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GPU implementation of lattice Boltzmann method for free-surface flow
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Free surface flows are very important in many fields. In order to understand the detail of the interface deformation
and separation, it is necessary to carry out high-order accurate and large-scale CFD simulations. We have
developed a CFD code based on LBM (Lattice Boltzmann Method) with a single-phase free-surface model. Since
a violent air-water flow are turbulent with high Reynolds number, the LES (Large-Eddy Simulation) model, named
coherent-structure Smagorinsky model, is introduced to solve the LBM equation. The code is written in CUDA,
and the GPU kernel function is tuned to achieve high performance and good scalability on the TSUBAME 2.5
supercomputer. We achieved 809 MLUPS(Mega lattice update per second) using 1000 GPUs in single precision.
It has become possible to carry out large-scale multiphase flow simulations. We demonstrate the breaking dam
problem with 1024 x 512 x 176 mesh, and small splashes are described clearly.
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Fig. 1: MPI data transfer between GPUs.
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Fig. 2: Weak scalability on TSUBAME 2.5.
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Fig. 3: Computational condition of breaking dam.
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Fig. 4: The process of the 2d-breaking dam at time (a) 0.1, (b) 0.2, (c) 0.3, and (d) 0.4 sec. Left: Level set method;
right: THINC-WLIC scheme (512 x 102 cells).
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Fig. 5: Comparison of numerical and experimental results for the position of the water column top. Left: level set
method; right: THINC-WLIC scheme.
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Fig. 6: Comparison of numerical and experimental results for the position of the surge front. Left: level set method;
right: THINC-WLIC scheme.
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Fig. 7: The process of the 3d-breaking dam at time step (a) 0.2, (b) 0.3, (c) 0.4, and (d) 0.5 sec. Left: Level set
method; right: THINC-WLIC scheme (1024 x 512 x 176 cells).
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Fig. 8: The process of the 3d-breaking dam with a obstacle at time step (a) 0.2, (b) 0.3, (c) 0.4, (d) 0.5, (e) 0.6, (f)
0.8, (g) 1.0, and (h) 1.2 sec. THINC-WLIC scheme (1024 x 512 x 176 cells).
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