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Fig.1 Numerical result of density (a) and speed (b) in example 1
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Fig.3 The radial speed distribution in meridian plane
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Phigfi4iie

AR RS RERRGTEMN R, FFER MHD Ji R iR — AR
__ NNDMHD, %R it TR S A V- B # 0 B R SR B, L3
s R IR A2, AR T EIARET R 0 BEARARANEN. H
7 7 TR — e A — AR ST B A IR Y BB SRR o A PR X 22 T R Y
Work LA SEH, £ AT BRI I B B M A B MR B B AMEEEREEER
Aot s, A e SR REAIA M SR, FURE S RARH, LI s Lk R R

ASEERBEN: AR, 3 B AR T TR AL T R B e
V- B £ 0 REFRRN DR, KK, B R AR S R BUR M AT FEH i —

RIRIE
& £ X W

[1] Wang Shui, Wu 5 T, Wang Aihua. Two-dimensional Magnetohydrodynamical Equilibrium of Corona.
Chin, J. Spoce Sci., 1081, 11(2):81—89. in Chinese (Frk, Rl FH4E: RS T
K. ciEfegm, 1991, 11(2):81—89)

[2] Ogino Tatsuki. A three dimensional MHD simulation of the interaction of the solar wind with the
earth’s magnetosphere: the generation of field-aligned currents. J. Geophyoi. Res., 1986, 91(A6):6791—
6806

[3] HuY Q. A multistep implicit scheme for time-dependent 2_dimensional magnetohydrodynamic fows.
J. Comp. Phys., 1989, 84:441—460

[4] Hu Y Q. Asymmetric propagation of flare-generated shocks in the
Geophys. Res., 1998, 103:14631—14641

[8] Watanabe K, Sato T. Clobal simulation of the solar wind-magnetosphere interaction: the importance
of numerical vulity. J. Geophys. Hes., 1990, 95(A1):75—88

[6) BrioM, Wu C C. An upwind difference scheme for the equations of magnetohydro
Phya., 1988, 75:400—422

heliospheric equatorial plane. J.

dynamics. J. Compul.

Rt



34 o ARE: BEE, LHNSERRASMIEUETRST AHRMHS A 201

[7] Wang Jingfang, Jiang Xinying, Xiong Donghui. Numerical research about the fifth-moment and two-
phase model of solar wind. Chin. J. Geophys., 1990, 33(3):250—266. in Chinese (E#4, EFHN, K
FEE A ARSI, BRI, 1990, 33(3):259—266)

[8] Li Fenglin, Jiang Xinying, Xiong Donghui. Numerical simulation of mass ejection between two coronal
Aow. Chin. J. Space Sci., 1999, 19(4):308—314. in Chivese (W4, BE L ABAN. WEREAWEY
R AR SRR, 1999, 19(4):308—314)

[9] Hu Y Q, Wu § T. A full-implicit-continuous-eulerian (FICE} scheme for multidimensional transient.
magnetohydrodynamics (MID), J. Comput. Phys., 1984, 55:33—64

[10] Wu C €, Walker R J, Dawson J M. A thres-dimensional MHD model of the earth’s magnetosphere.
Geophys. Res. Lett., 1981, 8:525— 539

Schmidt H U, Wegman R. MHD caleulation for cometary plasma. Comput. Phys. Comm., 1980,
19:370—381

[12] Tanaka T. Finite volume TVD scheme on an unstructured grid system for three-dimensional MHD

[

simulation of inhomogeneous systems including strong background potential fields, J. Comput, Phys.,
1994, 111:381—389

[13] Brecht S H, Lyon J G, Fedder J A, Hain K. A time-dependent three-dimensional simulation of the
earth's magnetosphere: reconnection events. J. Geophys. Hes., 1982, 87:6098—6109

[14] Boris J P, Book I} L. Flux-corrected transport. 1. SHASTA. A transport algorithm that work. J.
Comput. Phys., 1973, 11:38--52

[15] Zhang Hanxin. Research about oscillation of numerical difference scheme in front of and at back of
shock. Acta Aerodyn. Simica, 1984, 2(1):12—19. in Chinese (GKHRfS. ZATHETMY L. THMLEN
B0, AR, 1984, 2(1):12—19)

