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Effect of periodic control frequency on wake vortices around 2D hump
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We applied the direct numerical simulation around 2D hump geometry at Re, = 4000 to investigate the excitation

frequency effect of separation control on wake vortices and reattachment in the downstream. The most effective

frequencies to lead early-reattachment are close to those of references of a backward-facing step flow (Hasan, 1992

etc.). We analyze the excitation frequency effect on wake vortices in detail to obtain a general knowledge to design

suitable separation controls on any fluidic devices. We identified two characteristics caused by the different

frequency-bands. First is the two-dimensional wake vortices array, which excitation frequencies are corresponding to
instability modes of the inviscid K-H instability. Second is a large one vortex scaled with the hump height, which is
generated due to the lower frequency excitation. This large-scale vortex enhances the spanwise velocity fluctuation

more than those of two-dimensional vortices array, and shortens the separation region. How the large-scale vortex

increases spanwise fluctuation and cause reattachment effectively is under consideration.
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Fig.1 Instantaneous flow field around 2D hump of iso-surface O ( =
Ouy/0x; .0uyOx; ) = 0.1 with contour of u from -1.0(blue) to 1.0(red).
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Fig.2 Schematic of the computational domain

2-3 HEFHGE

FHEA T, CAEOHMBEDORR DK THET 1, #T2)TD
FHEFEFICOW TR RO AT TV, Koo\ 7EY O
ELFRSSE 2 S DI Z E SR ST 1 &2 D
5. TUITET 1 &8T2 OfMGEZZN2hoRd. X3 A
¥ LB OV TR AT 29, 7Y » RN S S &I
FR UL ChH D, FNTRIFROMEEI M 72350 ChLE L, BEmD G
DIESTEFIIFATHRIF OIS S0 TR Y, R OES
DBIZOFUE T AL FE L Th 5.

B 1 EART 2 IS K DRI G JERELC, 21X 4, X151
TR BN, WP, EBIRCOHIE Py B 0, Th
TR wy, BEFIBIWIES) 7, ZFVTUUFORTEE S,

Tw
C = s o
T 1 2pingul,s ©)
_ _DP— Py
"1 2pingu, @

FEBED LA )V AF Rey, =4000 TIE, FIEEAIEIL x=0.05, 25
SBEENC D ANLENE x=-05 L7025,

% 28 AHBMERENFE L VRO LA

B07-3
0.030
8
0.020+
S 16
0010 la
0.000 b V 42
_0.010 L L L L L L 0
-8.0 0.0 8.0 16.0 240 320
X
Fig.4 Friction coefficient Cs
0.60 Re, = 4000
T
od0p a1 18
ko‘z')» -~ Gid2f |
T0.00 iR
0201
0401 12
- L L L L L o
0-60—=% 0.0 8.0 16.0 240 320

x

Fig.5 Pressure coefficient C,.
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Fig. 3 Computation grid (Grid 1) and instantaneous u contour from -1.0(blue) to 1.0 (red) at Re, = 4000. Every 5 meshes are plotted in each direction. Flow is

coming from left to right.
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Fig. 6 Body force S,,,,4 based on Suzen et al. (2005).
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Table. 1  Grid resolutions.
Label Grid number A e | AV e | A2 e | DXl | Dl | Azl
Grid 1 (883, 167,231) 114 325 0.337 0.0713 | 0.0749 | 0.0077
Grid 2 (1323,357,249) | 7.21 1.55 0.264 0.0503 | 0.0369 | 0.0063
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Fig. 7. Schematic of the actuation way with £, and fy.

=4
n

Sl/DC

3. FtEHER
3-1 HBfEAE

TWRITEANCTTEE (x=00) ISERE LI N R 00 JE ISR
B fiid &, iR CRBRESMENET 5. HSERFORBREROR &
DA X 8 1T, HIEHBREEE A ZE 2 THER LI T, fi=
0.2 TEE) L72581, I bRBEEEAMERT 2. 2o L3, o
BTNy 7 ATy THRHUCE O TE M SN D IERZERE £ =
0.185 LIUTVME E 72> TV (10, 12 etc)).

TWRIT N T TE O OAIT AR ORFEEA AR OV T, R
T & f,= 0.2 CHEEN L7235 % il L7 O % X 9@)bIZ TN
AN L0, N T RIEOWFESAMERT 2 2 &L 230D,

3-2 ®BWRBICEZ 5%

HERENC X 0, ﬁémf VEAIEIBRENE AT kot iiinE)
EUDR, TORIIANKIC L > TREL 2ol bins = &
WGyt ZOOREESHE, X7 ICENEILBAND 1 (f,=10,
0.50), BAND 2 (f;,=0.20,0.10,0.05,0.025 )& L Cd. BERRALLS
DAL A 10 (TR SHERIL, 7 S &N TR T
{C TR T Y VO AR Q (= duyfox; .Ouyox; )13 0.1 &7
ZHETHY, BT L 0 EHEAS R 258 S U CliEEh AR LT
3. SERHOGEBRRFON R ED 2 X —Th b, X 10128
VT, BAND 1 DR JEEEEOHIBIHIRENC & 2o MiE| & LT
fi= 1.0 D5 % (a)lZ, BAND 2 DIREREE LT £,=0.1 D5 %(b)
IRLTWA. £9, BAND 12X AHIHEENC L - T, %
BWTTRITISINA U B Z &3S 2minss L 72 b, —4,
BAND 2 |Z & HHIEHEENC L > CoRmi@dlizAE LT, N7 Es
(TS D A — NV DORERIEENELCD LN IE DS D,
W7 TR, K7 1RTE D1, BRI CRIBERREAS
ROEFTDDIE, BAND2 TH 5 £,=02 DFE L 2> TN D,

X

Fig. 8 Separated lengths shortened around a 2D hump due to the
control of periodic excitation with different frequencies f;,.
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Fig. 9 Time-averaged streamwise velocity contour from -0.25 to 1.25
(a) without and (b) with the excitation of f;, = 0.2
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Fig. 10 Instantaneous flow field of iso-surface O ( = duy0x; .0uy/0x; )
= (.1 with contour of u from -1.0(blue) to 1.0(red). (a) Case with the
excitation of f,= 1.0 and (b) f,=0.1 at x,,=-0.5.
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Fig. 11 (a) Time-averaged and (b) phase-averaged pressure contour
with the excitation of f;, = 1.0 from 0.985 to 1.0.
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Fig. 13 Peak value of spanwise velocity rms of controlled cases with
the excitation of f;, = 0.025, 0.05,0.1,0.2 and 0.5.
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Fig. 14 Spanwise velocity fluctuation, (a) without and (b) with the
excitation of f;, = 0.2.
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Fig. 12 Instantaneous flow fields of entire phases of iso-surface Q =
0.1 with contour of u from -1.0(blue) to 1.0(red) with £, =0.1.
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