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Abstract - The aim of the present study is to address the magnetohydrodynamic (MHD) radiative flow of an 
incompressible Jeffrey fluid over a linearly stretched surface. Heat and mass transfer characteristics are 
accounted for in the presence of Joule heating and thermophoretic effects. Series solutions by the homotopy 
analysis method are constructed for the velocity, temperature and concentration fields. A convergence 
criterion for the series solutions is discussed. In addition, the numerical values of the skin friction coefficient, 
local Nusselt and Sherwood numbers are first computed and then analyzed. 
Keywords: Radiative flow; MHD Jeffrey fluid; Joule heating; Thermophoresis. 

 
 
 

INTRODUCTION 
 

The analysis of non-Newtonian fluids is signifi-
cant because of several industrial and engineering 
applications. Such fluids are encountered in the process 
of manufacturing coated sheets, foods, drilling muds, 
cosmetic products, dilute polymer solutions, poly-
meric melts etc. Different models of such fluids have 
beenare suggested. This is due to the versatility of 
fluid characteristics in nature (Qi and Xu, 2007; 
Kothandapani and Srinivas, 2008; Nadeem and 
Akbar, 2010; Jamil and Fetecau, 2010a,b; Wang and 
Tan, 2011; Hayat et al., 2011a,b; Jamil et al., 2011; 
Nadeem et al., 2011; Hayat et al., 2012). Although 
much information is available on the boundary layer 
flow of viscous fluids, such attempts for non-
Newtonian fluids are limited. In fact, the resulting 
differential equations in non-Newtonian fluids are 
more nonlinear than for a viscous fluid. To find the 
analytic/numerical solution of such equations is not 
an easy task. 

Investigation of heat transfer in the boundary 
layer over a stretching sheet has key importance in 
extrusion processes, paper production, glass drawing, 
electronic chips, crystal growing, plastic manufac-
ture, metal spinning and cooling of metallic plates in 
a cooling bath etc. For the quality of the final product 
in such processes, the cooling rate has great rele-
vance (Bhattacharyya et al., 2001; Hayat et al., 2010; 
Rashidi and Pour, 2010; Vyas and Rai, 2010; Yao et 
al., 2011; Rashidi and Erfani, 2011; Rashidi et al., 
2011; Makinde and Aziz, 2011; Sahoo and Poncet, 
2011). The migration of small particles in the 
direction of decreasing thermal gradient is called 
thermophoresis (Hinds, 1982). This is used for parti-
cle collection. The velocity gained by the particle   is 
called the thermophoretic velocity and the force 
experienced by the suspended particle due to the 
temperature difference is called the thermophoretic 
force (Tasai et al., 2004). Thermophoresis is a me-
chanism for particles on a cold surface. It is quite 
significant in aerosol particle sampling, deposition of 
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silicon thin films, radioactive particle deposition in 
nuclear reactor safety simulations, scale formation 
on surfaces of heat exchangers, microelectronic 
manufacturing, particulate material deposition on 
turbine blades, modified chemical vapour deposition 
etc. Goren (1977) studied the laminar flow of a 
viscous fluid with thermophoresis in the presence of 
cold and hot plate conditions. The effect of thermo-
phoresis in MHD flow of a viscous fluid over an 
inclined plate was anlyzed by Aslam et al. (2008). 
Hayat and Qasim (2010) investigated the radiative 
flow of Maxwell fluid in the presence of Joule 
heating and thermophoresis effects. Hayat and Alsaedi 
(2011) further examined the thermophoresis effects 
in MHD flow of Oldroyd-B fluid over a linearly 
stretching surface. Heat and mass transfer effects in 
the thermophoretic flow of viscous fluid over an 
inclined isothermal permeable surface have been 
explored by Noor et al. (2012). 

