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ABSTRACT 
In this paper, the Homotopy Analysis method (HAM) is employed to find a suitable solution for Diffusion-Convection 
equation. This method is a strong and easy-to-use analytic tool for investigating linear and nonlinear problems, which 
do not need small parameters. Homotopy Analysis method (HAM) contains the auxiliary parameter ћ, which provides 
us with a simple way to adjust and control the convergence region of solution series. By suitable choice of auxiliary 
parameter  , we can obtain reasonable solutions for large modulus. In this study, we compare obtained results 
through (HAM) with the exact solutions. This type of equations governs on numerous scientific and engineering 
experimentations. 
 
Keywords: Homotopy Analysis method, linear and non-linear diffusion-convection problems, approximate solution, 
exact solution. 
________________________________________________________________________________________________ 
 
1. INTRODUCTION 
 
Nonlinear equations are difficult to solve, especially analytically. Perturbation techniques [1-12] are widely used in 
science and engineering, and do great contribution to help us understand many nonlinear phenomena. However, it is 
well known that perturbation methods are strongly dependent upon small/large physical parameters, such as the 
Lynapunov's artificial small parameter method [13], theδ -expansion method [14, 15], Adomain's decomposition 
method [16-19], and so on, are formally independent of largesmall physical parameters. But, all of these traditional 
non-perturbation methods cannot ensure the convergence conditions of the solution series: they are in fact only valid 
for weekly nonlinear problems, too. 
 
The homotopy analysis method (HAM) [20-27] is a general analytic approach to get series solutions of various types of 
linear and nonlinear equations, including algebraic equations, ordinary differential equations, partial differential 
equations and coupled equations of them. Unlike perturbation method, the HAM is independent of 

largesmall physical parameters and thus is valid no matter whether a nonlinear problem contains 

largesmall physical parameters or not. More importantly, different from all perturbation and traditional non-
perturbation methods, the HAM provides us a simple way to ensure the convergence of solution series, and therefore, 
the HAM is valid even for strongly nonlinear problems. Besides, different from all perturbation and pervious non-
perturbation methods, the HAM provides us with great freedom to choose proper base functions to approximate a 
nonlinear problem [21-26]. Many researchers have been successfully applying this method to various nonlinear 
problems in science and engineering, such as the viscous flows of non-Newtonian fluids [28-38], the KdV-type 
equations [39-43], nonlinear heat transfer equations [44-46], finance problems [47,48], Riemann problems related to 
nonlinear shallow water equations [49], projectile motion [50], Glauert-jet flow [51], nonlinear water waves [52], 
ground water flow [53], Burgers-Huxley equation [54], time-dependent Emden-Fowler type equations [55], 
differential-difference equation [56], Laplace equation with Dirichlet and Neumann boundary conditions [57], thermal-
hydraulic network [58], boundary layer flows over a stretching surface with suction and injection [59], Three 
dimensional diffusion equation [60], Fractional equations [61], MHD mixed convection flow [62], Travelling solutions 
[63], Lattice systems [64], Inverse problems [65] and so on. Also HAM is also combined with well defined Pade 
approximations to produce highly effective results [66]. This shows the great potential of the HAM for strongly 
nonlinear problems in science and engineering. In this paper we apply Homotopy Analysis method (HAM) to solve 
linear and nonlinear Diffusion Convection equations. These equations have special importance in science and 
engineering and constitute a good model for many systems in various fields. The non-homogeneous equation is  
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effectively solved by employing the phenomena of self-canceling noise terms whose sum vanishes in the limit. Some 
special cases of the equation are solved as examples to illustrate ability and reliability of the method. 
 
