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Abstract

In this work, we have constructed an ITER configuration, which is
generated by currents flowing within the plasma and currents flow-
ing in external coils. The plasma current density takes the form
jϕ(r, z) = −ar − bR2/r or other H-mode current profile inside the
plasma, and is zero in the surrounding vacuum. We use Green’s func-
tion method to compute the plasma current contribution, together
with a homogeneous solution to the Grad-Shafranov equation, to con-
struct the full solution. Matching with the constant boundary con-
dition on the last closed flux surface is performed to determine the
homogeneous solution. Then the total solution in the full space is ob-
tained. We can also obtain the value of external coils current by the
homogeneous solution.

Equilibrium computation is crucial for the design and operation of mag-
netic fusion devices. The equilibrium magnetic configuration in magnetic
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confinement devices is determined by the Grad-Shafranov (GS) equation.
The GS equation is a nonlinear elliptic partial differential equation, which is
usually solved by numerical computation. In 1968, Solov’ev [1] proposed sim-
ple linear stream functions, and got analytic solution for the Grad-Shafranov
equation. Solov’ev’s equilibrium configurations are useful for the benchmark-
ing magnetohydrodynamics equilibrium codes [2] as well as stability analysis
of toroidal axisymmetric tokamaks.

We use cylindrical coordinates r, ϕ, z to describe toroidally axisymmetric
plasma configurations. It is well known that the poloidal flux function ψ(r, z)
satisfies the Grad-Shafranov equation
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where jϕ is the longitudinal current density along the cross section of the
plasma, p is the plasma pressure, and IA is the net poloidal current function.
Both p and IA are free functions of ψ. The prime denotes differentiation with
respect to ψ. We can easily extend our analysis to take such equilibria into
account by writing
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Let us consider the case that a1 = 0.01, b1 = 0.01, c1 = −0.01, a = 0.2,
b = −4a/5, C = 9/5, A = 0.034a, R = 6. The poloidal magnetic surface
function in plasma region is

ψ = 0.01(r2−36)+0.01z−0.01(r2−36)z+0.00017(1+
r2 − 36

36
)z2+

415

100000
(r2−36)2.

(3)
The analytic solution (3) of the magnetic surface function is shown in figure
1.

The full solution of Grad-Shafrnov equation has two parts which can be
written as ψ = ψG + ψh. Here ψG is the vacuum solution by plasma current
density, ψh is the homogeneous solution. The magnetic surface function ψG
calculated by Green’s function method is

ψG(r, z) =
∫
JR
G(r, z; r′, z′)jϕ(r′, z′)dr′dz′, (4)
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The poloidal magnetic flux generated by currents flowing in distant mag-
netic field coils takes the form [3]

ψh(r, z) =
N 6=1∑

N=0,Nh

cN ψN(r, z), (5)

where the cN are arbitrary coefficients. When N is even,
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∑
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(6)
for 1 ≤ n ≤ N/2− 1, with A0N = 1. On the other hand, when N is odd,
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(7)
with A0N = 1. The coefficients, cN , that characterize the homogenous solu-
tion, (5), are determined by demanding that ψp(r, z) + ψh(r, z) = (1− η)ψX
on the control surface ψ = (1− η)ψX . The simulated result of the magnetic
surface function by our method is shown in figure 2.
Acknowledge
This work was supported by the U.S. Department of Energy under Con-

tract No. DE-FG02-04ER-54742, ITER Special Foundation of China under
Contract 2017YFE0301202 and the Open Fundation of state key laboratory
of advanced electromagnetic engineering and technology in Huazhong uni-
versity of science and technology.
References
1. Solov’ev L.S. 1968 The theory of hydromagnetic stability of toroidal

plasma configurations, Sov. Phys. JETP 26, 400-07.
2. Johnson J.L., Dalhed H.E, et.al. 1979 Numerical determination of

axisymmetric toroidal magnetohydrodynamic equilibria, J. Comput. Phys.
32 212-34.

3. Reusch M.F. and Neilson G.H. 1986 Toroidally symmetric polynomial
multipole solutions of the vector Laplace equation, J. Comput. Phys. 64,
416-32.

3

46th EPS Conference on Plasma Physics P5.1005



 

 

46th EPS Conference on Plasma Physics P5.1005


