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Original scientific paper 
The present work is concerned with the steady incompressible flow through a parallel plate channel with stretching walls under an externally applied 
magnetic field. The governing continuity and Navier-Stokes equations are reduced to a fourth order nonlinear differential equation by using vorticity 
definition and similarity solution transformation. The obtained equations are solved by applying the analytical homotopy perturbation method (HPM). The 
method is called order of magnitude suggested for simplifying series solution to finite expression that is useful in engineering problems. The results are 
verified by comparing with numerical solutions and demonstrate a good accuracy of the obtained analytical solutions. Profiles for velocity are presented 
for a range of plate velocity and magnetic field. The study shows that a back flow occurs near the center line of the channel and with the increase in 
strength of magnetic field, the back flow decreases. 
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MHD tok u kanalu uporabom novih kombinacija tehnika grubog opisa vrijednosti i HPM 
 

Izvorni znanstveni članak 
Sadašnji rad se bavi ravnomjernim nestišljivim tokom kroz paralelne ploče kanala s rasteznim zidovima sukladno izvana narinutim magnetskim poljem. 
Jednadžbe kontinuiteta i Navier-Stokesove jednadžbe svedene su na nelinearne diferencijalne jednadžbe četvrtog reda pomoću definicije vrtloženja i 
transformacije sličnosti rješenja. Dobivene jednadžbe riješene su primjenom analitičke metode homotopijske perturbacije (MHP). Metoda se zove grubi 
opis vrijednosti, predložena za pojednostavljenje rješenja serija u konačni izraz, koristan u inženjerskim problemima. Rezultati su potvrđeni usporedbom s 
numeričkim rješenjima i pokazuju dobru točnost dobivenih analitičkih rješenja. Profili za brzine prikazani su za područje brzine ploče i magnetsko polje. 
Studija pokazuje da se povratni tok javlja blizu središnje linije kanala, a povećanjem snage magnetskog polja povratni tok se smanjuje. 
 
Ključne riječi: kanal, magnetohidrodinamika (MHD), metoda homotopijske perturbacije (MHP), rastezni zidovi 
 
 
1 Introduction      
       

The magnetohyrodynamcs (MHD) phenomenon is 
characterized by an interaction between the hydrodynamic 
boundary layer and the electromagnetic field. Recently 
there has been an increasing interest in fluid flow through 
MHD channel. The study of MHD flow in a channel has 
applications in many engineering problems. An extensive 
theoretical work has been carried out on the 
hydromagnetic fluid flow in a channel under various 
situations by Hartmann [1]. Joneidi [2], Pourmahmoud 
[3], Morely et al. [4] studied the fully developed liquid 
metal in MHD duct flow. Theoretical investigation of the 
applicability of magnetic fields for controlling 
hydrodynamic separation in Jeffrey-Hamel flows of 
viscoelastic fluids has been studied by K. Sadeghy et al. 
[5]. The MHD viscoelastic fluid flow in a channel with 
stretching walls was numerically studied by Misra et al. 
[6]. Uwanta et al. [7] studied the convective heat transfer 
in a MHD Channel in a Porous Medium by perturbation 
method. 

The main objective of the present paper is to study 
the problem of a steady laminar flow through a MHD 
parallel plate channel with stretching walls analytically.  
The governing partial differential equations (PDE) are 
coupled. Applying vorticity definition and similarity 
solution to these equations results in a fourth order 
nonlinear differential equation. The equation is solved by 
applying the analytical homotopy perturbation method 
(HPM) and velocity distributions are derived. It provides 
an efficient explicit solution with high accuracy, minimal 
calculations, and without physically unrealistic 
assumptions and linearization. Unlike analytical 
perturbation methods, the significant feature of this 

method is that it does not depend on a small parameter. 
The HPM was first proposed by He in 1998, then was 
developed and improved by him [8 ÷ 10].  

