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Vortex structure of separated flow over a backward-facing step controlled with a synthetic jet
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Vortex structure of separated flow over a backward-facing step controlled with a synthetic jet is investigated with
implicit large-eddy simulation using high-order compact difference scheme. The present computation shows that
separation length in the case of the flow controlled at F*, =0.2 is 20 percent shorter than the case without control.
Strong two-dimensional vortices generated from the synthetic jet interact with the shear layer, which results in the
increase of the periodic component of Reynolds shear stress in the shear layer region. These vortices are deformed into
three-dimensional structures, which make the unperiodic component of Reynolds shear stress stronger in the
recirculation region. Size of the separation length in the case of the flow controlled at F*, =2.0 is almost the same as
the case without control because the mixing between the synthetic jet and the shear layer is not enhanced. Weak and
short periodic vortices induced from the synthetic jet do not interacts with the shear layer very much and diffuse in the

recirculation region.
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zone name JXkX/ A xh Ay/h Az/h
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Figure 5 Cavity grid

Figure 6 Computational grid
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Table 3 No-dimensional frequency, momentum coefficient and

amplitude
F'y C, Amp.
0.2 0.20% 0.041
2 0.20% 0.0041

3. FERRBLUER
(1) FHEFEOMGE

FIRMT T LR A UEFE ORRRIERAT D 720012, FIBERIE L Q7
VA TER® L D AT o 7. SHISE OO R,
FERE L BO—BVEbNTRY, 0 IEishEoin
Laifigd 5 EC, oSN EEHERL THD.

(2 WP

JERRE TS 2 T35 OV OB R 7201, RS
YUBOHLEATS . TRV 7200 72 < A 22N
LRI LTh D, T_COr—A @ 2 HARN i & L
TiX, Figure 8 PN L TNy 7 AT T AL
FIEEL, FIEESIRTE AR 5. TORBERICHE L, Wit
DIEBRIEN L BICRIND. 7ok, BRSNS R X OWHER
FUBOFEMASERACOOE R Th 5. Figure 8 17 D3]
HEERE L CUORWES, F=02 DA, Fh=2.0 D50 3 r—
ANTBT B8Ny 7 AT T FRERIOBEELRE C O Th 5. &
72 FORITHEERIE L CURWEA DTN TR & Fil T 5.
72385, FMTAENEO TR IBEEFREOEN 0 DT Chd. F=2.0
OSFE OB EIRET, FEERHEL TOZRVES L0 b ETEL
725 TCNBD, F =02 DEAOBEAEMEE, JEEREL e
WEEBIONF=20 OBA LI L T, HLMNIEL s TW
%. Table 4 \ZR§ OITEEBHRE MG DR D D5 RET
BD. RPEAENEOERIEEROEN 0 OFFch 5.

B 24 AMERAENZS VRO L

F3-4

F'=2.0 OFBEESITHOTNNCEL 22> TOBDS, FR=0.2 ORI

RESERI T HIBERIAE L QW EA S LT, 20 28— MEL 7
STWA.

ZOEREELT D720, Figure 9 [ZENENDr—AD L
A JIVRBISE OS5 A R R, FIBERIE L CURngATE, R
BRI O fEl(0<dh<2.0) & FHEERIEIN(2.0<xh<5.0)C, HV 1A
JIVRBIWIS AR LTS, F=2.0 DS TIHBERE LT
WSS SIHERRRR A T 523, FIBESIETE ORI & FEERE
Heh L e Tna, —J5, FL=02 O5ATE, RHIEETk=EoE
1(0<x/<1.5) & FEBRAENN(1.5<xh<5.0) T, HBERIEL TV
G LD BIRNLA VRIS 2R LTV D, 2O LA
IV D72 DI ST & PR OIRA Y,
TMNRELS R L QWD 2B BA.

