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$EGHO ODNVRXG 0 +IQHO ' /DQWHUPDQQ 8 ORGHOLQJ DQG FRPSXWDWLF
IORZ )NTERNATIONALA*OURNALAOFA(EATAANDA&LUIDA&LOW

$PLQL $ 5HFODUL 0 6DQR 7 ,LQR 0 HW DO D 2Q WKH SK\WLFDO PHFKDQ
K\WWWHUHVLY %XPERIMENTSAINA&LUIDS

$PLQL $ 5HFODUL 0 6DQR 7 HW DO E 6XSSUHVVLQJ WLS YRUWH[ FDYLWL
&LUIDS

$PLQL $ 6HR - 5KHH 6 + HW DO F OLWLJDWLQJ WLS YRUWH[ FDYLWDWL|
OHYSICSAOFA&LUIDS

$QGHUVRQ ( $ /DZWRQ 7 $ &RUUHODWLRQ EHWZHHQ YRUWH[ VWUHQJWK
YRUWH[ *OURNALAOFAIIRCRAFT

$UQGW 5 JURP ZDJHQLQJHQ WR PLQQHVRWD DQG EDFN 3HUVSHFWLYH
,QWHUQDWLRQDO 6\PSRVLXP RQ &DYLWDWLRQ :DJHQLQJHQ 1HWKHUODQGV
$UQGW 5 ( $ &DYLWDWLRQ LQ YRUWLFDO IORZV INNUALA2EVIEWAOFA&LUII
$UQGW 5 ($ .HOOHU $ 3 :DWHU TXDOLW\ HIIHFWV RQ FDYLWDWLRQ LQFH:!
OFA&LUIDSA%NGINEERING

$UUR\R 0 3 +LQVFK . 5HFHQW GHYHORSPHQWY RI 3,9 WRZDUGV ' PHDVXL
:LOOHUW & ( (GV 3DUWLFOH ,PDJH 9HORFLPHWU\ .EWA$SEVELOPMENTSAAN
$VQDJKL $ B6YHQQEHUJ 8 *XVWDIVVRQ 5 HW DO 3URSHOOHU WLS YRU
URXJKQHVYV 0%$5,1( 9,,, &RPSXWDWLRQDO PHWKRGV LQ PDULQH HQJLQHHU
$VQDJKL $ B6YHQQEHUJ 8 *XVWDIVVRQ 5 HW DO ,QYHVWLJDWLRQV RI
URXJKQHVV OHYSICSAOFA&LUIDS

$XUHOLD 9 6LPXODWLRQV RI FDYLWDWLRQ IURP WKH ODUJH YDSRXU VWU)
JDFXOW\ Rl (QJLQHHULQJ /XQG 8QLYHUVLW\

%DL ; 5 &KHQJ + < -L % /(6 ,QYHVWLIJDWLRQ RI WKH QRLVH FKDUDFWHU
YRUWH[ FDYLWDWLQJ IORZ )NTERNATIONALA*OURNALAOFA-ULTIPHASEA&LOW
%DWFKHORU * . $[LDO IORZ LQ WUDLOLQJ OLQH YRUWLFHV *OURNALAOFAS
%HUHVK 6 - 7LPH UHVROYHG SDUWLFOH LPDJH YHORFLPHWU\ -EASUREME

%HWJIH $ +RFKEDXP $ & :HLWHQGRUI ( $ OHDVXUHPHQW RI QXFOHL FRQW!
IUHH VXUIDFH FDYLWDWLRQ WXQQHO 3HIPA4ECHNOLOGYA2ESEARCH

%LOOHW 0 / +ROO - : 6FDOH HIIHFWV RQ YDULRXV W\SHV Rl OLPLWH
%NGINEERING 4RANSACTIONSAOFATHEAISME

%LOOHW 0 / :HLU ' 6 7KH HIIHFW RI JDV GLIIXVLRQ RQ WKH IORZ FRHIII



128 EAAA-AAAF AAA .. a1\ §

*OURNALAOFA&LUIDSA%NGINEERING

%LUFK ' /HH 7 ORNKWDULDQ ) HW DO 5RO0XS DQG 1HDU )LHOG %HKDYL
IIRCRAFT

%RKUHQ & ) +XIIPDQ ' 5 $EVRUSWLRQ DQG VFDWWHULQJ RI OLJKW E\ VPDC
%RVVFKHUV - D $Q DQDO\WLFDO DQG VHPL HPSLULFDO PRGHO IRU WKH Yl
,QWHUQDWLRQDO *OURNALAOFA-ULTIPHASEA&LOW

%RVVFKHUV - E 3URSHOOHU WLS YRUWH[ FDYLWDWLRQ DQG LWV EURDC
(QVFKHGH

%RXORQ 2 &DOOHQDHUH 0O )UDQF - 3 HW DO $Q H[SHULPHQWDO LQVLJKW
WLS YRUWH[ FDYLWDWLRQ RI DQ HOOLSWLFDO K\GURIRLO *OURNALAOFA&LUID
%UHQQHQ & ( &DYLWDWLQJ )ORZV &DPEULGJH 8QLYHUVLW\ 3UHVV &DPEU
%UHQQHQ & ( &DYLWDWLRQ DQG %XEEOH '"\QDPLFV &DPEULGJH 8QLYHUVL)
&HOOLQL ) 3HWHUVRQ 6 ' 3RUILUL 0 +LJKO\ FRPSUHVVLEOH IOXRUHVFHC
OLTXLGV !PPLIEDAOHYSICSA ETTERS

&KDKLQH * / J)UHGHULFN * ) %DWHPDQ 5 B3URSHOOHU 7LS 9RUWH][ &DY
6HOHFWLYH 3RO\PHU ,QMHFWLRQ *OURNALAOFA&LUIDSA%NGINEERING
&KDKLQH * / .DOXPXFN . 0 'HYHORSPHQW RI D 1HDU 5HDO 7LPH ,QV