This method has been successfully applied to solve 
many types of nonlinear problems [13 ÷ 18]. 
      The order of magnitude method is defined for 
simplifying solutions expression, which is useful in 
engineering problem. The results are verified by 
comparing them to numerical results. This comparison 
revealed that the obtained analytical solutions are 
reasonably accurate. 
 
2 Problem statement 
 

 
Figure 1 A sketch of the physical problem 

 
Let us consider the electrically conducting fluid flow 

in a parallel plate channel bounded by the plates located at 
𝑦 = ±𝑎.  The fluid flow is steady, laminar and 
incompressible. By applying two equal and opposite 
direction forces along the x-axis, the wall is being 
stretched with a speed proportional to the distance from 
the fixed origin, 𝑥 =  0. The uniform magnetic field, 𝐵0, 
is imposed along the y-axis as show in Fig. 1. 
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The induced magnetic field due to the motion of the 
electrically conducting fluid is negligible. This 
assumption is valid for small magnetic Reynolds Number.  

It is also assumed that the electrical conductivity of 
fluid, 𝜎, is constant and the external electric field is zero. 

Under these assumptions, the governing continuity 
and momentum equations for the motion can be written as 
follows 
 
𝜕𝑢
𝜕𝑥

+
𝜕𝑣
𝜕𝑦

= 0 ,                                                                         (1) 

 

𝑢
𝜕𝑢
𝜕𝑥

+ 𝑣
𝜕𝑢
𝜕𝑦

= −
1
𝜌
𝜕𝑝
𝜕𝑥

+ 𝜐 �
𝜕2𝑢
𝜕𝑥2

+
𝜕2𝑢
𝜕𝑦2

� −
𝜎𝐵02

𝜌
𝑢 ,    (2) 

 

𝑢
𝜕𝑣
𝜕𝑥

+ 𝑣
𝜕𝑣
𝜕𝑦

= −
1
𝜌
𝜕𝑝
𝜕𝑦

+ 𝜐 �
𝜕2𝑣
𝜕𝑥2

+
𝜕2𝑣
𝜕𝑦2

�  .                      (3) 

 
Where (𝑢, 𝑣) are the fluid velocity components along the 
𝑥 and 𝑦 directions, respectively. 𝜌, 𝜐, 𝐵0 and 𝜎  are the 
density, kinematic viscosity, magnetic field strength and 
electrical conductivity respectively. 

The flow is symmetric about the center line of the 
channel, 𝑦 = 0, and we only focus our attention on the 
flow in the region 0 ≤ 𝑦 ≤ 𝑎. The boundary conditions 
for this problem can be written as 
 
𝜕𝑢
𝜕𝑦

= 0 ,   𝑣 = 0 ,   at  𝑦 = 0     (i. e. symmetry), 

 
 𝑢 = 𝑏𝑥 ,        𝑣 = 0 ,       at      𝑦 = 𝑎 ,  

 
 
 
 
   (4) 

 
where 𝑏  is the stretching rate constant. The following 
dimensionless variables are introduced. 
 
𝑥´ =

𝑥
𝑎

  , 𝑦´ =
𝑦
𝑎

  ,      𝑢´ =
𝑢
𝑎𝑏

 ,   
 
𝑣´ =

𝑣
𝑎𝑏

  , 𝑝´ =
𝑝

𝑎2𝑏2
  ,   

 

𝑀 =
𝜎𝐵02

𝜌𝑏
 ,       𝛾 =

υ
𝑏𝑎2

 .  

 
 
 

 (5) 
 
 

  
By substituting these changed variables, which were 
introduced in Eq. (5), into Eqs. (1) ÷ (4) we obtain 
(neglecting the prime for clarity). 
 

