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Abstract By means of the fixed point technique and integral estimation method,
we study the solutions of periodic boundary value problem and initial value problem

for the coupled nonlinear parabolic equations. The global classical solutions of the

mentioned problems are shown to exists.
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1. Introduction and Preliminaries

The high resolution numerical simulation of plasma turbulence driven by ion tem-
perature gradients in the presence of magnetic field inhomogeneities was performed in
[1] with special attention to the behavior of the anomalous ion energy flux. The pres-

sure gradient evolution is treated consistently with energy transport, allowing for

the

study of the saturated state in situations of relevance to Tokamak plasmas. Under some
assumptions, the dynamical equations of plasma are reduced to the following coupled

nonlinear parabolic equations [1]:

O; — Ady + aA®D + J(AD,B) + (1 - 7)D, — ¥, =0, (z,4) ER2, t>0
wt_}?&qf+i{¢’1w]+’?’¢'y+6qlr = flz, 1),
(z,9) eR?% t>0, a>0, >0

with the periodic boundary value problem (PBVP)

O(x + 2D, y,t) = ®(z,y + 2D, t) = ®(z,5,1), (z,4) ER2, t>0
U(r+2D,y,t) = Tlx,y +2D,t) = (z,y,8), (z,9) €R2 t>0
o(z,y,0) = o(z,y), (z,y) € R?
U(z,y,0) = Yo(z,y), (2,9) € R
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where the initial functions satisfy the periodic condition

¢ﬂ($+ EB,?}'} s ¢0{$$F+ED} == {IIU{E'# y}'r [’SE,’i'f} S RE {?:I
Yolz +2D,y) = Wy(z,y + 2D) = Yo(z, ), (z,y) € R2 (8)

and the initial value problem (IVP)

P(z,,0) = Po(z,y), (z,y) € R2 (9)
U(z,y,0) = Wo(z,y), (z,4) € R2 (10)

In Equations (1) and (2), ® and T are the physical functions correspending to the
density and pressure, respectively. A is two-dimensional Laplace operator; J (a,b) is
the determinant of Jacobi matrix, namely, J (a,b) = @xby — a,be; o and # are positive
constants, v and & are real constants; f(x,y,t) is a suitable energy source. In Conditions
(3-4) and (7-8), D is a positive constant,

We remark that Gua Boling paid attention to the similar coupled nonlinear evolution
equations [2]

AW + J(T,AT) - A?W 4 of, =0, (x,y9) e R, t >0 (11)
O+ J(V,0) - BAG=0, (1,9)eR2 ¢ > 0, >0, >0 (12)

Zhou Yulin et al paid attention to the nonlinear evolution equation (3]
T — AT, + J(AT, U)+ AT, + BAY, + f(T), + g(¥)y, = h(T) (13)

but there has been no contribution to this type of system up to now,
Let T be a finite positive constant. Denote by 2 and 7 the domains

R={(z.y)eR?*|0<x, y<2D)}
Qr={(z,s.0) e R* |0 <z, y < 2D, 0<t<T)
To simplify the notations, we will denote by C all the positive constants appeared
in the paper afterward, which do not depend on the solutions or their derivatives of
any order, nor will they depend on D.

For any f(x,), glz,y) € CHR), if they satisfy the periodic conditions (7) and (8),
then we have the relation

Jo 796 aady =0, [ g3(s,g)izay =
1 0
2. A Priori Estimate

In this section, we establish a series of integral estimates of the solutions of problem

(1)-(6).