2. BASIC IDEA OF HOMOTOPY ANALYSIS METHOD (HAM) 
 
In this paper, we apply the HAM to the five problems to be discussed. In order to show the basic idea of HAM, 
consider the following differential equation: 
    

,0)],([ =txuN                                                                                            (1) 
 
where N is a nonlinear operator, x and t denote the independent variables and u is an unknown function. For simplicity, 
we ignore all boundary or initial conditions, which can be treated in the similar way. By means of the HAM, we first 
construct the so-called zeroth-order deformation equation. 
  

qtxuqtxLq =−− )],();,([)1( 0φ ћ )];,([),( qtxNtxH φ                                                      (2) 
 
where ]1,0[∈q  is the embedding parameter, ћ 0≠ is an auxiliary parameter, L is an auxiliary linear 

operator, );,( qtxφ is an unknown function, ),(0 txu is an initial guess of ),( txu and ),( txH denotes a nonzero 

auxiliary function. It is obvious that when the embedding parameter 0=q  and 1=q , equation (2) becomes 
  

),,()0;,(),,()0;,( 0 txutxtxutx == φφ  
 
respectively. Thus as q increases form 0 to1, the solution );,( qtxφ varies from the initial guess ),(0 txu to the 

solution ),( txu . Expanding );,( qtxφ in Taylor series with respect to q , one has 
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The convergence of the series (3) depends upon the auxiliary parameter  . If it is convergent at 1=q , one has 
   

,),(),(),(
1

0 ∑
∞

=
+=

m
m txutxutxu                                                               (5) 

which one of the solutions of the original nonlinear equation, as proven by Liao [22]. Define the vectors 
  

)}.,(),...,,(),,({ 10 txutxutxuu nn =


                                                              (6) 
 
Differentiating the zeroth-order deformation equation (2) m-times with respect to q and then dividing them by !m  and 
finally setting 0=q , we get the following mth-order deformation equation: 
  

=− − )],(),([ 1 txutxuL mmm χ ),( 1−ℜ mm u                                                                     (7) 
 
where  
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It should be emphasized that ),( txum for 1≥m is governed by the linear equation (7) with linear boundary conditions 
that comes from the original problem, which can be easily solved by the symbolic computation softwares such as 
Maple, Mathematica and Matlab. 
 
3. APPLICATIONS 
 
In this section, we will present the solutions of the linear and nonlinear Diffusion-Convection equations with variable 
coefficients investigated by Y.Liu, X.Zhao [67], S. Momani [68] and M.Ghasemi, M.T.Kajani [69] to assess the 
efficiency of the homotopy analysis method. For all of these equations, we choose the solution expressed by the base 

function of the form { }.,...2,1,0;0;0 =>>+ nbat ban                                              (10) 

 
The rule of solution expression together with the initial condition in (2) suggest the initial approximation 
 

ttxu =),(0                                                                               (11) 
 
The rule of solution expression also suggests that we define the linear operator L by 
    

t
qtxqtxL

∂
∂

=
);,()];,([ φφ                                                                            (12) 

with the property  
 
[ ] 01 =cL                                                                              (13) 

 
Example: 3.1 Consider the Kolomogrov-Petrovsly-Piskunov (KPP) equation 
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with the initial conditions xexxu −+=)0,(  
 
According to the style of the solution and the initial condition, we take the initial guess as  
 

xextxu −+=),(0  
 
The nonlinear operator is 
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The thm -order deformation equation is given by 
   

=− − )],(),([ 1 txutxuL mmm χ )( 1−ℜ mm u                                                            (17) 
 
Solving above equation (17) under the initial conditions ...3,2,1,0)0,( == mxum we get 

xttxu =),(1  
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                     and so on 
 
Taking 1−= , the approximate solution is given by 
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which is an exact solution and is same as obtained by Y.Liu, X.Zhao [67], S. Momani [68] and M.Ghasemi, 
M.T.Kajani [69]. 
 
Example: 3.2 Consider the following diffusion-convection problem 
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with the initial condition 11cos
10
1)0,( −= xexu                                               (20) 

 
According to the style of the solution and the initial condition, we take the initial guess as 

11cos
0 10

1),( −= xetxu                                                               (21) 

 
The nonlinear part is 
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The thm -order deformation equation is given by 
   

=− − )],(),([ 1 txutxuL mmm χ )( 1−ℜ mm u                                                            (24) 
 
solving above equation (24) under the initial conditions ...3,2,1,0)0,( == mxum we get 
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Taking 1−= , the approximate solution is given by 

txx etttetxu −−− =









+−+−= 11cos

32
11cos

10
1...