 
𝜕𝑢
𝜕𝑥

+
𝜕𝑣
𝜕𝑦

= 0                                                                          (6) 

𝑢
𝜕𝑢
𝜕𝑥

+ 𝑣
𝜕𝑢
𝜕𝑦

= −
𝜕𝑝
𝜕𝑥

+ 𝛾 �
𝜕2𝑢
𝜕𝑥2

+
𝜕2𝑢
𝜕𝑦2

� − 𝑀𝑢               (7) 

 

 𝑢
𝜕𝑣
𝜕𝑥

+ 𝑣
𝜕𝑣
𝜕𝑦

= −
𝜕𝑝
𝜕𝑦

+ 𝛾 �
𝜕2𝑣
𝜕𝑥2

+
𝜕2𝑣
𝜕𝑦2

�                           (8) 

  
𝜕𝑢
𝜕𝑦

= 0 ,          𝑣 = 0 ,     𝑎𝑡  𝑦 = 0 ,  

 𝑢 = 𝑥 ,             𝑣 = 0 ,     𝑎𝑡  𝑦 = 𝑎 .                   

 
     

   (9) 
 
Where M are the magnetic and viscosity parameters. The 
pressure is eliminated between Eq. (7) and Eq. (8) by 

differentiating Eq. (7) with respect to 𝑦 and Eq. (8) with 
respect to 𝑥  and subtracting from each other. We will 
have 
 

𝑢 �
𝜕2𝑣
𝜕𝑥2

−
𝜕2𝑢
𝜕𝑥𝜕𝑦

� + 𝑣 �
𝜕2𝑣
𝜕𝑦𝜕𝑥
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𝜕2𝑢
𝜕𝑦2
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𝜕𝑥

�
𝜕𝑢
𝜕𝑥
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𝜕𝑦
� 

−
𝜕𝑢
𝜕𝑦

�
𝜕𝑢
𝜕𝑥

+
𝜕𝑣
𝜕𝑦
� = 𝛾 �

𝜕3𝑣
𝜕𝑥3

−
𝜕3𝑢
𝜕𝑥2𝜕𝑦

� 

+𝛾 �
𝜕3𝑣

𝜕  𝑦2𝜕𝑥
−
𝜕3𝑢
𝜕𝑦3

�    + 𝑀
𝜕𝑢
𝜕𝑦

 .                                     (10) 

   
The vorticity 𝜔 is defined as 
 

𝜔 = �
𝜕𝑣
𝜕𝑥

−
𝜕𝑢
𝜕𝑦
� .                                                                  (11) 

 
By using the Eq. (6) and Eq. (11), Eq. (10) can be written 
as follows 
 

 �𝑢
𝜕𝜔
𝜕𝑥

+ 𝑣
𝜕𝜔
𝜕𝑦
� = 𝛾 �

𝜕2𝜔
𝜕𝑥2

+
𝜕2𝜔
𝜕𝑦2

� + 𝑀
𝜕𝑢
𝜕𝑦

 .             (12) 

 
Introducing the similarity transformation [19] 
 
𝑢 = 𝑥𝑓´(𝑦) .                                                                         (13) 
 
Using Eq. (6), Eq. (11) and Eq. (13), the 𝜔, 𝑣  can be 
written in the following from 
 
𝑣 = −𝑓(𝑦) ,                                                                          (14) 
𝜔 = −𝑥𝑓´´(𝑦) .                                                                    (15) 
 
Substituting Eqs. (13) ÷ (15) into Eq. (12) give us 
 
𝛾𝑓(4) − 𝑓´´𝑓´ + 𝑓𝑓 ′′′ −𝑀𝑓´´ = 0 .                                   (16) 
       
Transformation of boundary conditions described in Eqs. 
(9) are as follows 
 
  𝑓´´(0) = 0 ,        𝑓(0) = 0 ,  
  𝑓´(1) = 1 ,        𝑓(1) = 0 .                     

