29 6
2001 11

Vol.29 No.6
JOURNAL OF HOHAI UNIVERSITY Nov. 2001

Taylor

100084
Taylor
Galerkin
0~1 . Taylor-Galerkin
TV131.4 A 1000 - 1980 2001 06 — 0099 - 04
. Navier-Stokes N-S
SUPG  Stream-line
Upwind/Petrov-Galerkin ! Taylor-Galerkin 2
Galerkin
SUPG Taylor-Galerkin
Cr 14/3. Lax-Wendroff
3 Taylor Taylor-Galerkin
2
Taylor-Galerkin Navier-Stokes
45 .
Taylor
Galerkin
0~1
1
(7 t (7 x r7 x (7 x
J— u; k— S— . Taylor
272 3
P =f ¢ 4a L (AEPL L ARTS L 2
2 Ji 6 Ji
2000-10-30
59979013

1960 —



100 2001 11
2
At At If it If t + At/2
ft+7 =ft+7—% fir+At =f1 +A; P 3
Galerkin Lax-Wendroff
CFL Cr 1 2
At At If 1 At At If t + At/3
ft+3_ft+3at ft+2_ft+2 9, )
If t+ A1/2
PN N LA OL2
Galerkin Taylor-Galerkin
CFL
Taylor-Galerkin
Lax-Wendroff ~ Taylor-Galerkin
2
%{ +uf;=0 Lax-Wendroff
Lax-Wendroff
C,<1A3 5
C =1
Lax-Wendroff
o, af, af, o
at+<>(xax+0(yay+ozza 6
a, ay a. X ¥y z Galerkin
iu . l If Iif
J @a at Ay 9 + y 7y + a, 2 dxdydz =0 7
Lax-Wendroff
G= 1-Y* -y 8
Ly oy 1
G=1 ) Y 1 Y 6 Y 9
Y Y= CJf & +Cfn +Cf¢ 10
Ata, Ata, Ata,
C, = . C, = 4th. =
fe = 251n$ ¥ _ 2sm fe = 2smS
1- gsin2 E/2 1- gsin /2 1 - gsin2 £/2
h, x C.,— x




29 6 Taylor 101
Y= Cf & +Cf 7 11
1 Lax-wendroff
Cr Cn
3
af
3=~ wf; 12
Cr
uy= —Xxp Uy = x1 1
13 0 C.
¥—x C. (=4 (b) 4%
X9 y up X 1
Uy Y Fig.1 Stability domain
27( 1] ” Z
“ ” . 2
Lax-Wendroff 2 b
0.0157s. 25% 2 ¢
7% .
2 d

100
80 \
© 60} \
S \ \
40 | \\\\
20 / ‘“\“ R
T NS e
! Y/ A.“ ALY l‘@f"%\»‘ﬁ#’{“ﬁ 1.0
\:“;-’,‘3&‘;}50/7;73"&‘,*_,é:;';"'t«,\,\‘—?‘;"‘”' 08
rm 00 2 oy

100 -
80 +
2 60t
)
40 =
s
N N\
?’ ;-‘fv A nA“%‘é“éﬁf :‘f’;"g""
QR R LASTEIINLIES ,\,‘»”?A“I"«
SRS, 10
0.5 s SR S 0.6
S204
Y/m 00 : Y/m
(c)Lax-Wendroff i BRIt % (A =HHRTE:
2 « om

Fig.2

" Mountain” -shape after a full rotation



102 2001 11

Galerkin

Lax-Wendroff C.=0~1 . Taylor-Galerkin

1 Brooks A N Hughes T J R. Streamline upwind/Petrov-Galerkin formulation for convection dominated flows with particular emphasis on the
incompressible Navier-Stokes equations J . Comput Methods Appl Mech Eng 1982 32 199 ~ 259.

2 Donea J. A Taylor-Galerkin method for convection transport problems J . Int J Numer Methods Eng 1984 20 101 ~ 119 .
Kawahara M. Convergence of finite element Lax-Wendroff method for linear hyperbolic differential equation A . Proc JSCE C 1976
253 95~ 107.

4 Jiang C B Kawahara M Kashiyama K. A Taylor-Galerkin-based finite element method for turbulent flows J . Fluid Dynamic Research
1992 9 165~ 178.

5 Hawken D M Townsend P Webster M F. A finite element simulation of viscous flow around a cylinder A . Proc Int Conf on Numerical
Methods in Engineering Theory and Applications C 1990 955 ~ 962.

6 Gresho PM Chan ST Lee RL et al. A modified finite element method for solving the time-dependent incompressible Navier-Stokes
equations Part 1 Theory J .Int J] Numerical Methods in Fluids 1984 4 557 ~598.

A Fractional Step Finite Element Method Based on Taylor Expansion
—Stability and Accuracy Analysis

JIANG Chun-bo DU Li-hui ZHANG Qing-hai
Dept . of Hydraulics  Tsinghua Univ.  Beijing 100084 China

Abstract A fractional step finite element method based on Taylor expansion theory is proposed for unsteady flows by
which time discretization is carried out in 3 steps and spatial discretization is done by the conventional Galerkin method .
The stability and accuracy analysis for one dimensional and multi-dimensional pure convection problem is made. The
results show that the present method is of third order accuracy and is stable for Courant Number O ~ 1. Compared with the
Taylor-Galerkin method the present method has no higher order derivative terms and is suitable for nonlinear multi-

dimensional flow problems.
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