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Direct Numerical Simulation of the Lock-on Phenomena in the Wake
behind a Circular Cylinder in a Perturbed Flow at Re = 360
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Abstract

Lock-on phenomenon in the wake of a circular cylinder is investigated at the Reynolds number of 360
using direct numerical simulation (DNS). To induce lock-on, a streamwise velocity perturbation with a
frequency of twice the natural shedding frequency is superimposed on the free stream velocity. The Reynolds
stress distributions are investigated to analyze the streamwise force balance acting on the recirculation region
and the results are compared with the previous experimental result. When the lock-on occurs, the pressure
force on the recirculation region is shown to increase mainly due to the reversal of the Reynolds shear stress
distribution, which is consistent with our previous results using PIV measurement. It is also shown that, with
the lock-on, the strength of the primary vortices increases whereas that of the secondary vortices decreases
significantly. Further, under the lock-on condition the wavelength of the secondary vortices increases by as
much as 2.5 times.
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Table 1 Flow regime, grid type, domain size and number of grid points

Re | Grid Type Domain Size Number of Grid Points
Coarse grid (present study) 360 O-Type 64D (x—y), 3.57D (z) 97 x 134 x 65
Fine grid (present study) 360 O-Type 64D (x—y), 3.57D (z) 145 x 201 x 129
Mittal & Balachandar®” 525 | O-Type 30D (x-y), 1D (2) 81 x 160 x 40
Balachander et al.® 300 | O-Type 30D (x—y), 1.8D (3) 81 x 160 x 72
Cottet & Poncet'>? 300 | O-Type 87D (x-y), 41D (2) 256 x 128 x 128
Kravchenko et al.*? 300 | O-Type 30D (x-y), 27D (2) 156 x 185 x 48
Kim & Choi™ 300 | C-Type | 60D (x), 100D(y),12D (2) 320 x 120 x 128
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Fig. 2 Mean velocity profiles and Reynolds stresses at different locations in the wake of a circular cylinder at Re =

360:

, Fine Grid (145% 201X 129); - - - , Coarse Grid (97 x 134X 65); ® , Balachander et al.¥) (Re = 300)
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Table 2 Characteristic mean properties of the wake flow behind a circular cylinder

Case Re St C, -Cp, L,/D
DNS (present study) 360 0.201 1.24 0.99 1.44
PIV (Kim et at.?) 360 - - - 1.67
DN (Balachandar et al. ®) 300 0.207 1.27 1.04 137
EXP. (Williamson ") 300 0.203 1.2 0.96 -
Table 3 Characteristic mean properties at natural shedding and lock-on state
L,/D C, ~Cp, c, C
natural shedding 1.44 (1.67") 1.24 0.99 0.04 0.55
lock-on 0.98(1.06") 1.46 1.29 0.59 1.00

t : experimental result of Kim et al. ©7;
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Fig. 3 Time history of drag and lift coefficients at natural
shedding and lock-on state: (a) drag coefficient
(Cp); (b) lift coefficient (Cp)
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DNS (present study); , PIV (Kim et al.”) (left column, natural shedding state; right column, lock-on state)
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Table 4 Contributions of respective net force terms

C,nds C,n.ds
P

[ Conyds

LnCm,nyds

natural DNS -0.038 0.072

-0.001 0.018

shedding PI -0.047 0.079

-0.001 0.019 0.012

DNS -0.050 0.051

-0.001 -0.007

lock-on

PIV® -0.060 0.058

-0.001 -0.007

DNS -0.012 -0.021

Al T

0 -0.025

pPIvV®? -0.013 -0.021

0 -0.026
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Fig. 7 Streamwise vorticity distributions in the base line
located 3D downstream of the cylinder: (a) natural
shedding state, (b) lock-on state
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Fig. 9 Contours of the instantaneous spanwise vorticity
showing Karman vortices: (a) natural shedding
state, (b) lock-on state.
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