 
                  (17) 

 
3 Analytical solutions for 𝑓(𝑦) 
 

In this section, we employ HPM to solve Eq. (16) 
subject to boundary conditions Eq. (17). We can construct 
homotopy function of Eq. (16) as described in [8] 
 
𝐻(𝑓, 𝑝) = (1 − 𝑝) �𝛾𝑓(4)(𝑦) − 𝑔0(𝑦)� 
                +𝑝�𝛾𝑓(4) − 𝑓´´𝑓´ + 𝑓𝑓 ′′′ −𝑀𝑓´´� = 0 .        (18) 
 
Where  𝑝 ∈ [0 , 1 ] is an embedding parameter. For 𝑝 = 0  
and 𝑝 = 1  we have 
 
 𝑓(𝑦, 0) = 𝑓0(𝑦) ,            𝑓(𝑦, 1) = 𝑓(𝑦).                       (19)                                                                     
 
Note that when 𝑝 increases from 0 to 1,  𝑓(𝑦,𝑝) varies 
from 𝑓0(𝑦) to 𝑓(𝑦). By substituting 
 
 𝑓 = 𝑓0 + 𝑝𝑓1 + 𝑝2𝑓2 + ⋯   ,      𝑔0 = 0 ,                        (20)                                                                 
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Into Eq. (18) and rearranging the result based on powers 
of p-terms, we have (𝑀 = 10  and  𝛾 = 0,5   for example) 
 

 𝑃 0 :       
d4

d𝑦4
𝑓0(𝑦) = 0 ,   

  𝑓(0) = 0, 𝑓´´(0) = 0, 𝑓(1) = 0, 𝑓´(1) = 1 ,                                                                                                                                       
  𝑓0(𝑦) = 0,5000000000 𝑦3 −  0,500000000 𝑦 . 

                         (21) 

𝑃 1 :    
d4

d𝑦4
𝑓1(𝑦) − 0,5�

d4

d𝑦4
𝑓0(𝑦)� − 10�

d2

d𝑦2
𝑓0(𝑦)� − 

� d
dy
𝑓0(𝑦)� � d2

dy2
𝑓0(𝑦)� + 𝑓0(𝑦) � d3

dy3
𝑓0(𝑦)� = 0 , 

𝑓(0) = 0, 𝑓´´(0) = 0, 𝑓(1) = 0,   𝑓´(1) = 0 ,                                              
 𝑓1(𝑦) = 0,003571428571𝑦7 + 0,2500000000𝑦5 
                 −0,5107142857𝑦3 + 0,2571428574𝑦 . 

 (22) 
 

𝑃 2 :    − 10�
d2

d𝑦2
𝑓1(𝑦)� − �

d
d𝑦

𝑓0(𝑦)��
d2

d𝑦2
𝑓1(𝑦)� 

 

−  0,5�
d4

d𝑦4
𝑓1(𝑦)� − �

d
d𝑦

𝑓1(𝑦)��
d2

d𝑦2
𝑓0(𝑦)� + 𝑓1(𝑦)

× 

�
d3

d𝑦3
𝑓0(𝑦)� +

d4

d𝑦4
𝑓2(𝑦) + 𝑓0(𝑦) �

d3

d𝑦3
𝑓1(𝑦)� = 0 , 

𝑓(0) = 0, 𝑓´´(0) = 0, 𝑓(1) = 0, 𝑓´(1) = 0 ,    
𝑓2(𝑦) = −0,00001082251082 + 0,001587301587𝑦9 

 +0,05996598640𝑦7 − 0,1303571428𝑦5 
  +0,07452123258𝑦3 − 0,005706555370𝑦 . 

(23)  
 
In the same manner, the rest of equations up to 𝑝10  were 
obtained using the MAPLE package. The function 𝑓(𝑦) 
can be obtained by using Eq. (20) with  𝑝 = 1.  
 
