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In this thesis, a multi—-GPU code of lattice Boltzmann method with adaptive mesh refinement was developed
to realize the large—scale aerodynamics simulations for complex shape boies. Chapter 1 is the introduction,
which describes the background and the aim of this study. Chapter 2 describes the numerical method used
in this study; that 1is, lattice Boltzmann method (LBM) with the collision operators such as
multiple-relaxation—time (MRT) or cumulant model, adaptive mesh refinement (AMR), and large eddy
simulation (LES) using coherent—-structure Smagorinsky model (CSM). Chapter 3 describes the implementation
and optimization of single GPU computation. Chapter 4 describes the implementation and optimization of
multi-GPU computation. The multi—-GPU code achieved 72.8% efficiency in weak scaling from 8 GPUs to 128
GPUs. Chapter 5 shows a large—scale simulation of a flow past a sphere at drag crisis. The high-resolution
mesh which is one—thousands of the sphere diameter is employed to resolve the boundary layer on the surface
of the sphere. With such high-resolution mesh, the simulation reproduced the drastic decreasing of drag
coefficient around Re>10°. Chapter 6 shows large—scale aerodynamics simulations of racing bicycles. The
simulations treat some bicycle groups 72 cyclists. The largest scale simulation treated 72 cyclists by
using 2.23 billion mesh points, 192 GPUs parallel computing, and took about 4 days for the calculation.
These resources are enough acceptable to perform the application simulation, so it was shown that the
code developed in this study seems to be useful for analyzing the real aerodynamics problems. These
simulations also claim the possibility of LES calculation for the aerodynamics of racing bicycles, which
was traditionally analyzed by RANS (Reynolds averaged Navier-Stokes simuation). This indicates the
expectation of future progress in aerodynamics. Chapter 7 is the summary and conclusion of this study.
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