!3!2
1

10
1),(                                             (26) 



V. G. Gupta & Sumit Gupta*/ Homotopy Analysis Method and Diffusion-Convection equation / IJMA- 3(2), Feb.-2012,  
Page: 767-780 

© 2012, IJMA. All Rights Reserved                                                                                                                                                    771 

 
which is an exact solution and is same as obtained by Y.Liu, X.Zhao [67], S. Momani [68] and M.Ghasemi, 
M.T.Kajani [69]. 
 
Example: 3.3 Consider the following diffusion-convection problem 
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According to the style of the solution and the initial condition, we take the initial guess as 
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The nonlinear part is 
 

);,(
4
1);,();,()];,([ 2

2
qtx

x
qtx

t
qtxqtxN φφφφ +

∂

∂
−

∂
∂

=                                                          (29) 

and thus 

),(
4
1),(),(

)( 12
1

2
1

1 txu
x

txu
t

txu
u m

mm
mm −

−−
− +

∂

∂
−

∂
∂

=ℜ


                                                         (30) 

 

The thm -order deformation equation is given by 
   

=− − )],(),([ 1 txutxuL mmm χ )( 1−ℜ mm u                                                            (31) 
 
solving above equation (31) under the initial conditions ...3,2,1,0)0,( == mxum we get 
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Taking 1−= , the approximate solution is given by 
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which is an exact solution and is same as obtained by Y.Liu, X.Zhao [67], S. Momani [68] and M.Ghasemi, 
M.T.Kajani [69]. 
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Example 3.4 Consider the following nonlinear diffusion-convection problem 
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According to the HAM, the initial guess is taken as xetxu =),(0                                             (36) 
 
The nonlinear part is 
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The thm -order deformation equation is given by 
   

=− − )],(),([ 1 txutxuL mmm χ )( 1−ℜ mm u                                                            (39) 
 
solving above equation (39) under the initial conditions ...3,2,1,0)0,( == mxum we get 
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Taking 1−= , the approximate solution is given by 
  

txx etttetxu +=
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which is an exact solution and is same as obtained by Y.Liu, X.Zhao [67], S. Momani [68] and M.Ghasemi, 
M.T.Kajani [69]. 

If we denote the approximation of thk terms by kψ , then 4 -terms approximation is denoted by ∑
=

=
3

0
4 ),(

i
i txuψ .  

 
The error between exact and approximate solution is given in Table 1. 
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Example: 3.5 Consider the following nonlinear diffusion-convection problem  
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with the initial condition xxu sin)0,( =                                                (43) 
 
According to the HAM, the initial guess is taken as xtxu sin),(0 =                                             (44) 
 
for simplicity we take approximation by using double Maclaurin series representation 
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The nonlinear part is 
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The thm -order deformation equation is given by 
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Taking 1−=  and sum the series up to 9-term we finds the noise terms are carry same and opposite sign which are 
cancelled out and remaining terms will satisfy the equation, therefore the solution in closed form is given by 
 

xetxu t sin),( −=                                                  (49) 
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which is an exact solution and is same as obtained by Y.Liu, X.Zhao [67], S. Momani [68] and M.Ghasemi, 
M.T.Kajani [69]. The error between exact and approximate solution is given in Table 2. 
 
4. RESULTS AND DISCUSSIONS 
 

We present the comparison of the analytical result between the th8 -order HAM and others semi-analytical methods, 
particularly for the solutions of the diffusion-convection equation in section 3. Also HAM provides to adjust and 
control the convergence rate of the solution in the particular region with . Fig.2-5 shows that the HAM solution has 
the same shape as the exact solution and approximate solution even for larger range of t, i.e ]}15,0[],5,0{[=t given 
at 1−= . The particular value of , 22 <<−   is in the convergent region as shown in the Fig 1, indicates that the 

solution is convergent and tends to exact for larger values of t for x=1 and t=1. The th4 -order approximation of the 

 -curve is converges constantly in the given region, th6 -order approximation converges fast in the region 
5.02 <<−   and then tends to slowly change in the interval 25.0 <<  , denotes that the solution is convergent 

and remain same as the exact solution for the same order. Also th8 -order approximation denotes that the solution 
converges very fast to the exact solution. Also form the tables 1 and 2 it has been observed that the errors between the 
exact and approximate solutions are very small and are negligible.  
   

