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Parallel Preconditioner for the Domain Decomposition Method of the
Discretized Navier-Stokes Equation

Sungwoo Kang, Hyounggwon Choi and Jung Yul Yoo

Key Words :  Domain Decomposition Method(% = %2 %), Parallel Preconditioner(*§ & o227 ) 2},
Navier-Stokes Equation(\}v]ol] 2% 2: Wb 2y

Abstract

A finite element code for the numerical solution of the Navier-Stokes equation is parallelized by vertex-
oriented domain decomposition. To accelerate the convergence of iterative solvers like conjugate gradient
method, parallel block ILU, iterative block ILU, and distributed ILU methods are tested as parallel
preconditioners. The effectiveness of the algorithms has been investigated when P1P1 finite element
discretization is used for the parallel solution of the Navier-Stokes equation. Two-dimensional and three-
dimensional Laplace equations are calculated to estimate the speedup of the preconditioners. Calculation
domain is partitioned by one- and multi-dimensional partitioning methods in structured grid and by METIS
library in unstructured grid. For the domain-decomposed parallel computation of the Navier-Stokes equation,
we have solved three-dimensional Hd-driven cavity and natural convection problems in a cube as benchmark
problems using a parallelized fractional 4-step finite element method. The speedup for each parallel
preconditioning method is to be compared using upto 64 processors.

T crheE MY 2 x
7| My U CEA &L
o e
G, A qka of a1 5
- e B R R
g YR oo
e o P s
k ‘g 'ﬁ—‘:\lg’: >
_ - m : A
L 4 4ol . .
B v ERAA
Pr zetg 7 (Pr=v/a)
Ra el 4 1. M =2
2 5 . —_
(Ra=gpC p°L(T, -T.)/ pk)
Re  : #lols2 & (Re=pUL/pu) FELO] wh s Aol wheh of
Te Wl zZb Wy e = 7’ iFE] ol gt} 34

’1‘-:"’”\}41 Hasla gl Qo) (53]
1A RAMYSE Fg Al el

YA, 29, Heolshit ulehsl ) AlabE ey

E-mail : hyperon2(gesnu.ac.kr

TEL: (02)880-1654,  FAX : (02)883-0179 AcPnyE F4 0 N sldate]
Cosle, A g agigata 7)) :fszz}-,r} g sl & ”’]“‘ 3 Fo we At 4

*

S8 A guleha 7] g B ety

[ R U G B Ko S 2 I i e




754 e

ey "\ \ [ X4 ’»\
QAN N
K1 NN el N
™ N bl ML
NN _
5 S\ P2
™S N N,
"N Q
"y >, 1Y
Ny ~
Me L 2 ) PED PED IE2

(a) (d)

Fig. 1 Non-zero pattern of (a) 1-dimensional and (b) 2-
dimensional domain-decomposed matrix
obtained by the finite element discretization for
the grids shown in Fig. 3(a) and 3(b}.
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Fig. 2 Computational domain for  3-dimensional
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