ\

'LHKO 0 *URV 6 1XPHULFDO RSWLPDO FRQWURO 2SWLPL]DWLRQ LQ (QJLQ
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ZZZ VI\VFRS GH ILOHV ZV 12& ERRN 12&6( SGI

"LQJ < <XH ; &KHQ * HW DO 5HYLHZ Rl FRQWURO DQG JXLGDQFH WHFK(
#HINESEA*OURNALAOFAIERONAUTICS

'RQJ < -LDQJ + :X = HW DO 'LIJLWDO WZLQ DVVLVWHG PXOWLVFDOH UHV
QHWZRUN IRU K\SHUVRQLF IOLJKW YHKLFOH IDXOABGEDHRQRYANERELIABILITYAY
'RQJ = &KHQJ : +H < HW DO $ -DQXV OLNH ELR LQVSLUHG VWUDWHJ
PHWDPDWHULDOV ZLWK H[FHOOHQW WKHUPDO SURWHFWLRQ DQG ORDG EHD
H

'"URE ' 3 (PPHUW - 7 &URZOH\ * HW DO $Q HPSLULFDO PRGHO RI WKH (DU
+:0 *OURNALAOFA'EOPHYSICALA2ESEARCH $

'URE '3 (PPHUW - 7 OHULZHWKHU - : HW DO $Q XSGDWH WR WKH KRUL]F
7KH TXLHW WLPH WKHUPRVSKHUH %ARTHAANDA3SPACEA3CIENCE

(SVWHLQ 0 $ PRGHO Rl WKH ZDOO ERXQGDU\ FRQGLWLRQ LQ NLQHWLF W

(VWRUI 0O 5DGHVSLHO 5 6FKQHLGHU 6 HW DO 6XUIDFH SUHVVXUH PHDVXI
LQ TXLHW K\SHUVRQLF IORZ WK $,$%$ $HURVSDFH 6FLHQFHY OHHWLQJ DQG ([k

YDQJ 0 /L = /L = HW DO '60& PRGHOLQJ RI UDUHILHG LRQL]DWLRQ UH
K\SHUYHORFLW\ VSDFHFUDIW UHHQWU\ IORZV !DVANCESAINAIERODYNAMICS
JHL ) 0D < :X - HW DO $Q HIILFLHQW DOJRULWKP Rl WKH XQLILHG VWRFE
.URRN PHWKRG IRU WKH VLPXODWLRQ RI PXOWL VFDOH JDV IORZV IDVANCESA
JHL ) =KDQJ - /L - HW DO $ XQLILHG VWRFKDVWLF SDUWLFOH %KDW
PXOWLVFDOH JDV IORZV *OURNALAOFA#OMPUTATIONALAOHYSICS

JRPLFKHY 9 , :DUG : ( %HDJOH\ 6 5 HW DO (I WHQGHG &DQDGLDQ PLG
=RQDOPHDQ FOLPDWRORJ\ DQG SK\VLFDO SDUDPHWHUL]DWLRQV *OURNALAOF
JULWWYV ' & $OH[DQGHU 0 - *UDYLW\ ZDYH G\QDPLFV DQG HIIHFWV LQ WKH
'"EOPHYSICS

JURORY 6 0 =YHJLQWVHY 9, ,YDQRY 9 6 HW DO 'LQG WXQQHO WHVWV F

UDPMHW PRGHO DW DSSURDFK DLU VWUHDP ODFK QXPEHUV IURP WR JNTER

JURORY 6 0 =YHJLQWVHY 9 , ,YDQRY 9 6 HW DO +\GURJHQ IXHOHG GHV
WXQQHO WHVWV DW DSSURDFK DLU VWUHDP ODFK QXPEHU DQG VWDJQDWL
*OURNALAOFA(YDROGENA%WNERGY

YXVDUR 5 )HUUHWWR ' 9LROD 1 HW DO /ILTXLG PHWDOV KHDW SLSH VR
OHDGLQJ HGJH &RQFHSWXDO GHVLJQ QXPHULFDO DQDO\VLY DQG YHULILFDWI|
*DPEOH - ' &HULPHOH & - ORRUH 7 ( HW DO $WPRVSKHULF JXLGDQFH FRC
H[SHULPHQW *OURNALAOFATHEAI!STRONAUTICALA3CIENCES SWwW

*KLXJDQ & 6WDEHU 0 /HH ' 8UDQXV RUELWHU JXLGDQFH &RPSDULQJ QXP
OHDUQLQJ DSSURDFKHV IRU DHURFDSWXUH $,$%$ 6FLWHFK JRUXP 2UODQGH
*ODVV ' &HUDPLF PDWUL[ FRPSRVLWH &0& WKHUPDO SURWHFWLRQ V\VWF

K\SHUVRQLF YHKLFOHYV WK $,$$ QWHUQDWLRQDO 6SDFH 30DQHV DQG +\SFh
&RQIHUHQFH 'D\WRQ 2KLR $,%$$%
*RHEHO ' 0 .DW] , )JXQGDPHQWDOV RI HOHFWULF SURSXOVLR&® ,RQ DQG
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6RQV ,QF 3UHVV

*ROGVE\ - *5& KLJK WHPSHUDWXUH FHUDPLF PDWUL[ FRPSRVLWHYV
FDSDELQIL WIKHD\OOHQJHV JDSV $)5/ 1$6$ +LIJK 7HPSHUDWXUH ODWH!
,QWHUFKDQJH OHHWLQJ &OHYHODQG 2+ 86