FIBEBIIHTE DRUR: S IRE OREEE 20 D 72012, RITHIEES]
W AR LT TN ART L7z, Figure 10 (R ONEr—AIZE
2 FEEIWTREOMEIE S Ch 5. £, TORITHEEIE L <
WRWE S ORI AR L Cdh 5. ER S ISR
BIBOES 275 & LT ™, FL=2.0 OBATIHEEH)
HMLTOARWEA LIZIEED LS, FREERL V&S
(4.0<xh<10.0) TIHMEE S D TH 22> TNDDS, FTEREL
M2 O CHIBERIEMZITRBE L2, —5, F=02 Oaafthod -
— A & P U TR SSEV. FRHI LA/ L RSHETES
FI5 AT OFROFIBETIRTIE OFER(0<xh<2.0) TEL e o TND. F
7=, FHEBREEED% 7 (6.0<xh<10.0) TE < 725 DIFELIIAIC &
HHDEEZBND.

Figure 11 {553 DA — AT 31T D FIBESI W= O E R S
Thb. E-TOBRITHBERIE L TR0 A ORI EREEE &
R CH D, IR S IBINECIRATBOIRA ORREE R
FEL U TEDILA®. B =20 O8A T IRIBERIE L TRy dh &
WEHEEDST, FHERE L % 75(4.0<¢h<10.0) TIEETIRA DS
< 2o TD. —, F =02 DA — A L I L T4
FHNCIRADTRL, BHI LA/ AV RBIWEF153ATORE, Vi & 1%
I L Q5.

LU BRI SB DI D, LA VAR D455 &
FEESTEE S, R S 8 K ORISR RS
BB NI T Fl LA JIVRSRHSINE, RO
IRA OB 2T BEREED 1 D ThH LEZLND.

Copyright © 2010 by JSFM



zlh

zh

0.003

0.002

0.001

[— s off

_— e _ 1
F h—2.0

-0.003 I """ F'.=0.2 |

-0.004 % ? ‘
( 2 4 6 1

x/h
Figure 8 Skin frictional Coefficient
Table 4 Reattached location
Reattament location

synthetic jet off 5.85h

F*,=2.0 6.0h

F*,=0.2 4.75h

00 HEE T J 0.0007
-u'w'
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Figure 11 Momentum thickness evolution along shear layer
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Figure 16 Phase and span averaged static pressure and Second invariant of the
velocity gradient tensor for each phases at F*=2.0 (black lines, contour
range:0.05-0.5 with 10 lines)
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Figure 17 Phase and span averaged static pressure and Second invariant of the
velocity gradient tensor for each phases at F*,=0.2 (black lines, contour
range:0.05-0.5 with 10 lines)
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Figure 18 Phase and span averaged Total component, periodical
component and unperiodical component of Reynolds shear
stress distributions at F*,=2.0
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Figure 19 Phase and span averaged Total component, periodical
component and unperiodical component of Reynolds shear
stress distributions at F*,=0.2

10

%24 ARIERAENFEL VRO L
F3-4

©=(1/4)n

S L o
Pairing

©=(3/4)n

p=(5/4)n

®=(7/4)

Pairing

0.0 I i 3l 0.0008

<-u~w~>Periodic Component of
Reynolds shear stress

Figure 20 Phase and span averaged periodical component of Reynolds
shear stress distributions and Second invariant of the velocity gradient
tensor at the each phase at F",=0.2 (black lines, contour range:0.05-0.5
with 10 lines)
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Figure 21 Phase and span averaged turbulent component of Reynolds
shear stress distributions and Second invariant of the velocity gradient
tensor at the each phase at F",=0.2 (black lines, contour range:0.05-0.5
with 10 lines)
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Figure 22  Isosurfaces of Second invariant of the velocity gradient tensor at Figure 23  Isosurfaces of Second invariant of the velocity gradient tensor at
F"=02fiom ¢=0andp=3/47  (Isosurface is colored by x-vorticity) F"=0.2 from ¢=4/4 7and ¢ =7/4  (Isosurface is colored by x-vorticity)
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Figure 24  Isosurfaces of Second invariant of the velocity gradient tensor
at F*;=0.2 in ¢ =1/4 7 (Isosurface is colored by x-vorticity)
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Figure 25 Isosurfaces of Second invariant of the velocity gradient tensor at
F*=0.2 in ¢ =1/4 = (Isosurface is colored by uy, wy)
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Figure 26 Isosurfaces of Second invariant of the velocity gradient tensor at
F*1=0.2 in ¢ =1/4 7 (Isosurface is colored by unperiodic component of
Reynolds shear stress)
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