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Abstract 
An analysis is performed to study the effect of 
variable viscosity on the steady free 
convection flow of a laminar incompressible 
viscous fluid near the stagnation point region 
of a three-dimensional body.  The system of 
coupled non-linear partial differential 
equations governing the semi-similar flow is 
solved numerically using an implicit finite 
difference scheme along with 
quasilinearization technique. It is found that, 
the results pertaining to variable fluid 
properties differ significantly, from those of 
constant fluid properties. Further, it is 
observed that the temperature difference 
between the wall and the fluid has a 
pronounced effect on heat transfer. 
Keywords: Heat transfer, Natural 
Convection, Skin friction, Three dimensional 
stagnation point, Variable viscosity.  
 

1. INTRODUCTION 
The thermo physical properties of fluid often 
vary significantly with temperature under the 
circumstances where large or moderate 
temperature gradient exists across the fluid 
medium. Due to the increase of temperature, 
molecular interchange, attractive and cohesive 
forces between the molecules contribute to the 
viscous shear stress in liquids, causing reduction 
in the viscosity across the momentum boundary 
layer, leading to a local increase in the transport 
phenomena. On the other hand, the effect of 
variation of temperature on the density of liquids 

(such as water) is generally considered 
insignificant in the fluid flow. The specific heat 
changes due to temperature variations are usually 
not important, except where large pressure 
changes are involved. In the flow of water at 
moderate temperatures, where there is no phase 
change, the latent heat effects can be neglected. 
Different studies have [1] – [3] been reported 
with variable viscosity and Prandtl number for 
two-dimensional and axisymmetric bodies. 
 The stagnation point flows are classic 
problems in the field of fluid dynamics. The 
problem of flow and heat transfer at a general 
three-dimensional stagnation point region has 
important applications in many manufacturing 
processes in petrochemical industries, the 
aerodynamic of plastic sheet, solar central 
recievers exposed to wind currents etc. The 
boundary layer flows near a three-dimensional 
stagnation point of attachment on an isothermal 
surface has been examined several times in the 
past. Poots [4] formulated the boundary-layer 
equations for the free convection flow at three-
dimensional lower stagnation point on a general 
curved isothermal surface. Banks [5] concluded 
that the three-dimensional solution can be 
exhibited at a two-dimensional stagnation point 
for a Prandtl number Pr = 0.72. Sharidan et.al [6] 
have investigated the steady free convection 
boundary layer flow in the region of the 
stagnation point of a three-dimensional body.  
The aim of the present investigation is to study 
the effect of variations of viscosity with 
temperature on the steady free convection 
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boundary layer flow at a three dimensional 
stagnation point. The fluid considered here is 
water              ( 0.7Pr  ) as it is one of the most 
common working fluids differential equations 
governing the semi-similar flow have been 
solved with the help of an implicit finite 
difference   

 
2. PROBLEM ANALYSIS 

Consider the steady free convection flow near 
the stagnation point of a three-dimensional body 
placed in a viscous fluid [See Fig.1]. The 
temperature of the surface of the body wT  is 
uniform and higher than the free stream 
temperature T  . TTw  The fluid is assumed to 
flow with moderate velocities, and the 
temperature difference between the wall and the 
free stream is small    ( C040 ) . In the range of 
temperature considered   (i.e., C0400 ), the 
variation of both density (ρ) and specific heat 
(cp), of water, with temperature is less than 1% 
(see Table I) and hence they are taken as 
constants. However, since the thermal 
conductivity (k) and viscosity (μ) variation with 
temperature is quite significant, the viscosity is 
assumed to vary as an inverse linear function of 
temperature:                                                   
    

)(
1

21 Tbb 
                                          (1) 

 
Where 41.531 b and 43.22 b . The numerical 
data for the above relation is taken from 
Vargaftik [7].  
 

 
 
 
 
 
  
 
 
 
 
 

Fig. 1: Physical model and co-ordinate system 
 
 
 
 
 
 
 

TABLE I: Values of thermophysical 
properties of water at different temperatures 

[7] 

 
 As the fluid is incompressible, the contribution 
of heating due to compression is very small and 
it has been neglected. It is assumed that the 
injected fluid posses the same physical properties 
as the boundary layer fluid.  Under these 
assumptions, the boundary layer equations 
governing steady free convection flow are: 
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to Eqns. (2)-(5), we see that the continuity 
equation (2) is identically satisfied and the Eqns 
(3) - (5) reduce, respectively, to 
    0'' 2  GFFcsfNF                                 (8)    
    0''' 2  GcSScsfNS                               (9) 

0')(Pr  GcsfG                                    (10) 
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It may be noted that, for constant fluid properties, 
where 1N , Eqns. (8) - (10) reduce to the 
following set of equations: 
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0)(Pr  GcsfG                                         (15)     
Which are exactly same as those of Banks [5].  
 