*RQ]DOR - /ySH] ' 'RPtQJXH]' HW DO 2Q WKH FDSDELOLWLHY DQG OLPLW
VDWHOOLWHY OROGRESSAINAIEROSPACEA3CIENCES

*RXODUG 5 2Q FDWDO\WLF UHFRPELQDWLRQ UDWHY LQ K\SHUVRQLF VWD
OROPULSION

*R\QH & +DOO & 2Y%ULHQ : HW DO 7KH +\' 9 VFUDPMHW IOLJKW H[SHULF
30DQHV DQG +\SHUVRQLF 6\VWHPV DQG 7THFKQRORJLHV &RQIHUHQFH &DQEHU!I
*XR 6 )HQJ < +\EULG FRPSUHVVLEOH ODWWLFH %ROW]PDQQ PHWKRG IR
GLVFRQWLQXLWLHYV OHYSICSAOFA&LUIDS

*XUOH\ - * *XLGDQFH IRU DQ DHURFDSWXUH PDQHXYHU *OURNALAOFA"'U

+DPHO - ) 'H /DIRQWDLQH - ,PSURYHPHQW WR WKH DQDO\WLFDO SUHGLF!
DSSOLHG WR 0ODUY DHURFDSWXUH *OURNALAOFA'UIDANCE A#ONTROL AANDAS$Y
+DUSROG - & *UDYHV & $ 6KXWWOH HQWU\ JXLGDQFH *OURNALAOFATHE.

+DVVDQL 6 'DFNHUPDQQ 8 $ VIVWHPDWLF UHYLHZ RI DGYDQFHG VHQVRU

WHVWLQJ DQG VWUXFWXUDO KHDOWK PRQLWRULQJ 3ENSORS

+DUULY $ 7HLO 7 B6FKDXE + 6SDFHFUDIW GHFLVLRQ PDNLQJ DXWRQRI
OHDUQLQJ WK $$6 $,$% VSDFH IOLJKW PHFKDQLFV PHHWLQJ

+HGLQ $ ( OD\U + * 5HEHU & $ HW DO (PSLULFDO PRGHO RI JOREDO WKH
FRPSRVLWLRQ EDVHG RQ GDWD IURP WKH 2JR TXDGUXSROH PDVV VSHFW
2ESEARCH

+HGLQ $ ( 06,6 WKHUPRVSKHULF PRGHO *OURNALAOFA'EOPHYSICALA2ES
+HGLQ $ ( ([ WHQVLRQ RI WKH 06,6 WKHUPRVSKHUH PRGHO LQWR WKH P
*OURNALAOFA'EOPHYSICALA2ESEARCH $

+LWFKFRFN 3 B6KHSKHUG 7 * O0ODQQH\ * / 6WDWLVWLFDO FKDUDFWHUL]D
RVFLOODWLRQ HYHQWY *OURNALAOFA#LIMATE

+RX - &KHQ 5 =HQJ < HW DO $ VHOI KHDOLQJ +1% 6L& 7D6L FRDWLQJ

DEODWLRQ UHVLVWDQFH DERYH 4RANSACTIONSAOFA-ATERIALSA2ESEARC
+X ) :DQJ - 6XL = HW DO $ UHYLHZ RQ UHVHDUFK SURJUHVV RI ODUJH DU
IRU K\SHUVRQLF YHKLFOHV ICTAAISTRONAUTICA

+XDQJ = ;LRQJ < /LX < HW DO ([SHULPHQWDO LQYHVWLJDWLRQ RI IX0O0 |
SHUIRUDWHG IODW SODWHV !PPLIEDA4HERMALA%NGINEERING

,QJHUL * 5 1RQHTXLOLEULXP K\SHUVRQLF VWDJQDWLRQ IORZ ZLWK DUEL
ORZ UH\QROGY QXPEHU HIIHFWV )NTERNATIONALA*OURNALAOFA(EATAANDA-AS
-LDQJ = 6WDQGLQJ REOLTXH GHWRQDWLRQ IRU K\SHUVRQLF SURSXOVLR
3CIENCES

-DFNVRQ . 5 *UXEHU 0 5 %XFFHOODWR 6 O0DFK a K\GURFDUERQ |
H[SHULPHQW 7KH +,)L5( IOLJKW SURMHFW *OURNALAOFAOROPULSIONAANDAQ
-XVWLQ - ) -XOLDQ -DQNRZLDN $ *XpULQHDX 9 HW DO 8OWUD KLJK WHPE
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IRU K\SHUVRQLF DSSOLFDWLRQV #%!3AIERONAUTICALA*OURNAL

-RQHVY 0 6RUHQVHQ ( 0O :ROIl 7 HW DO $ UHYLHZ RI PLVVLRQ SODQQLC
BURFHHGLQJV RI WKH 6HFRQG ,QWHUQDWLRQDO 6\PSRVLXP RQ *URXQG 'D\
2SHUDWLRQV

-R\FH % 'RGVRQ - /DIODPPH 6 HW DO $Q H[SHULPHQWDO WHVW EHG IRU
KHDOWK PRQLWRULQJ PHWKRGV 3HOCKAANDAGIBRATION

.DLIOHU 1 .DLIOHU % +HDUG % HW DO 2EVHUYDWLRQDO LQGLFDWLRQV
ZDYHV LQ PLGGOH DWPRVSKHUH OLGDU GDWD *OURNALAOFAITMOSPHERICAAN
.DQHOODNRSRXORYV , .RNRWRYLF 3 9 ORUVH $ 6 $ WRRONLW IRU QRQOLGC
#ONTROLA,ETTERS

