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Investigation of Turbulent Coherent Structures in the Separation
and Reattachment of Flow behind a Swept Backward-Facing Step
HEREKRE

LT  FHOKER (YAMASHITA SHINTARO)

I B K= - T8 - 4%

MEEES : 20023236

RFZERR R OEE (Fas0) -

AT, BO%ITAT v 7E2BEDHNE, LA JVAE 8000 D F T, EERNO%
ERNCTHNS, BIEEE LT, B8 ryn—78, AECH3E - BEIS® 794070
A% (FHW) &, BIXOBGRL A 7 iEEZHOTWD, FAW IEZ LD AR FRNZHEA T 5
(2725 T, BLIEEIE O A B ELALARE S 2 FHW 1k & BVR L A 27 35 CHIE Lkkig L
2L A, BEENTEORM MRS S AR TE 5 Z L AR T 2, 1Z<EERNIC OV T,
FT, U —TRAENLOIBEEZERY BV, S K OEEEE AR ZRE L, A<
BER72WEE OFLIEE RUE & el Uiz, Z ol < Bt © FHW 512 & 2 230 e &
FhE L, AL SO T ~DE I EBER L, LT, %BHFAT v 7EHROITBE -
A ERIUIZOWT, BF Y RNOBERBESIZHT ATy TEEDOLE 0.5~ 1.5 OFPHT
BlEE, B8 o—7 L FHW &I L - T - BEHEESZH7-, F7=, FAW H|
END, AT v TEROBERNTFEICBT DBREEE A2 B8 L, HFtE L L TR olERS
RO, BEOEFIMH, FNOFATESEINETE 50 OALEIZED, AT v 7 EmID%
BEPRI= L 2 A, RHFFEOFPH CIXBEE R ZEIX A LN o Tz,

WFIERLR OBE (330)

In the present study, the flow over a swept backward-facing step has been investigated experimentally
and numerically. Measurements were made by single hot-wire and flying hot-wire (referred to as FHW)
techniques. In order to confirm the applicability of the FHW in the spanwise direction, the standard
turbulent boundary-layer was examined by comparing with a hot-wire rake. Mean and fluctuating
velocity distributions were measured in the flow separated from a sharp edge, and compared with those
in the turbulent boundary layer. The FHW was tried to capture the turbulent coherent structures in the
spanwise direction. For two-dimensional backward-facing step flow, the relative step height to boundary
layer thickness of an incoming flow were H/& = 0.5, 1.0 and 1.5. Mean and fluctuating velocity
distributions for H/& = 0.5 and 1.0 were examined by a stationary hot-wire and flying hot-wire
anemometer with I-type probe. Streamwise distributions of the forward-flow fraction, y, near the wall
were calculated, and then reattachment points of the separating flow were evaluated as a location of y =
50%. In the range of H/&, = 0.5 to 1.5 in the present study, the reattachment length is almost constant.

AR TE B
(BHEHNL - [)
[ERc S e & it

2008 4 2,700,000 810,000 3,510,000
2009 4 600,000 180,000 780,000
2010 4 500,000 150,000 650,000

AR BE

fERE
o Er 3,800,000 1,140,000 4,940,000




WFFEs 8 « T8
B D438 - fE - Bk T2 - R T2
F—U— K LT

1. WFFEBRAE 4 )OS 5t

TWRICR T AT v TR LTI, T
FCIHEEIZE < OERM - BER 7280317
i, torelENEF O TE T, Bk
FETIZFEIS Moin B O 7V — 7 OE B >
R a2l —v a3y (DNS) 12 L5 —HDOMET,
FOBEN LA TN D,

—77, EBE Eomnn% T ERICHEREN
NHEEINZEE ORI RSN E /9
Wb L ZRITEHNTH D, OB ITAT v
FEBEHRNIZZOBEMILET L EE X
TEV, 2FEY 2ok, =wiItmRiE<
Bl - A EBRORMEZ RO L RIFFIZ, =K
JEHE D CITRF I TEA ATRET, Z DRGE
ZEEL TE DEARN TN O—2 LW %
Do ZAUIKT D ZIVE TOMFZER TR D T
e, N TORENRIZRIFIE L LT,
Fernholz &2 X 2 ELIEHEETH = O SEHAI 2T
SNDN, T OFRERITH LTI+ 7 MEEDS
nE LB bbb, BEME & LTI,

