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YARQLUS-IT"
MHD Simulation Code

Based on a Toroidally Incompressible Plasma Model
Gen—-ichi KURITA, Masafumi AZUMI and Tatsuoki TAKEDA

Department of Fusion Plasma Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received January 5, 1993)

Three dimensional toroidal MHD code "AEOLUS-IT" has been developed,
on a basis of the mew reduced set of resistive MHD equations with the
assumption of toroidal incompressibility instead of the tokamak ordering
in the conventional reduced set of resistive MHD equations.

The code caﬁ carry out an overall MHD calculation with the effect
of finite plasma resistivity, linear and mon-linear, of low aspect ratio
and low-a tokamak because the basic equations include the ideal m=1 mode.
The implicit time integration scheme for the linear term of the pertur-
bation 1s employed, dividing the variables into the equilibrium and
perturbation parts. The huge CPU time due to solution of the large
matrix can be reduced by high efficiency of vectorilizatiom.

The linear calculations, an eigenvalue problem, show the linear
growth rates of ideal m=1 mode and show the comparison of the growth
rates between cylindrical and toroidal configuratioms of low-q tokamak.
The linear calculations and non linear simulations of resistive balloomn-
ing modes are carried out and the both results are in good agreement
with those obtained by the toroidal MHD code "AEOLUS-RT" using the
conventional reduced MHD equations. The linear and non linear calcula-
tions of tearing mode for the numerical equilibrium are also carried
out and the almost the same results are obtained as the one obtained

using the analytical equilibrium of almost the same parameters.
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BF. So.5;.S,.8; BLUT, izt T 54HERNEMHDFHHER LU
B ESIC AR, OBET S, £T. BHEANY )7g%bi’t6®ﬁéﬁ%ﬂ§m
TERHRTLL.

(2})2—1+;82r2 2€So- 28rcosB+(1£2r2 2eS2)c0820 (g, )

(EI:TO) =1 +321ng2+2880+2£rcose+(g-82r2+2852)00529(B.2-2)

gr=1+28"1+(S0)?+(52)%+2(So+82)cos8
+2(T1+S3+895%)cos20 (B.2-3)

90 .. (50-52+252)sin0- (2250 + T+ 114228 59)sin20

(B.2-4)
gr02921+2r81 +(2"SZ)2+4TSZ,C039_2(1;-}--@)00326 (B.2-5)
1Ta(R’z)=1 +S'1+%+@§2+(S'o+8'2'+282 ) cos 6
0(06,r)
+(T1 383+28280+83)C0526
(B.2-6)



JAERI-M $3-—-004

INHDERNEFEHEFEN
Ryp LW 0 Ry, W9 (Ry2g ¥yo
(Ro) P'+ AN+ {ar[(Ro) Qoo ~p~ ] 26 [(Ro) Orer1}=0 (B.3)
BLUOBITEIER L 255
19(R,2)_R |
ra(e’r) Ro (B.4)
WCRALTEETALE, UTOFERPELNS !
d ER VG2 _eprp.Er g2
7 (S2+5 y¥e]=err PS5 (B.5-1)
L[So+8]=-er-22 (B.52)
(%(r81)=-8r80-2828'2 (B.5-3)
%uqﬂ"‘%mwdn)1-—?—‘1!'2(ss+T1) o
e 2 . K] 3
T {(¥<[2Sz(€r So)+4e ]}
+‘P2[2—r-s—2—(£r+8'0)-er8'2 +% €2 12]
+F’(%82 r-2erSs) (B.5-4)
g—rr(33+T1)+2(33'T1)='8r32'2828'o (B.5-5)
—‘Pflad?{r‘lf‘ﬂ+g—Ezr2+2SSO+g—rS-—1—+(2—r83)2+4882]}
+AA'+F"[1+;—82r2-2SSo]=0 (B.5-6)

P BL P SR ORIBEITIE (B.S 1-5) #6S5,.5;,,5,.5; BL
T, . (B.5-6) Hb KU VIVERMEOMS A HkE . LAL. BEOM
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HDEHETIIRLIFHSTEQ 25 L TRERERRT H I LHBV. OB,
F5. HE7 9 X7EMT (B.56) ¥ ICDWTHES. DED.

LR (PRI (Ra2) +4r]+ 2P}/ [Roa?+2]=0  (B.61)

A=Roq¥/r (B.6-2)

2L— g VIZRBELRBODOA M v 2 EOQORERLRATLTOMRII:

. \‘I
12

gr=1+281, (252 )2+g-£2r2+2880+4882+(4TSZ+281')0059

+(-2T-|-1+6T83+%82r2+6882)00329

(B.7-1)

rng:(S'o‘S'2+2r82)Sine

(2557, 2T 350 6 e (505,258 Jsn 20

(B.7-2)
r2 g8 = 1 +28'1+S‘§+S'3+2£r(S'o+S'g)+g’—82r2+2880
+2(S'O+S'2+8r)cose+[2(T‘1+S'3+S‘oS'2)
+§82r2+2882+28r(8‘0+8'2)]COSze (B.7-3)

*49'_
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h' =1 +2rS1 +(2r82 )2 + 4r82 cos B - 2( -|;—1§r§1 ycos 26

Fh® = (So-S2+252)sin6

(2SZS°+T'+ 383 -S'3)sin26

Ph®=1+281+85+S% +2(S0+S2 )cosO
+2(T1+83+89S82)cos20

(B.7-4)

(B.7-5)

(B.7-6)

B 5 EOERRE I —o Y B—F BEU TTUYY - £~ FORERRIE

LR e7e B, ChHDXEBRNTRDLNTWVAS.