.HQQHG\ . :DONHU % OLNHOVHQ & -HW LQWHUDFWLRQ HIIHFW RQ D PL\
VXUIDFH WK $HURVSDFH 6FLHQFHYV OHHWLQJ DQG ([KLELW 5HQR 1HYDGD $
.LPPHO 5 / $VSHFWV Rl K\SHUVRQLF ERXQGDU\ OD\HU WUDQVLWLRQ FR
OHHWLQJ DQG ([KLELW

.LPPHO 5/ %RUJO0 3 -HZHOO -6 HW DO +,)L5( ERXQGDU\ OD\HU WUDQV

ERXQGDU\ OD\HU LQWHUDFWLRQ $LU )RUFH 5HVHDUFK /DERUDWRU\ 7HFKQLF

.RVRYD ) $OWD\ g hQYHU + ¢ BWUXFWXUDO KHDOWK PRQLWRULQJ LQ DY
DQG IXWXUH GLUHFWLRQV IRU PDFKLQH OHDUQLQJ .ONDESTRUCTIVEA4ESTINCGC
/DQJWU\ 5 OHQWHU ) 7UDQVLWLRQ PRGHOLQJ IRU JHQHUDO &)' DSSOLFDYV
$HURVSDFH 6FLHQFHYVY OHHWLQJ DQG ([KLELW 5HQR 1HYDGD $,$$

/[HH < /HH ' < :LH % $ FRPSDUDWLYH VWXG\ RI HQWU\ JXLGDQFH IRU 0DUV
PLVVLRQV ICTAAISTRONAUTICA

/L < 1DKRQ 0 6KDUI , $LUVKLS G\QDPLFV PRGHOLQJ $ OLWHUDWXUH L
3CIENCES

/L < /LDQJ 6 ;X % HW DO S3UHGHILQHG WLPH DV\PSWRWLF WUDFNLQJ FRQ

ZLWK LQSXW TXDQWL]DWLRQ DQG IDXOWV )% %% A4RANSACTIONSAONAIEROSP

/LQ & :DQJ = *RQJ 6 $GDSWLYH FRQWURO RI K\SHUVRQLF YHKLFOHV ZLW
GXDO QHWZRUN DUFKLWHFWXUH ICTAAISTRONAUTICA

/LX & $L - =KDQJ - HW DO 5HVHDUFK SURJUHVV RI WKH IORZ DQG FRPEX
ODFK QXPEHU VFUDPMHW )URP ODFK WR OROGRESSAINAIEROSPACEA3CIEN
/ILX ; X 3 6ROYLQJ QRQFRQYH[ RSWLPDO FRQWURO SUREOHPV E\ FRQ
'"UIDANCE A#ONTROL AANDASYNAMICS

/ILX < -LDQJ 3 -LQ 6 HW DO 7UDQVSLUDWLRQ FRROLQJ RI D QRVH FI
JNTERNATIONALA*OURNALAOFA(EATAANDA-ASSA4RANSFER

/IRUG 5 * 6RPH HIWHQVLRQV WR WKH &HUFLJQDQL%/DPSLV JDV+VXUIDFH VF
' A& LUIDASYNAMICS

/IRUG 5 * 6RPH IXUWKHU H[WHQVLRQV Rl WKH &HUFLJQDQL%*/DPSLV JDV VX
OFA&LUIDS

/X 3 &HULPHOH & - 7LJJHV 0 $ HW DO 2SWLPDO DHURFDSWXUH JXLGDQF
ANDAS$SYNAMICS

/X 3 'DYDPL & ORGHO SUHGLFWLYH JXLGDQFH $ IL[HG SRLQW DOJRULWK
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ANDASYNAMICS

/X < =HQJ ) /LX + HW DO "LUHFW QXPHULFDO VLPXODWLRQ RI URXJKQH)
E\ WZR GLPHQVLRQDO ZDOO EORZLQJ *OURNALAOFA&LUIDA-ECHANICS $
0D < -LDQJ % 5HQ + OLQLPXP HLJHQYDOXH EDVHG DGDSWLYH IDXOW F
YHKLFOHY *OURNALAOFA3YSTEMSA%NGINEERINGAANDA%LECTRONICS

ODR < 6]PXN 0 $0ONPHUH % 6XFFHVVLYH FRQYH[LILFDWLRQ RI QRQ FRQ"
DQG LWV FRQYHUJHQFH SURSHUWLHV ((( WK &RQIHUHQFH RQ 'HFLVLRQ

ODKXOLNDU 6 3 7KHRUHWLFDO DHURWKHUPDO FRQFHSWV IRU FRQILJXUL
IEROSPACEA3SCIENCEAANDA4ECHNOLOGY

ODO\XWD ' 5H\QROGV 7 3 6]PXN 0O HW DO &RQYH[ RSWLPL]DWLRQ IRU WUL
RQ JHQHUDWLQJ G\QDPLFDOO\ IHDVLEOH WUDMHFWRULHY UHOLDEO\ DQG HII

ODQVRXU 1 1 3DQHUDL ) /DFKDXG - HW DO YJORZ PHFKDQLFV LQ DEODWL
INNUALA2EVIEWAOFA&LUIDA-ECHANICS

ODULR ' 6 ) 'LOHWWD 6 /XFD = HW DO +LJK DQG XOWUD KLJK WHPSHUDYV
IRU K\SHUVRQLF V\VWHPVY 4HEA*OURNALAOFATHEA.14/A3CIENCEAANDA4ECHNO]
ODVFLDUHOOL - 5RXVVHDX 6 )UD\WVH + HW DO $Q DQDO\WLF DHURFDSW X
VDPSOH UHWXUQ RUELWHU $WPRVSKHULF )OLJKW OHFKDQLFV &RQIHUHQFH 'H
OD[ZHOO - & 2Q VWUHVVHV LQ UDULILHG JDVHV DULVLQJ IURP LQHTXDO
4RANSACTIONSAOFATHEA2OYALA3OCIETYAOFA,ONDON