Motivated by the above mentioned studies, the 
aim here is to investigate the effects of thermophore-
sis in MHD flow of a non-Newtonian fluid over a 
stretching surface. Mathematical modelling is pre-
sented using constitutive equations of a Jeffrey fluid. 
Thermal radiation and Joule heating effects are taken 
into account. The present study is structured in the 
following fashion. The mathematical formulation is 
completed in the next section. Series solutions by the 
homotopy analysis method (HAM) (Liao, 2003; Yao, 
2009; Rashidi et al., 2011b; Hayat et al., 2011c; 
Vosughi et al., 2011; Aziz et al., 2012; Hayat et al., 
2011d) are developed in the subsequent sections. 
Then convergence analysis and discussion are pre-
sented. Important results are summarized in the last 
section. 
 
 

FLOW FORMULATION 
 

We consider Cartesian coordinate system in such 
a way that the −x axis is along the stretching surface 
and the −y axis is perpendicular to the −x axis. 
Magnetohydrodynamic boundary layer flow of a 
Jeffrey fluid is considered. A uniform magnetic field 

0B  is applied parallel to the −y axis (see Figure 1). 
The induced magnetic field is neglected for small 
magnetic Reynolds number. Heat and mass transfer 
characteristics are taken into account in the presence 
of thermal radiation and thermophoresis effects. The 
uniform temperature of the surface wT  is larger than 
the ambient fluid temperature .∞T  
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Figure 1: Physical model 
 

The species concentration at the surface wC  and 
ambient concentration ∞C  are constants. Invoking the 
Rosseland approximation [24], the resulting equations 
take the following forms: 
 

0,∂ ∂
+ =

∂ ∂
u v
x y

              (1) 

 
3 3

2 2 3
2 2 22

1
2

2
0

1

[ ( ) ( )],T c

u uu v
u u u x y yu v

u u u ux y y
x y x yy

B u g T T C C
∗

∞ ∞

⎛ ⎞⎛ ⎞∂ ∂
+⎜ ⎟⎜ ⎟∂ ∂ ν ∂ ∂ ∂ ∂⎜ ⎟⎜ ⎟+ = + λ

⎜ ⎟⎜ ∂ ∂ ∂ ∂ ⎟∂ ∂ + λ ∂ − +⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂∂⎝ ⎠⎝ ⎠
σ

− + β − + β −
ρ

 (2) 

 
2 3 2

2 2

2 2
20

16
3

,

p

p p

T T k T T Tu v
x y c y k y

u B u
c y c

∞
∗

∗

∂ ∂ ∂ σ ∂
+ = +

∂ ∂ ρ ∂ ∂

⎛ ⎞μ ∂ σ
+ +⎜ ⎟ρ ∂ ρ⎝ ⎠

       (3) 

 
2

2 ( ).∂ ∂ ∂ ∂
+ = −

∂ ∂ ∂∂ T
C C Cu v D V C
x y yy

             (4) 

 
Here ( , )u v  are the velocity components along the 

−x  and −y axes, 1λ  and 2λ  are the ratio of 
relaxation/retardation times and retardation time, 
respectively, ν  the dynamic viscosity, ρ  the density 
of the fluid, ∗σ  the electrical conductivity, g  the 
gravitational acceleration, βT  and βc  the thermal 
expansion coefficients, T  the temperature, pc  the 

specific heat, σ  the Stefan-Boltzmann constant, ∗k  
the mean absorption coefficient, D  the diffusion 
coefficient and TV  the thermophoretic velocity.  

The associated boundary conditions are: 
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where wu  is the stretching velocity, wT  is the tem-
perature at the wall, wC  is the concentration at the 
wall and ∞T  and ∞C  are the ambient fluid tempera-
ture and concentration, respectively. 

The term TV  in Eq. (4) can be defined as follows: 
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= −
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r
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T y

             (6) 

 
in which 1k  is the thermophoretic coefficient and rT  
is the reference temperature. A thermophoretic pa-
rameter τ  is defined by the following relation: 
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The wall temperature and concentration fields are: 
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where ,a  b  and c  are the positive constants. 

