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Abstract: An analytical study of the MHD boundary layer flow of electrically conducting nanofluid 

over a horizontal cylinder with the effects of chemical reaction and viscous dissipation is presented. 

Similarity transformations have been applied to transform the cylindrical form of the governing 

equations into the system of coupled ordinary differential equations and then homotopy analysis method 

has been implemented to solve the system.  HAM does not contain any small or large parameter like 

perturbation technique and also provides an easiest approach to ensure the convergence of the series of 

solution. The effects of chemical reaction parameter, magnetic parameter and other important governing 

parameters with no flux nanoparticles concentration is carried out to describe important physical 

quantities. 
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Ratio of heat capacities 

S Dimensionless nanopa

rticle concentration 

  Thermal diffusivity(m2/s) 

Subscript    

  Ambient condition f  Fluid 

w  Condition on surface p Nanoparticle 

 

1. Introduction  

The study of heat and mass transfer of nanofluid flow with effects of chemical reactions over the 

stretching surface has a wide range of applications in chemical industries like that production of 

polymers and food processing, evaporation, cooling and drying processes, nuclear reactors cooling and 

also in petroleum industries. The term nanofluid [1-3] represents a base fluid with suspension of metallic 

nanosized particles. The chemical reactions can change the property and quality of any product. Hence, 

many researchers are considering the effects of chemical reactions in different types of problems. 

Krishnamurthy et al.[4] have presented a numerical study of MHD boundary layer flow of Williamson 

nanofluid over a horizontally linear stretching sheet with chemical reaction and radiation effects. They 

observed that the concentration of nanoparticles in boundary layer is decreased with increase in the 

value of chemical reaction parameter. Mohamed [5] has carried out the effects of chemical reactions and 

absorption on a mixed convective boundary layer flow past an exponentially stretching sheet and 

obtained that Sherwood number is an increasing function of chemical reaction parameter. 

Venkadteswarlu and Narayana [6] have provided the same study for the rotating system. Reddy et al.[7] 

have investigated the effects of chemical reaction and thermal radiation on an unsteady flow of 

nanofluid bounded by a moving vertical flat plate with convective and diffusive boundary conditions. 
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The present article deals with the analytical study of chemical reactive nanoparticles on flow and heat 

transfer over a horizontal stretching cylinder, which is not mentioned in any above literatures. We have 

applied homotopy analysis method [8-11] to solve the system of ordinary nonlinear differential 

equations which are the transformed form of governing equations.  

 

2. Nanofluid Dynamic Model  

 In present problem, we analyze the effects of chemical reactions on a steady two dimensional boundary 

layer flow of an incompressible electrically conducting nanofluid past a horizontal stretching cylinder. 

The cylindrical coordinates (r, x) are taken along the radial and axial directions of cylinder, respectively 

and the stretching velocity of cylinder is 0wV V x . A constant magnetic field 0B is assumed to be 

applied in radial direction of cylinder [Fig.1].  The boundary layer equations, which represent such type 

of flow, can be written as [6, 12]: 

  0,
u u v

r r x

 
  
 

                                                                                                                         (1)                                                                                                            
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 The associated boundary conditions are: 

( , ) ,wv x r V   0,wu  wT T , 0T
B

DC T
D

r T r

 
 

 
,            at  0r r , 

 , 0v x r  , T T , C C ,                                              as r  .                                          (5) 

We introduce following similarity transformations to reduce the eqs. (2)-(5) into dimensionless form 

[12]:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
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The non dimensional system of ordinary differential equations is 

  2 21 2 ''' 2 '' ' '' ' 0G G G GG M G       ,                                                                                           (7) 

    2 21 2 ' Pr 1 2 '' 2 0Nb S Nt G EcG                    ,                                                 (8) 

 1 2 '' 2 ' ' 0
Nt Nt

S S ScGS S
Nb Nb

    
    

          
    

,                                                                   (9) 

and transformed boundary conditions are 

  0G   ,  ' 1G   ,  ( ) 1   ,     ' 0Nb S Nt    ,            at   0   

 ' 0G   ,   0   ,   0S   .                                                    as                                          (10) 