OD\U + * OHQJHO - * &KDQ . / HW DO OLGGOH DWPRVSKHUH G\QDPLI
LOQWHUDFWLRQV LQ WKH QXPHULFDO VSHFWUDO PRGHO 7LGHV DQG SODQHWD
4ERRESTRIALAOHYSICS

OF1DPDUD - - )J)ULHGPDQQ 3 3 3RZHOO . * HW DO $HURHODVWLF DQG DH
K\SHUVRQLF IORZ !)IITA*OURNAL

OHVVHUHU ) %DXPJIUWQHU . 'LHKO 0 6XUYH\ RI VHTXHQWLDO FRQYH[ S
*DXVV 1HZWRQ PHWKRGV %3!)- AOROCEEDINGSAANDA3SURVEYS

ORKDPPDGL $PLQ 0 (QWH]DUL O 0O $OLNKDQL $ $Q HIILFLHQW VXUURIJI

DHURG\QDPLF GDWDEDVH GHYHORSPHQW RI PDQQHG UHHQWU\ YHKLFOHV ID\

ORVV - 1 *ODVV & ( +ROOLV % 5 HW DO /IRZ GHQVLW\ DHURG\QDPLFV IRU
H[SHULPHQW *OURNALAOFA3PACECRAFTAANDA2OCKETS

1DYHG , +HUPDQQ 7 +DPELGJH & HW DO 7UDQVSLUDWLRQ FRROLQJ KHDW
DQG WXUEXOHQW K\SHUVRQLF IORZV *OURNALAOFA4HERMOPHYSICSAANDA(EA
1HVQDV , $' )HVT / 0 9ROSH 5 $ $XWRQRP\ IRU VSDFH URERWV 3DVW Sl
20BOTICSA2EPORTS

1L ' &KHQJ < =KDQJ - 3 HW DO $GYDQFHV LQ XOWUD KLJK WHPSHUDW X
FRDWLQJV *OURNALAOFAIDVANCEDA#ERAMICS

2JXQOH\H 5 2 5XVQiNRYi 6 -DYR tN - HW DO $GYDQFHG VHQVRUV DQG V
KHDOWK PRQLWRULQJ LQ DHURVSDFH FRPSRVLWHV IDVANCEDA%NGINEERINGA
2IJXUL . 6XFFHVVLYH FRQYH[LILFDWLRQ ZLWK IHDVLELOLW\ JXDUDQWHH
FRQYH[ RSWLPDO FRQWURO SUREOHPV A NDA)%%%A#ONFERENCEAONASECI
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2] ) *RHEHO 7 ( -HZHOO - 6 HW DO /RFDO ZDOO FRROLQJ HIIHFWV RQ K\S|
*OURNALAOFA3PACECRAFTAANDA2OCKETS

3DQFKHYD ' OXNKWDURY 3 $WPRVSKHULF WLGHV DQG SODQHWDU\ ZDY|
6$%(5 7,0(' WHPSHUDWXUH PHDVXUHPHQWYV a $HURQRP\ RI WKH (DU
,RQRVSKHUH %HUOLQ 6SULQJHU

3DUHGHV 3 &KRXGKDUL 0 0 /L) 7UDQVLWLRQ GHOD\ YLD YRUWH[ JHQHUI
OD\HU DW IOLJKW FRQGLWLRQV JOXLG '\QDPLFV &RQIHUHQFH

3DUN & 1RQHTXLOLEULXP K\SHUVRQLF DHURWKHUPRG\QDPLFV 1HZ <RUN
SHWHUV $ % =KDQJ' &KHQ 6 HW DO ODWHULDOV GHVLJQ IRU K\SHUVRQL

3LFRQH - 0 +HGLQ $ ( 'URE ' 3 15/06,6( HPSLULFDO PRGHO RI WKH DW
FRPSDULVRQV DQG VFLHQWLILF LVVXHV *OURNALAOFA'EOPHYSICALA2ESEARCH
3LRPHOOL 8 %DODUDV ( :DOO OD\HU PRGHOV IRU ODUJH HGG\ VLPXOI
-ECHANICS

30DHKQ (: :DOWHUV , 9 *HMML 50 HW DO %LIXUFDWLRQ LQ URWDWLQJ ¢
FRQWLQXRXVO\ YDULDEOH IXHO LQMHFWLRQ ORFDWLRQ *OURNALAOFAOROPUL
4LQJ ; <XDQ 6 :X = &XUUHQW DHURVSDFH DSSOLFDWLRQV RI VWUXFWXUD
(XURSHDQ :RUNVKRS RQ 6WUXFWXUDO +HDOWK ORQLWRULQJ 'UHVGHQ *HUPD
4X & &KHQJ / *RQJ 6 HW DO '"\QDPLF PDWFKLQJ DGDSWLYH VOLGLQJ P
YHKLFOHV !'EROSPACEA3CIENCEAANDA4ECHNOLOGY