Through the following transformations: 
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Equation (1) is automatically satisfied and Eqs. (2)-(4) 
are reduced as follows: 
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the Schmidt number. 
The skin friction coefficient, local Nusselt 

number and local Sherwood number are transformed 
to the following: 
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SERIES SOLUTIONS 
 

The homotopic solutions for ,f  θ  and φ  in a set 
of base functions: 
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in which ,
k
m na , ,

k
m nb  and ,

k
m nc  are the coefficients. 

Initial guesses and the auxiliary linear operators are 
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where iC  ( 1 7)= −i  denote the arbitrary constants. 
The zeroth order deformation problems are expressible 
in the form 
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Here q  is the embedding parameter, f , θ  and 

φ  the non-zero auxiliary parameters and the 
nonlinear operators fN , θN  and φN  are given by: 
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When 0=q  and 1=q , one has 
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The convergence of series (22)-(24) is closely 

associated with ,f  θ  and .φ  The values of f , 

θ  and φ  are chosen such that the series (22)-(24) 
converge at 1=q . Thus 
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The general solutions for mf , θm  and φm  in terms 
of special solutions ∗

mf , ∗θm  and ∗φm  are 
 

1 2 3( ) ( ) ,∗ η −ηη = η + + +m mf f C C e C e          (38) 
 

4 5( ) ( ) ,∗ η −ηθ η = θ η + +m m C e C e             (39) 
 

6 7( ) ( ) .∗ η −ηφ η = φ η + +m m C e C e             (40) 
 
 

CONVERGENCE ANALYSIS AND 
DISCUSSION 

 
The auxiliary parameters f , θ  and φ  play an 

important role in controlling and adjusting the 
convergence of the series solutions. To find a 
suitable value for each of these auxiliary parameters, 
the − curves at the 19th  order of approximation 
are displayed. Figure 2 indicates that the admissible 
values of f , θ  and φ  are 1.10 0.20− ≤ ≤ −f , 

1.20 0.10θ− ≤ ≤ −  and 1.20 0.20.φ− ≤ ≤ −  Our 
series solutions converge in the whole region of η  
for 0.7θ φ= = = −f . 
 

 
Figure 2: −  curves for the functions ,f  θ  and φ  
 

Figures 3-18 plot the effects of the various interest-
ing parameters on the velocity ( )′ ηf , temperature 

( )θ η  and concentration ( )φ η . The fluid velocity and 
momentum boundary layer thickness increase with 
an increase in Deborah number β  (see Figure 3). In 
Figure 4, the influence of the ratio of relaxation to 
the retardation times is sketched for the fluid veloc-
ity. It shows that the fluid velocity decreases upon 
increasing 1.λ  Figure 5 shows that an increase in the 
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local buoyancy parameter γ  yields an increase in the 
velocity. In fact, the local buoyancy parameter depends 
on the buoyancy force and an increase in buoyancy 
force gives rise to the fluid velocity increase. An 
increase in Hartmann number M  decreases the fluid 
velocity (see Figure 6). The Hartmann number is a 
consequence of the Lorentz force. Obviously an 
increase in the Lorentz force opposes the flow and 
thus the fluid velocity decreases. Figure 7 shows that

the velocity and momentum boundary layer thick-
ness are decreasing functions of the Prandtl number 
Pr .  Figure 8 displays the effects of the ratio of 
buoyancy parameter .N  The effects of the ratio of 
the buoyancy parameter are similar to that of γ  in a 
qualitative way. The difference we noticed is that the 
fluid velocity increases more rapidly in the case of 
increasing local buoyancy parameter when compared 
with the ratio of the buoyancy parameter. 