2.1. The physical quantities of interest 

In this study, the important physical quantities are the measurement of coefficient of skin friction local 

Nusselt number and Sherwood number, which are defined as: 
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Applying similarity transformations (6) on the eqs. (11)-(14), we obtain 

 
1

2Re '' 0GC G ,      
1

2Re 0xNu 


   ,   
1
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

  .                                               (13)                                                                                                

3. HAM Series Solution  

    To solve eqs. (7)-(10), we have selected following initial guesses, linear operators and auxiliary 

functions :   
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3.1. The mth order deformation equations 

1 1( ( ) ( )) ( )G
G m m m G G mL G G h H R      , 1 1( ( ) ( )) ( )m m m mL h H R          , 

1 1( ( ) ( )) ( )S
S m m m S S mL S S h H R          
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with boundary conditions:   (0) 0mG  , ' (0) 0mG  , (0) 0m  ,  S'(0) +  '(0) 0Nb Nt   ,                              

                                               as      ' ( ) 0mG   ,    ( ) 0   ,    ( ) 0mS   ,                                  (15)    

where        

1
''' '' '' ' ' 2 '

1 1 1 1 1
0

( ) (1 2 ) 2 ( )
m

G
m m m i m i i m i m

i

R G G G G G G M G  


      

      , 

1 1 1
'' ' ' ' ' '' '' '

1 1 1 1 1
0 0 0

'
1

( ) (1 2 )( ( )) Pr (1 2 )

              +2 ,

m m m

m m i m i i m i i m i i m i
i i i

m

R Nb Nt Ec G G G         



  

        
  



  
 

       
 

1
'' '' ' ' '

1 1 1 1 1 1
0

( ) (1 2 ) 2 .
m

S
m m m m m i m i m

i

Nt
R S S Sc G S

Nb
      



      



                
 

The mth terms ( )mG  , ( )m  and ( )mS  are obtained by the following equations: 

*
1 2 3( ) ( )m mG G C C C e        ,                                                                                                       (16)                                                                                   

*
4 5( ) ( )m m C C e        ,                                                                                                                (17) 

*
6 7( ) ( )m mS S C C e      ,                                                                                                                 (18)   

where   ( 1 . . 7 )iC i  are  the constants, which can be obtained by the boundary conditions (15) and 

* ( )mG  , 
* ( )m   and 

* ( )mS  are represents the particular integrals. Hence the HAM series solutions are 

obtained in following form of equations: 

0
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G q G G  




    
0

1

( , ) ( ) ( ),m
m

q     
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0

1

( , ) ( ) ( ).m
m

S q S S  




                          (19)                                                                                  

3.2. Convergence of HAM 

 The convergence of the eqs. (16)-(18) are dependent upon the auxiliary parameters Gh , h  and Sh  [9]. 

To find out the adequate values of these parameters, we have sketched the h-curves with  '' 0G ,  ' 0  

and  ' 0S  for different values of magnetic parameter M at 15-th order of approximations which are 

displayed in Fig. 2. These figures indicate that the acceptable ranges of Gh , h  and Sh  are 

[ 0.7  0.1]Gh    , [ 0.25  0.005]h    , [ 0.25  0.005]Sh     and Table-1  ensure that the series 

solutions (19) are convergent upto four places of decimal for 0.35Gh   , 0.125h    and 

0.125Sh   . 
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4. Discussion of Results 

In this section, we examine the effects of governing parameters such as magnetic parameter M, 

curvature parameter , chemical reaction parameter   and Eckert number Ec on velocity '( )G  , skin 

friction coefficient  '' 0G , temperature    , rate of heat transfer  { ' 0 } , concentration  S   and 

