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A Large-scale LES Wind Simulation using Lattice Boltzmann Method
for a 10km X 10km Area in Tokyo
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Abstract: A lot of tall buildings and complex structures in urban large cities make the air flow turbulent.
In order to understand the detail of the air flow there, it is necessary to carry out large-scale CFD (Compu-
tational Fluid Dynamics) simulations. We have developed a CFD code based on LBM (Lattice Boltzmann
Method) using D3Q19 model. Since air flows in large cities are turbulent with a several-millions Reynolds
number, a LES (Large-Eddy Simulation) model has to be introduced to solve the LBM equation. The dy-
namic Smagorinsky model is often used, however it requires to take an average operation for a wide area
to determine the model constant. Since it becomes huge overhead for large-scale computations, we applied
the coherent-structure Smagorinsky model which does not use any spatial averages and is able to determine
the model constant locally. We have generated the computational boundary condition based on the real
building data and carried out the domain decomposition for multiple-GPU computing on TSUBAME 2.0.
The code is written in CUDA and the GPU kernel function is well tuned to achieve high performance on
Fermi-core GPUs. By introducing the overlapping technique between the GPU-to-GPU communication and
the GPU kernel computation, we have improved 30% for the large-scale computation. Although the LBM
computation is essentially memory bound, we obtained fairly good performances in both the strong and the
weak scalabilities. We achieved 149 TFLOPS in single precision, which is compatible with 15% of the peak
performance of 1,000 GPUs. We used 4,032 GPUs for the computation with 10,080 x 10,240 x 512 mesh.
By executing this large-scale computation, detailed winds behind buildings, so called ”wind street” along a
big street, the damage of typhoon and other will be revealed with much higher accuracy than before. The
LES computation for the area 10km x 10km with 1-m resolution has never been done before in the world.

Keywords: GPU, Large-Scale Computing, Lattice-Boltzmann Method, Large-Eddy Simulation
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0 15 Side view of wind velocity profile near by Tokyo-tochou.

0 16 Stream lines describing airflow using particles near by

Tokyo-tochou.

cooboboooboooooobocoooooooooa
cooboooobooooooOooboOoooooa
coooboboooboooooooOooboOooooonoa
coboooooooOooooooooobooobooogad
e JOUIODOODOODOO I00mOOOODOODOOOO
coooboboooooocooooOooboOoooooa
cobobooooboooooooOooboOoooooa
cobobobooobooooooOooOoobooooooa
coobobooobooooooOooOooboOoooooa
cooobooooooocooooOooboOoooooa
cooobooooboobodooboooobooooobooooo
cobooboobooo2smbO00O0Oo0oooooon
coooboboooboooooooOooboOoooooo
coboooobodooooooooooboooooona
coooooooo
CodloomiO000O0000O0OO00OO0O0OOCOO0
coboOobooOoooOoooooooo 2sm0O00
coooocoobooocoOooOooOooboOoOoooooa
cooobooobooooooOooOooboOoooooa
coooooooooobooooo
e JO0OOUOODOOOODOOOODOOOODOOOO
cooooooobOooooocooooOooooooo
coooooooo
e JO00OOODODOOCOCOOOOOOOOOOOOOOOO

(© 2013 Information Processing Society of Japan

HPCS2013
2013/1/16

oooboooobooooooooboboOooooon
oooooooboooooooooboooooog
ooooooooooooooooboooooog
ooooogoooon

gobooboobooobooboobbooboo
gogbooobobobuoobooboooobooboon
gogboooboobooboobbotdlmbbogon
goboboooobbbooooobbooogooo
00000000D0oDOooo LESooooooooo
ggno

00 0O000O0O00OO00O0OO0obOOoboOoooooooBO
o000 233600460 GPUDOOOOOOOOOOOOO
goodobbbbboooooooobobo™oboobooo
000 CRESTOOOOODOOO0OOOOOOOOOOO
gogbooobooboobboobobooboobooo
gogboobobobobuooboobooooboobogoo
ggboooobooboobobooboobooba

ggod

[1] A. Rahimian, I. Lashuk, S. Veerapaneni, A. Chan-
dramowlishwaran, D. Malhotra, L. Moon, R. Sampath,
A. Shringarpure, J. Vetter, R. Vuduc, et al. Petascale di-
rect numerical simulation of blood flow on 200k cores and
heterogeneous architectures. In Proceedings of the 2010
ACM/IEEE International Conference for High Perfor-
mance Computing, Networking, Storage and Analysis,
pages 1-11. IEEE Computer Society, 2010.