 
Fig.1: The  -curve of the th4 , th6 , th8 order approximation for the diffusion-convection equation t 1,1 == tx . 

 

 
Fig.2: Exact solution graph of diffusion-convection equation for t =0 to t =5 
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Fig 3: Approximate solution graph of diffusion-convection equation for t =0 to t =5 
 
 

 
 

Fig.4: Exact solution graph of diffusion-convection equation for t =0 to t =15 
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Fig 5: Approximate solution graph of diffusion-convection equation for t =0 to t =15 

 
Table: 1 
Comparison of the exact solution with 4-term HAM taking ћ = -1 solution of Ex. 4 
 
( ii tx , )  Exact Solution  Approximate Solution  Error 

     ),( txu    ),(4 txψ    ),(),( 4 txtxu ψ−  
(0.01, 0.01) 1.020201  1.020201   8.43103E-13 
  
(0.02, 0.02) 1.040811  1.040811   2.72962E-11 
 
(0.03, 0.03) 1.061837  1.061837   2.09715E-10 
 
(0.04, 0.04) 1.083287  1.083287   8.94114E-10 
 
(0.05, 0.05) 1.105171  1.105171   2.76066E-09 
 
(0.06, 0.06) 1.127497  1.127497   6.95001E-09 
 
(0.07, 0.07) 1.150274  1.150274   1.51984E-08 
 
(0.08, 0.08) 1.173511  1.173511   2.99799E-08 
 
 (0.09, 0.09) 1.197217  1.197217   5.46597E-08 
 
  (0.1, 0.1) 1.221403  1.221403   9.36547E-08 
          
 
Table: 2  
Comparison of the exact solution with 4-term HAM taking ћ = -1 solution of Ex. 5 
 
( ii tx , )  Exact Solution  Approximate Solution  Error 

     ),( txu    ),(4 txψ    ),(),( 4 txtxu ψ−  
(0.01, 0.01) 0.009903  0.009903   3.21026E-15 
  
(0.02, 0.02) 0.019603  0.019603   9.35652E-14 
 
(0.03, 0.03) 0.029109  0.029109   2.35860E-14 
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(0.04, 0.04) 0.038421  0.038421   0.000000000 
 
(0.05, 0.05) 0.047542  0.047542   0.000000000 
 
(0.06, 0.06) 0.056472  0.056472   6.95001E-15 
 
(0.07, 0.07) 0.065214  0.065214   0.000000000 
 
(0.08, 0.08) 0.073771  0.073771   2.76066E-12 
 
 (0.09, 0.09) 0.082413  0.082413   4.01235E-12 
 
  (0.1, 0.1) 0.090333  0.090333   8.02354E-12 
          
  
5. CONCLUSIONS 
 
In this paper the HAM is used to obtain the exact solutions of the various linear and nonlinear Diffusion-Convection 
equations. The comparison is made between the solutions obtained by HAM with other semi-analytical methods such 
as the Adomain decomposition method (ADM), the Variational iteration method (VIM) and the Homotopy perturbation 
method (HPM), shows that HAM is more effective than others. Further, for all of the discussed examples, it was found 
that there was no error in obtaining the exact solutions using HAM. Hence it may be conclude that this method is a 
powerful an efficient technique in finding the exact solution for wider class of problems. This paper also illustrated the 
validity and the great potential of the HAM for solving nonlinear problems in science and engineering. It is also worth 
mentioning at this end that the advantage of this method is the fast convergent of the solutions by means of the 
auxiliary parameter  .In this paper, Numerical computations has been done by Maple-13 software package. 
 
REFERENCES 
 
[1] Krylov N, Bogoliubov NN, Introduction to nonlinear mechanics, Princeton (NJ): Princeton University Press, 1947. 
 
[2] Bogoliubov NN, Mitropolsky YA, Asymptotic methods in the theory of nonlinear oscillations, New York: Gordon 
and Breach, 1961. 
 
