[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo@a) oood
Author(English) Seiya Watanabe
oo@a) O0:00@0),
oOooooo:0oo0ooa,
OO000:00111260,
O0000:20190 30 260,
ooooo:0o0o0a,
oo0:000o0,00doO,0b00doO,00,0000
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1112601,

Conferred date:2019/3/26,

Degree Type:Course doctor,

Examiner:,,,,

oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(f-3RER)

Doctoral Program
=2\ =
A 3t EE =]

THESIS SUMMARY

Hoa—R Btk H HRE L (2« 1t n

, L , ( %)
Depertment of, Graduate major in %%W a— A Academic Degree Requested Doctor of
25 . S 2 B =) -
TR WD Hh fERE CR) 2 AN Wi
Student” s Name Academic Supervisor(main)

fREEE E)

Academic Supervisor(sub)

gE (Fisr 2000 FRRE)

Thesis Summary (approx.2000 Japanese Characters )

BHOMPMREZI D & 5B F 77 > S TORBIE, LA &0 BREETBIL, £ OMHricix
REB LI UOMERER COBRREILZ D T-OOBMGBEHENLETHD. RAFETIE, A B I8
¥ED GPU 2V, KEAREMERY I 2L — a3 v aERTI-00HEFIEELRE L. KBTI L
T F RN ~ AERIRMVEEIRICHEA L, Pk & WIRERR IS MG R 4575 AMR (Adaptive Mesh
Refinement) {E&E AT 5 Z & THFEEEZ KIEIZHIE L7-. AMR {EOFE CIIEHE AN D 2ZEWM /0 4h D3 R 22k
T B0, FHEMEREEBIICET S 2 LT GPU OFtEAMEZE (L L, BWEITHEREE BV IFFIbahR % =
B U 7o, BT % O T2 DR B g O U A IS A ARAT, R O KRB R A2 9T L, 1REFIEIC L0 KBS
IR N EBARECTH D Z LR LTz,

% 1E S T, RS R EIZEA 2T, IR O EREE RIS, Bk & RO BE/ERPR
HOEBZIEZ AT OOEHEFHENLETH Y, MRS KIFRARE L 70D, AP T, REROEE
BAERICETT OO EFELRESR L, 5 GPU BEIC L 0 IBHEOZEM R OER 2 BT, KT
RV = AR S BT R FIE O, 3 LOWE ISR RBEK T 2153 5 AMR EE W 72 KRB H
% GPU AN U CENBIZFEATT 2120 OEEC FE L WIHET VT ) X ADOHFEE BN E T 5.

2 B RT ALY < ARSI BT FIEORS) <IF, BMEFEHEOE@E « KER I miT 7=
SERMGRIE T DR T AV < AR IS AR FIEORFIZ O W TR~ T, BT ALY < LRI L B
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Multi-phase flows appear in various fluid phenomena such as fluidized beds, debris flows, and tsunami. In multi-phase flow
simulations, high-resolution grids are required to capture phenomena at free-surfaces and object surfaces. Therefore,
multi-phase flow simulations require huge computational cost and memory usages. This research aims to develop a
simulation method to realize large-scale multi-phase flow simulations using the lattice Boltzmann method and multiple
GPUs. By introducing the adaptive mesh refinement (AMR) method which adapts high-resolution grids to the free-surface
and the object surface to the lattice Boltzmann method, the number of lattice points can be greatly reduced. In the calculation
of the AMR method, the spatial distribution of computational load changes in time, therefore the number of lattice points
assigned to each GPU is kept equal by dynamic domain partitioning using a space-filling curve. In the weak scaling
measurement on locally refined meshes, 98% parallel efficiency is achieved when scaled from 8 GPU to 128 GPU, and the
performance is improved 1.37 times by overlapping calculation and communication. On the other hand, in the performance
measurement of the dynamic AMR method, it is confirmed that the time of the mesh generation process increases as the
number of GPUs increases. In order to realize larger-scale AMR applications, it is necessary to parallelize the mesh
generation process. In addition, in order to reduce the communication cost between GPUs, the domain partitioning method
based on the multi-phase-field method are presented. As examples, large-scale multiphase flow simulations such as a spouted
bed and a tsunami including driftwoods are demonstrated using multiple GPUs on the TSUBAME supercomputer.
Large-scale multiphase flow simulations are realized by the lattice Boltzmann method with the AMR method on a GPU
system.
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