4X & &KHQJ / *RQJ 6 HW DO ([SHULHQFH UHSOD\ HQKDQFHV H[FLWDWLF
DGDSWLYH FRQWURO OHDUQLQJ *OURNALAOFA'UIDANCE A#ONTROL AANDASYN.
5DIL . 0 0 'HHSX 0 5DMHVK * (I !lTHFW Rl KHDW WUDQVIHU DQG JHRPH
SHUIRUPDQFH )NTERNATIONALA*OURNALAOFA4HERMALA3CIENCES

5DJQROL * 6DYLQR 5 &HFHUH $ HW DO +\SHUVRQLF ERRVW JOLGH V\VWF
SDUDPHWHUV HYDOXDWLRQ WKURXJK DHUR WKHUPR FKHPLFDO &)' !EROSP/

5DPDQ 9 3UDNDVK 6 *DPED 0 1RQLGHDOLWLHYV LQ URWDWLQJ GHWRQDWL|
-ECHANICS

5DWDF]DN - $ 5REXVW DHURFDSWXUH JXLGDQFH ZLWK KLJK ILGHOLW\ F
XQFHUWDLQW\ >3K' 7KHVLV@ 8QLYHUVLW\ Rl &RORUDGR %RXOGHU

5DZDO $ OF&R\ - 5DJOLQ $ HW DO 5HFHQW DGYDQFHV LQ PXOWL PRGDO
DQG SHUVSHFWLYHV !RTIFICIALA)NTELLIGENCEAANDA-ACHINEA EARNINGAFOR

5HQ - )X 6 6HFRQGDU\ LQVWDELOLWLHV RI *JUWOHU YRUWLFHV LQ KLJK V!
&LUIDA-ECHANICS

5HQ - )X 6 +DQLIL $ 6WDELOL]DWLRQ RI WKH K\SHUVRQLF ERXQGDU\ OD
OHYSICSAOFA&LUIDS

5R]IDQRY 0 *XHOPDQ O $HURDVVLVWHG RUELWDO PDQHXYHULQJ ZLWK Y/
ISTRONAUTICA

6DJOLDQR 0 3VHXGRVSHFWUDO FRQYH[ RSWLPL]DWLRQ IRU SRZHUHG

'"UIDANCE A#ONTROL AANDASYNAMICS
6DWR 7 1DNDWD . ,VKLKDUD . HW DO &RPEXVWLRQ VWUXFWXUH RI D
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HQJLQH ZLWK OLTXLG HWKDQRO DQG QLWURXV R[LGH #OMBUSTIONAANDA&LAN
6D\OHU . O +\SHUVRQLF ZHDSRQV %DFNJURXQG DQG LVVXHV IRU &RQJI
6HUYLFH 5
6FDUVHOOL * 1LFDVVLR ) ODFKLQH OHDUQLQJ IRU VWUXFWXUDO KHDOWK
UHYLHZ 3ENSORS
6KDUPD . 9 6WUDND 5 7DYDUHV ) : &EXUUHQW VWDWXV RI ODWWLFH %F
DHURG\QDPLF DHURDFRXVWLF DQG WKHUPDO IORZV OROGRESSAINAIEROSPA(
6LGRU $ 20VRQ 1 %RXVORJ 6 1$6$ SHUVSHFWLYH RQ WKH IXWXUH R
RUNVKRS RQ ODWHULDOV &KDOOHQJHV LQ 5HXVDEOH 5RFNHW 6\VW|
6LHEHUOLQJ 6 &KX 4 3 O0XOGHU - $ 5REXVW IOLJKW FRQWURO XVLQJ L
LQYHUVLRQ DQG DQJXODU DFFHOHUDWLRQ SUHGLFWLRQ *OURNALAOFA'UIDA

6LVOLDQ - 3 'XGHERXW 5 B6FKXPDFKHU - HW DO ,QFRPSOHWH PL[LQJ DC
LQGXFHG FRPEXVWLRQ UDPMHW SHUIRUPDQFH *OURNALAOFAOROPULSIONAANTE
6RQJ / +X ; :HL ) HW DO '"HYHORSPHQW RI D EDOORRQ ERUQH DFRXVWLF
IRU 6(1625 FDPSDLJQ )% %%A4RANSACTIONSAONA)NSTRUMENTATIONAANDA-EAS
6SUDYND - - -RUULV 7 5 &XUUHQW K\SHUVRQLF DQG VSDFH YHKLFOH IOLJI
$,$% JOLIJKW 7HVWLQJ &RQIHUHQFH 'DOODV 7; $,%%

6WDONHU 5 - +\SHUYHORFLW\ DHURG\QDPLFV ZLWK FKHPLFDO QRQHTXL
-ECHANICS

6BWHZDUW % 7KH OHDGLQJ HGJH 5HFHQW EUHDNWKURXJKV LQ K\SHUVRQL
7RGD\ 7KH $PHULFDQ &HUDPLF 6RFLHW\ > @ KWWSV FHUDPLFV RU.
EUHDNWKURXJKY LQ K\SHUVRQLF FHUDPLF PDWHULDOV