 

  
Figure 3: Effect of β  on velocity ( )′ ηf   Figure 4: Effect of 1λ  on velocity ( )′ ηf   

  
Figure 5: Effect of γ  on velocity ( )′ ηf  Figure 6: Effect of M  on velocity ( )′ ηf   

  
Figure 7: Effect of Pr  on velocity ( )′ ηf   Figure 8: Effect of N  on velocity ( )′ ηf  
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Effects of different parameters on the temperature 
are seen in Figures 9-14. Figure 9 depicts the effects 
of the local buoyancy parameter on the temperature 
field. The temperature field and thermal boundary 
layer thickness are reduced with an increase in .γ  
Figure 10 shows that the temperature increases when 
the Hartmann number is increased. In fact, large 
M  corresponds to lower permeability and hence 
the temperature and the thermal boundary layer 
thickness increase. Figures 11 and 12 illustrate the 

influences of Eckert number Ec  and Prandtl num-
ber Pr  on the temperature. It is observed from 
these figures that Ec  and Pr  have quite opposite 
effects on the velocity and the associated thermal 
boundary layer thickness. The temperature profile 
decreases more quickly for Ec  in comparison to 
Pr .  The ratio of the buoyancy parameter and the 
radiation parameter correspond to a decrease and 
an increase in the temperature, respectively (see 
Figures 13 and 14).  

 

  
Figure 9: Effect of γ  on temperature ( )θ η   Figure 10: Effect of M  on temperature ( )θ η  

  
Figure 11: Effect of Ec  on temperature ( )θ η   Figure 12: Effect of Pr  on temperature ( )θ η  

  
Figure 13: Effect of N  on temperature ( )θ η   Figure 14: Effect of R  on temperature ( )θ η  
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The effects of ,γ  M , N  and R  on concentration 
profile are seen through Figures 15-18. Figure 15 
shows that the concentration and boundary layer 
thickness are decreasing functions of .γ  It is found 
from Figure 16 that the Hartmann number increases 
the concentration profile and associated boundary 
layer thickness. The effects of N  and R  on ( )φ η  
are similar. Increases in N  and R  decrease the 
concentration and related boundary layer thickness 
(see Figures 17 and 18). It is worth mentioning here 
that the effects of M on the temperature are more 
pronounced when compared with the concentration. 
This same observation also holds for the influences 
of γ , N and R on the temperature and concentration. 

Table 1 shows the convergence of the series 
solutions through computations of numerical values. 
This table indicates that our series solutions converge 
from the 20th-order of deformations for velocity and 
temperature and 25th-order of approximation for the 

concentration. Table 2 includes the numerical values 
of the skin-friction coefficient for the different values 
of ,β  1,λ  ,τ  ,M  Sc ,Sc  Ec  and Pr  when 0.3=N  
and 0.4.=R  The skin-friction coefficient increases 
with increasing ,β  ,M  Sc  and Pr .  It decreases when 

1,λ  γ  and Ec  are increased. Interestingly the varia-
tion in the values of the skin-friction coefficient is 
very small with increasing thermophoretic parameter 
τ . Table 3 consists of the values of the local Nusselt 
and Sherwood numbers. The values of the local 
Nusselt and Sherwood numbers increase slowly in 
comparison to the increase in the values of the skin-
friction coefficient when β  increases. The increase 
in the values of the local Nusselt number is very 
small upon increasing τ , but the increase in the 
values of the local Sherwood number is large. A 
comparative study of Tables 2 and 3 shows that the 
values of the skin-friction coefficient and local 
Sherwood number are larger than the values of the 
local Nusselt number. 

 
 

  

Figure 15: Effect of γ  on concentration ( )φ η  Figure 16: Effect of M  on concentration ( )φ η   

  

Figure 17: Effect of N  on concentration ( )φ η   Figure 18: Effect of R  on concentration ( )φ η  
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Table 1: Convergence of series solutions for different order of approximations when 0.2,= β  0.4,γ =  
0.6,Mτ = =  0.7, 0.5,Sc Ec= λ = =  Pr 1.0, 0.3, 0.4N R= = =  and 0.7.f θ φ= = = −  

  
Order of approximations ′′(0)f−  ′(0)−θ  (0)−φ  

1 1.03150  0.66750  0.89500  
5 0.99364  0.61878  0.85224  
10 0.99306  0.61970  0.84720  
20 0.99305  0.61974  0.84646  
25 0.99305  0.61974  0.84643 
30 0.99305  0.61974  0.84643 
35 0.99305  0.61974  0.84643 

 
 
Table 2: Numerical values of skin-friction coefficient for different values of β,  1,λ  τ, , ,M  Sc,  Ec  and Pr  
when 0.3N =  and = 0.4R . 
 

