v 7
A1 ’/J cj‘/(fn&/: i

— 1 Y OV 4_1&”10%’)_—0&,&;4\'17

s 4 Pl gy b DPHe O gw (519 (855 0 38 dmwlno g SolS' g3 (slowdly J s

(\)d,m)-ll.\._m (ool S _m ORI 03aw (Gl (S _(\)*ul‘ el
S35 055« psle 02Kl 55 el ol
S5 09,5 ¢ pole 0aLisls Sl eduwl ST olfisls”

ZeJ.S>

2 STy S o o G | i gzman (sl 535T 5 o b | Sl K slan DU 3 sls SIS s
ol (5551 o srman (slgiiSTy Lo 7 okt 55 LT Fosalomp s 05 o5 g U3 S il LIS U
o by g 3 Il Jolei bl (sl o8y (50 S S slgtiay Sl Wlée ol 3 05t J S i b ol
bles (sber SO b8 rimas el ok ooldia | Vo lomon 705 05 30 O Cpos (Sl (701 0 g0 o e
e G o 7 (o1 il lazsio 3 I 3 5 Vppelivmp s 03 e (Sl I 5 5501 (1 S
S Voles it (S s e Sl LS (Sl ol 0l o i liidin b o s Yl
S Jgod 5 s O I35 Coos 0 (5 0l dreannS (25 45 2 glome JS1E gy il o3lize] b il o>
s sale sl W"G}L’:J./LWJ‘;O ol ke e g 0l J/.Q.c/’;waj b lra sb @JQ/WJ’/
P s o S b5 oS 0 Codge b Olsiten [y (5500 5 b3 S oS o DL (50 1S 0506
2SS s

DPHe ot s o e pB S isds Slals

Control of Tokamak Plasma and Calculation of Energy Gain for D3He
Fuel with Back-stepping Method

M. A. Zarei'", S. N. Hosseinimotlagh?, A. Gharaati*
!Department of Physics, Payame Noor University, Tehran, Iran

2Department of Physics, Islamic Azad University, Shiraz

Abstract:

Control of plasma particles densities is one of the fundamental problems in fusion reactors. When
the reactor is in operation, the densities of the deuterium-helium 3 and alpha fuel particles
produced by the fusion reactions and the produced energy must be controlled precisely. In this
paper, back-stepping boundary control methods have been used to create a stable equilibrium in
plasma burning and to calculate the energy gain for aneutronic deuterium-helium3 fuel. Also, the
one-dimensional approximation of the transfer equation for energy and density of deuterium-
helium3 ions and alpha particles in cylindrical coordinates is investigated by a partial differential
equation system. In order to control the fuel ions and energy density, the system of differential
equations is discretized in space using a finite difference method. To achieve a discrete
transformation from the main system asymptotically, back-stepping method is applied and the
target system is stabilized. The results of numerical simulation and boundary control law show
that the particle and energy densities can be controlled successfully by just one step of back-
stepping method.

Keyword: Back-stepping method, Gain energy, D*He fuel.
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