Kaltenbach 512 X > TDNS 23Tl TV 5 23,

T OFAAE R & BRI 1TV < D0
BERIDFFIZh, HERAKGEE & tiFFEA IC L D
BT AL L EZ BN D,

2. WHEOHM

W< BE - BATEZ O WBIT RS B2 <
Roh, BMEIRAKEROMEE, mEERMEICK
Z<EELTWS, Ly, EBLEORLAD
ZL IR IEHNTH D, AAFFEFRETIL,
FOHMILETLE L TROBE AT v
PWMEDWNATRY B, ELRB oS, FF
VAR AR IS O EERAIAEE] & DNS Bl fEHT 7>
SN GOMERA AT 9,

mnEE, (X< BEEAWIE, ()W,
Q)T E IR, (4)EIEIkD 4 > OREEIfE T
I, BARIZOWTEENRER RERT,
FERAEA 21T O, BUERIIFTE T, ARRZE
SR X D EBEREY I 2 L —3 3 (DNS)
179, T OHEFER R OFEHLERIZ S
WO A & B E 2 TR D,
BUHEARRAT DR R & FZBRER 2 O0F, B ox
JERDHIVTHMHBICHEE LoD, Rkl
AT TN K D R IEHE A O B I RE A 1
DFEFMZ B 50N T 5,

3. WD Hik

FEERIE, WA 180 x 400 mm?, AFEHJ 2.5 m
DOREER 2 A9 DR LIERTR CTIT - T
5o MIEYMH (JEE 10mm O 7 7 U LHgH)
X, A ERE D SHE DT D BEDN S 20 mm 720
F7vy FTAHEHICHBEL, AifE #r

Bilk3 B 7= DIz U@ 2B 410 7=,
W E SR D X NACA0012 D ik
WL &40, Ak O Tk 80 mm OALE D G i
W (EE 1.5mm, g 6.3mm) 23HkE 30 mm
T3REVAMHITFENTWE, ZHIZX -,
LIS g DR AL T, E AR O X EE X
JEFREERTH Y, MIBEIZER T =R EFL TR
ETMN DI AT fER L7 B, 1 U
EHWCHREEIZRME LT, BHFAT v
O AHFALE L, HE AR AT T 1500
mm Toh 5,

JEARJE ST AT v AR X, WL
(& x i, BERE LJ7ICyEh, TLCAT v
MG zlha b, AT v TEIEHT
L, AEH~OETVIRNOEREE X %8
(x=-05¢8) THT, 22T, BERNEE IR
FUST TR EE U 203 g A 3 s U 0 99.5%
ERDBEELT D, TRERLY, L
Up=11mis I8V T8 =33.2mm GESZHEE
X6=39mm) L7y, HEE#HEEILA /L
ZHE Reg=Up 6y /v~ 3100 T o 7=, KEBR
TiE, £9, A7 v 7HLH=0)D TBL & H
7RI < B (H = 00)D BFS, D 2 k%
TR, T, AT v TEES HEERBES
S D 05f%, 1.0f%, 15fFLZbESETHIE
T o7,

T O I N2 X BRR i F (FTRIAF HC-30)
2, HAESIZe— 27 1%, ADC
J— K (16 bit 43 fi#6E, 20 kHz) Z /i L Labview
TEHAE L=, MIEHO | B v—7138
PE L, BV ICIXEAS 0.005 mm, Z & ER 1 mm
DB T AT U TS, JEHNIC
BUFA7 0 —7 OMERDIZIL3RIT N T
N—HZEHL, Z0Hb0z Hhaz=y
WX =7 E— 2B OEHE N7 3—
(THK #:8 GLM20, fcEifE 3 m/s) #E A
L7z, &5, WMALOIER /Wil s B0
TIE, x#h b I =W & @l b T 3—H L L,
BGAT v 7EHDOXx>0,y<0 OHFPHAIZB
T, BT a—T7% xasmc7 747
IHT,