Sherwood number  { ' 0 }S . The default values of parameters are taken as

0.3,  0.1,  Pr 7,  0.5,  0.5,  10,   = 0.1,  = 0.5Nt Nb M Ec Sc        . We have compared the HAM 

results with shooting results which are presented in Table-2 & 3. These Tables represent a good 

agreement among the both results. The influence of leading parameters on physical quantities is 

presented graphically. Fig. 3 is sketched to examine the effect of  M on '( )G  ,     and  S  , which 

shows that '( )G   decreases with an increase the value of M but    and  S   are increasing function 

of M. It is due to the physical fact that as magnetic parameter increases, the effect of Lorentz forces also 

increases which can reduce the motion, but temperature of system and nanoparticles species are 

increased due to these forces.   Fig. 4(a,b) illustrates the effects of   and   on  { ' 0 } and  { ' 0 }S  

which indicates that  { ' 0 }  reduces for the increasing values of   and   but  { ' 0 }S  increases with 

these parameters.  The combined effects of M and   on  '' 0G is presented in Fig. 4c which represents 

that  '' 0G decreases as both these parameters increases.  It means that chemical reactions can reduces 

the transfer of heat in the system but increases the mass transfer.  Fig. 5 is plotted to inspect the effects 

of Eckert number and magnetic parameter M on  { ' 0 }  and  { ' 0 }S .  { ' 0 } decreases with an  

increase the value of Ec and M  but   { ' 0 }S  increases with these parameters. 

 

5. Conclusions         

This article presents an analytical study of the effects of chemical reaction and viscous dissipation on a 

MHD nanofluid flow over a horizontal stretching cylinder. It is conclude that '( )G   and   S   are 

decreasing functions M whereas     increases with it.  '' 0G reduces with an increase the value of M 

and  .  { ' 0 }  decreases for the increasing value of chemical reaction parameter   but  { ' 0 }S  
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shows an opposite behavior with this parameter.  { ' 0 } reduces as Ec and M increase whereas 

 { ' 0 }S  decreases with these parameters.                                                                                                                                                                                           
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Table-1 Order of convergence of HAM for the values of ''(0)G , '(0)  and (0) S for the fixed values 

of parameters Nt = Nb = 0.1, Sc = 10,  Ec = 0.1, M = 0.1, Pr = 1, 0.1  ,  = 0.5 ,  = 0.35Gh  , 

 = 0.125h  ,  = 0.125Sh  . 

Order 10   20     30 35 40 50 

''(0)G  1.0416 1.0418 1.0418 1.0418 1.0418 1.0418 

'(0)  0.6223 0.5557 0.5465 0.5460 0.5460 0.5460 

(0)S  0.1580 0.1636 0.1676 0.1686 0.1686 0.1686 

 

Table-2 Numerical Comparison of HAM and Shooting results of ''(0)G for the different values of M and

 . 

   0.1   0.2  

M 0.1 0.2 0.3 0.1 0.2 0.3 

HAM 1.0418 1.0571 1.0822 1.0782 1.0941 1.1198 

Shooting 1.0418 1.0572 1.0823 1.0782 1.0941 1.1199 

 

Table-3 Numerical Comparison of HAM and Shooting results of  { ' 0 } and  { ' 0 }S  for the 

different values of Ec and  and fixed values of parameters Nt = Nb = 0.1, Sc = 10, Pr = 1, M = 0.1, 
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 = 0.5  . 

  Ec  { ' 0 }    { ' 0 }S  

  HAM             Shooting HAM            Shooting 

 0.1 0.5460             0.5460 0.1686            0.1686           

0.1 0.2  0.5019            0.5018  0.1616           0.1623 

 0.3 0.4577             0.4575                        0.1552            0.1560                   

 0.1 0.5715             0.5726 0.1781              0.1782 

0.2 0.2 0.5252             0.5261 0.1707             0.1718 

 0.3 0.4788              0.4796 0.1641              0.1653 

 

Figure 1. Physical Model with co-ordinate axes 

 

 

Figure 2. h-curves for dimensionless variables 
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Figure 3. Effect of Magnetic field parameter on velocity, temperature and concentration profiles. 

 

Figure 4. Effect of chemical reaction, curvature and magnetic field on heat and mass transfer. 

 

 

Figure 5. Combined effect of viscous dissipation and magnetic parameter on heat and mass transfer. 