β  1λ  γ  τ  M  Sc  Ec  Pr  ′′ ′′
1

1
1 ( (0) (0))f f+λ + β  

0.0 0.5 0.3 0.6 0.5 0.7 0.5 1.0 0.71413  

0.5        0.90356  

0.8        1.0027  

0.3 0.0       1.0491 

 0.4       0.86561  

 0.7       0.77473  

  0.0      1.0408  

  0.5      0.70657  

  1.0      0.41345  

   0.0     0.83167  

   1.0     0.83249  

   2.0     0.83348  

    0.0    0.71759  

    0.7    0.93320  

    1.0    1.1251 

     0.5   0.82715  

     1.0   0.83743  

     1.5   0.84318  

      0.4  0.83355  

      0.7  0.82934  

      1.0  0.82517  

       0.8 0.82329  

       1.4 0.84533  

       2.0 0.85857  
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Table 3: Numerical values of local Nusselt number -θ′(0) and local Sherwood number ( )0−φ′  for different 
values of β, 1λ , τ, M, Sc, Ec and Pr when N=0.3 and R=0.4. 
 

β 1λ  γ τ M Sc Ec Pr -θ′(0) ( )0−φ′  

0.0 0.5 0.3 0.6 0.5 0.7 0.5 1.0 0.59817 0.83428 

0.5        0.64563 0.86222 

0.8        0.66635 0.87576 

0.3 0.0       0.67517 0.88177 

 0.4       0.63701 0.85682 

 0.7       0.61469 0.84353 

  0.0      0.51553 0.77548 

  0.5      0.67418 0.88124 

  1.0      0.74023 0.93082 

   0.0     0.62941 0.81539 

   1.0     0.62886 0.87961 

   2.0     0.62821 0.96235 

    0.0    0.70545 0.86946 

    0.7    0.56261 0.83748 

    1.0    0.43885 0.81203 

     0.5   0.63443 0.66407 

     1.0   0.62439 1.1064 

     1.5   0.62040 1.4825 

      0.4  0.65805 0.84409 

      0.7  0.57159 0.86747 

      1.0  0.48634 0.88986 

       0.8 0.55885 0.86466 

       1.4 0.74998 0.82693 

       2.0 0.8992  0.79074 
 
 

CLOSING REMARKS 
 

In this study we discussed the effects of thermal 
radiation, Joule heating and thermophoresis in stretched 
flow of a Jeffrey fluid. The main observations are as 
follows: 

 Effects of β  and 1λ  on the fluid velocity are quite 
opposite. 

 An increase in the ratio of the buoyancy parame-
ter N  corresponds to an increase in ( ).′ ηf   

 The fluid temperature rises with an increase in 
Eckert number .Ec   

 Effects of the ratio of the buoyancy parameter 
and radiation parameter are qualitatively similar. 

 Variations in temperature are more pronounced 
than those in concentration when M  increases. 

 The increase in the values of the skin-friction 
coefficient and the local Nusselt number is very 
small in comparison to the increase in the local 

Sherwood number when τ  increases. 
 Numerical values of the local Nusselt number 

increase and the values of the local Sherwood num-
ber decrease with increasing Prandtl number Pr .   
 
 

ACKNOWLEDGMENTS 
 

The research of Alsaedi was partially supported 
by the Deanship of Scientific Research (DSR), 
King Abdulaziz University, Jeddah, Saudi Arabia. 
We are also thankful to the reviewer for his/her 
useful suggestions. 
 
 

REFERENCES 
 
Aslam, M. S., Rahman, M. M. and Sattar, M. A., 

Effects of variable suction and thermophoresis on 



 
 
 
 

Influence of Thermophoresis and Joule Heating on the Radiative Flow of Jeffrey Fluid with Mixed Convection                               907 
 

 
Brazilian Journal of Chemical Engineering Vol. 30,  No. 04,  pp. 897 - 908,  October - December,  2013 

 
 
 
 

steady MHD combined free-forced convective 
heat and mass transfer flow over a semi-infinite 
permeable inclined plate in the presence of 
thermal radiation. Int. J. Thermal Sci., 47, p. 758 
(2008). 

