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pt + (pu)z =0,
(pu)s + (pu? + Py — Bz)z =0,
(pv)¢ + (puv — B:By), = 0,
(pw)s + (puw — B, B,), =0,
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8 1 —4& MHD tRi##% (Mach 54 10).
(p, P,u,v, w, B, /v4m, B,/V4n = (3.896,305.9,0, —0.0058, —0.0028,3.951,15.8), =z < 0.2.
(p, P,u,v,w, B, /V4r,B,/Var)'= (1,1,-15.3,0,0,1,4), x> 0.2.
G5 2 —4 MHD 188 (Mach ¥4 3.43).
(p, P,u,v,w, B, /v4r, B,/Var) = (3.108,1.4336,0, 0.2633,0.2633,0.1,0.1), z < 0.2.
(p, P,u,v,w, B,/V4r, B,/vV4x) = (1,0.1,-0.9225,0,0,1,1), x> 0.2.
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Fig.1 The propagation of a one-dimensional MHD fast shock. The profiles of density,
pressure, velocity and magnetic field at t = 0.05 and ¢t = 0.1 are shown here
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Fig.2 The propagation of a one-dimensional MHD slow shock. The profiles of density,
pressure, velocity and magnetic field at ¢t = 0.16 are shown here
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4.1 FREIBRIDFFRE
THEXEEA: R <r<22R, 0<0< 7, 0<¢<2m
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18 h AR 1 I A BREREA T
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Fig.3 Magnetic field and velocity in meridian plane
Wi A4l B v, >00, p=po, T =To, V-(pv) =0, B = By; 24 v, <0 B,
0p/dr =0, 98T /0r =0,v =0, B = By. LS AR KPANRAE Alfven HIK), FRIH L
PESMEALEE. R RIS A PR (Ghost Cells), 42 ) J7 [ P 4 21 K B B SR A 45 EL R
R ZEAR Alfven 5K SIWIME, TOTE £ A5 6L 5 AR R SR, BAxA

r(1) = Rs, Ar(1) = step x r(1),r(i) = r(i — 1) + Ar(i — 1), Ar(é) = A x r(i);
8(5) = (G — 1)A0 — 1.580, (k) = (k — 1)Ad — 1.5A¢, i=2,3,---IX;
j=2,3--,JX, k=23, KX.

XE A, A0, Ap 554 r,0,0 TR ERIBK, IX,JX, KX AN SE. EAH

ARFE R RAE A = 7/40, A = 1/40, A = 7/40, B} IX = 48,JX = 44, KX = 84.

KF 6,6 FIKARRAMTHE: SHERE FH

f(r,—60,8) = f(r,6,6+m),  flr,m,—0,¢)=f(r,m+0,6+m)

XE, fETAEE o, BETEHEN p XREZR w= (v, wo, ws), MKMW T HE:
we(r,—8,0) = we(r,0,0 + ), we(r,m —6,¢) =w.(r,7+ 06,0+ 7).
we(r,—0,¢) = —we(r,0,¢+7), wo(r,m—6,0)=—we(r,m+6,6+m).
we(r,—0,0) = —wy(r, 0,0+ 7), we(r,m —0,¢) = —wy(r, 7+ 6,0+ 7).

X, w AEEY v B#kn B.
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4.2 HEHHER

XHE MHD 54 HHRISE S H18 : KE¥E R =6.96x 10°km, SAHEH R =
1.653 x 10~2km?/s2 K, KFAEH R FHEHE n =2 x102/km?, HE T =1.85 x 10°K,
FTFHRE mp =1.67239 x 1072 kg, KFAS| 1% G =6.668 x 1072kg/s®- km, KFIRE
M, = 1.988 x 103%kg ., £ ¥ v = 1.05. FEitH | Courant HkK 0.8, BFHEIFHKFHE
CFL &4 WHRWHIHEA Parker KPHRAM, FMR B EE I T EBHRF

R3cos6 R3sin6

B, =2By—" 35—, By=D5o (5)

XE R HAREAR, Bo RE (R, T) SMIRSHEE. BRATIRRMER T4 6 = 10
A B = 0208 L FRKHHBE Bo y 1.60 BRI 3.585 THF) 4 ih I FHOMEMBIL R K
LRI A FIAT 180 B, B TRA It LABRERTFE AL
it Hf4 R B, {851 A MacCormak Il 5; Lax-Wendroff # X BrAH4F R,
X, BATXEATHSE T 6 B, X — S ERNARIRRE (ERHX) HE
B B Alfven HOKW MBS B .

3

5 &k

X = HEERAASR T A HLAA 3 12 (MHD) J5 24 o B FiAA 38 50 K Al —FHE IE Lax-Friedri-
chs ZS LT X AT KA MacCormak I 430, KB T —RKRFERA TVD F¥Eidl
BEEF . ZARA TR E ZHORERE. Kt ERRENE, T HER TVD
B HERHAETIMOER SR BRI ERSHFERE. £—%E0T, BE
S RSN S R BETR LY S, HIMEBB RGN SEEK PPM Sk,
535b, BARZRE RN T RRXE ROBEED, MBS ABRRFRIRRSE T
& B BEHT TRERK, BEHMNK HEREENESTRAXHNBES R
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A CLASS OF TVD TYPE COMBINED NUMERICAL
SCHEME FOR MHD EQUATIONS AND ITS

APPLICATION TO MHD NUMERICAL

SIMULATION
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Abstract

In the past three decades, solar-terrestrial physicists have introduced many
kinds of numerical schemes in computational fluid mechanics to magnetohydrody-
namic system in order to simulate various phenomena of solar-terrestrial physics.
Along with the recent advance of space weather, great attention has been paid to the
development of quick convergence and high resolution numerical schemes of MHD
system for the purpose of solar wind storm simulation or establishing numerical
prediction methods of space weather. The numerical study of solar wind has under-
gone a transit from its early simulation problems in supersonic and superAlfvenic
domain to the recent works from solar surface, interplanetary space to the interac-
tion between solar wind and the earth’s magnetosphere. In this paper, according
to the characteristics of numerically modeling solar wind, a new numerical scheme
of TVD type for magnetohydrodynamic equations in spherical coordinates is pro-
posed by taking into account of the quality such as convergence, stability, resolution.
This new MHD model is established by solving the fluid equations of MHD system
with a modified Lax-Friedrichs scheme and the magnetic induction equations with
MacCormack II scheme for the purpose of developing a combined scheme of quick
convergence as well as of TVD property. To verify the validation of the scheme, the
propagation of one-dimensional MHD fast and slow shock problem is discussed with
the numerical results conforming to the existing results obtained by the piece-wise
parabolic method. Under typical physical parameters on the solar surface, using
a dipole as initiation, the steady state numerical results for the solar wind flow is
reached by time-relaxation approach. This shows that this numerical model has
potential application in modeling solar wind of complex magnetic field and realistic
solar-interplanetary storms.

Key words TVD type difference scheme, MHD numerical simulation
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