𝑓(𝑦) = −0,2530001030𝑦 +  0,09381734305𝑦3 
+0,09379897042𝑦5 + 0,04714111563𝑦7 
+0,01461756693𝑦9 + 0,003110880511𝑦11 
+0,0004650798206𝑦13 + 0,00004675968152𝑦15 
+0,00000254233626𝑦17 − 1,13512089 × 10−7𝑦19 
−4,317824487 × 10−8𝑦21 − 5,57683819 × 10−10𝑦23   
+1,730766352 × 10−9𝑦25 + 2,15887971 × 10−10𝑦27 
−4,629144954 × 10−11𝑦29 − 4,7832265 × 10−12𝑦31   
+1,138973516 × 10−12𝑦33 − 6,8251361 × 10−14𝑦35 
+1,642594534 × 10−15𝑦371,43452140 × 10−17𝑦39 
+7,804290113 × 10−21𝑦41 + 2,01469972210−22𝑦43. 

 (24) 
 
      For simplifying, let us consider 𝑓(𝑦) in the following 
from 
 
𝑓(𝑦) = ∑   𝑔𝑖43

𝑖=1 (𝑦)         for odd  𝑖 .                              (25) 
 
We define the average values of functions   gi(y)  on 
interval [0 ,1] as 
 

�̅�𝑖 =  �  𝑔𝑖(𝑦)
1

0
d𝑦 .                                                             (26) 

 
For  𝑖 = 1   to   43,  Let  �̅�𝑖max  be maximum magnitude 
of values �̅�𝑖  and the order of magnitude for   𝑔𝑖(𝑦)  is 
defined as 
 

 𝑂𝑅𝑖 =
�̅�𝑖

�̅�𝑖𝑚𝑎𝑥
 .                                                                     (27) 

 
By neglecting the  𝑔𝑖(𝑦)  which their 𝑂𝑅𝑖  is less than a 
base value  𝑂𝑅𝑏  , the expression (24) is simplified. For  
𝑂𝑅𝑏 = 0,0001  we have following function. 
 
𝑓(𝑦) = −0,2530001030𝑦 +  0,09381734305 𝑦3 
+0,09379897042 𝑦5 + 0,04714111563 𝑦7 
+0,01461756693 𝑦9 + 0,003110880511 𝑦11 
+0,0004650798206 𝑦13 + 0,00004675968152 𝑦15 .   

    (28) 
 

4 Results and discussion 
       

The partial differential Eqs. (1) ÷ (3) with boundary 
conditions Eq. (4) are transformed to nonlinear ordinary 
differential Eq. (16) and boundary conditions Eq. (17).  

The HPM and finite difference method (FDM) are 
used for solving resultant equation and the validity of 
results is verified by Figs. 2 ÷ 5. We could produce 
analytical solution for forth order nonlinear Eq. (16) for 
different values of  𝛾 and  𝑀. The values of the M are 
ranging from 0 to 15 and 𝛾 from 0,1 to 1, respectively. 
 

 
Figure 2   𝑢 𝑥⁄ = 𝑓´(𝑦) for  𝛾 =0,5 and different M values 

 
Figs. 2 ÷ 5, illustrate the fluid velocity profiles. The 

study shows that a back flow occurs near the center line 
of the channel due to the stretching walls. As it is shown 
in Fig. 2, for a constant γ with the increases in the strength 
of the magnetic field the back flow velocity in the center 
line decreases but the region of back flow increases. The 
area between curves and axis of  𝑓´(𝑦) = 0  in Fig. 2 
which is proportional to mass flow rate, shows that back 
mass flow rate decreases when the M increases. The 
viscosity parameter γ is proportional to kinematic 
viscosity. Fig. 4 exhibits that when M is constant and γ is 
decreasing, the back flow velocity in the center line as 
well as back mass flow rate decreases but the region of 
back flow increases. 

Tehnički vjesnik 21, 2(2014), 317-321                                                                                                                                                                                                             319 



MHD flow in a channel using new combination of order of magnitude technique and HPM                                                                                                         M. Abbasi et al. 

