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A Study on Characteristics of Secondary Vortices in the Near Wake of a
Circular Cylinder by PIV Measurement
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Abstract

Characteristics of secondary vortices is topologically investigated in the near-wake region of a circular
cylinder where the Taylor hypothesis does not hold. The three-dimensional flow fields in the wake-transition
regime were measured by a time-resolved PIV. For the analysis in a moving frame of reference, the
convection velocity of the Karman vortices is evaluated from the trajectory of vortex center which is defined
as the centroid of the vorticity field. Then, a saddle point is obtained by applying the critical point theory.
Since the distributions of fluctuating Reynolds stresses defined by triple-decomposition are closely related
with the existence of secondary vortices, the physical meaning of them is explained in conjunction with
vortex center and saddle point trajectories. Finally, the temporal evolution of streamwise vortex is also

discussed.
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Fig. 2 Streamwise and cross-stream locations of the
Karman vortex center for different definitions,
which are obtained from the phase-averaged
velocity fields on the x-y plane: (a) x/D, (b) y/D
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Fig. 4 Contours of fluctuating Reynolds stress components: In the left plots, the line contours represent vorticity fields
and the shaded contours represent (a) (u'u’), (b) (u'v'),(c) (v'v') which are ensemble-averaged quantities at

constant phase 90°. In the right plots, the line contours represent (d) (e’ , () (u'v'), () (v'v') which are

time-averaged quantities
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Fig. 5 Streamlines and vorticity contours of the
secondary vortex (o,) at phase 90° viewed from
a moving frame of reference

AMrch A FdA R & g A
AE Aow A

Fig. 6 Al A /D =29 yz HH Aol dojzl
FHE 4= (009 FHF wiA 2 AR AF
S AHEYH. 2 A 4FY o, 4= A2 2
Y Zo] wgoz 9gH¥I wiXE EFS
AdY A4 Axe] AFS 23 P32 2F3
2 2 4RV A™Y JPEAE el A
FL& 0 olFY AAUY FHEE Y=z
e dudez WA £XxH0 de Hol
olth. Fig. 6(d)olA F4F dFe =4 17

f
0,
=

o

o
TTooX 32 B2 oo
N oale e £

71Aew ¥ates Egg g9 5 Aok
1.8 e

Fi dol d9eM ddy ZHFFY 3 Ad
% 54& PIV A5 ofste] s A
B FEHFLEZREH Gk =49 AXE T,
olZFE Z W UFEEE ALY ZH,
Karman 9}79] FH3WE dFsdEe B¥s 3
F2 245 I8t €A ez FH 7,
FARF dREEs AZde IS8T A
#Ahdte Zog doEHA

A" HFEEE olEst] ol FFHRA A
2 fE5%E T ¢

o FEE 23 97 @ Abe] glov) o] F
oA oo ANLFoF st (uu') L (W)
o gkol A vehgen, (VWyE o T A

-408-



(b)

Fig. 6 Instantaneous velocity and vorticity fields of the streamwise vortex at position (a) A, (b) B and (c) C in the (d)
time-history of the vortex centroid
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