OHDVXUHPHQW 7KH $%6 $FRXVWLF %XEEOH 6SHFWURPHWHU WK $60( -60(
&RQIHUHQFH +RQROXOX +DZDLL 86% -XO\

&KDQJ 1 *DQHVK + <DNXVKLML 5 HW DO 7LS 9RUWH[ &DYLWDWLRQ 6
,OQMHFWLRQ *OURNALAOFA&LUIDSA%NGINEERING

&KDURQNR - - .LQJ & 9 6PLWK % / HW DO $VVHVVPHQW RI SUHVVXUH IL
LPDJH YHORFLPHWU\ PHDVXUHPHQWY -EASUREMENTA3CIENCEAANDA4ECHNOLC
&KHQ / < =KDQJ / ; 3HQJ ; ; HW DO ,QIOXHQFH Rl ZDWHU TXDOLW\ RQ
LQFHSWLRQ OHYSICSAOFA&LUIDS

&KHQJ + < /RQJ ; 3 -L % HW DO $ QHZ (XOHU /DJUDQJLDQ FDYLWDW
FDYLWDWLRQ ZLWK WKH HIIHFW RI QRQ FRQGHQVDEOH JDV )NTERNATIONALA*
&KHRQ - + /HH 6 : 7LS OHDNDJH DHURG\QDPLFV RYHU WKH FDYLW\ VTX
FRYHUDJH ZLQJOHWY LQ D WXUELQH FDVFDGH )NTERNATIONALA*OURNALAOFA
&KRL - &HFFLR 6 / "\QDPLFV DQG QRLVH HPLVVLRQ RI YRUWH[ FDYLWD\
-ECHANICS

&KRL - +VLDR & 7 &KDKLQH * HW DO *URZWK RVFLOODWLRQ DQG FROOI
*OURNALAOFA&LUIDA-ECHANICS

&KRZ - 6 =LOOLDF * * %UDGVKDZ 3 OHDQ DQG WXUEXOHQFH PHDVXUHP
ZLQJWLS YRUWH[ !'IAAA*OURNAL

‘DL & )UDVHU - 6 +\GURG\QDPLF VLPXODWLRQ RI D SDVVLYH EODGH FRC(
FRQWURO 3523&%$9 p &RQIHUHQFH RQ 3URSHOOHU &DYLWDWLRQ 1HZFDVWOH
GHO 3LQR & 3DUUDV / )HOOL 0 HW DO BWUXFWXUH RI WUDLOLQJ YRU\
LPDJH YHORFLPHWU\ PHDVXUHPHQWY DQG WKHRUHWLFDO PRGHOV OHYSICSAC
'"HYHQSRUW : - 5LIH 0 & /LDSLV 6, HW DO 7KH VWUXFWXUH DQG GHYHC
*OURNALAOFA&LUIDA-ECHANICS

"H\ ' &DPFL & $HURG\QDPLF WLS GHVHQVLWL]DWLRQ RI DQ D[LDO WXUI
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HIWHQVLRQV $60( 7XUER ([SR 3RZHU IRU /DQG 6HD DQG $LU 1HZ 2UOHD(
'"UH\HU 0 OLQG 7KH *DS 7LS OHDNDJH YRUWH[ G\QDPLFV DQG FDYLWDW
SRO\WWHFKQLTXH IpGpUDOH GH /DXVDQQH /DXVDQQH 6ZLW]JHUODQG

'"UH\HU 0 'HFDL[ - OXQFK $00LJQH & HW DO OLQG WKH JDS D QHZ LQVLJ¥
XVLQJ VWHUHR 3,9 %XPERIMENTSAINA&LUIDS

'XQFDQ 3 % 1HHGKDP ' 7THVW RI WKH (SVWHLQ 30HVVHW ORGHO IRU JDV
DTXHRXV PHGLD HIIHFW RI VXUIDFH WHQVLRQ DQG JDV XQGHUVDWXUDWLRQ L
(EHUW ( .URJHU : 'DPDVEFEKNH 1 ,RS +\GURG\QDPLF 1XFOHL &RQFHQ
&DYLWDWLRQ 5HVHDUFK DQG &RPSDULVRQ WR 3KDVH 'RSSOHU OHDVXUHPHQW
&DYLWDWLRQ /DXVDQQH 6ZLW]JHUODQG

(SVWHLQ 3 6 30HVVHW 0 6 2Q WKH VWDELOLW\ RI JDV EXEEOHV LQ OLT
#HEMICALAOHYSICS

YDEUH ' -DFTXLQ / 6KRUW ZDYH FRRSHUDWLYH LQVWDELOLWLHY LQ UHSU!
&LUIDS

YDEU\ ( 3 ' KRORJUDSKLF 3,9 ZLWK D IRUZDUG VFDWWHULQJ ODVHU VK
%XPERIMENTSAINA&LUIDS

JRHWK ( - YDQ 'RRUQH & : + YDQ 7HUZLVJID 7 HW DO 7LPH UHVROYHG 3,¢
" VKHHW FDYLWDWLRQ %XPERIMENTSAINA&LUIDS

JUDQF - 3 OLFKHO -0 YXQGDPHQWDOV Rl &DYLWDWLRQ 6SULQJHU 1HWKHL
JUXPDQ ' + $IODOR 6 6 7LS 9RUWH[ &DYLWDWLRQ ,QKLELWLRQ E\ 'UDJ 5
*OURNALAOFA&LUIDSA%NGINEERING

JUXPDQ ' + &HUUXWWL 3 3LFKRQ 7 HW DO D (IIlHFW RI +\GURIRLO 30DQIR!
&DYLWDWLRQ *OURNALAOFA&LUIDSA%NGINEERING

JUXPDQ ' + 3LFKRQ 7 &HUUXWWL 3 E (IIHFW RI D GUDJ UHGXFLQJ SRO\P
YRUWH[ FDYLWDWLRQ *OURNALAOFA-ARINEA3CIENCEAANDA4ECHNOLOGY
J)AULOODV 0 0 6]HUL $ - 'LVVROXWLRQ RU JURZWK RI VROXEOH VSKHULF|
&LUIDA-ECHANICS

