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Visualization of Vortex Lock-on to Oscillatory Incident Flow in the
Cylinder Wake Using Time-Resolved PIV
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Abstract

Vortex lock-on or resonance behmd a circular cyh.nder is visualized using a time-resolved PIV
when a single fi il is i d on the mean incident velocity. For vector
processing, a cross-correlation algorithm in conjunction with a recursive correlation and
interrogation window shifting techniques is used. Measurements are made of the Karman and
1ds number 360. When lock-on occurs,
the vortex shedding frequency is found to be half the oscillation frequency as expected from
previous experiments. At the lock-on state, the Karman vortices are observed to be more
disordered by the i d strength and gt 1 h of the streamwise vortices, which
Jeads to a strong three-dimensional motion.

streamwise vortices in the wak ition regime at

EMY .M 8
D 434 %7 43490 ¥R vds Y4 B weRL
fo i ALWE FAS A VM E ¢ B T2 M@ 9o
}f; T o e dTEe] SRR ol A% @ rA
U iAsses £¢ 299 Williamson®& 28] review =&
nyz ERE, A, 20| W AT AN W ddel dolezdolsel 45 Sl
PRy dated maREd, %9 dolwzs 19094
w, oz ek ole B 10007+<] & 7 3 o|(wake transition) § S o2

* 29, BINALFY AU LT

(1353)



186 WEBANARFIAEIL. 254 56 5. 2001

R 5o & o) =Z(Reynolds)59} 2228
(Strouhal)%2g] @AM 27he] EE&H Ho
A8 gdB Al F7hete SR 3L T
E 7ML 9eg BT o] e Bd&H e
o)z 190 ZA ¢ A A B, 260 ZHAA B
pEz9 APE OB, F REE 27 4F
(secondary vortex)] B4 7 2 B4EY L
A gele] glol Aol mlrh ofH @ o T2z
wg A g BB AFe LY R £F
o u)RdA o ZA FFo| ohd AA TEH|
2he AolA e ofel ¢ dojvh =@ 7 Pl
o gle) el sk s Alo] slo) 7129 A fE
At LDV 2& 3 ZAYgore AAEA £5
FZ2F getstrld FAF AW 3L

¥, A7 A5 FHE Fol FA UL
A% AERT F5 o WE FF Aol
Zlo] gold 7HgAol glem@), o W §3
el o] A Zo] Zrjste] TREC #HE el
gk Ao Ly AAd FH b
A 259 Fae] E7125 9 B4E B, ol
#3372 B4L 9| lock-ono| A E EHBHH
olo] Mg Fe @TF| o] 7ol gt Barbi 5
(5)0) AFa=E LT 548 lock-on Lol
et Hxz AFsgeH, A7 AF FF F
Byl AL2AE o Y@ F44 (Natural
shedding frequency)s) % u 2 lA Fleol &
ojdtha SR TH B £ % Al 7|9 Armstrong £(6-
Ne.LY, B, D Yol FREAM AFe
AT 5] ST W nAFHGeH, AT &
Fo| AFo] E7HEFE Falo] Yehte FA$
Qo] F7HEe Bk £ 1FL GF FEFA
e 4P & ko] o] ¥4 s Karman 9t
fol A% 9 £A4F A7} ARG HH
2 PIVA S 7159 wes A & 729 3¢
A pxgeo B 77k o) FoiR T vk
Chyus} Rockwell(8)2 3/ fr5oA ] $7%
W ske] el g AR, Wa 5012 FHF
o FZ2E ASHE AT o] 29 ATE A
QAT B vistel mAH LA, AFHE IT
oA FF FEL] Uy PIVASZE ob4
BanEA etk

Z

o oyE
Hr o2 ot

2 AT E 2elA BT 2& PIVAF 7]
H& ol g8e] xy HHel vehhe 13 Karman
Shg@st ol el yz He) M vehte 23t 4§
& AEsd, Asete 9T FEAM 30 24
ARE o 2HFF 34D £EE F 7 @R
oM Zz AN et e 1 538 Skt dot
RE 2t o33 54 2ot IDAFER Fe 2
AL 23 fFol EAlshe dolEaF 360 (B =
=)d tated AAEH, A TP AY
Karman s}§9} 27} sHfl A& 383 97 #%
o & 2} vl EA A Ak

2.4 8 &=

49T B8 FE4 ASE FFAM ol FeiR
o, Bol Sig 24 E BN Aol ZE A
Bxolzdn e 282 AFHAUT 243
39 =7)E 7t2 15 em, A2 10 cm, A°] 100
eme) ok BEo)N WA RE 4F 25 & FolVl
sigtel AR Pag AA P on, §FF AN
9% @1 9} 6:1 contraction® FHT. 30 — 100
mn/se] AG4F EEE A dRPEE 1.5%
ol §AHNU 4% 2AdE 5 mm 7]
g oz Asden 246 (L/D)e 80°]
O BEAE Fig. 10] 4] e whs) o A
FAEL QPR g FEF YTE x, HUd 2
ol WL z, oo #29 HF Sy T

o

=)

Fig. 1 Schematic of a three-dimensional field of
view for PIV measurements on the cylinder
wake in the oscillatory flow.
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Fig. 8 Principle of the )

window shifting, (b) one-quarter rule from
large interrogation window (solid line) to
small interrogation window (dotted line).
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Fig. 4 Velocity profiles evaluated from the stan-
dard PIV images using three kinds of inter-
rogation windows in the process of recur-
sive correlation.
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Fig. 5 Real measurement of the streamwise veloci-
ty profile in the cylinder wake to consider
the effect of the interrogation window size.
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()
Fig. 6 Phase-averaged velocity and vorticity fields in the x.y plane, The left plots correspond to the natur-
al shedding of f,/f,, = 0 and the right plots, the lock-on state of £/f, = 1.92. The phases are (a) 0 and
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Fig. 7 Flow visualization of the streamwise vortices in the y-z plane at x/D = 2.5. The left plots correspond
to the natural shedding of f,/f,, = 0 and the right plots, the lock-on state of f,/f, = 1.92, when the
streamwise vortices are located (a) below, (b) center of and (¢) above the cylinder.
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(a)

1

Fig. 8 Spatio-temporal representations of the
streamwise vortices observed in the y-z
plane at x/D = 2.5 for (a) the natural
shedding of £,/f, = 0 and (b) the lock-on
state of f,/f, = 1.92.
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