








2D circular cylinder

Mesh for present method
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Snapshot of AMROC-LBM mesh
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Steady state flow cases

Re =20 Re =40

The predicted length of the wake, L, is an important output
Normalized wake length: 2L/D
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Pressure Coefficient
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Steady state flow cases

Pressure coefficient distribution around

body
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Effect of Re on steady flow over the

circular cylinder

Re Author(s) Cd Cp(0) Cp(180) 2L/D

20 Tritton (1959), Exp. 2.10 - 0.6
Henderson (1995) 2.06 - -
Dennis and Chang (1970) 2.05 1.27 -0.58 1.88
Hejranfar & Ezzatneshan (2014) 2.02 1.25 -0.59 1.84
He et al. 2.15 1.28 -0.58 1.84
AMROC-LBM 1.98 1.26 -0.59 1.85
Present 2.02  1.31 -0.55 1.85

40 Tritton (1959) , Exp. 1.59 - - -
Henderson (1995) 1.55 - -0.53 -
Dennis and Chang (1970) 1.52 1.14 -0.5 4.69
Hejranfar & Ezzatneshan (2014) 1.51 1.15 -0.48 4,51
He et al. 1.49  1.11 -048  4.49
AMROC-LBM 1.45 1.19 -0.49 4.66
Present 1.51 1.18 -0.5 4.32

Present method in excellent agreement with references
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Unsteady flow cases

Re Author(s) St cd clr 139}
100 Chiu et al. (2010) 0.167 1.35 0.30
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P. H. Chiu, R. K. Lin, T. W. Sheu, A differentially interpolated direct forcing immersed boundary method for

predicting incompressible Navier Stokes equations in time-varying complex geometries, Journal of

Computational Physics 229 (2010) 4476-4500.
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Unsteady flow cases - computational performance

Re CPU time Mesh size

20 AMROC-LBM 24:55:21 297,796

Re =200 Present 06:08:41 65,536
[ 00 40 AMROC-LBM 27:10:08 317,732

ZVorticity: -05 -04 03 02 01 0 0.

Present 05:57:17 65,536
100 AMROC-LBM 113:15:37 1,026,116

Present 05:58:49 65,536

AMROC-LBM 130:37:18 1,130,212

Present 06:03:42 65,536

Computations were run on University of Southampton IRIDIS 4 cluster
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ACAO0012 airfoil

« Streamlines

« Re=500

« Angle of attack 10°

* Note flawless flow
at trailing edge!
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O-grid with domain radius of 15 chord lengths
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2D NACAO0O012 airfoil - AOA=0

Pressure Coefficient
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T. Imamura, K. Suzuki. Flow Simulation Around an Airfoil by Lattice Boltzmann Method on Generalized
Coordinates. AIAA, 43 (2005) 1-6.

Verification for angle of attack = 0, Re = 500
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2D NACAQO012 airfoil, AOA=10

Pressure Coefficient
Skin-Friction Coefficient
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M. Hafez, A. Shatalov, M. Nakajima, Improved numerical simulations of incompressible flows based on
viscous/inviscid interaction procedures, Computers & Fluids 36 (2007) 1588-1591.

Verification for AOA = 10, Re = 500
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Conclusions and outlook

A 2"d-order accurate 2D lattice Boltzmann BGK method on
structured non-Cartesian meshes has been formulated and
verified

Approach is built on mapping of the streaming step

Discretization of the moment space, i.e., the collision operator is
unchanged compared to the standard LBM-BGK scheme

Comparisons to our Cartesian, but non-uniform, solver system
AMROC-LBM are very favourable

Evaluation of quantities on bodies in flow is unambiguous and
very accurate

Current method is time-explicit and will lead to very small global
time steps from near-body cells -> consider time-implicit
integration in wall-normal direction

Hybrid chimera-type meshing currently under investigation to

eventually combine both approaches in the future .
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