*DJJHUR 6 7DQL * 9LYLDQL 0O HW DO $ VWXG\ RQ WKH QXPHULFDO SUHGL
YRUWH[ /CEANA%NGINEERING

*DR + 7 =KX : & J/LX < 7 HW DO (IITHFW RI YDULRXV ZLQJOHWV RQ WK
SURSHOOHU I!PPLIEDA/CEANA2ESEARCH

*DR 4 :DQJ + 3 6KHQ * ; 5HYLHZ RQ GHYHORSPHQW Rl YROXPHWULF SD
#HINESEA3CIENCEA"ULLETIN

*DWHV (0 7KH LQIOXHQFH RI IUHH VWUHDP WXUEXOHQFH IUHH VWUHDP

UHGXFLQJ SRO\PHU RQ FDYLWDWLRQ LQFHSWLRQ RQ WZR D[LV\PPHWULF ERGL
&DOLIRUQLD 86%

*DWHV ( 0 %DFRQ - $ 1RWH RQ WKH 'HWHUPLQDWLRQ RI &DYLWDWLF
+RORJUDSK\ *OURNALAOFA3HIPA2ESEARCH

*KDKUDPDQL ( $UDEQHMDG 0 + %HQVRZ 5 ( 5HDOL]DELOLW\ LPSURYHPI
EXEEOH PRGHO IRU VLPXODWLRQ RI FRXRWDNWEQJ IORZV #OMPUTERSA
*KDKUDPDQL ( 6WU|P + %HQVRZ 5 ( 1XPHULFDO VLPXODWLRQ DQG DQDO
IORZV *OURNALAOFA&LUIDA-ECHANICS $



130 EAAA-AAAF AAA .. a1\ §

*LQGUR] % %LOOHW 0 / ,QIOXHQFH Rl WKH 1XFOHL RQ WKH &DYLWDWLR(
&DYLWDWLRQ RQ 6KLS 3URSHOOHUV *OURNALAOFA&LUIDSA%NGINEERING
*R\DO 5 *DQGKL % . &HUYDQWHV 0 - 3,9 PHDVXUHPHQWY LQ )UDQFLV
DSSOLFDWLRQ WR WUDQVLHQW RSHUDWLRQV 2ENEWABLEAANDA3USTAINABLE?Z
*UD%PDQQ $ 3HWHUV ) 6L]JH PHDVXUHPHQW RI YHU\ VPDOO VSKHULFDO SL
06, OARTEIEAERTICLEA3ZYSTEMSA#HARACTERIZATION

*UHHQ 6 , $FRVWD $ - 8QVWHDG\ IORZ LQ WUDLOLQJ YRUWLFHV *OURNAL/
*XR 4 =KRX / - :DQJ = : HW DO 1XPHULFDO VLPXODWLRQ IRU WKH WLS
ICEANA%NGINEERING

+ 9* 9. & 0: $ VLPSOHU PRGHO IRU FRQFHQWUDWHG YRUWLFHV %XPEF
+ROO0O - : $UQGW 5 ($ %LOOHW 0 / /LPLWHG FDYLWDWLRQ DQG WKH UHO
LQWHUQDWLRQDO V\PSRVLXP RQ IOXLG PHFKDQLFV DQG IOXLGLFV -60( 7RN\R
+R0OO - : 7UHDVWHU $ / &DYLWDWLRQ K\WWHUHVLV *OURNALAOFA"ASICA%
+VLDR & 7 &KDKLQH * BUHGLFWLRQ RI WLS YRUWH[ FDYLWDWLRQ LQFHS
QRQVSKHULFDO EXEEOH PRGHOV DQG 1DYLHU 6WRNHV FRPSXWDWLRQV *OUR

+VLDR & 7 &KDKLQH * / 1XPHULFDO VLPXODWLRQ RI EXEEOH G\QDPLFV L/
6WRNHV FRPSXWDWLRQV DQG PRYLQJ FKLPHUD JULG VFKHPH WK ,QWHUQD
3DVDGHQD 86%$

+VLDR & 7 &KDKLQH * / 6FDOLQJ RI WLS YRUWH[ FDYLWDWLRQ LQFHSWL
PRGHO DFFRXQWLQJ IRU QXFOHL VL]H GLVWULEXWLRQ *OURNALAOFA&LUIDSA®
+VLDR & 7 &KDKLQH * / /LX + [/ 6FDOLQJ HIIHFW RQ SUHGLFWLRQ RI FD
YRUWH[ IORZ *OURNALAOFA&LUIDSA%NGINEERING 4RANSACTIONSAOFATHEA!SI
+VLDR & 7 3DXOH\ / / 6WXG\ Rl WLS YRUWH[ FDYLWDWLRQ LQFHSWLRQ X
DQG EXEEOH G\QDPLFV PRGHO *OURNALAOFA&LUIDSA%NGINEERING 4RANSACT
+VX & & 6WXGLHV RI VFDOLQJ RI WLS YRUWH[ FDYLWDWLRQ LQFHSWLRQ

&LUIDSA%NGINEERING

,OLHVFX 0 6 &LRFDQ *' ) $ $QDO\VLYV RI WKH FDYLWDWLQJ GUDIW WXEH Y
SDUWLFOH LPDJH YHORFLPHWU\ PHDVXUHPHQWYV LQ WZR SKDVH IORZ *A&LUID
,QRXH 0 .XURXPDUX 0 )XNXKDUD 0 %HKDYLRU Rl WLS OHDNDJH IORZ E
URWRU *OURNALAOFA%NGINEERINGAFORA'ASA4URBINESAANDAOOWER 4RANSAC
T7& &DYLWDWLRQ &RPPLWWHH 5HSRUW RI WKH WK ,77& 2WWDZD S $SS
-HRQJ 6 - +RQJ 6 < 6RQJ - + HW DO (VWDEOLVKPHQW RI FDYLWDWLRQ LC
E\ FDYLWDWLRQ QRLVH DQDO\VLV IRU XQGHUZDWHU YHKLFOHVY 3URFHHGLC
(QJLQHHUV OARTA- *OURNALAOFA%NGINEERINGAFORATHEA-ARITIMEA%NVIRON|
.HOOHU $ 3 &DYLWDWLRQ VFDOH HIIHFWV HPSLULFDOO\ IRXQG UHODWLF
QXPEHU DQG K\GURG\QDPLF FRHIILFLHQWYVY WK ,QWHUQDWLRQDO 6\PSRVLXP |
.KRR 0 7 9HQQLQJ - $ 3HDUFH % : HW DO D 6WDWLVWLFDO DVSHFWV RI