[3] Cole JD, Perturbation methods in applied mathematics, Waltham (MA): Blaisdell Publishing Company, 1968. 
 
[4] Nayfeh AH, Perturbation methods, New York: John Wiley & Sons, 1973. 
 
[5] Von Dyke M, Perturbations methods in fluid mechanics, Stanford (CA): The  Parabolic Press, 1975. 
 
[6] Mickens RE, An introduction to nonlinear oscillations, Cambridge: Cambridge University Press, 1981. 
 
[7] Nayfeh AH, Introduction to perturbation techniques, New York: John Wiley & Sons, 1981. 
 
[8] Nayfeh AH, Problems in perturbation, New York: John Wiley & Sons, 1985. 
 
[9] Lagerstrom PA, Matched asymptotic expansions: ideas and techniques of applied mathematical sciences, vol. 76, 
New York: Springer-Verlag, 1988. 
 
[10] Murdock JA, Perturbation: theory and methods, New York: John Wiley & Sons, 1991. 
 
[11] Hinch EJ, Perturbation methods, Cambridge Texts in Applied Mathematics, Cambridge: Cambridge University 
Press, 1991. 
 
[12] Nayfeh AH, Perturbation methods, New York: John Wiley & Sons, 2000. 
 
[13] Lyapunov AM (1982), General problem on stability of motion, Taylor and Francis, London, 1992 (English 
Translation). 
 
[14] Karmishin AV, Zhukov AT, Kolosov VG, Methods of dynamics calculation and testing for thin-walled structures, 
Moscow, 1990 (in Russian). 
 



V. G. Gupta & Sumit Gupta*/ Homotopy Analysis Method and Diffusion-Convection equation / IJMA- 3(2), Feb.-2012,  
Page: 767-780 

© 2012, IJMA. All Rights Reserved                                                                                                                                                    778 

[15] Awrejcewicz J, Andrinov IV, Manevitch LI, Asymptotic Approaches in Nonlinear Dynamics, Berlin: Springer-
Verlag, 1998. 
 
[16] Adomain G, Nonlinear stochastic differential equations, J Math Anal Appl 1976, 55, 441-452. 
 
[17] Rach R, on the adomain method and comparisons with Picard's method, J Math Anal Appl 1984, 10, 139-159. 
 
[18] Adomain G, Adomain GE, A global method for solution of complex systems, Math  Model 1984, 5, 521-568. 
 
[19] Adomain G, A review of the decomposition method and some recent results of nonlinear equations, Comp and 
Math Appl 1991, 21, 101-127. 
 
[20] Liao SJ, The proposed homotopy analysis technique for the solution of nonlinear problems, PhD thesis, Shanghai 
Jiao Tong University, 1992. 
 
[21] Liao SJ, Beyond perturbation: introduction to homotopy analysis method, Boca Raton, Chapman and Hall/CRC 
Press, 2003. 
 
[22] Liao SJ, A kind of approximate solution technique which does not depends upon small parameters (II): an 
application in fluid mechanics, Int J Non-Linear Mech 1997, 32, 815-822. 
 
[23] Liao SJ, An explicit, totally analytic approximation of Blasius viscous flow  problems, Int J Non-Linear Mech 
1999, 34(4), 759-778. 
 
[24] Liao SJ, A uniformly valid analytic solution of 2D viscous flow past a semi-infinite  plate, J Fluid Mech 1999, 
385, 101-128. 
 
[25] Liao SJ, On the homotopy analysis method for nonlinear problems, Appl Math Comput 2004, 147, 499-513. 
 
[26] Liao SJ, Tan Y, A general approach to obtain series solutions of nonlinear differential equations, Stud Appl Math 
2007, 119, 297-355 
 
[27] Liao SJ, Beyond perturbation: a review on the basics ideas of the homotopy analysis method and its applications, 
Adv Mech 2008, 38(1), 1-34 (in Chinese). 
 
[28] Hayat T, Javed T, Sajid M, Analytic solution for rotating flow and heat transfer analysis of a third-grade fluid, 
Acta Mech 2007, 191, 219-229. 
 
[29] Hayat T, Khan M, Sajid M, Asghar S, Rotating flow of a third grade fluid in a porous space with hall current, 
Nonlinear Dyn 2007, 49, 83-91. 
 