[16] Zhang Hanxin. Non-oscillation and non-free parameter difference scheme, Acta Aerodyn. Sinica, 1988,
7(2):143—165. in Chinese (3%{3. TR, EH M SBRERES RS TP FH, 1988, 7(2):143—185)

[17] Ye Zhanyin, Wei Fengsi, Feng Xueshang, 5hi Yong, Application of non-oscillatory, non-free parameter
scheme in three dimensional solar wind flow simulation. Chin. J. Space Sei., 2000, 20(3):208—215.
in Chinese (M54, MEE, WM, HE. XEHE. LEHSH (NND) b= X0 AR SIBHERET
BoReR. E3fmEiECER, 2000, 20(3):208—215)

[18] Migdal David, Klein Kennth, Moretti Gino. Time-dependent calculation for transonic nozzle flow.
AIAA J., 1969, 7(2):372—375

[18] Cline Michael C. Computation of steady noszzle flow by a time-dependent method. AIAA J., 1974,
12(4):419-—420

[20] Wang Shui, Hu Y Q, Wu 8 T. An euler implicit numerical scheme in spherical coordinate and its
application to solar physics phenomenon. Sci. China, 1982, 10A:929—940. in Chinese (EA. SIAHK,
Rl AR Euler 2RE SR AMYEEKMNMNA. FERE A #, 1982, 10:929—540}

[21] Zhang Jianhong, Wei Fengsi. Magnetic interaction with fluid field in meridian plane. Sci. China,
1993, 23A(4):427—436. in Chinese (&I, REE. ARTFEANRKDARSNRSOMILIER. &
[ (A H), 1993, 23(4):427—436)

[22] Han S M, Panitchob S, Wu 3 T, Dryer Murray. A numerical simulation of three-dimensional transient
ideal magnetohydrodynamic flows. Ini SECTAM XII The Southeastern Conferenc on Theoretical and
Applied Mcchanics, Auburn University, 1984. 39—43

(23] Han S M, Wu § T, Dryer M. A three-dimensional, time-dependent numerical modeling of super-sonic,
super-alfvenic MHD flow. Comp. Fluids, 1988, 16(1):31—103

[24] Toch G ©. Comparison of some flux corrected transport and total variation diminishing numerical
achemes for hydrodynamic and magnetodynamic problems. J. Comp. Phys., 1996, 128:82—100

[25] Parker E N. Interplanetary Dynamical Processes, New York: John Wiley and Sons, Inc., 1963

|26] Washimi H, Yoshine Y, Ogino T. Two-dimensional structure of the solar wind near sun. Geophys.
Res. Lett., 1987, 14:4837—199




202 z W OB ¥ ¥ O# 2%

APPLICATION OF NON-OSCILLATORY,
NON-FREE PARAMETER DIFFERENCE SCHEME
ON SIMULATION OF SOLAR WIND FLOW IN A
HELMET MAGNETIC STRUCTURE

YE Zhanyin WEI Fengsi WANG Chi
FENG Xueshang SHI Yong YAO Jiusheng
{Center for Space Science and Applied Research, The Chinese Academy of Sciences, Beijing 100080)

Abstract

An algorithm called NNDMHD lor the two-dimensional, three-component, eight-
variable and time-dependent magnetohydrodynamic (MHD) consetvative equations
is proposed. It reduces Lorentz force error caused by numerical magnetic field di-
vergence’s non-zero error in a method of dividing magnetic field into two parts, a
potential one invariant of time and a non-potential one varying with time. Then,
NNDMHD could be developed from the Non-oscillatory, Non-free parameter Differ-
ence scheme (NND), which is very effective in numerical simulation of gas-dynamical
transonic flow.

At first, numerical tests on NNDMHD are carried out on a typical one-dimen-
sional Riemann case and a two-dimensional Orszag-Tang example. The good nu-
merical results agree with those of references and exhibit no non-physical oscillation
near discontinuities. Then, example of solar wind flow in a helmet magnetic field
structure being axisymmetric in meridian plane is taken for NNDMHD numerical
test. In this example, although physical variables vary in a large scale (~ 107%) in
radial direction, NNDMHD can still reduce Lorentz force error caused by numerical
magnetic field divergence’s non-zero error. The numerical result in this example
shows that: although the grid mesh is coarser four times than that of usual one,
NNDMHD can still keep stable in computation for final steady state result.

Key words Solar wind, Magnetohydrodynamic, Numerical simulation