Aziz, R. C., Hashim, I. and Abbasbandy, S., Effects 
of thermocapillarity and thermal radiation on 
flow and heat transfer in a thin liquid film on an 
unsteady stretching sheet. Math. Problems Eng., 
DOI:10.1155/2012/127320. 

Bhattacharyya, K., Mukhopadhyay, S. and Layek, G. 
C., Slip effects on an unsteady boundary layer 
stagnation-point flow and heat transfer towards a 
stretching sheet. Chin. Phy. Lett., 28, p. 09470 
(2001). 

Goren, S. L., Thermophoresis of aerosol particles in 
laminar boundary layer on flat plate. J. Colloid 
Interf. Sci., 61, p. 77 (1977). 

Haitao, Q. and Mingyu, X., Unsteady flow of 
viscoelastic fluid with fractional Maxwell model 
in a channel. Mech. Research Commun., 34, p. 
210 (2007). 

Hayat, T. and Alsaedi, A., On thermal radiation and 
Joule heating effects in MHD flow of an 
Oldroyd-B fluid with thermophoresis. Arab. J. 
Sci. Eng., 36, p. 1113 (2011). 

Hayat, T. and Qasim, M., Influence of thermal 
radiation and Joule heating on MHD flow of a 
Maxwell fluid in the presence of thermophoresis. 
Int. J. Heat Mass Transfer, 53, p. 4780 (2010). 

Hayat, T., Qasim, M. and Abbas, Z., Radiation and 
mass transfer effects on the magnetohydrodynamic 
unsteady flow induced by a stretching sheet. Z 
Naturforsch A. 64, p. 231 (2010). 

Hayat, T., Shehzad, S. A. and Qasim, M., Mixed 
convection flow of a micropolar fluid with radia-
tion and chemical reaction. Int. J. Num. Methods 
Fluids, 67, p. 1418 (2011). 

Hayat, T., Shehzad, S. A., Qasim, M. and Obaidat, 
S., Flow of a second grade fluid with convective 
boundary conditions. Thermal Sci., 15, p. S253 
(2011). 

Hayat, T., Shehzad, S. A., Qasim, M. and Obaidat, 
S., Radiative flow of Jeffery fluid in a porous 
medium with power law heat flux and heat 
source. Nuclear Eng. Design, 243, p. 15 (2012). 

Hayat, T., Shehzad, S. A., Qasim, M. and Obaidat, 
S., Steady flow of Maxwell fluid with convective 
boundary conditions. Z. Naturforsch 66a, p. 417 
(2011). 

Hayat, T., Shehzad, S. A., Qasim, M. and Obaidat, 
S., Thermal radiation effects on the mixed 
convection stagnation-point flow in a Jeffery 
fluid. Z. Naturforsch 66a, p. 606 (2011). 

Hinds, W. C., Aerosol Technology: Properties, 
Behavior, and Measurement of Airborne Particles. 
John Wiley and Sons, New York, (1982). 

Jamil, M. and Fetecau, C., Helical flows of Maxwell 
fluid between coaxial cylinders with given shear 
stresses on the boundary. Nonlinear Analysis: Real 
World Appl., 11, p. 4302 (2010). 

Jamil, M. and Fetecau, C., Some exact solutions for 
rotating flows of a generalized Burgers' fluid in 
cylindrical domains. J. Non-Newtonian Fluid 
Mech., 165, p. 1700 (2010). 

Jamil, M., Khan, N. A. and Zafar, A. A., 
Translational flows of an Oldroyd-B fluid with 
fractional derivatives. Comput. Math. Appl., 62, 
p. 1540 (2011). 

Kothandapani, M. and Srinivas, S., Peristaltic 
transport of a Jeffrey fluid under the effect of 
magnetic field in an asymmetric channel. Int. J. 
Non-Linear Mech 43, p. 915 (2008). 