The physical quantities of practical interest in 
this problem are skin friction and heat transfer 
coefficients, and they are defined in the form of 
local Nusselt number as:  
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3. RESULTS AND DISCUSSION 

The set of partial differential equations (8)-(10) 
governing the semi-similar flow subject to the 
boundary conditions (12) have been solved 
numerically using implicit finite difference 
scheme along with quasilinearisation technique.  
For the sake of brevity, the numerical method 
used is not presented here as it is described in 
detail in [8]. Numerical calculations are carried 
out for skin friction coefficients and velocity 
profile in x- and y-directions, heat transfer 
coefficient and temperature profile, to see effect 
of variable viscosity with temperature for the 
viscous fluid water   (Pr = 7.0). Further, as most 
shapes of practical interest lie between cylinder

 0c  and sphere  1c , we confine our 
computations in the range of ''c where, .10  c  
In order to assess the accuracy of the present 
method, the skin friction and heat transfer 
coefficients for constant fluid properties (i.e., 

1N ) have been compared with those of Banks 
[5] and Sharidan [6] and they are found to be in 
excellent agreement [See Table II] 
  
The variation of skin friction coefficients   and 
heat transfer                                           coefficient 
[ 4/14/34/3 )(,)(,)(  GrNuGrCGrC xfyfx ]                      with 
the constant ''c  are presented in Fig. 2. It is 
observed that as c  increases )10(  c , 

4/3)( GrC fx decreases whereas 4/3)( GrC fy  and 
4/1)( GrNu increases. Further, it is found that the 

effect of variable viscosity is to increase both 
skin friction coefficients and heat transfer 
coefficients. In fact, the percentage of difference 
between constant and variable fluid properties in 
the case of 4/3)( GrC fx  and 4/3)( GrC fy  are 
respectively, 7.06% and 3.68% and in the case of 

4/1)( GrNux  is about 19.66% at 5.0c . 
 

TABLE II: Comparision of constant fluid 
property ( 1N ) results  with those of Banks 

[5] and Sharidan et. al [6] 
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Fig. 2. Comparison of variable viscosity (μ) 
with constant viscosity for various values of 

‘c’ (a) skin friction and 
(b) heat transfer coefficients 

 
The velocity profiles in x- (F) and y- direction (S) 
and the temperature profile (G) for constant and 
variable viscosity when 5.0c  are shown in 
Fig.3. It is observed that the effect of variable 
viscosity increases both the velocities (F) and (S) 
near the wall which results in the reduction of 
momentum boundary layer thickness.  On the 
other hand, the effect of variable viscosity 
decreases the temperature profiles (G) as a result 
there is a reduction in the thermal boundary layer 
thickness. The changes in velocity profile (F) 
reveal the typical velocity profiles for natural 
convection boundary layer flow, i.e., the velocity 
is zero at the boundary wall then the velocity 
increases to the peak values and finally the 
velocity approaches to zero (the asymptotic 
value) [Fig.3(a)]. The changes in temperature 
profile (G) also shows the typical temperature 
profile for natural convection boundary layer 
flow  as explained above when 5.0c  and 

0.7Pr    [Fig.3(b)].        

           

     
 

Fig. 3. (a) Velocity and (b) temperature 
profiles for the comparison of variable 

viscosity (μ) and constant viscosity. 
 
To see the effect of the difference in the 
temperature )( wT  between the wall and the 
fluid, which actually causes the variation of 
viscosity across the boundary layer  ( 0 wT

effectively means constant viscosity), the skin 
friction [ 4/34/3 )(,)(  GrCGrC fyfx ] and heat 
transfer coefficients   [ 4/1)( GrNu ] have been 
plotted against [Fig. 4(a)]. Since CT 07.18 , the 
maximum value of wT taken is C020 so as to 
keep the temperature within the allowed value (

C040 ) . It is clear from the figure that both [
4/3)( GrC fx , 4/3)( GrC fy ]and 4/1)( GrNu increases 

with the increases of wT . Further, when ''c  
increases in the range 10  c  (i.e., for different 
shapes) 4/3)( GrC fy  and 4/1)( GrNu  increases 
whereas 4/3)( GrC fx decreases. To be more 
specific, the percentage of increase in 4/3)( GrC fy  
and 4/1)( GrNu  is about 31% and 11.8%, 
respectively, when  ''c  varies from 0.0 to 0.5, 
whereas the percentage of decrease in 

4/3)( GrC fx  is about 2.6% at 0.10 wT . As a 
result there is a reduction in the momentum 
boundary layer thickness along y- axis and 
increase in the momentum boundary layer 
thickness along x-axis, while the thermal 
boundary layer thickness is reduced as ''c  
increases. 
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Fig. 4. Variation of (a) skin friction and heat transfer coefficients with 

wT  (b) velocity and 

temperature profiles 

 
4. CONCLUSIONS 

Under the influence of variable viscosity, the 
steady free convection laminar boundary layer 
flow at a three dimensional stagnation point 
has been investigated. From the present 
analysis, the following observations are noted: 

 The effect of ''c  is to increase the skin 
friction coefficient along y -axis and 
heat transfer coefficient whereas its 
effect is to decrease the skin friction 
coefficient along x -axis. 

 Variable viscosity increases both skin 
friction and heat transfer coefficients 
which results in the increase of 

momentum and thermal boundary 
layer thickness 

 The temperature difference between 
the wall and the fluid has significant 
effect on both skin friction and heat 
transfer coefficients. 
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