4. BFFERR

B 1%, | FBER Y v — 7 & IAR BETRE 7
MICRE S T T o REDRE R Z, H=0
DFELFEERIE(TBL) & H = oo DO AT < B
FUBFS)HZDWTART, 1) D R FE 4y
bl aE a2 L, AT <R, b
18 =-04 2T 5, —F, FMDEER yoos
X y=0 &7 5, X Lb)IXLEEEED



rmsfE, vz RT, 1T < BEEAKRED
IV E RN OFEANEANTIERL, 2
e & IO E AT LT 5D,

o U/U, |
[

°

. . I
0 1 2 X164 3 5

4
X 1(a) TBL & BFS, D W14 FE 43 4

0o w/U, 015
S —|

BLAE AL AR AE & OB M 22T — ROJE
TlX FHW #2280 FialicEm L, 75,
AT 7 B O LIRS 1 v THIE S
REMpT L7z, K213y / s =028 L0107
WCBWTERL A 7 7o —7 CTHRIE LM
BELREk & AR ERREZ L L2 b D TH D,
y [ Sogs = 0.7 TIL, WAL F-2J58 FE 1 XA %Y
K& Wy /U=0.14), JIEMSRDI-H
BREUTIFIE A CAHBEIMR SR — LT L &
I DITH LT, y/ 895 =0.2 TliE Wy, /U=10.35
Ly, B LA U 7 a— 7 ORI A
RV TSN, ZOREENS, SLikER
J& 72 EIZ B B AL X, AR mR
FEICHR L TN MR EREEREL, 75
A ¥ T RE B O R FE (2R L Co bl
IR ET UL, Mg ED —mEBlEET 5 2
ClIXHICAEEThH D EEZBND,

AT o T EE HzoT{T> 72, FHW I X
LR 0E — RIEDORE B2 X 3 125RT, JE
R RITEER FEICAE 3%, x7 > 100 T,
Z ST RE S BENCEL R BT
T, KERELITAR LNV, Z Dk, x"> 400
TANHFHMHBEESNEL b RER
L7, LEXY, ELEREN LR LIAE N
7o BE T T35 D e 7 MR A G 10X < BEIEL &
oW E i, Fotk, EMfkMbL, Ak
BIRIRRN LN S T2 2 & NEBETE 5,

T
—— FHW

-—-— Hot-wire rake
( Reg=2300)
0.5
~
&5 318995 =0.7
o0 —
=3
0.5 1Y
V8095 =02
0 e
\'\./
0 0.5 L 1.5
72/ 3o0s

2 TBL A /N> 5 Al BRI E il o ks

T T T
W BFS. yu/v=13

-- TBL
! X/ v (x/4))
1000 (1.44)

Ri(yirat)

100 (0.15)

50 (0.074)

0 50 100 150
Pl v

X 3 BFS, A/~ J5[aAH B Ot 7 161 28k

DONT, AT v IHEHIZBIT LY - %
Bl D y FamoAi xR 41T, RO v
VARMEIHI&G=05 FZEIEIH/&6=10TH
B | BIEGER (IHW) JIE T, & OJFEHELRY
RAED B JRATELAR S u /U > 0.3 2BV CHll
ERAZEOILRBM BN TN D, K Tl
BEEYIH<-01DOMKNEDEMITEET
Bz, ZOHPHTFHW HIE 21T > 7=,

T ] o P4 M { o
o U/U, 1 o @© ped b @
| 233 © 3 & 0
1 ;o Pod * 2 Q e
o W IS S S S
T
Toemvo e s e g
= |closed : H/5;,=0.5 © | @ ) % |
H1S,=1.0 AN i 1 2
open =1 | | i | I
0= B i ome g I AR A
? R R ) e
° Sl w | ® ) |
8 R I TF—idg @ !
o oo:/:(l.suog g ‘~’\\g& -~ !
d - - |
a & & & & & "=
e e [t [ e
o u'/U,015 © @ [ 3 o: o’. © o
[ | [ 4 © o © o O o © ®
1+ X3 10 o 109 10s 0 o
¢ IHW \%: \Ooz ‘oo’ \oo. .ooo’
= O FHW | | e | &) | o5 | oo
= |closed : H/0,=0.5 %‘» : % ) % | 08 | 0000.
plopen < H/oy =10 %‘%w N N g
'oel ! 08 05‘05,‘2 ;? 0%0
18- %97 o © °0
1@ ~eo_ i @ | o0 90
) A - agte) © o
oe ° { T — . ® O
| @ | @ e 0 =~ oe
) | ©07=0.5(1.0)e0 | - ze_
1 88 188 P8 &0 1
0 1 2 3 4 5 6

