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Large-eddy simulation of the flow past a cylinder with Re=3 900

DUAN Muyu' > WAN Decheng'

(1. State Key Laboratory of Ocean Engineering School of Naval Architecture Ocean and Civil Engineering Shanghai Jiao Tong
University Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration Shanghai 200240 China; 2. Jiangsu
Maritime Institute Nanjing 212003 China)

Abstract: After a series of studies of laminar flow around circular cylinders clear understanding was gained. People then set their
sights on turbulent flow problems. However relevant research mainly focused on the scheme and precision of numerical simulation
methods at high Reynolds numbers; less attention was paid to the understanding of turbulent flow around circular cylinders itself. The
simulations were carried out using large eddy simulation ( LES) solver within the open source code OpenFOAM. The Navier—Stokes
equations were discretized by the Finite Volume Method; the Smargorinsky model was chosen as Sub-grid stress model; the PISO
algorithm with two prediction steps and one correction step were used to deal with the coupling between velocity and pressure. This
paper emphatically analyzes the wake features of the three-dimensional flow around a circular cylinder at Re =3 900. The numerical
results show that LES can simulate the detailed flow structures which exhibit strong three dimensional effects and turbulence effects at
the current Reynolds number. The main conclusions of this study are that there exists a recirculation region about one diameter after the
cylinder. The mean velocity profile in the region close to the cylindrical wall shows “U” shape while the velocity profile far from the
wall exhibits “V” shape. The instantaneous velocity which fluctuates around the mean velocity has a larger amplitude of fluctuation as
the distance from the cylinder gets farther.
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Fig. 2 The first case mesh generation in the xoy plane Fig. 3 Mesh in the vicinity of cylinder for the first case
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Fig. 4 The second case mesh generation in the xoy plane Fig. 5 Mesh in the vicinity of cylinder for the second case
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Tab. 1 Flow parameters computed by the meshes of the two cases
é‘] St é, e = Ui /U
1.135 6 0.222 0 0.926 3 0.121 0 1.417 0.325
1.154 9 0.215 4 0.941 9 0.117 9 1.325 0.377
2D 1.526 5 0.232 9 1.836 8 1.3 0 0
Lysenko " : LES with SMAG 1.18 0.19 0.8 - 0.9 0.26
Lysenko "* : LES with TKE 0.97 0.209 0.91 - 1.67 0.27
Norberg " - - 0.875 0.04~0.15 - -
Lourenco and Shih * 0.99 0.22 - - 1.22 0.247
Kravchenko and Moin ° 1.04 0.21 0.94 - - 0.35
Wornom et al " 0.99 0.21 0.88 0.11 1.45 -
6 Re=3 900
0
7-8.9 XY~Z
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Fig. 6 Time history of the lift coefficient C, and the drag >0

coefficient C,
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Fig. 7 Instantaneous streamwise velocity in the (x= y=0) plane of the presented simulation
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Fig. 8 Instantaneous cross-flow velocity in the (x= y=0) plane of the presented simulation
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Fig. 9 Instantaneous spanwise velocity in the (x= y=0) plane of the presented simulation
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Fig. 10 Contours of instantaneous vorticity magnitude in the Fig. 11 Isosurface of instantaneous vorticity magnitude
(x~ z=mD/2) cross—sectional plane ( Q-eriterion Q= 100)
L D D
- N T
2
2wD . 2 0 2
St . Kravchenko and Moin ° o
- umin/Uoo
-u,,,/U, o
2
Tab. 2 The parameters of the flow around the cylinder with different-aspect ratio and compared to existing results in the
literature
St - u,,/U,
1
Case Al 711 0.215 1 0.849 9 1.147 6 1.754 0.243
Case A2 T 0.215 4 0.926 3 1.135 6 1.417 0.325
Case A3 27 0.219 1 0.937 6 1.114 9 1.360 0.355
Lysenko * : LES with SMAG ™ 0.19 0.8 1.18 0.9 0.26
Lysenko ' : LES with TKE iy 0.209 0.91 0.97 1.67 0.27
Norberg 1 50 - 0.875 - - -
Norberg " 2 6 - 0.78 - - -
Lourenco and Shih * 20.5 0.22 - 0.99 1.22 0.247

Kravchenko and Moin ° 217 0.21 0.94 1.04 - 0.35
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Fig. 12 TIsosurface of instantaneous vorticity magnitude in the wake of a cylinder with axial length ( Q-criterion Q= 100)
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Fig. 15 Profiles of streamline velocity at different x/D position
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Fig. 16 Profiles of streamline mean velocity at four locations 0.02 s 37

downstream of a cylinder
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Fig. 17 Profiles of cross-Hlow velocity at different x/D position
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Fig. 18 Profiles of cross{flow mean velocity at three locations downstream of a cylinder
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