Liao, S. J., Beyond Perturbation: Introduction to 
Homotopy Analysis Method. Chapman and Hall, 
CRC Press, Boca Raton (2003). 

Makinde, O. D. and Aziz, A., Boundary layer flow 
of a nano fluid past a stretching sheet with con-
vective boundary conditions. Int. J. Thermal. Sci., 
50, p. 1326 (2011). 

Nadeem, S. and Akbar, N. S., Peristaltic flow of a 
Jeffrey fluid with variable viscosity in an asym-
metric channel. Zeitschrift fur Naturforschung A 
64, p. 713 (2010). 

Nadeem, S., Zaheer, S. and Fang, T., Effects of 
thermal radiation on the boundary layer flow of a 
Jeffery fluid over an exponentially stretching 
surface. Numer. Algor., 57, p. 187 (2011). 

Noor, N. F. M., Abbasbandy, S. and Hashim, I., Heat 
and mass transfer of thermophoretic MHD flow 
over an inclined radiate isothermal permeable 
surface in the presence of heat source/sink. Int. J. 
Heat Mass Transfer, 55, 2122 (2012). 

Rashidi, M. M. and Erfani, E., A new analytical 
study of MHD stagnation-point flow in porous 
media with heat transfer. Comput. Fluids, 40, p. 
172 (2011). 

Rashidi, M. M. and Pour, S. A. M., Analytic ap-
proximate solutions for unsteady boundary-layer 
flow and heat transfer due to a stretching sheet by 
homotopy analysis method. Nonlinear Analysis: 
Modelling and Control, 15, p. 83 (2010).  

Rashidi, M. M., Pour, S. A. M. and Abbasbandy, S., 
Analytic approximate solutions for heat transfer 
of a micropolar fluid through a porous medium 
with radiation. Commun. Nonlinear Sci. Numer. 
Simulat., 16, p. 1874 (2011). 

Rashidi, M. M., Pour, S. A. M. and Abbasbandy, S., 



 
 
 
 

908                                  S. A. Shehzad, A. Alsaedi and T. Hayat 
 

 
Brazilian Journal of Chemical Engineering 

 
 
 
 

Analytic approximate solutions for heat transfer 
of a micropolar fluid through a porous medium 
with radiation. Commun. Nonlinear Sci. Numer. 
Simulat., 16, p. 1874 (2011). 

Sahoo, B. and Poncet, S., Flow and heat transfer of a 
third grade fluid past an exponentially stretching 
sheet with partial slip boundary condition. Int. J. 
Heat Mass Transfer, 54, p. 5010 (2011). 

Tasai, C. J., Lin, J. S., Shankar, I., Aggarwal, G. and 
Chen, D. R., Thermophoretic deposition of particles 
in laminar and turbulent tube flows. Aerosol Sci. 
Tech., 38, p. 131 (2004). 

Vosughi, H., Shivanian, E. and Abbasbandy, S., A 
new analytical technique to solve Volterra's 
integral equations. Math. Methods Appl. Sci. 34, 
p. 1243 (2011). 

Vyas, P. and Rai, A., Radiative flow with variable 
thermal conductivity over a non-isothermal stretch-
ing sheet in a porous medium. Int. J. Contemp. 
Math. Sciences, 5, p. 2685 (2010). 

Wang, S. and Tan, W. C., Stability analysis of soret-
driven double-diffusive convection of Maxwell 
fluid in a porous medium. Int. J. Heat Fluid Flow 
32, p. 88 (2011). 

Yao, B., Approximate analytical solution to the 
Falkner-Skan wedge flow with the permeable 
wall of uniform suction, Commun. Nonlinear Sci. 
Numer. Simulat. 14, p. 3320 (2009). 

Yao, S., Fang, T. and Zhang, J., Heat transfer of a 
generalized stretching/shrinking wall problem 
with convective boundary conditions. Comm. 
Nonlinear Sci. Num. Simu. 16, p. 752 (2011). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