[30] Hayat T, Sajid M. On analytic solution for thin film flow of a fourth grade fluid down a vertical cylinder, Phys Lett 
A 2007, 361, 316-322. 
 
[31] Hayat T, Sajid M. Analytic solution for axisymmetric flow and heat transfer of a second grade fluid past a 
stretching sheet. Int J Heat Mass Tranf, 2007, 50, 75-84. 
 
[32] Hayat T, Abbas Z, Sajid M, Asghar S. The influence of thermal radiation on MHD flow of a second grade fluid. 
Int J Heat Mass Tranf 2007, 50, 931-941. 
 
[33] Hayat T, Sajid M. Homotopy analysis of MHD boundary layer flow of an upper-convected Maxwell fluid. Int J 
Eng Sci 2007, 45, 393-401. 
 
[34] Hayat T, Ahmed N, Sajid M, Asghar S. On the MHD flow of a second grade fluid in a porous channel, Comp 
Math Appl 2007, 54, 407-414. 
 
[35] Hayat T, Khan M, Ayub M. The effect of the slip condition on flows of an Oldroyd  6-constant fluid. J Comput 
Appl 2007, 202, 402-413. 
 
[36] Sajid M, Siddiqui A, Hayat T. Wire coating analysis using MHD Oldroyd 8- constant fluid. Int J Eng Sci 2007, 45, 
381-392. 
 
[37] Sajid M, Hayat T, Asghar S. Non-similar analytic solution for MHD flow and heat  transfer in a third-order fluid 
over a stretching sheet. Int J Heat Mass Tranf 2007, 50, 1723-1736. 



V. G. Gupta & Sumit Gupta*/ Homotopy Analysis Method and Diffusion-Convection equation / IJMA- 3(2), Feb.-2012,  
Page: 767-780 

© 2012, IJMA. All Rights Reserved                                                                                                                                                    779 

 
[38] Sajid M, Hayat T, Asghar S. Non-similar solution for the axisymmetric flow of a third grade fluid over radially 
stretching sheet. Acta Mech 2007, 189, 193-205. 
 
[39] Abbasbandy S. Soliton solutions for the 5th-order KdV equation with the homotopy  analysis method. Nonlinear 
Dyn 2008, 51, 83-87. 
 
[40] Abbasbandy S. The application of the homotopy analysis method to solve a  generalized Hirota-Satsuma coupled 
KdV equation. Phys Lett A 2007, 361, 478- 483. 
 
[41] Liu YP, Li ZB. The homotopy analysis method for approximating the solution of the modified KdV equation. 
Chaos Solitons and Fractals (online). 
 
[42] Zou L, Zong Z, Wang Z, He L, Solving the discrete KdV equation with homotopy analysis method. Phys Lett A. 
 
[43] Song L, Zhang HQ. Application of homotopy analysis method to fractional KdV-Burgers-Kuramoto equation. 
Phys Lett A 2007, 367, 88-94. 
 
[44] Abbasbandy S. The application of homotopy analysis method to nonlinear  equations arising in heat transfer. Phys 
Lett A 2006, 360, 109-113. 
 
[45] Abbasbandy S. Homotopy analysis method for heat radiation equations, Int  Commun Heat mass Transf 2007, 34, 
380-387. 
 
[46] Sajid M, Hayat T. Comparison of HAM and HPM methods for nonlinear heat conduction and convection 
equations. Nonlinear Anal: Real World Appl,  
 
[47] Zhu SP. An exact and explicit solution for the valuation of American put options Quantitative Finance 2006, 6, 
229-242. 
 
[48] Zhu SP. A closed-form analytical solution for the valuation of convertible bonds with constant dividend yield. 
Anziam J 2006, 47, 477-494. 
 
[49] Wu Y, Cheng KF. Explicit solution to the exact Riemann problems and application in nonlinear shallow water 
equations. Int J Numer Meth Fluids 
 
[50] Yamashita M, Yabushita K, Tsuboi K. An analytic solution of projectile motion with the quadratic resistance law 
using the homotopy analysis method. J Phys A 2007, 40, 8403-8416. 
 