DQG GHVLQHQFH LQ D QXFOHL GHSOHWH IORZ %XPERIMENTSAINA&LUIDS

.KRR 0 7 9HQQLQJ - $ 3HDUFH % : HW DO E 1DWXUDO QXFOHL SRSXODV
WXQQHOV %XPERIMENTSAINA&LUIDS

.LPXUD ) OF&DQQ - .KDOLO * ( HW DO 6LPXOWDQHRXVY YHORFLW\ DQG ¢
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OXPLQHVFHQW PLFURVSKHUHV 2EVIEWAOFA3CIENTIFICA)NSTRUMENTS

.OHLQ & (QJOHU 5 + +HQQH 8 HW DO $SSOLFDWLRQ RI SUHVVXUH VHQVL'
SUHVVXUH ILHOG DQG FDOFXODWLRQ RI WKH IRUFHV DQG PRPHQWV RI PRGH
&LUIDS

.UDYWVRYD $ < ODUNRYLFK ' 0 3HUYXQLQ . 6 HW DO +LJK VSHHG
PHDVXUHPHQWYV RI FDYLWDWLQJ IORZV DURXQG D VHPL FLUFXODU OHDGLQJ H
,QWHUQDWLRQDO *OURNALAOFA-ULTIPHASEA&LOW

. XLSHU * 1HZ GHYHORSPHQWY DURXQG VKHHW DQG WLS YRUWH[ FDYLV
,QWHUQDWLRQDO 6\PSRVLXP RQ &DYLWDWLRQ 3DVDGHQD 86%

.XPDU 6 6 +RQJ - "LJLWDO IUHVQHO UHIOHFWLRQ KRORJUDSK\ IRU KLJ
PHDVXUHPHQW /PTICSA%XPRESS

.XPDU 6 6 .DUQ $ $UQGW 5 ($ HW DO ,QWHUQDO IORZ PHDVXUHPHQW\
VXUIDFH %XPERIMENTSAINA&LUIDS

IDPE + +\GURG\QDPLFV &DPEULGJH 8QLYHUVLW\ 3UHVV

/HH & 6 $KQ % . +DQ - 0 HW DO D 3URSHOOHU WLS YRUWH[ FDYLWDWL
VXSSUHVVLRQ E\ ZDWHU LQMHFWLRQ *OURNALAOFA-ARINEA3CIENCEAANDA4EC
/IHH 6 - 6KLQ - : $UQGW 5 ($ HW DO E $SWWHQXDWLRQ RI WKH WLS YRUW|
%XPERIMENTSAINA&LUIDS

/HH 7 3HUHLUD - 1IDWXUH RI ZDNHOLNH DQG MHWOLNH D[LDO WLS YRUWH]

/L & 3DQGD\ 5 *DR ; HW DO OHDVXULQJ SDUWLFOH G\QDPLFV LQ D IOXL
KRORJUDSK\ #HEMICALA%NGINEERINGA*OURNAL

/L *1 &KHQ 4 5 /LX < D ([SHULPHQWDO VWXG\ RQ G\QDPLF VWUXFWXUH RI
-ARITIMEA2ESEARCH

/L1 0 /L ;- =KX =& HW DO E 1XPHULFDO PRGHOLQJ RI PXOWLSKDVH IORZ
PXOWLVFDOH SRLQW RI YLHZ OOWDERA4ECHNOLOGY

ILGWNH $ . 7XUQRFN 6 5 +XPSKUH\ 9 ) OXOWL VFDOH PRGHOOLQJ RI FI
DURXQG WKH GHOIW WZLVW K\GURIRLO VW 6\PSRVLXP RQ 1DYDO +\GURG\Q
ILX 7 - $Q HIIHFWLYH VLJQDO SURFHVVLQJ PHWKRG IRU UHVLVWLYLW\ Sl
EXEEO\ IORZ -EASUREMENTA3CIENCEAANDA4ECHNOLOGY

/ILX ;) .DW] - ,QVWDQWDQHRXV SUHVVXUH DQG PDWHULDO DFFHOHUDW
H[SRVXUH 3,9 VIVWHP %XPERIMENTSAINA&LUIDS

/ILX ;) .DW] - &DYLWDWLRQ SKHQRPHQD RFFXUULQJ GXH WR LQWHUDFWLF
WUDLOLQJ FRUQHU RI D WZR GLPHQVLRQDO RSHQ FDYLW\ OHYSICSAOFA&LUID
/ILX = + %UHQQHQ & ( &DYLWDWLRQ QXFOHL SRSXODWLRQ DQG HYHQW U
4RANSACTIONSAOFATHEAISME

0D - 6 +VLDR & 7 &KDKLQH * / (XOHU ODJUDQJH VLPXODWLRQV RI EXEEOH
*OURNALAOFA&LUIDSA%NGINEERING

ODJLQW\UH ) 2Q UHFRQFLOLQJ RSWLFDO DQG DFRXVWLFDO EXEEOH VSHF
& 1LRFDLOO * 0 2FHDQLF :KLWHFDSV 2FHDQRJUDSKLF 6FLHQFHV /LEUDU\ YR
ODLQHV % + $UQGW 5 ( $ 7LS YRUWH[ IRUPDWLRQ DQG FDYLWDWLRQ *
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OF&RUPLFN % : -U 2Q FDYLWDWLRQ SURGXFHG E\ D YRUWH[ WUDLOLQJ ILU
"ASICA%NGINEERING
0XxR] &RER -/ &KLYD 6 OpQGH] 6 HW DO '"HYHORSPHQW RI FRQGXFWLY

IORZ ORFDO PHDVXUHPHQWY DW WKH 3RO\WHFKQLF 8QLYHUVLW\ RI 9DOHQFL
&DVWHOORQ 8-, BENSORS

OXWKDQQD & 'HYHQSRUW : - :DNH RI D FRPSUHVVRU FDVFDGH ZLWK WLS
WXUEXOHQFH VWUXFWXUH !IAAA*OURNAL

1DQGD 6 :HVWHUZHHO - YDQ 7HUZLVJD 7 HW DO OHFKDQLVPV IRU GLIIXV
ZLQJ WLS YRUWLFHVY )NTERNATIONALA*OURNALAOFA-ULTIPHASEA&LOW