 
Figure 3    −𝑣 = 𝑓(𝑦)  for  𝛾 =0,5 and different M values  

 

 
Figure 4    𝑢 𝑥⁄ = 𝑓´(𝑦) with M=10 and different 𝛾 values 

 

 
Figure 5   −𝑣 = 𝑓(𝑦)  with M=10 and different  𝛾 values 

 
5 Conclusion 
 

The MHD flow in a stretching walls channel has been 
considered. The partial differential equations which 
govern the flow were first transformed to a forth order 
nonlinear differential equation and then solved by 
employing HPM.  

It has been demonstrated that the series solution in 
HPM can be replaced by a finite expression by using the 
order of magnitude method. This method can be useful in 
other analytical methods that use the series solution. The 
influence of the parameters of interest has been discussed 
through graphs. It has been noted that the graph shows 
quite reasonable results. 
 
6 References 
 
[1] Hartmann, J. Hg-Dynamics-I. // Math-Fys. Medd, 6, (1937),    

pp. 1-28. 
[2] Joneidi, A. A.; Ganji, D. D.; Babaelahi, M. Micropolar flow 

in a porous channel with high mass transfer. // International 
Communications in Heat and Mass Transfer. 36, (2009),  
pp. 1082–1088. 

[3] Pourmahmoud, Nader; Mansoor, Mahtab; Eosboee, Mostafa 
Rahimi; Khameneh, Pedram Mohajeri. Investigation of 

MHD Flow of Compressible Fluid in a Channel with Porous 
Walls. // Australian J. Basic and Applied Sciences. 5, 
6(2011), pp. 475-483. 

[4] Morely, Meli. B.; Abdou, Mohamed. A. Modeling of fully 
developed, liquid metal, thin film flow for fusion divertor 
applications. // Fusion engineering and design. 30, (1995),  
pp. 339-356. 

[5] Sadeghy, K.; Khabazi, N.; Taghavi, S. M.  
Magnetohydrodynamic (MHD) flows of viscoelastic fluids 
in converging/diverging channels. // International Journal of 
Engineering Science. 45, 11(2007), pp. 923-938. 

[6] Misra, J. C.; Shit, G. C.; Roth, H. J. Flow and heat transfer 
of a MHD viscoelastic fluid in a channel with stetching 
walls. // Computer & fluids.  37, (2008), pp. 1-11. 

[7] Uwanta, I. J.; Sani, M.; Ibrahim, M. O. MHD Convection 
Slip Fluid Flow with Radiation and Heat Deposition in a 
Channel in a Porous Medium. // International Journal of 
Computer Applications.  36, 2(2011), pp. 41-48. 

[8] He, J. H. Homotopy perturbation technique. //  Comp. Meth. 
AStr. Mech. Eng. 178, (1999), pp. 257-262. 

[9] He, J. H. A coupling method of a homotopy technique and a 
perturbation technique for non-linear problems. //  I. J. Non-
Lin. Mech.  35, (2000), pp. 37-43. 

[10] He, J. H. Bookkeeping  parameter in perturbation methods. 
//  Int. J. Non. Sc. Num. Sim.  2, 3(2001), pp. 257-264.  

[11] He, J. H. Homotopy perturbation method: a new nonlinear 
analytical technique. //  AStr. Math. Comp. 135, (2003), pp. 
73-79.  

[12] He, J. H. The homotopy perturbation method for nonlinear 
oscillators discontinuities. // Applied Mathematics and 
Computation. 151, (2004),  pp. 287–292. 

[13] Ganji, D. D.; Sadighi, A. Application of He's Homotopy-
perturbation Method to Nonlinear Coupled Systems of 
Reaction-diffusion Equations. //  Int. J. Nonlin. Sci. Num. 7, 
(2006),  pp. 411-418. 