[2] X. Wang and T. Aoki. Multi-gpu performance of incom-
pressible flow computation by lattice boltzmann method
on gpu cluster. Parallel Computing, 2011.

[3] M. Bernaschi, M. Fatica, S. Melchionna, S. Succi, and
E. Kaxiras. A flexible high-performance lattice boltz-
mann gpu code for the simulations of fluid flows in com-
plex geometries. Concurrency and Computation: Prac-
tice and Experience, 22(1):1-14, 2009.

[4] H. Yu, S.S. Girimaji, and L.S. Luo. Dns and les of decay-
ing isotropic turbulence with and without frame rotation
using lattice boltzmann method. Journal of Computa-
tional Physics, 209(2):599-616, 2005.

[5] G. Kalitzin, G. Medic, G. Iaccarino, and P. Durbin.
Near-wall behavior of rans turbulence models and im-
plications for wall functions. Journal of Computational
Physics, 204(1):265-291, 2005.

[6) M. Germano, U. Piomelli, P. Moin, and W.H. Cabot. A
dynamic subgrid-scale eddy viscosity model. Physics of
Fluids A: Fluid Dynamics, 3:1760, 1991.

[7] DK Lilly. A proposed modification of the germano
subgrid-scale closure method. Physics of Fluids A: Fluid
Dynamics, 4:633, 1992.

[8] H.Kobayashi, F. Ham, and X. Wu. Application of a local
sgs model based on coherent structures to complex ge-
ometries. International Journal of Heat and Fluid Flow,
29(3), 2008.

[9] Q. Zou and X. He. On pressure and velocity flow bound-
ary conditions and bounceback for the lattice boltzmann
bgk model. Arziv preprint comp-gas/9611001, 1996.

[10] C. Obrecht, F. Kuznik, B. Tourancheau, and J.J. Roux.
A new approach to the lattice boltzmann method for

130



2013

High Performance Computing Symposium 2013

(14]

(15]

(19]

20]

21]

graphics processing units. Computers Mathematics with
Applications, 61(12):3628-3638, 2011.

J. Habich, C. Feichtinger, H. Kostler, G. Hager, and
G. Wellein. Performance engineering for the lattice boltz-
mann method on gpgpus: Architectural requirements
and performance results. Computers Fluids, 2012.

C. Feichtinger, J. Habich, H. Koestler, G. Hager,
U. Ruede, and G. Wellein. A flexible patch-based lattice
boltzmann parallelization approach for heterogeneous
gpu—cpu clusters. Parallel Computing, 37(9):536-549,
2011.

X. Yin and J. Zhang. An improved bounce-back scheme
for complex boundary conditions in lattice boltzmann
method. Journal of Computational Physics, 2012.

B. Chun and AJC Ladd. Interpolated boundary condi-
tion for lattice boltzmann simulations of flows in narrow
gaps. Physical review E, 75(6):066705, 2007.

C. Shu, N. Liu, and YT Chew. A novel immersed bound-
ary velocity correction—lattice boltzmann method and
its application to simulate flow past a circular cylinder.
Journal of Computational Physics, 226(2):1607-1622,
2007.

JS Smagorinsky. General circulation model of the atmo-
sphere. Monthly Weather Review, 164:91-9, 1963.

ER Driest. van.(1956). On turbulent flow near a wall. J.
Aeronaut. Sci, 23:1007.

H. Kobayashi. Large eddy simulation of magnetohydro-
dynamic turbulent channel flows with local subgrid-scale
model based on coherent structures. Physics of Fluids,
18:045107, 2006.

R.D. Moser, J. Kim, and N.N. Mansour. Direct numer-
ical simulation of turbulent channel flow up to re= 590.
Physics of Fluids, 11:943, 1999.

T. Shimokawabe, T. Aoki, C. Muroi, J. Ishida,
K. Kawano, T. Endo, A. Nukada, N. Maruyama, and
S. Matsuoka. An 80-fold speedup, 15.0 tflops full gpu ac-
celeration of non-hydrostatic weather model asuca pro-
duction code. In High Performance Computing, Net-
working, Storage and Analysis (SC), 2010 Interna-
tional Conference for, pages 1-11. IEEE, 2010.

T. Shimokawabe, T. Aoki, T. Takaki, T. Endo, A. Ya-
manaka, N. Maruyama, A. Nukada, and S. Matsuoka.
Peta-scale phase-field simulation for dendritic solidifica-
tion on the tsubame 2.0 supercomputer. In Proceedings
of 2011 International Conference for High Performance
Computing, Networking, Storage and Analysis, page 3.
ACM, 2011.

(© 2013 Information Processing Society of Japan

HPCS2013
2013/1/16

131