2ZHLV * ) YDQ GHU +RXW , ( ,\HU & HW DO &DSWXUH DQG LQFHSWLRQ
OHYSICSAOFA&LUIDS

3DUN , .LP - 3DLN % HW DO 1XPHULFDO VWXG\ RQ WLS YRUWH[ FDYLWD
3CIENCES

3DUN 6 / / /HH 6 - <RX * 6 HW DO $Q H[SHULPHQWDO VWXG\ RQ WLS YRUW
PDULQH SURSHOOHU *OURNALAOFA3HIPA2ESEARCH

3DUNLQ % 5DYLQGUD . &RQYHFWLYH JDVHRXV GLIIXVLRQ LQ VWHDG\ D[LV
3DVFDO 5 : <HOODQG 0 - 6URNRV] 0 $ HW DO $ VSDU EXR\ IRU KLJK IUH’

DQG GHWHFWLRQ RI ZDYH EUHDNLQJ LQ WKH RSHQ RFHDQ *OURNALAOFA!TMC

3HQJ ; ; :DQJ % / /L + < HW DO D *HQHUDWLRQ RI DEQRUPDO DFRXVWLF C
WLS YRUWH[ OHYSICALA2EVIEWA&LUIDS

3HQJ ; ; ;X [/ + J/LX < : HW DO E ([SHULPHQWDO PHDVXUHPHQW RI W
ZLWK ZLWKRXW FDYLWDWLRQ LQ DQ HOOLSWLF K\GURIRLO *OURNALAOFA(YDR
3HQQLQJV 3 & :HVWHUZHHO - YDQ 7HUZLVJID 7 - & YORZ ILHOG PHDVXUHPI
%XPERIMENTSAINA&LUIDS

3URFWRU ) 7KH 1$6% /DQJOH\ ZDNH YRUWH[ PRGHOOLQJ HIIRUW LQ VXSS
VSDFLQJ VIVWHP WK $,$%$ $HURVSDFH 6FLHQFHY OHHWLQJ DQG ([KLELW 5HQ
S5LYHWWL $ $QJXOR 0 /XFLQR & HW DO OLWLIJDWLRQ RI WLS YRUWH[ FD)
RQ D .DSODQ WXUELQH VFDOH PRGHO WK ,DKU 6\PSRVLXP RQ +\GUDXOLF 0D
&DQDGD

5XVVHOO 3 %DUEDFD / 9HQQLQJ - HW DO 7KH LQIOXHQFH RI QXFOHDWL
OHDNDJH IORZV OHYSICSAOFA&LUIDS

5XVVHOO 3 6 %DUEDFD / 9HQQLQJ - $ HW DO OHDVXUHPHQW RI QXFOHL
IDFLOLWLHY %XPERIMENTSAINA&LUIDS

5XVVHOO 3 6 9HQQLQJ - $ %UDQGQHU 3 $ HW DO OLFUREXEEOH GL'
VXUIDFH QG 6\PSRVLXP RQ 1DYDO +\GURG\QDPLFV +DPEXUJ *HUPDQ\
6FDUDQR ) 7RPRJUDSKLF 3,9 3ULQFLSOHV DQG SUDFWLFH -EASUREMENT
6H]HQ 6 8]XQ ' 7XUDQ 2 HW DO ,QIOXHQFH RI URXJKQHVV RQ SURSHOO

PLWLIJDWLQJ WLS YRUWH[ FDYLWDWLRQ /CEANA%NGINEERING
6KHNDUUL] $ )X 7 & .DW] - HW DO 1HDU ILHOG EHKDYLRU RI D WLS YRUW|
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6KHQ < &KDKLQH * +VLDR & 7 HW DO (IHHFWV RI PRGHO VL]H DQG IUHF
FDYLWDWLRQ LQFHSWLRQ VFDOLQJ WK ,QWHUQDWLRQDO 6\PSRVLXP RQ &DYL
6KL ; 7DQ & 'RQJ ) HW DO &RQGXFWDQFH VHQVRUV IRU PXOWLSKDVH |
Y% %%A3ENSORSA*OURNAL

6RQJ 0 7 ;X / + 3HQJ ; ; HW DO $Q DFRXVWLF DSSURDFK WR GHWHUPI
LQFHSWLRQ IRU DQ HOOLSWLFDO K\GURIRLO FRQVLGHULQJ QXFOHL VHHGLQJ

BRXGHUV : * 30DW]HU * 3 'DYLG : 7165 'HYHORSPHQW & 7LS YRUWH[ FC
DQG GHOD\ RI LQFHSWLRQ RQ D WKUHH GLPHQVLRQDO K\GURIRLO 'DYLG
'HYHORSPHQW &HQWHU %HWKHVGD 0G

6WLQHEULQJ ' 5 )DUUHOO . - %LOOHW 0 / 7KH VWUXFWXUH Rl D WKUHH
UH\QROGV QXPEHUV *OURNALAOFA&LUIDSA%NGINEERING

6WRUHU - $ &XPSVW\ 1 $ 7LS OHDNDJH IORZ LQ D[LDO FRPSUHVVRUV *OU
6YHQQEHUJ 8 $VQDJKL $ *XVWDIVVRQ 5 HW DO ([SHULPHQWDO DQDO
PLWLJDWLRQ E\ FRQWUROOHG VXUIDFH URXJKQHVV *OURNALAOFA(YDRODYNAI
6]DQW\U - $ 6FDOH HIIHFWV LQ FDYLWDWLRQ H[SHULPHQWV ZLWK PDULQ
2ESEARCH

7DQJHU + :HLWHQGRUI ( $ $SSOLFDELOLW\ WHVWV IRU WKH SKDVH GRS
QXFOHL PHDVXUHPHQWY *OURNALAOFA&LUIDSA%NGINEERING 4RANSACTIONSA
7RPDU * )XVWHU ' =DOHVNL 6 HW DO OXOWLVFDOH VLPXODWLRQV RI S|
&LUIDS