6XQ + /L 6 <DQJ - HW DO 1RQOLQHDU GLVWXUEDQFH REVHUYHU ED\
DLUEUHDWKLQJ K\SHUVRQLF YHKLFOHV ZLWK PLVPDWFKHG GLVWXUEDQFHV

6]LURFIDN ' 6PLWK + $ UHYLHZ RI GHVLJQ LVVXHV VSHFLILF WR K\SHUV
IEROSPACEA3CIENCES

7DHK\XQ . 7KHUPDO PDQDJHPHQW RI URWDWLQJ GHWRQDWLRQ HQJLQHYV
8QLYHUVLW\ RI 6LQJDSRUH

7DQJ ' +H 0 7DQJ + HW DO 9DW SKRWRSRO\PHUL]DWLRQ RI KLHUDUFKLFUD
KHDW WUDQVIHU YLD JUDGLHQW SRURVLW\ DQG FKHFNHUERDUG GHVLJQ 6IRT
7HHWV -U ( + 'RQRKXH & - :ULJKW 3 7 HW DO OHWHRURORJLFDO VXSSRI
KLJK DOWLWXGH IOLJKW WR IHHW WK &RQIHUHQFH RQ $YLDWLRQ 5DQ

7LDQ - =KDQJ 6 7DQ ; HW DO 1XPHULFDO LQYHVWLJDWLRQ RI DQQXOTL
SURWHFWLRQ LQ URWDWLQJ GHWRQDWLRQ FRPEXVWRUV !'EROSPACEA3CIENCE
7LZDUL % .DVVHP $ . 5RPHR 6 $ 6 HW DO (SLVWHPLF XQFHUWDLQW\ DQD
RI SLWFK GDPSLQJ VXP IRU '2) UHHQWU\ YHKLFOH G\QDPLFV $,$$ $YLDWLRQ
9HJDV 1HYDGD $,$%$

8QLWHG 6WDWHV &RPPLWWHH RQ ([WHQVLRQ WR WKH 6WDQGDUG $WPRVSKHUH
':DVKLQJWRQ ' & 1DWLRQDO 2FHDQLF DQG $WPRVSKHULF $GPLQLVWUDWLRQ

8U]D\ - 6XSHUVRQLF FRPEXVWLRQ LQ DLU EUHDWKLQJ SURSXOVLRQ V\VV
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2EVIEWAOFA&LUIDA-ECHANICS

YDQ %UXPPHQ 6 3H]]JHOOD * $QGUHXWWL * HW DO $HURG\QDPLF GHVLJQ
K\SHUVRQLF JOLGHU WK $,$% ,QWHUQDWLRQDO 6SDFH 30DQHV DQG +\SHU
&RQIHUHQFH *ODVJRZ 6FRWODQG $,$%

:DOWHUV ' . /H\OHN - + $ QHZ PRGHO IRU ERXQGDU\ OD\HU WUDQVLWLR
DSSURDFK *OURNALAOFA4URBOMACHINERY

:DOWHUV ' . &RNOMDW $ WKUHH HTXDWLRQ HGG\ YLVFRVLW\ PRG
1IDYLHU+*6WRNHV VLPXODWLRQV Rl WUDQVLWLRQDO IORZ *OURNALAOFA&LUIDSE
:DQJ / )X 6 &DUQDULXV $ HW DO $ PRGXODU 5%$16 DSSURDFK IRU PRG
WUDQVLWLRQ LQ WXUERPDFKLQHU\ IORZV )NTERNATIONALA*OURNALAOFA(EAT
:HVW 7 . +RVGHU 6 -RKQVWRQ & 2 OXOWLVWHS XQFHUWDLQW\ TXDQW!I
K\SHUVRQLF UHHQWU\ IORZV *OURNALAOFA3PACECRAFTAANDA20CKETS

:LOG * 3ROORFN / $EGHOZDKDE $ . HW DO 1HHG IRU DHURVSDFH VWU]

UHYLHZ RI DLUFUDIW IDWLJXH DFFLGHQWY )NTERNATIONALA*OURNALAOFAQI

:RODQVNL 3 '"HWRQDWLYH SURSXOVLRQ OROCEEDINGSAOFATHEA#OMBUSTI
X | BWUXFKWUXS + $VVHVVPHQW DQG GHYHORSPHQW RI WKH JDV NLQH
%ROW]PDQQ HTXDWLRQ *OURNALAOFA&LUIDA-ECHANICS

:X < 5DR 6 + =KHQJ 3 7 HW DO (I !THFW Rl WKHUPDO QRQ HTXLOLEULXP F
GHWRQDWLRQ ZDYHV #OMBUSTIONAANDA&LAME

:X = &DR < ,VPDLO 0 *XVW ORDGV RQ DLUFUDIW 4HEAIERONAUTICALA*OU!
;LH / =KRX ; =KDQJ + % HW DO +LJK GLPHQVLRQDO PHULW IXQFWLR

SURJUDPPLQJ IRU QRQOLQHDU WUDMHFWRU\ RSWLPLIDWLRQ *OURNALAOFA"