F9,y/H>0.1 O THl#H 4 g LT,
H/ 8 =05 D FEEREIT/ NS, BEEE X
KRELRoTWVER, ZHTHEEL AT »



TES H ELTHRZEHLZZLICLED
HLDTHD, 01>y/H>(-01~-02) Tix

W E ORI TIFIE L, x/H=3 £ T
ITEENEE S T 5, xIH>3 ([Z7ebH &, H
[ 8 =10 ODEENEENENIKRELS D, £
LT, y/H<-02 TiX, H/&=10 D
ERAMICY 7 bL, BEEEIREL D
fERINR BB D,

-12 0 tUy/H 12

0.5 T T

= || yrH=-095 )

=2 .S d’b\w
1= LN

6 Y/Hé
B4 5% T AT v 7% OB E L 5310

DX, FERNONERE, Wi 2 30
RDb, AT 7TEEH & =0512BW\WT,
FHW #HW &L 100 £y hdT—4
2510 By AR EERICRY, EEEE U,
THEVR STl S T RS u O x HmooAh &
LTS5 ITRT, Yr—7RiEmSITy/H=
-0.95 T, BEEA 1 0.05 H (~ 0.8 mm) Off
BETHD, £, X OMHRRIE ) S5 A

oY, MESMARIROR#E LT, FHhH
FEEAICE S ST &AL E I O HBL R

THL, ZOBEBITAME LY EER R,
ZOWNIE, X< BEEAME D O EEE AT

K& T Y TL B a7 & Ly fE ks % s 7
HHOEEZ B, WAL ANZ 05 ~1HRE

OB ZE o, HBBEEOSH WAL Xx/H=
5~9THY, x/H<5 2BV T HEEEITEWN

25, FIFEORAHNBIE I NS,

6121%, H/8&=05& 101220\ T, Uy
TR TTAL ST REEE E u O e 2R 5% P B %%
p(UUg) Z T, fiIDART v 7&EIIZEB
T, X/ H=6~8 O AIRIRITHFIR & 72
%o —747, xIH=4~5 OS5 AITAMIH-> T
BY, EdRo Xz, EFmOEEEE L L
S TSR RAICHBLL TWAH 72T
H5,

B 713, 1 X< BERN O ENLE & KD S
“OIZHEE L2V R y O0Ai &9, BEdH
2B OJE & S 1, LkHU<O%HT%é
ZITC, EREOTEEIL, u>0 IR LR
BEBEBOMOEL D, $7/2, IT7HoDv

VARIVIZH 8 = 0.5 ORIEMHE ZRFAITR L
72 DT, RRRTE OfE 50 5 REZE R A
WCT7 4T 47 LR THD, HI &=
1.0 &£ 151225V TIE, FAERIC LTk =
HirOAE T, K7 LY, JERRTBLF
4<x/H<8DHEFTOND 1 £ THIIZE
L, TONMIZAT v FESICk-oTIEE A
EZEAL LTV,

H/8=05 OHI®=10

| yIH=-0.95 | yIH=-095
| |

3 x/H=4 ‘I ! x/H=4
h; __________ "qu
|

®©

(=]

p (/! Uy)

o
_
e
]
[
=

~ -

]

]

[

]

I

ol -lllllln ,,,,,,,,,,, .lllll“ll...7 |

alilllss

LT

-0.2 0 O.ZN 0.4 -0.2 0 042 0.4
ul U, u /Uy

65&11:5%‘31%}4—532 T DTSRI FE 3 AT

o~
#o

y/H -0.95
N

] P AR

I g —es 08
¢ ——13
0 L

4 6x/H8

X 7 NEFE =R O Fiti S5 A28k

| y/H=-0.95 o y=05

65 o U=0
=

= [¢]