7ULHOLQJ 55 )XHQWHV 2 8 9 +HLMVW * - )Y ,QWHUDFWLRQ RI WZR XQHT.
OFA&LUIDS

7URSHD & 2SWLFDO SDUWLFOH FKDUDFWHUL]DWLRQ LQ IORZV INNUALA2]
7\YDQG 3 $ 9LVFRXV 5DQNLQH YRUWLFHV OHYSICSAOFA&LUIDS

9HQQLQJ - $ 3HDUFH % : %UDQGQHU 3 $ 1XFOHDWLRQ HIIHFWV RQ FORX
*OURNALAOFA&LUIDA-ECHANICS $

9LLWDQHQ 9 6LLNRQHQ 7 6DQFKH] &DMD $ &DYLWDWLRQ RQ PRGHO D

6WHDG\ DQG WUDQVLHQW YLVFRXV IORZ VLPXODWLRQV DW GLIITHUHQW UH\QF
ANDA%NGINEERING

:DQJ + / :DQJ < OLFUR SLY $ QHZ GHYHORSPHQW RI SDUWLFOH LPDJH
-ECHANICS
:DQJ / X < :X ; HW DO D OHDVXUHPHQW RI G\QDPLFV RI ODVHU LQGX

QDQRSDUWLFOH ZLWK KLJK VSHHG GLJLWDO KRORJUDSKLF PLFURVFRS\ %XPE

'DQJ = < &KHQJ + < -L % E (XOHU /DJUDQJH VWXG\ Rl FDYLWDWLQJ WXUEX
OHYSICSAOFA&LUIDS
:DQJ = < &KHQJ + < -L % 1XPHULFDO SUHGLFWLRQ RI FDYLWDWLRQ HUF

QR]]JOH XVLQJ D PXOWL VFDOH DSSURDFK OHYSICSAOFA&LUIDS
‘X ; - :HQGHO 0 &KDKLQH * 5LHPHU % *DV EXEEOH VL]H PHDVXUHPHQWYV
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DQ DFRXVWLF VSHFWURPHWHU *OURNALAOFA&LUIDSA%NGINEERING

:X < /LX < 6KDR 6 < HW DO 2Q WKH LQWHUQDO IORZ RI D YHQWLODWH
-ECHANICS
;LH & 0 /LX - < -LDQJ - : HW DO 1XPHULFDO VWXG\ RQ ZHWWHG DQG FI

DURXQG DQ HOOLSWLFDO K\GURIRLO ,QWHUSOD\ RI FDYLWDWLRQ YRUWLFH\

;X & +XDQJ - :DQJ < : HW DO 6XSHUFDYLWDWLQJ IORZ DURXQG KLJK V:
QHDU IUHH VXUIDFH LQGXFHG E\ DLU HQWUDLQPHQW !)OAIDVANCES
‘X 0 &KHQJ + -L % HW DO B3UHGLFWLRQ PHWKRG RI WLS YRUWH[ FLUFX
ICEANA%NGINEERING
X 0 &KHQJ + < -L % HW DO /(6 RI WLS OHDNDJH FDYLWDWLQJ IORZ ZLWHK
WLS FOHDUDQFH VL]HV E\ D QHZ (XOHU /DJUDQJLDQ FDYLWDWLRQ PRGHO /CE,
<DNXERY 6 &DQNXUW % $EGHO ODNVRXG 0 HW DO +\EULG 03, 2SHQO?:
(XOHU+/DJUDQJH DSSURDFK WR FDYLWRWRRQIPRGHOOLQJ #OMPUTERSA
<DNXVKLML 5 = OHFKDQLVP RI 7LS 9RUWH|[ &DYLWDWLRQ 6XSSUHVVLRQ E\
8QLYHUVLW\ RI OLFKLJDQ OLFKLJDQ
<DR ; / /L =3 6XQ / 4 HW DO $ VWXG\ RQ EXEEOH QXFOHL SRSXODWLF
SUHVVXUH OHYSICSAOFA&LUIDS
=KDQJ + /LX < :DQJ % / HW DO 3KDVH UHVROYHG FKDUDFWHULVWLFV
VKHGGLQJ F\FOHV /CEANA%NGINEERING

=KDQJ / ; &KHQ / < 3HQJ ; ; HW DO 7KH HIIHFW RI ZDWHU TXDOLW\ R
LQFHSWLRQ *OURNALAOFA(YDRODYNAMICS 6HU %
=KDQJ / ; =KDQJ 1 3HQJ ;; HW DO $ UHYLHZ Rl VWXGLHV RI PHFKDQLVP L
FDYLWDWLRQ LQFHSWLRQ *OURNALAOFA(YDRODYNAMICS

=KDQJ ; 6 :DQJ - + :DQ ' & (XOHU /DJUDQJLDQ VWXG\ RI EXEEOH GUDJ |
FKDQQHO IORZ DQG ERXQGDU\ OD\HU IORZ OHYSICSAOFA&LUIDS

=KDQJ < & &KHQ / 6 <DQ / HW DO D ,QYHVWLJDWLRQ DQG DSSOLFDWLI
WHFKQLTXH LQ ZLQG WXQQHO WHVW *OURNALAOFA%XPERIMENTSAINA&LUIDA-I
=KDQJ < < 6XQ ; - +XDQJ ' * E $ QXPHULFDO VWXG\ RQ FDYLWDWLRQ VXSS
JNTERNATIONALA*OURNA LADFAITHEMBA-ACHINERYA

=KDR < :DQJ * < -LDQJ < 7 HW DO 1XPHULFDO DQDO\VLV RI GHYHORSHG
XVLQJ D QHZ WUDQVSRUW EDVHG PRGHO )NTERNATIONALA#OMMUNICATIONSAI
=KRX = 6 6 . ODOOHU\ . HW DO +RORJUDSKLF DVWLJPDWLF SDUWLFOH
-EASUREMENTA3CIENCEAANDA4ECHNOLOGY

=KX : & *DR + 7 $ QXPHULFDO LQYHVWLJDWLRQ RI D :LQJOHW 3URSHOOH!
OFA-ARINEA3CIENCEAANDA%NGINEERING
Lx*« RtPce G *40 1y WK@ "d ;8Z>| f xM'02F(@©W, 16A iFf-0 &KHQ <