X % 6KL = $Q RYHUYLHZ RQ IOLJKW G\QDPLFV DQG FRQWURO DSSURDFKH
#HINAA)NFORMATIONA3CIENCES

;X ' :DQJ - &KHQ 6 6NLQ IULFWLRQ DQG KHDW WUDQVIHU GHFRPSRVLWLR(
WXUEXOHQW ERXQGDU\ OD\HUV *OURNALAOFA&LUIDA-ECHANICS $

X 4 /L 6 O0HQJ < D 2SWLPL]DWLRQ DQG UH GHVLJQ RI LQWHJUDWHG \
FRQVLGHULQJ WKHUPR PHFKDQLFDO SHUIRUPDQFH IPPLIEDA3CIENCES

‘X 4 /LQ * /L + E (YDOXDWLRQ PRGHO IRU IDVW FRQYHFWLYH KHDW WUD

FUDFNHG K\GURFDUERQ IXHO UHJHQHUDWLYH FRROLQJ FKDQQHO LQ K\GURFL
%NGINEERING

<DQ % 'DL 3 /LX 5 HW DO $GDSWLYH VXSHU WZLVWLQJ VOLGLQJ PRGH FR
DLUFUDIW !EROSPACEA3CIENCEAANDA4ECHNOLOGY

<DQJ / <DQJ - 1RQVLQJXODU IDVW WHUPLQDO VOLGLQJ PRGH FRQWURO
JNTERNATIONALA*OURNALAOFA20BUSTAANDA.ONLINEARA#ONTROL

<DQJ 3 <X ' &KHQ = HW DO (IMTHFWV Rl WKHUPDO VWUDWLILFDWLRQ ¥
K\SHUVRQLF UHDFWLYH IORZV OHYSICALA2EVIEWA&LUIDS

<DQJ : OHQ - ;X % HW DO ORGHOLQJ QRQ HTXLOLEULXP UDUHILHG JD\
UHHQWU\ XQPDQQHG IOLJKW YHKLFOH XVLQJ D K\EULG PDFUR PHVRVFRSLF VF
<DR 4 /L 4 +DQ + HW DO $GDSWLYH WUDFNLQJ JXLGDQFH IRU SRZHUHG
XQGHU VI\VWHP XQFHUWDLQWLHY DQG LQSXW FRQVWUDLQWY IDVANCESAINAS3F
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<H & )DQJ 6 1L = HW DO 'UDJ DQG RYHUDOO DHURKHDWLQJ UHGXFWLRQ
K\SHUVRQLF IORZ LQ QHDU VSDFH '!EROSPACEA3CIENCEAANDA4ECHNOLOGY
<LQ < <DQJ 3 =KDQJ < HW DO JHDWXUH VHOHFWLRQ DQG SURFHVVLQJ RI
DUWLILFLDO QHXUDO QHWZRUN OHYSICSAOFA&LUIDS

<RNRR 5 *RWR . .DVDKDUD - HW DO ([SHULPHQWDO VWXG\ RI LQWHUQD
URWDWLQJ GHWRQDWLRQ HQJLQHYVY OROCEEDINGSAOFATHEA#OMBUSTIONA)NST
<X 6 /XR . )DQ & HW DO $GYDQFLQJ VSDFHFUDIW VDIHW\ DQG ORQJHYL
EDVHG VWUXFWXUDO KHDOWK PRQLWRAIQITREABMEFIETYYA%NGINEERINGA
=DIDU 0 , ;LDR + &KRXGKDUL 0 0 HW DO &RQYROXWLRQDO QHXUDO QH
EDVHG RQ OLQHDU VWDELOLW\ WKHRU\ OHYSICALA2EVIEWA&LUIDS

=KDQJ - -RKQ % 3IHLIIHU 0 HW DO 3DUWLFOH EDVHG K\EULG DQG PXOWL
JDV IORZV 'DVANCESAINAIERODYNAMICS

=KDQJ - /\X [/ $ VSDFHFUDIW RQERDUG DXWRQRPRXV WDVN VFKHGXOLQJ
WDVN QHWZRUN WLPHOLQH !'EROSPACE

=KDQJ : 6KDQ ; /LX < HW DO +LJK UH\QROGV QXPEHU WXUEXOHQFH (
BCIENTIFICAS$SATA

=KDQJ < $ UHYLHZ RI DGYDQFHV LQ WKHUPDO SURWHFWLRQ V\VWHPV DQG
YHKLFOHV !PPLIEDAANDA#OMPUTATIONALA%NGINEERING

=KDQJ < :X ; *XR 4 HW DO $GYDQFHV LQ VHQVRUV WHFKQRORJLHV IRU
PRQLWRULQJ #OMPOSITEA3TRUCTURES

=KDQJ = /L ; /L < HW DO ORGXODULW\ UHFRQILIJXUDELOLW\ DQG DXWRQ
$ UHYLHZ #HINESEA*OURNALAOFAIERONAUTICS

=KDR 5 :HQ & =KRX < HW DO 5HYLHZ Rl DFRXVWLF PHWDVXUIDFHV IRL
VWDELOL]DWLRQ OROGRESSAINAIEROSPACEA3CIENCES

=KHQJ : =KRX 4 5 /L = % HW DO 3HUIRUPDQFH DQDO\VLV RI D QRYHO V
EDVHG RQ JDVOLTXLG SKDVH FKDQJH !PPLIEDA4HERMALA%NGINEERING

=KX < 3HQJ : ;X 5 HW DO 5HYLHZ RQ DFWLYH WKHUPDO SURWHFWLR
DLUEUHDWKLQJ K\SHUVRQLF YHKLFOHV #HINESEA*OURNALAOFAIERONAUTICS
=RX 4 +XDQJ 5 0X ; HW DO %UHDNLQJ WKURXJK IOXWWHU EDUULHU RI
13-%AIPPLIEDA-ECHANICSA2EVIEWS

=RX = /LX & :X ; HW DO $ GLIJILWDO WZLQ IUDPHZRUN IRU DLU EUHDWKLQ
VI\VWHP %NERGY

=XR = 6RQJ - =KHQJ = HW DO $ VXUYH\ RQ PRGHOOLQJ FRQWURO DC
DLUVKLSV #ONTROLA%WNGINEERINGAORACTICE
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(IITHFWV Rl WKH QHDU VSDFH HQYLURQPHQW RQ
3URJUHVV DQG SHUVSHFWLYHYV

qeWpS<Bt YZ$'91~ jeWSF$,'91 <I=S+$sB8$t '9? <VWS<Bt b,$'9! Ny=SN$
<VWpS $ $st'?! <=vWpSF$tRBt 'd? <vISizg'd!? yvVISNBt 'd!?
N=IS€s$'dl =ISN,$'9? GVWpS*Bt b,$'9? Ny=S Ystb,$'d1?