[14] Ganji, D. D.; Sadighi, A. Solution of the Generalized 
Nonlinear Boussinesq Equation Using Homotopy 
Perturbation and Variational Iteration Methods. //  Int. J. 
Nonlin. Sci. Num. 8, (2007),  pp. 435-444. 

[15] 
 

Gorji, M.; Ganji, D. D.; Soleimani, S. New Application of 
He's Homotopy Perturbation Method. // Int. J. Nonlin. Sci. 
Num, 8, (2007),  pp. 319-328. 

[16] Sadighi, A.;  Ganji, D. D. Exact solutions of  Laplace 
equation by homotopy-perturbation and Adomian 
decomposition methods. // Physics Letters A.  367, (2007),  
pp. 83–87. 

[17] Esmaeilpour, M.;  Ganji, D. D. Application of He’s 
homotopy perturbation method to boundary layer flow and 
convection heat transfer over a flat plate. //  Physics Letters 
A. 372, (2007), pp. 33–38. 

[18] Ghafoori, S.; Motevalli, M.; Nejad, M. G.; Shakeri, F.;  
Ganji, D. D.; Jalaal, M.  Efficiency of differential 
transformation method for nonlinear oscillation: 
Comparison with HPM and VIM. //  Current Applied 
Physics. 11, (2011),  pp. 965-971. 

[19] Berman, A. S.  Laminar flow in channels with porous walls. 
// Journal of Applied Physics. 24, 9(1953), pp. 1232-1235. 

 
 

Authors' addresses 
 
Morteza Abbasi, PhD student 
Department of Aerospace and Mechanical Engineering, 
Science and Research Branch, 
Islamic Azad University, 
Tehran, Iran 
E-mail: mmortezaabbasi@gmail.com 
 
Davood Domiri  Ganji, Associated Prof. Dr. 
Department of Aerospace and Mechanical Engineering, 
Science and Research Branch, 

320                                                                                                                                                                                                          Technical Gazette 21, 2(2014), 317-321 

http://www.sciencedirect.com/science/article/pii/S0020722507000547
http://www.sciencedirect.com/science/article/pii/S0020722507000547
mailto:mmortezaabbasi@gmail.com


M. Abbasi et al.                                                                                                             MHD tok u kanalu uporabom novih kombinacija tehnika grubog opisa vrijednosti i HPM 

Islamic Azad University, 
Tehran, Iran 
E-mail: ddg_davood@yahoo.com 
 
Mohammad Taeibi Rahni, Prof. Dr. 
Department of Aerospace and Mechanical Engineering, 
Science and Research Branch, 
Islamic Azad University, 
Tehran, Iran 
 
Aerospace Engineering Department, 
Sharif University of Technology 
Azadi St., Tehrān, Iran 
 
E-mail: taeibi@sharif.edu 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Tehnički vjesnik 21, 2(2014), 317-321                                                                                                                                                                                                             321 

mailto:ddg_davood@yahoo.com
mailto:taeibi@sharif.edu

	Morteza Abbasi, Davood Domiri Ganji, Mohammad Taeibi Rahni
	Let us consider the electrically conducting fluid flow in a parallel plate channel bounded by the plates located at 𝑦=±𝑎. The fluid flow is steady, laminar and incompressible. By applying two equal and opposite direction forces along the x-axis, the...
	Note that when 𝑝 increases from 0 to 1,  𝑓,𝑦,𝑝. varies from ,𝑓-0.,𝑦. to 𝑓,𝑦.. By substituting
	The MHD flow in a stretching walls channel has been considered. The partial differential equations which govern the flow were first transformed to a forth order nonlinear differential equation and then solved by employing HPM.
	It has been demonstrated that the series solution in HPM can be replaced by a finite expression by using the order of magnitude method. This method can be useful in other analytical methods that use the series solution. The influence of the parameters...
	Morteza Abbasi, PhD student
	Davood Domiri  Ganji, Associated Prof. Dr.
	Mohammad Taeibi Rahni, Prof. Dr.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