/IX & - *XR - + HW DO 1XPHULFDO DQDO\VLVY RQ WKH FKDUDFWHULVW
VXEPHUJHG YHKLFOH ZLWK ODUJH DWWDFN DQJOH *OURNALAOFABALLISTICS
dE#E H9t H5 1y * ¥ M5s 0J,, =6 01N p"'D#a T-(#q'D#>| .00} F -0

'DL - 7 /LX [/ /LX 6 HW DO ,QYHVWLIJDWLRQ RI EXEEOH EHKDYLRUV LQ
KHOLFDOO\ FRLOHG WXEH EDVHG RQ ZLUH PHVK VHQVRU #)%3#A*OURNAL
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NI“9l %E I»H p 1y *Y, £7Y_"d]'D# j9¢ é#,.D0! y-—°_ +DQ =
< <X - :DQJ - & HW DO 7KH UHVHDUFK RI XQGHU ZDWHU EXEEOH ILHOG
AECHNIQUE
“Yy 0;0) TO6S 1y 0PF'dBE-MZEh@©W.DOIF ...0..K E-F .. -L % &KHQJ +
< +XDQJ % HW DO 5HVHDUFK SURJUHVVHV DQG SURVSHFWV RI XQVWHDG
FDYLWDWLRQ !DVANCESAINA-ECHANICS
“¥ 0,0 AN2 1y OF #% &NILSLEC2F'd@E—- 0 —*(x/n GU
HO )+%5 7¢@ * Y, k @ 4#q é# . ] 6"d6, O#N02 F A£.DO! ]-8'8i.D0! /LX

&DR / 6 :DQ ' & 6XSSUHVVLRQ RI WLS YRUWH[ FDYLWDWLRQ RI HOOLS
ZDWHU LQMHFWLRQ PHWKRGVY #HINESEA*OURNALAOFA3HIPA2ESEARCH
H)t. A8Y#™ »>Z 1y "d6, & O#N02 F IP%.DO'F ... TPY#qf E - /ILX < : ;Y [/
+ 6RQJ 0 7 HW DO ([SHULPHQWDO UHVHDUFK SURJUHVV RI K\GURIRLO \
%XPERIMENTSAINA&LUIDA-ECHANICS
Lvéa P7E 18i0*# W7-B P¥%.DO!F ...5,F 8i8fE — /X ) =KDQJ : -
3URJUHVV RI FDYLWDWLRQ UHVHDUFK RQ IXOO VFDOH VKLSV *OURNALAOFA3H
S5ixl- “Y% «fO 1y 02F *p*6A& U A+X $5~W-*x/n GU /XR ; : -L % 3HQJ ; ; HW DO

%DVLFV RI &DYLWDWLRQ DQG LWV $SSOLFDWORQV 7LQJKXD 8QLYHUVLW\

E*2Z %0£ Q9 1y Cuo#8z>| f,  1,us8F2A 5 " xfAlAN ¥ -0 IY 5
<X .3 :HL < - HW DO '"HVLJQ RI JDLQ DGDSWLYH YDULDEOH VWUXFWXUF
YHKLFOH ICTAAIRMAMENTARII
%" 02Fh0aDO0AGF E-F ... 3DQ 6 6 &ULWLFDO UHYLHZ RQ FDYLWI
UHVHDUFK IDVANCESAINA-ECHANICS
%" «fO 02Fj*6 -Lb J*x/m GU 3DQ 6 6 3HQJ ; ; 3K\WLFDO PHFKDQLVP |
FDYLWDWLRQ 1DWLRQDO GHIHQVH LQGXVWU\ SUHVV %HLMLQJ
cfO »E % "d 102D [GY ) 0#NO02F, jy "d @ E-.DO!>F ... 3HQJ ; ; :DQJ
/ 3DQ 6 6 $LU &RQWHQW (IIHFW RQ WKH 9RUWH[ &DYLWDWLRQ #HINESEA
A'CK °T  )»- 95%"d6, M 0 O#NO2# ,jOXxA #8OFIW--0 3X - -
;LRQJ < :DQJ 5 6FDOLQJ HIIHFWV Rl K\GURIRLO WLS YRUWH[ FDYLWDWLE
*IAOTONGASNIVERSITY
"'E P¢7 H! 1y Eo#q#% &N!"6%?#N > 2-$#N02 FOW 1J 0;-0 6KHQ ;

=KDQJ ' 6 /LX $ HW DO &DYLWDWLRQ FKDUDFWHULVWLFV Rl WLS OHDNDJH
YRUWLFHY LQ D[LDO IORZ SXPS 4RANSACTIONSAOFATHEA#HINESEA3OCIETYAO!
7M*2 )»\UE H- (W0a# uG ,LE)- Ya#qFO, 1PYa#{Gy 1\%q3z -"d@E-DA@J ]-tU

:DQ & 5 :DQJ % / /LX + ([SHULPHQWDO VWXG\ RI LQWHUQDO VWUXF
FDYLWDWLRQ WK 1DWLRQDO &RQIHUHQFH RQ +\GURG\QDPLF 1DQMLQJ &KLC
» -~ C¥M'> PoeOn 1y 1 )& OCOE-"02FW7-jy I6A @F °_ :DQJ

4 =KDR / 0 OD .) HW DO (IITHFWV RI HQG SODWH RQ FDYLWDWLRQ SHU
ORDGHG WLS SURSHOOHU *OURNALAOFAOROPULSIONA4ECHNOLOGY
dEp U INC2A~ Y 95$#{Gy ° _ 0! A+X :X < & ‘LJLWDO SDUWLFOH KRORJUDSK)
PHDVXUHPHQW DQG LWV DSSOLFDWLRQV
8 . # A8Y#™ WL Eé=6 0™'d @ E %02 W7- Q » 1P¥..DO! "d@E—-DO!>F ... $EA
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X 6 =HQJ = % ;Y [/ + ([SHULPHQWDO UHVHDUFK RQ K\GURG\QD
SHUIRUPDQFH RI PRGHO SURSHOOHU ZLWK IOH[LEOH WUDLOLQJ HGJH #HINES

