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Abstract  The objective of this study is to carry out a numerical investigation of the MHD plane stagnation flow of a 
temperature dependent viscosity fluid. The system of governing partial differential equations was transformed into a system 
of coupled nonlinear ordinary differential equations by the method of similarity transformations. These resulting equations 
were then solved using the classical fourth order Runge-Kutta method together with shooting techniques. The effects of the 
relevant thermo-physical parameters on the flow profile were investigated. The skin friction coefficient and Nusselt num-
bers were also determined numerically and tabulated. 
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1. Introduction 
Stagnation point flow has become an interesting area of 

research among scientists and investigators due to its im-
portance in a wide variety of applications both in industrial 
and scientific applications. Since the work of Crane[1], ex-
tensive research work has been carried out by many authors. 
For example Ramachandran et’al[7] studied the stagnation 
point flow towards a heated vertical plate, he considered both 
the arbitrary wall temperature and arbitrary surface heat flux. 
Ishak et.al[2] also studied the stagnation point flow but 
considered the case of a porous wall. Okedayo et,al[6] also 
carried out the analysis of plane stagnation point flow with 
convective boundary conditions. Aman and Ishak[3] also 
studied the mixed convection flows towards a stagnation 
point on a stretching sheet using the method of finite dif-
ference. 

The influence of temperature dependent viscosity flow has 
been studied Seddeek and Salem[4] who studied the case of a 
variable viscosity with magnetic field on the flow and heat 
transfer to a continuous moving flat plate. Why several 
studies has been carried out on the plane stagnation point 
flow the case of the stagnation point flow of a temperature 
dependent viscosity fluid has been much neglected which is 
the motivation for this study. 

Hence the objective of this study is to investigate the effect 
of various thermo-physical parameters on the plane stagna-
tion point flow of a temperature dependent viscosity fluid. 
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2. Mathematical Formulations 
A two-dimensional body is placed in a stream of quiescent 

fluid. We consider heat transfer near the upstream stagnation 
line, where the flow is assumed to be laminar. The problem is 
restricted to the case of a plane plate perpendicular to the 
stream. It is assumed that the fluid properties are constant 
except for the fluid viscosity which vary as an inverse linear 
function of temperature as follows 
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are the fluid free stream dynamic viscosity and the free 

stream temperature respectively. α and rT Reference state 
and thermal properties of the fluid. Under these assumptions 
the continuity, momentum and energy equations describing 
the flow can be written as follows. 
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Where u is the velocity, T is the temperature, WT  is the 
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wall temperature, 0U(x) U x=  is the fluid free stream ve-
locity, p is the pressure, B is the magnetic field, ρ  is the 
fluid density, is the electrical conductivity, α  is the ther-
mal diffusivity and (x, y) are the coordinate axes. In order 
to solve (1)-(4) we introduce the following similarity vari-
ables 
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Substituting the above variables in equations (1)-(4), we 
obtain  
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3. Numerical Results and Discussion 
The nonlinear equations (6)-(8) are solved numerically 

using the classical fourth order Runge-Kutta method together 
with the shooting technique implemented on a computer 
program written in Maple (14). A convenient step size was 
chosen to obtain the desired accuracy. 

 
Figure 1.  Velocity profile for various values of reference temperature for 
M=0.4 and Pr=0.7 

Fig.1 shows the velocity profile for various values the 
dimensionless reference temperature rθ the values chosen 
for the reference temperature, rθ are -0.01, -0.05, and -0.07 

for fixed values of the magnetic parameter, M=0.4 and 
Prandtl number Pr=0.7 corresponding to water. It is observed 
that as the dimensionless reference temperature increases the 
velocity profile increases, it is also observed that the velocity 
boundary layer thickness as the reference temperature de-
creases. 

In Fig.2, the influence of the magnetic parameter on the 
velocity profile is being investigated, the values chosen for 
M are 0.4, 0.6, and 0.8 while Pr is fixed at 0.7 and rθ is fixed 
at -0.01. it is observed that as the magnetic parameter in-
creases the velocity profile decreases. 

 
Figure 2.  Velocity profile for various values of the magnetic parameter for 
Pr=0.7 and 0.01rθ = −  

 
Figure 3.  Temperature profile for various values of the reference tem-
perature for M=0.4 and Pr=0.7 

While in Fig.3 we depict the temperature profile for 
various values of the reference temperature rθ . The values 
chosen are -0.1, -0.5 and -0.7. While the Prandtl number and 
the magnetic parameters are fixed at 0.7 and 0.4 respectively. 
It is seen that increase in rθ  decreases the temperature 
profile. 

Similarly, in Fig.4 the influence of the magnetic parameter 
is been investigated, the values 0.4, 0.6, and 0.8 where used 
in the computation, while Pr=0.7 and rθ remains at -0.01. It 
observed that as the magnetic parameter increases the tem-
perature profile also increases. 

Lastly, Fig.5 shows the effect of the Prandtl number Pr on 
the temperature profile. The values 0.1, 0.5 and 0.7 were 
used in the computation, while M and rθ  were fixed at 0.4 
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and -0.01 respectively. It is seen that an increase in the 
Prandtl number leads to a decrease in the temperature profile. 

 
Figure 4.  Temperature profile for various values of the magnetic pa-
rameter for Pr=0.71 and 0.01rθ = −  

 

Figure 5.  Temperature profile for various values of the prandtl number, 
for M=0.4 and 0.01rθ = −  

Table 1.  Values Of Skin Friction And Nusselt Number For Various 
Thermo-Physical Parameters 

M rθ  Pr (0)θ ′−  (0)f ′′  

0.4 -0.01 0.7 0.58384588707071 10.691879636256 

0.6 -0.01 0.7 0.557873307805156 9.93868805753758 

0.8 -0.01 0.7 0.533640561299966 9.28716875787033 

0.4 -0.01 0.1 0.267493315915690 10.6189427581833 

0.4 -0.01 0.5 0.497316248674171 10.671604965436 

0.4 -0.05 0.7 0.560452179083298 4.94367238376204 

0.4 -0.07 0.7 0.553674662225051 4.23478193004178 

Table.1 shows the values of the skin friction coefficient 
and heat transfer (Nusselt number) coefficients for various 
values of the thermo-physical parameters. From the table 
that both the skin friction and Nusselt numbers decreases as 

the Magnetic parameters increases, while they increase for 
increase in the Prandtl numbers, it is also observed that in-
crease in the reference temperature leads to a decrease in 
both the skin friction and Nusselt numbers. The relatively 
large values of the skin friction and Nusselt numbers are due 
to the presence of the pressure gradient in plane stagnation 
point flow. Marinet an Tardu[5]. 

5. Conclusions 
The problem of MHD plane stagnation point flow of a 

temperature dependent viscosity fluid has been carefully 
analysed numerically and it is observed that  

1. Increase in the dimensionless reference temperature 
increases the velocity profile; it is also observed that the 
velocity boundary layer thickness as the reference tempera-
ture decreases. 

2. Increase in the magnetic parameter increases the ve-
locity profile decreases. 

3. Increase in rθ  decreases the temperature profile. 
4. In increase in the magnetic parameter increases the 

temperature profile also increases. 
5. An increase in the Prandtl number leads to a decrease in 

the temperature profile. 
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