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Abstract This paper first describes RDTM and then uses Reduced RDTM to compute an approximate solution of
the one-dimensional convection-diffusion problems. The method provides the solution quickly in the form of a
convergent series. Our method reduces the computational difficulties existing in the other traditional methods. To
show the efficacy of the results, three examples are considered.
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1. Introduction

We consider the following one-dimensional

convection-diffusion equation

6u(x,t)+ Gu(x,t)
oC
ot ox

2
s pu(t)—y D .

o

u(m,t) =k (x),u(n,t)zkz (x),t >0,

u(x,0)=h(x),m<x<n, D

Where a, 8 and y are known constant coefficients, ki (x)
and are known continuous functions.

The convection-diffusion equation is a merging of
diffusion and convection equations, and describes the
physical phenomena in which particles, energy, or other
physical quantities are transmitted to the physical system
due to the two processes of diffusion and convection.

In this study, firstly we describe the RDTM and then
apply the RDTM to investigate the solution of the one-
dimensional Convection-diffusion equation.

In recent years, some numerical solution have been
developed to solve these types of convection-diffusion
problems. Likes: the adaptive spline function approximation
[1], several finite element methods [2], the finite difference
approximation [3], cubic B-spline quasi-interpolation
[4], restrictive taylor’s approximation [5], exponential
B-spline collocation method [6]. Exponential B-splines [7],
weighted finite difference [8], meshless method [9],
implicit method [10], redefined cubic B-splines collocation
method [11]. In 2009, the reduced differential transform
method (RDTM) was introduced by Keskin [12] to solving

solve various partial differential equations and fractional
nonlinear partial differential equations. The technique of
reduced differential transforms is a repetitive procedure
for the solution of a Taylor series differential equations.
This method reduces the size of the computational work
and can be easily applied to many physical problems.

This paper has been organized as follows: Section 2
deals with the analysis of the method. In Section 3, we
apply the RDTM to solve three types of one-dimensional
Convection-Diffusion Problem. Conclusions are given in
Section 4.

2. Reduced Differential Transform
Method (RDTM)

Consider a function of two variables f(x,t), and
suppose that it can be represented as a product of two
single-variable f(x,t) = g(x)h(t). the function

f(x,t) can be represented as

£(x,t)= [gG(i)x[J{éH(j)th

(2.1)

=Y S G = zF ()%,

i=0 j=0

Where F, (x) is called ¢ -dimensional spectrum function of
f(x,t). The basic definitions and fundamental operations
of the two-dimensional reduced differential transform
method are introduced are defined in [13] as follows:
Definition 2.1. Assume f(x,t) is an analytic function in
the domain of interest. The reduced differential transform
of f(x,t) is defined as
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Fy(x)= k'{az

Definition 2.2. The differential inverse transform of
F, (x) is defined as follows:

(2.2)

f(x,t)} ,

t=0

x,t)= ZUk (x)tk (2.3)
k=0
By inserting equation (2.2) in (2.3), we obtain
-3 H L | A @
b k! b 0 .
=

Some basic properties of the two dimensional reduced
differential transform are presented in Table 1 below.

Table 1. The Operations for the reduced differential transform
method

Original function Transformed function

f(x,t) = g(x,t) + h(x,t) Fr(x) = G, (x) £ Hi(x)
k

flx,t) =e Fr(x) = y—
Kk

fO ) = g D) Fi(x) = %Gm(x)
k

f(x' t) = g(x, t)h(x, t)r Fk(x) = Z Gl(xl y)Hk—l(x)

m

6
Fy(x) =

am
f(x' t) = mg(x' t) Gk(x)
Fu(x) = x“6(k d)
flxt) = xt? _ {x", k=d
0. k*d
e+ 9 (k+d
fx,0) = Ixagra 9% Fir(x) = Bx“% Grra(x)
3. Numerical Example

In this section, we used the basic definitions (in
section 2) of the two-dimensional reduced differential
transform method for solving three examples of the
one-dimensional Convection-diffusion equations.
Example 1. We consider the following one-dimensional
convection-diffusion problem

A
o ox?
0<t, x<1,

2tsin(27rx)+47r212 Sin(ZHX), (3.1)

with the boundary conditions and the initial condition

£(0,6)=0, f(1,6)=0,0< <1,

(3.2)
f(x,O)z0,0SxSl

by using the basic properties of RDTM in equations (3.1)
and (3.2), we obtain the following relations

2
(k1) o (9) -5 Fi () 69
=25 (k—1)sin(27x)+ 475 (k- 2)sin (27x).
From initial condition (3.2), we have
Fy(x)=0. (3.4)

Using Eq. (3.4) in Eq. (3.3), we get the following U}, (x)
values,
Fi(x)=0,F(x)=sin(27zx),

. (3.5)
U; (x) =0,1=3,4,5,....

By using the differential inverse reduced transform of
Uk (x, y )

[ee]

f(w1)= R (x)

k=0 (3.6)
=F (x)—i—Fl (x)t+F2 (x)t2 +F; (x)t3 +...

we get
f(xt)= sin(Zﬂx)tz. (3.7
We obtain the exact solution of equation (3.1).
Example 2. We consider the convection-diffusion
.9 af,0<tx<l (3.8)
@t ax axz

and the boundary conditions
B -2 L)
F0.0)=eY | f(Le)=e 2N (3.9)
subject to the initial conditions

f(x,0)= e(_?x).

By using the basic properties of RDTM in equation
(3.8), we obtain the following relations

(3.10)

(k+1)Frs (x)+%Fk (x)= ng (x)-

(3.11)

Taking the differential transform of Eqs.(3.10), we write

F (x) = e[%x].

(3.12)

Using Eq. (3.12) in Eq. (3.11), we get the following
U, (x) values

ﬂ(x)-—e(_;jf <x)—3%e(_;j
3(x) %e{_zxj’ 4 (%) % [_;] (3.13)
5 )23252806(21'

the exact solution of the equation (3.8) will assume the

following form:
=0
ey
ZFk f =e 4 .

Example 3. Consider the convection-diffusion problem

2
7.9 2f—u+(x +2x- 2)
ot 6x axz

(3.14)

0<t,x<1,(3.15)
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with the initial condition

f(x,O):xz, (3.16)
with the boundary condition:
£(0,6)=0,f(L,t)=¢" (3.17)

by using the basic properties of RDTM in equation (3.15)
and (3.16), we obtain the following relations

(k1) ey (x) +-2 Fi (x) 263 ()

(3.18)
o? -1y
:ax—sz(x)+(x2+2x—2)(k!) R

and

up (x)=x%. (3.19)

Using Eq. (3.18) in Eq. (3.19), we get the following
U, (x) values

1 1
up (x)=—x2,u2 (x)=5x , Ug (X)=—g)€2,
1 1
Uy (x)zixz, S(X):—%xz, (320)
1 >

M6(X):%X PR

By using the differential inverse reduced transform of
Uy, (x), we get

u(x,t) = g)uk (x)*

=U (x,y)+U1 (x,y)tl
+Uy, (x,y)t2 +Uy, (x,y)t3 +...

) S S
=x | -t ———t———+—
20 31 41 5! 6! 7!

(3.21)

Bk

by using the closed form in the solution of (3.21), we
obtain the following exact solution

u(x,y,t):xze_t. (3.22)

4. Conclusion

In this work, we used reduced differential transform
method (RDTM) to compute an approximate solution of
the one-dimensional convection-diffusion problems. The
method provides the solution in the form of a rapidly
convergent series. Three explanatory examples are given
to represent the efficacy of the obtained results.
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