NO€ Lxt B]'h~ 1y #a f&1Y @B! ,EZ02F E—-xA.DO! @F °_ ;LDQJ /

&KHQ + 7DQ < + HW DO 6WXG\ RI FDYLWDWLRQ WKHUPRG\QDPLF HIIHFW
*OURNALAOFAOROPULSIONA4ECHNOLOGY
EE ce! ~& ...)O#No#Cgnjyu!j*6.D0! ]-88i.DOIL' ;LQ * = 7KH LQYHVWLJDWLRQ

Rl WKH HIIHFW Rl EODGH JHRPHWU\RQ WLS YRUWH[ FDYLWDWLRQ LQFHSWLRQ
°T N D &000 =6 (0~ O#NO3# M+O (1jO x A.DO! 8i8fE — :LRQJ < +DQ %

< B6KL /3 6WXG\ RQ SUHGLFWLRQ RI WLS YRUWH[ FDYLWDWLRQ LQFHSWLI
ABY#™ «fO H)X. 1y O#N#N h5 *,” 3, 9BPY.D0O! "d@E-DO!>F ... $EA

;Y I + 3HQJ ;; /LX <: HW DO (ISHULPHQWDO UHVHDUFK RQ VWUXFWXUF

#HINESEA*OURNALAOFA(YDRODYNAMICS

(CS +5F : )» ..)
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SHVHDUFK SURJUHVVHYVY DQG SURVSHFWYV RI YR
G\QDPLFYV

]<eWpS<Zs$kz? FyS $t9° NIWpS+$t}$t 9 _eWpS+$sB-$t !

‘S7 s ,S€,kSNsAB,s B,kSBPSGs ,,Si,RBZ,{,RSet $t,,,$t SstIS sts ,8,t SGZ
GZYstS;n((*1 S_ i S]Y$ts

'SWs $BtsjSE€,kSNSASBtS7Y$}Sz$A,s $BtSstISWBSR, S]Y$tsS7TY$}S7{$,t
GZ-$S1d;(M1 S_ i S]Y$ts

$EVWUDFW zB, ,-S{s%$ s $Bt SsS{s%$ s $BtS}Y,tB8,tBtS Ys SB{{Z,RSs S Y
AjslI,R SBP ,tSs}},s,RSP$,R SBtS},B},jj,.S}.B B k},R S!t{,S$ SB{{Z,R S$ Sb§
R ,sj YS},,PB,8st{,SBPSts%sjS%,RR,jRSw Y,StB$R,S{stS$t{,,sR,SAkS8B,,S Y
Y,,S$t{,,SR,S$tS Y,S{,$ ${sjSR},,ISBPSts%sjS%,RR,jRS BSsS ,,s S,- ,t Sq)
Y,S,,kSstIS{Ysjj,t $t S B}${RS$tS Y,SPS$,jISBPS{s%$ s $BtSYkI,Blkts8${R S
${RSBPS%B, ,-S{s%$ s $t SPjBbS{B8}s,,ISb$ YSB Y,,SPB,8RSBPS{s%$ s $t
b$ YS $}S%B, ,-S{s%$ s $BtSsRS Y,S8s$tS,,R,s,{YSBA ,{ SqY,S,%Bjz $BtS
BPS%B, ,-S{s%$ s $BtS$t{,} $BtSstISI,%,jB}8,t Ss,,S Y,tS,-}BZtl,I SV S Y,SH
Ps{ BLRSBPS%B, ,-S{s%$ s $BtS$t{,} $BtSstlISI,%,jB}8,t SstIS Y,$,S8,{Yst$
P,B8S Y,S},,R}.{ $%,SBPS{s%$ s $BtS,j,8,t R SytSslI$ $Bt S Y,S,,j,%st S,,R
$RRZ,R S$t{jZI$t SR{sj,S,PP,{ SstISPjBbS{Bt ,BjS$tS%B, ,-S{s%$ s $t SPjBb
BPS%B, ,-S{s%$ s $BtSR{sj,S,PP,{ SstlIS Y,S{Bt ,Bjj$t S8, YBIRSstIS$I,SR S
RkR ,8s ${sjjk SRB, ,| S3$tsjjk Ss$8,1Ss S Y,S,,kSstlS ,${,kS},BAj,8RS$tS "
%B, ,-S{s%$ s $Bt S Y,S,-},,$8,t sjS8,sRZ,,8,t SstI1Stz8,,${sjSR$8Zjs $BtS ,{
Z,,S,,R,s,{YSBts»wB, ,-S{s%$ s $t SPjBbSs,,SRZ88s,%$9,ISstlISBZ jBB,,|

.H\ZRUGV ]s%$ s $Bt SzB, ,-S{s%$ s $Bt SzB, ,-S8BI,j S7{sj,S,PP,{ S3jBbS/{

AA“Y SI-"yW —-% ,AS +O,8 Sk?+p»"dE|a\8i8f#s#,>0
702 F'd @ E - A+X *p.D0! Sk1-a8'F0 —*H xNO S*(x-_C
'f 1G S >~ 7]yAé - d(x1+ wl\0\FJAR E65 E x1+ D SBg!| - _ E+
XM1MIQ S7]y En d1!Q SM1+Aé-+F9e7 yQ>UEAé - S d1+Aé -9
-®1+08jy-Lu—_Aé- S d1+Aé - -*F9E-LuJ-(#qr EF d(
o>U EIQ 0J, A& S9¢-1G4x0.Dt & ;NO S<F9(aM _D3]1-Q
S0E-651... SA™3 }10N/FO -3 O iyEIl.. Y%3+O#R iy

El.. SA$t1G-13SY-65ANB" S)a+EFS<kl,BIktEly ; Zr 5F S$t G-1E —-—-J*6»

1y S.9¢ - @ H/8M, o *H NO- A$t G-1 *M, o *H N©- A~)$A"'d @ E - t1y

i,{,$%,lUSdSWB%,8A,,S1(1n Ss{{,} ,IUS11SFstZs,kS1(1; SBtj$t,US1+SFstZs,kS1(1;
~1SeT8s$jUS $AStobYZ ,1Z {t
EI1(1;S &8#0%'5S+0S "% *#0+%5
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