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A Toroidal Plasma MHD Equilibrium Code "EQUCIR version 3"
Kichiro SHINYA* and Satoshi NISHIO

Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received August 6, 1987)

The "EQUCIR version 3" code has been developed by improving the free-
boundary toroidal MHD equilibrium code "EQUCIR version 1 & 2". The central

problems addressed by "EQUCIR versiocn 3" are;

1) The magnetic flux distribution of a plasma at equilibrium is determined
for a given external field.

2) A set of circuit equations between the plasma and the external cenduc-
tors are constructed. These circuit equations and the Grad-Shafranov
equation are solved self-consistently and the time evolution of plasma
equilibria and currents in external conductors is also determined
simultaneously.

3) The currents in the external conductors are determined so that the
plasma cross-seciton and plasma parameters are to be maintained at the
desired values. These equilibrium calculations are avilable for both
limiter and divertor plasma configurations, with symmetric or asymmetric

configurations.

For reactor design analyses the following parameters were introduced

for determining a more realistic poloidal coil current distribution.,

- A compromise parameter between the fidelity of the prescribed plasma
shape and the PF coil total ampere-turms
+ A weight function for securing the null-points in the prescribed posi-

tions for divertor plasmas.

* Toshiba Corporation
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The effects of the above two parameters were checked quantitatively
for the FER single null divertor plasma as an example. By selecting the
appropriate values for these parameters, we could cbtain a realistic
plasma equilibium and PF coil current distribution. A convergence pro-

perty was also checked and no deterioration was observed,

Keywords; Tokamak, MHD Equilibrium, Computer Code, Axsisymmetric
Toroidal Plasma, Poloidal System Design, Divertor Plasma,

Null-point
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Table 3.1 FER ACCS Plasma Parameters

Parameter Notation Value

Plasma current Ip 8.7 MA
Major radius Rp 4.42 m
Minor radius a 1.25 m
Vertical offset Zp 0.9 m
Total beta B 0.53-5.3Z
Elongation #* Kgs 1.7
Triangularity # 395 0.2

Null point RN/Zx 4.0/-2.0m
Flux supply ¥p -20 VS

* Elongation and triangularity are the required values at

95% flux surface with averaged at upper and lower half,

— 10 _—
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Fig. 3,1 Equilibrium plasma configuration with

single null point at lower half of the
plasma. Plasma parameters are chosen of

the FY86 ACCS of EFR.
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Fig. 3.3 Convergence properties of the plasma current distribution and
mutual inductance between the plasma and the poloidal coil.
Convergence of the mutual inductance implicitly shows the

convergence of the poloidal coil currents. The arrows show

entering f iteration loop.
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Fig. 3.5 Equilibrium plasma configuration for
realistic poloidal coil configuration
with six solenoid coils connected in
series. The plasma parameters are the

same as Fig. 3.1.
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