[51] Bouremel Y. Explicit series solution for the Glauert-jet problem by means of homotopy analysis method. Commun 
Nonlinear Sci Numer Simulat, 2007, 12(5), 714-724. 
 
[52] Tao L, Song H, Chakrabarti S. Nonlinear progressive waves in water of finite depth- an analytical approximation. 
Clastal Eng 2007, 54, 825-834. 
 
[53] Song H, Tao L. Homotopy analysis of 1D unsteady, nonlinear ground water flow through porous media. J Coastal 
Res 2007, 50, 292-295. 
 
[54] Molabahrami A, Khani F. The homotopy analysis method to solve the Burgers- Huxley equation. Nonlinear Anal 
B: Real World Appl. 
 
[55] Bataineh AS, Noorani MSM, Hashim I. Solutions of time-dependent Emden-Fowler  type equations by homotopy 
analysis method. Phys Lett A 2007,371, 72-82. 
 
[56] Wang Z, Zou L, Zhang H. Applying homotopy analysis method for solving  differential-difference equation. Phys 
Lett A 2007, 369, 77-84. 
 
[57] Mustafa Inc. On exact solution of Laplace equation with Dirichlet and Neumann boundary conditions by the 
homotopy analysis method, Phys Lett A 2007, 365, 412-415. 
 
[58] Cai WH. Nonlinear Dynamics of thermal-hydraulic networks. PhD thesis, University of Notre Dame: 2006. 
 
[59] Song Y, Zheng LC, Zhang XX. On the homotopy analysis method for solving the boundary layer flow problem 
over a stretching surface with suction and injection. J  Univ Sci Technol Beijing 2006 (in Chinese). 



V. G. Gupta & Sumit Gupta*/ Homotopy Analysis Method and Diffusion-Convection equation / IJMA- 3(2), Feb.-2012,  
Page: 767-780 

© 2012, IJMA. All Rights Reserved                                                                                                                                                    780 

 
[60] Domairry G, Ghanbarpour M and Ghanbarpour F., Homotopy analysis solution of three dimensional diffusion 
equations, Selcuk Journal of Applied Mathematics 10 (1) (2009), 45-61. 
 
[61] Das S., Kumar R, Gupta P.K and Jafari H., Approximate analytical solutions for fractional space and time partial 
differential equations, Application and Applied Mathematics 5 (10) 2010, 1641-1659. 
 
[62] Srinivas S and Muthuraj R, Effects of thermal radiation and space porosity on MHD mixed convection flow in a 
vertical channel using the homotopy analysis method, Communication in Nonlinear Science and Numerical Simulation 
15 (2010), 2098-2108. 
 
[63] Abbasbandy S, Homotopy analysis method for the Kawahara equation, Nonlinear Analysis: Real World 
Applications 11 (2010), 307-312. 
 
[64] Qi W, Application of homotopy analysis method to solve Relativistic Toda-Lattice System, Communication in 
Theoretical Physics, 53 (2010), 1111-1116. 
 
[65] Shidfar A and Molabahrami A, A weighted algorithm based on the homotopy analysis method: application to 
inverse heat conduction problems, Communication in Nonlinear Science and Numerical Simulation 15 (2010), 2908-
2915. 
 
[66] Kheiri H., Alipour N. and Dehgani R., Homotopy analysis and Homotopy-Pade methods for the modified Burgers-
Korteweg-de-Vries and the Newell-Whitehead equation, Mathematical Sciences 5(1) (2011), 33-50. 
 
[67] Liu Y, Zhao X., He's variational iteration method for solving Convection diffusion equations, Adv Intel Comp 
Theor and Appl, 2010, Vol.6215/2010, 246-251 
 
[68] Momani S, An algorithm for solving the fractional convection diffusion equation with nonlinear source term, 
Commun in Nonlinear Sci and Numer Simulat, 12(7)  (2007), 1283-1290. 
 
[69] Ghasemi M., Kajani M.T., Applications of He's homotopy perturbation method to solve a diffusion convection 
problem, Math Sci, 4 (2) (2010), 171-186. 
  

************************* 


