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Abstract
In recent years, a new difference scheme with higduracy has been
applied for solving convection-diffusion equatidh.[In this letter, we solve
this equation by homotopy perturbation method (HR2A4%]. To illustrate
the ability and reliability of the method some epéas are provided. The
results reveal that the method is very effectivet imple
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1 Introduction

Consider the convection-diffusion equation [1]
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ou gau 0%u
Ot ox 0)(2

(1)

Subject to the initial conditionu(x0)=g(¥, 0< x<1 and boundary

0<x<1,t=0

conditions u(0,t) =0, t=0.u(1t)= 0, t= C where the parametey is the

viscosity coefficient ande is the phase speed and both are assumed to be
positive. g is a given function of sufficient smoothness.

To illustrate the basic concepts of homotopyyreation method, consider the
following non-linear functional equation:

A(u) = f(r), roQ, (2)

With the following boundary conditions:

B(u,a%n) =0, rOr,

WhereA is a functional operatoB is a boundary operatof,(r) is a known

analytic function, and” is the boundary of the domafd. Generally speaking,
the operatoA can be decomposed into two pdrand N, wherel is a linear
andN is a non-linear operator. Therefore EZ).can be rewritten as the following:

L(u)+N(u)- f(r)=0.
(3)

We construct a homotopy(r, p): QX[O,]] - R, which satisfies:

H(vp)=(1- Bl LY~ Ly)]+ L AY- ()]=0 m[o], D@

Or

H (v, p)= L(v)- L{u)+ p{u)+ B N¥- (}]=0, m[o], DO,

Whereu, is an initial approximation to the solution of l(-:ﬁ) In this method,

homotopy perturbation parameteris used to expand the solution, as a power
series, say;,

V=Vt py+ gyt
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Usually an approximation to the solution, will bet@ined by taking the limit, as
ptendsto 1,

u:|imlvz\6+\{+ (VATERN

p-

For solving Eq(l) , by homotopy perturbation method, we constructféiewing
homotopy:

ov adu ov. _ov  0°v
1- — =0 |+ —+&—-y—|=0,
( p)(at ot j p( ot ox 4 OXZ]

ov _du, ov 62v au,
N _0 0, 4
ot ot p( ox Voe atj (4)

Suppose that the solution of E(efl) to be in the following form

Or

VRV VR RV (5)
Substituting Eq(5) into Eq(4), and equating the coefficients of the terms with
the identical powers op,

plzg\:l+%ut°+ ?;)/? y%x\? 0, v(x0=0
pzzz\/:+£%\)/(1— gzle= v(%0)=0
ps:aa‘f[ 5‘2‘;2_1/‘22)(\22= v(x0=0
o .aa‘f[ 6(\3/;_1 _ya;\)fz‘l =0, v,(x0)=0

For simplicity we take

Vo (% 1) = (% ) = u x0)

Having this assumption we get the following iteratequation

9> v
-j( V‘l —& V‘_let, i=12,3,..

o0X
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Therefore, the approximated solutions of {E#.can be obtained, by settipg=1
u=|imlv: (A AV AV R VE
pa

2 numerical examples

In this sectionwe present examples of convection-diffusion equagind results
will be compared with the exact solutions.

Examplel. Let us consider the convection-diffusion equation

2
U, 0194 - gof Y kx< 1,t> (
ot ox X

With the following initial conditionu( x 0) = € sinrrx.

The exact solution is(xt) = Sloz oo gy
Approximation to the solution of example 1 can béadily obtained by

20

Uy = DV

i=0

The results corresponding absolute errors are presén Fig.1.
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Fig.1. The absolute error between exact and nualesidutions in Example 1.



Mehdi Gholami Porshokouhi et al. 112

Example 2. Consider the following the convection-diffusion atjan with
boundary conditions( x,0) = €°* sin7 x.

The exact solution is(x t) = € (oo 08 )t g o
2
%m.zz?:o.sg?” x< 1t C
X

Approximation to the solution of example 2 can &adily obtained by

i=0

The results corresponding absolute errors are pegen Fig.2.

1
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Fig.2. The absolute error between exact and nualesadutions in Example 2.

Example3. We consider the convection-diffusion equatiorhvabundary
conditions

u(x 0) = €**sinmrx.

0.25x—( 0.012% 0.22) t

The exact solution is(x,t) = e sinzx.

2
@4.0_1@:0,22] =<x< 1,t= C
ot 16)4 0x°
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Approximation to the solution of example 3 can &adily obtained by

Upy =DV,

i=0

The results corresponding absolute errors are pegen Fig.3.

Fig.3. The absolute error between exactramderical solutions in Example 3.

4 Conclusion

In this paper, we proposed the homotopy perturbatieethod for solving the
convection-diffusion equations. The obtained sohsdi in comparison with exact
solutions admit a remarkable accuracy. The comiouigtassociated with the
examples in this paper were performed using maple 1
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