"6 8 8 o

>3 0‘5 1 1‘5

' H/&

(4 8 FA+f A5 PR

PERDEZRIMH, NETRBEO DA NG y =
05 72 % x FEEEZHIAEY , FAERBE xs
ET5, K8, HEREEZAT v &S
(L CRd, HICiE, ST U gL
D XEELADETRLTEY, g L0 W
B ERITNIET D Z ENDND, T,
%%ﬁﬁ@%%%&%&ﬁﬁﬁ%ﬁ%ﬁ%

TENZABNIRS Z &1 . X84y
ﬁéiak,_m%%%l PT27/7
S OEBITEE TIEARW, HI & =052

BWCHEHMEBRBIA THOR TN D

5. TR ERLE



(MRS (FFO )

(Fa%R) GH1 o)

O B, L FERRS, H EFHL, ZHEE
18, —IRICEEE AR OEEE R 77— 1 7 HI|
(2R3 2 EBRAIHFZE (RIS fA] L EL s
JE&) AR S R SR 2R 60 MR 2 - G
23, 2011423 H 14-15 A, EAGHATF K
O &L, KEFH, [LRETRRR, %5 A
7 v TS KD < BT B9 D SR AT
8 (2WILAT v 7)), HAHES AT
FHEPIEE 23, 2010 4 10 A 30-31 A, [LEK
-

@ FHARS, =HERih, L&, HEsH
fal L@ g ~D Pade IT{lOISH, H
AHER - 22 (WAL 23 2010, 2010 4210 A 23
H, HIER

@EEEAT, JELEL, L FHTRES, {5 Re $C
BT D M EREmER T O FIRA LSRR, IR G
WEAAERS, 201045 10 A 7-8 A, B
MES ey 72—

(®S. Yamashita, Y. Inoue, K. Sasaki and T.
Nagahama, Experimental Study on Turbulent
Coherent  Structures in a  Separated
Boundary-Layer from a Sharp Edge, 8th
International ERCOFTAC  Symposium on
Engineering  Turbulence  Modeling  and
Measurements, 2010 4= 6 H 9-11 H, Marseille,
France

©F LfE—, HEE5L, L FHRES, [FHxM
FEE DL OWNGGIZET %8 ( —FkRlER
RO AR EE OWEAL) , H AR S
HREFR 59 Wik -3, 2010423 H 10 H, 4
NS

O E&HiL, EHEEt, L FHRES, #%5A
Ty TN L B B O FLIE AR S 1
B9~ 2 FEBRIINFZE, B A2 2009 4F)E
FERORE:, 2009 4E 9 H 15 H, HF R

@M, H Lok, L FHRRS, RER
N, ZURTCEERMEHTIC B9 5 FEERADITIE (I

By RA TR | HASHR S 2 A S
58 Hkasy - i<y, 2009 4= 3 A 17-18 H, i
L2

@ Y. Inoue, H. Ohya and S. Yamashita,
Visualization of Vortex Structures in a Wake
Behind a Circular Cylinder Rotating in a
Uniform Stream, The Second International
Conference on Jets, Wakes and Separated Flows,
2008 4= 9 A 16-19 H, Berlin, Germany

@Y. Inoue, K. Kondo and S. Yamashita, A
Comparative Study on Near-field Flow Structures
in a Circular Free Jet and a Square Free Jet, The
6th International Symposium on Ultrasonic
Doppler Method for Fluid Mechanics and Fluid
Engineering, 2008 49 H 9-11 H, Prague, Czech
Republic

(XF) GFofh)

(PEZE R PEME]
ORI (B0 )
OBAHRIL (B0 )

6. WFFERH
(OIFFEfREE

(I~ # KBS (YAMASHITA SHINTARO)
IR BL RS « 2R« Hof

WF7e#8 3% 5 20023236

QWFgesr s
H E #5L (INOUE YOSHIHIRO)
IR B« TR - WEHd
WFgeE %5 - 00176455