S7 s ,S€,kSNsAB,s B,kSBPSet%$,Bt8,t S]Ys,s{ ,,$R ${RSstISePP,{ RS
,$°$t SYytR $ Z ,SBPSq,{YtBjB k S ,$ $t Sd(((Md S]Y$ts
'S7{YBBjSBPSV,,BR}s{,Set $t,,,$t S ,$°$t SytR $ Z ,SBPSq,{YtBjB k S ,§

$EVWUDFW VRSsS ,stR$ $BtsjS,, $BtSA, b,,tSs,,BtsZ ${RSstISsR ,BtsZ ${R
AKS,- ,,8,S,t%$,Bt8,t sjS{Btl$ $BtR S$t{jzI$t S,s,,P$,1Ss 8BR}Y,,, S},BtBZt
$Bt SstISR ,Bt Sb$tITP$,jISI$SR Z,Ast{,R SqY,R,S{Btl$ $BtRS$t1Z{,S{B8}j,-S
Ikts8${R S},B}ZjR$Bt S{Bt ,Bj S8s ,,$sjR SstISR ,Z{ Z,,RSBPSPj$ Y S%,Y${
R},{ $%,SBP S,t%$,Bt8,t +%,Y${j,S{BZ}j$t S,PP,{ R S Y$R S}s},, SRkR ,8s ${s
R}Y,,${S{Ys,s{ ,.,$R ${RSstISR}s $B ,8}B,sjS,%BjZ $BtSBPS Y,St,s,TR}s{,S,
,StR8$RR$BtS}s YbskRS Y,BZ YSbY${YS,t%$,Bt8,t sjS}s,s8, ,,RSsPP,{ S Y
Pj$ Y S%,Y${j,R SsRSb,jjSsRS Y,S,,RZj $t S{BtR ,s$t RSBtS Y,SPj$ Y S,t%,jl
$RRZ,RSs,,SI$R{ZRR,l S$t{jzI1$t S,s,,P$,IT sRS,PP,{ R Sb$tITP$,jISI$R Z, A:
8B{Y,8%${sjStBt,JZ$j$A,$28 SABZtls kTjsk,,S ,stR$ $Bt SstlS Z,AZj,t{,SR$8Z
,8R S Y$RS}s},,S,,%$,bRS Y,S,t%$,Bt8,t sjSsls} sA$j$ kSstIS8s B,S{Ysjj,t
stISR{,s8", S,t $t,R S{B8AS$t,IT{k{j,S,t $t,R SI, Bts $BtS,t $t,R SstlS,j,{ ,${S]
G$ YS,,R},{ S BSPj$ Y Slkts8${RSstIS{Bt ,Bj S Y,S{Z,,.t SR s ,SstISPZ Z,,S
IB8s$tSstISb$I,TR},,IT,st ,S Z$Ist{,SR ,s , $,R S,BAZR S{Bt ,BjS8, YBIRSZt
stIS$t ,jj$ ,t S{Bt ,BjSstISsZ BtB8BZRSI,{$R$BtT8s,$t Si, s,I$t S8s ,,$sjRS
},,SRZz88s,$9,RS,,R,s,{YS},B ,,RRSstISPZ Z,,S},BR},{ RS$tS Y,,8sjS},B ,{ $
8sts ,8,t StB$R,SstIS%$A,s $BtSRZ}},,RR$Bt SR ,Z{ Z,sjSY,sj YS8Bt$ B,$t
$BtRSZtl,,S,- ,.8,S{BZ}j,1S Y,,8s5]+8,{Yst${sj+s{BZR ${S8Zj $TP$,jI1S,t%$,Bt
$%,RSstISR,%,,sjS,,R,s,{YS,.{B88,tls $BtRSs,,S},B}BR,ISs{,BRRS Y,SsABY
%$,bRS Ys SPB{ZRSBtSsSR$t j, SI$R{$}j$t,SB,SsSR},{$P${S,PP,{ S Y$RS}:
P,s8,bB,,SstlS, kS ,{YtBjB ${sjSI$,.{ $BtRSPB,S Y,SB%,,sjjSstISRZARKR ,8
Pj$ Y S%,Y${j,R SqQY$RSP,s8,bB,,SPs{$j$ s ,RS Y,S,%BjZ $BtSBPS,,j,%st S|
P$t,ISstIS$t , ,s ,ISI,R$ tS Ys Ssls} RS BS,t%$,Bt8,t sjSZt{,, s$t $,R S Y,,, ¢
Y,SPZ Z,,S1,%,jB}8,t SBPSt,s,TR}s{,SPj$ Y S%,Y${j,R

.H\ZRUGV t,s, TR}s{,SPj$ Y S%,Y${j, S,.t%$,Bt8,t +%,Y${j,S{BZ}j$t S,PP,{ S=
},B}ZjR$BtSRKR ,8 SPj$ Y SIkts8${RSstIS{Bt ,Bj S8s ,,$sjRSstISR ,z{ Z,,R

i.{,$%,IUSMS skS1(1E Ss{{,} ,lUSd1SVZ ZR S1(1E SBtj$t,U
~1SeT8s$jUSYY ,t 0AS$ ,1Z {t
EIL(1ES &8#0%'5S+0S '%*#0+%5
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