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Abstract

A predictor-corrector method on
adaptive grids for one-dimensional

parabolic problems is developed in this report.

Three issues are investigated for the
algonthm. First, we heuristically show that a
predictor-corrector method performs much
better than explicit difference

method by testing on two typical nonlinear
examples on uniform grids.

Second, comparing with standard finite
difference methods on the analysis of
convergence for linear parabolic equations on
nonuniform grids, we have found that the
predictor-corrector method relaxes more
conditions on its assumption. Third, the
algorithm performs well on the testing suite.

Keywords: Predictor-Corrector Method,
Parabolic Partial Differential

Equations, Analysis of
Convergence, Adaptive Grids
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Many scientific and physical problems
have generated systems of
time-dependent partial differential equations.
Of particular interest to
us is a system of parabolic mmixed
initial-boundary value problem with high
spatial activity. The problem is described as:
U = Fix, 40, uy, 0<x<I, 0<u<T, (1)
u(x,0),u(0,1),u(l,1) specified O0<x<1I, 0<i<T.
Let w/ be the numerical approximations
of u(ihjk) where 0< I< M, 0<j< J, Mh=1,
and Jk=T. Further, let _
x,-=ih,‘ l}=jk, ﬂl :_ﬁ(x;,t’)?
A =(dh! -201 + LW,
5,(@’:(@”]-@1)/2}1
Predictor-corrector method was
originally considered to numerically solve
nonlinear ordinary differential equations. It
was proposed by Douglas and Jones in 1963
to apply the idea for solving nonlinear
parabolic differential cquations. The two
difference analgous to solve (1) in [2] can
turn algebraic eguations linear. Chou and
Deng [1] extend the methods to nonlinear
system and solve a nonlinear evolution system
with smali dissipation successfully.
If £ has the form
F=fifx,t, wutf2(x,t wu+fa(x,tu),
the solution of first difference analgous i [2]
converges uniformly to the solution of (1)
with error that is O(h’+k’).
If F has the form
Fegi(x,tu,udu+g(x,tu,us),
the solution of second difference analgous in



[2] converges uniformly to the solution of (1)
with error that is O(h*+k>?).

In this report, we investigate the
performance of the second analogue of
predictor-corrector methods on uniform and
nonuniform grids.
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First, we have two theorems for linear

equations.

Theorem 1. (Algorithm 1)

Let maxyy M and maxogy k' be small
enough. The predictor-corrector method is
then convergent on uniform grids.

Theorem 2. (Algorithm 2)

Let maxo.j-s KW and MaXp.j<] K be small
cnough. The predictor-corrector method is
then convergent on variable nonuniform
grids.

Second, we choose two typical
nonlinear examples to test predictor-corrector
method. The are the one dimensional
Burger’s equation [4,5]. We descript them as
follows.

U= €l Ully, a<x<h, >0, (2)
with the initial condition

u(x,0)=p(x), a<x<b,
and the boundary condition
u(a,t)=f{t), u(b,t)=g(v),
where €is a parameter, related to the
Reynolds number R=1/e. It is used to be more
interesting to solve the Burger's equation with
very small €.

Example 1.
The initial and boundary conditions for this
example is

sin 7x, O<x<l,
ufx,0)= -(sinmx)/2, I<xs<2,
0, 2<x<3,

and u(0,t)=u(5,1)=0.

Example 2.
The initial and boundary conditions for this
example is

1, 0<x<3,
ux,)= 6-x Ssx<2,
0, 6sx<I2,

and u(0,8)=1,u(12,)=0.

We show our results on figures in the last
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section after references. From the numerical
tests, we have the observations.

1. Comparing Fig. 1 to Fig. 2 and Fig. 5 to
Fig. 6, we find out that the number of uniform
grids to predictor-corrector method is much
less than the number of uniform grids to
Forward finite difference method.

2. Comparing Fig. 3 to Fig. 4 and Fig. 7 to
Fig. 8, we see that the solutions of Algorithm
2 are better than the solution of Algorithm 1.
3. No matter which adaptive algorithm is
employed, it takes less number of grids that
uniform grid to approach the solution.

At last, we have two suggestions,
1. For solving nonlinear parabolic equations,
predictor-corrector methods are
recommended.
2. Adaptive algorithm 2 is fit to solve the
problems with high spatial activity, i.e., sharp
peaks and steep fronts.
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Figure 1. Forward difference method
e=0.01, A1=0.00003, 5000 points, Ax=0.001.
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Figure 2. Predictar-correetar mathad on uniform grids
e=0.01, AI=0.02, 200 points, Ax=0.025.
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Figure 3. Predictorcorrector method on adaptive grids of algorithm 1

=0.01. At=0.02, start on 50 points, min:91, max:128, average:103 points.
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Figure 5. Forward difference method
£=0.01, At=0.00005, 5000 points, Az=0.0024
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Figure 6. Predictor-corrector method on uniform grids
£=0.01, At=0.02, 500 poinis, Ax=0.024.
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Figure 7. Predictor-corrector method ot Adaptive grids of algorithm 1
€=0.01, At=0.02, start on 50 points, mih:73, max:99, average:88 points.
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