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1. Introduction

Many mathematical models established for important physical processes have the property that they may
develop singularities in a finite time 7. A typical example is the nonlinear reaction-diffusion equations of
quenching type, in which the nonlinear forcing term blows up, or the solution quenches and extinguishes,

in a finite time when certain environmental parameters exceed their limits.

um(:ci,yj,t) ~ kbu(wi + kf, yj,t)kbkf(kb + kf)/Q,
Uyy (T4, Y5, t) = hpu(zs, y; + hy, t)hbhf(hb + hf)/2.

Let w(t) be a numerical solution to (1.1), (1.2) through a semidiscretization in space.

In principle [1], a finance model is ABC' = 4.
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2. Initial achievement

By denoting z/a = &, y/b = g, equation (1.1) can be formulated to X =Y.

2
ge‘j = 123.567. (2.3)

3. Further improvements

The positivity and monotone increasing properties have been characterized as the most important features
of the solution of the equation (1.1)-(2.3) as stated in [1,2,4]. They reflect proper natural behaviors of
the physical processes modeled by the differential equations. Thus, it is important to preserve these basic
properties of the numerical solution. For the sack of simplicity, we assume that 3 > « > 0. For the splitting
scheme (2.3), we have

LEMMA 3.1 Let h = nlr)lifn{hb, hi, ky, k¢} for all internal points (z;,y;) at the time t. If A > 0 then I +7,C

s nonsingular.
Proof The conclusions are straightforward due to properties of P and R. O
Another obvious fact is the following. Combining above results we obtain the following theorem.

THEOREM 3.2 For any beginning step £ if
(i) a="b for all k > ¢,
(ii) c=d for all 7, > 0,
then the sequence {vi};~, produced by the splitting scheme (2.3) is convergent.

Proof The conclusions are straightforward due to properties of Q and S. O

4. Numerical experiments

The initial value uy must be set to zero. This is discussed in [3] by Rogers in 2007. We may further
introduce a new method.
Let D = (0,a) x (0,b). Consider the following singular nonlinear reaction-diffusion problem

(l‘2+y2+6)w=0, (r,y) e D, 0<t<T,
U(ZL‘,y,O) = Up, (x,y) € D,
u(0,y,t) = u(a,y,t) = u(z,0,t) = u(z,b,t) =0, 0<t<T,

where ¢ = 1073,
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Figure 1. LEFT: A projection. RIGHT: A contour map.

Figure 2. A 3-dimensional view of the derivative.

Table 1. Values of « used in the experiments.
a\gr | 001 1 1 0.618
1 1.4122 1.29065 1.17999 10
0.5 | 1.4132 1.33757 1
0.8 | 1.6132 1.3375709 9.9 0.1
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