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ABSTRACT 
 
 The goal of the present paper is to study the effect of porous media on the steady flow over a rotating disk 
with heat transfer. In this study the governing equations are transformed into nonlinear ordinary differential 
equations by applying the Von Karman similarity transformation. The resulting equations are then solved 
numerically by the finite difference method. Numerical and graphical results for the velocity and temperature 
profiles are presented and discussed for various parametric conditions. Comparisons with previously published 
works are performed and the results are found to be an excellent agreement. 
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Introduction 
 
 The fluid flow due to an infinite rotating disk was first considered by Von Karman in1921. He introduced 
the similarity transformations which reduced the governing partial differential equations to ordinary differential 
equations. Cochran, 1943 obtained asymptotic solutions for the steady problem formulated by Von Karman and 
Benton, 1966 solved the unsteady state of this problem. Millsapset et. al., 1952 considered heat transfer from a 
rotating disk maintained at a constant temperature for different values of Prandtl number in the steady state. 
Attia (1998, 2002) studied the influence of an external uniform magnetic field on the flow. 
 Due to a rotating disk. The effect of uniform suction or injection through a rotating porous disk on the 
steady hydrodynamic or hydromagnetic flow induced by the disk was investigated (Kuiken, 1971; Ockendon, 
1972; Stuart, 1954). Attia (2009) studied the steady flow over a rotating disk in porous media with heat transfer. 
Shahmohamadi et. al., 2011 presented totally analytical solutions for steady flow over a rotating disk in porous 
media with heat transfer using the combination of the variational iteration method and the Pad ́  approximant 
(VIM-Pad ́). 
 In the present work, the solution for the steady flow over a rotating disk on porous media with heat transfer 
is studied. Moreover, comparisons between the present results and the previously work are given. The present 
results have high accuracy and are found to be in excellent agreement. The rest of this work has been organized 
as follows; in Section 2 the full governing equations representing the flow motion are presented in cylindrical 
coordinates and they have been transformed into the system of nonlinear ordinary differential equation by 
applying the Von Karman similarity transformation. The goal of Section 3 is to present a numerical solution to 
the system resulted by applying the finite difference approximations. Results and discussion have been 
discussed in Section 4 and finally the conclusions are summarized in Section 5.  It is showed that the present 
results have high accuracy and are found to be an excellent agreement. 
 
Mathematical Formulation of the Problem: 
 
 The disk set in the plane z = 0 and the space z > 0 is equipped by a viscous incompressible fluid. An 
insulated infinite disk rotates about an axis perpendicular to its plane with constant angular speed through a 
porous media where the Darcy model is assumed (Khaled and Vafai, 2003). Otherwise the rest fluid is under 
pressure ∞ as shown in Figure (1). 
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Fig. 1: Schematic diagram of the problem under investigation and the co-ordinate system employed. 
 
 The equations of steady motion are given by (Attia, 2009): 

 
∂
∂ 0                (1) 

,                                                                                (2)  

,                                                                                           (3) 

,                                                                                             (4)  

                                                                                                            (5)  

 Where ,  and  are velocity components in the directions of ,  and , respectively.  is the pressure, 
 is the coefficient of viscosity,  is the density of the fluid, K is the Darcy permeability,  is the thermal 

conductivity of the fluid, 
 
 is the kinematic viscosity of the ambient fluid,  is the specific heat at constant 

pressure and  is the temperature of the fluid. 
The Von Karman similarity transformation are given by (Von Karman, 1921). 
 

Ω , Ω , Ω , Δ ∞, Ω ∞ 

 Where   is a non-dimensional boundary layer thickness which is measured along the axis of rotation, Δ  
= ∞,     the temperature of the surface of the disk; ∞  the temperature at large distances from the 

disk, , , , and  are non-dimensional functions in terms ofvertical coordinate . From these definitions the 
Eqs. (1 5) are transformed into the following nonlinear ordinary differential equations: 

 
′  2 0,                                                                                                                                                                           6  

  
′′ ′ 0,                                                                                                                                         7  

 
′′ ′ 2 0,                                                                                                                                               8  

 
′′ ′ ′ 0,                                                                                                                                                  9  

 
1 ′′

′ 0,                                                                                                                                                                 10  

 

 Where 
Ω

is the porosity parameter, =  is the Prandtl number and the non-dimensional variable  

 introduced as follows: 
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∞

∞
                                                                                                                                                                          11  

 
 The boundary conditions are as follows: 
 

0 0, 0 1, 0 0, 0 1,                                                                                                                     12  
 
∞ 0, ∞ 1, ∞ 0, ∞ 0,                                                                                                               13  

 
 Eq. (12) indicates the no-slip condition of viscous flow on the disk. Far from the surface of the disk, all 
fluid velocities must vanish aside the induced axial component as indicated in Eq. (13) Attia, (2009). Eq. (9) can 
be used to compute the pressure distribution. 
 
Numerical Technique: 
 
 The system of nonlinear differential equations (6-10) is solved under the boundary conditions which are 
given by Eqs. (12-13) for the three components of the flow velocity and temperature distribution by applying the 
finite difference method in the infinite domain 0 ∞. It should be noted that  is uncoupled and we can 
solve the first three non-linear ordinary differential Eqs. (6-8) for ,  and  and then solve for  from the 
fourth equations.Computations are carried out for ∞ = 10. The independence of the results from the length of 
the finite domain and the grid density was ensured and successfully checked by the previously published work. 

The finite difference scheme for Eqs. (6-10) is given as follows, respectively: 

 
 Δ ,                                                                                                                                               14  

 
 Where  Δ       1. 
 

2 2
 

∆
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2
  0                                                                         15      

 
 Where ,  , ,  , and   are constants. 
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 Eq. (17) can be computed by direct substituting from solution of Eqs. (6  8). 
 

1
2 

1
2

1
0.                                                                             18  

 
Results and Discussion 
 
 Figures (2-4) present the variation of the profiles of the velocity components ,  and , respectively, for 
various values of the porosity parameter  and  = 1. These figures show that, increasing the porosity 
parameter  decreases , ,  and the thickness of the boundary layer. In addition, Figure (5) present the 
influence of the porosity parameter  in increasing the temperature  as a result of the effect of the porosity in 
preventing the fluid at near ambient temperature from reaching the surface of the disk. Consequently, 
increasing  increases the temperature as well as the thermal boundary layer thickness. The absence of fluid at 
near ambient temperature close to the surface increases the heat transfer. Moreover, Figures (6-8) show that the 
variation of the profile for various values of the  when the porosity parameter  is constant. From these 
figures, one can deduce that increasing   decreases the temperature . This is in agreement with the physical 



1488 
J. Appl. Sci. Res., 7(11): 1485-1491, 2011 

 

 

fact that the thermal boundary layer thickness decreases with increasing . Furthermore, Figure (9) at M=0 
shows that the effect of the porosity parameter on the profile of  in White (1991) and the present results. It 
should be noted that the comparisons with previously published works are performed and showed that the 
present results apply with White's results (White, 1991) as shown in Table (1). Consequently the present results 
have high accuracy and are found to be in excellent agreement. Tables (2-5) present the variation of the radial 
and tangential skin friction ′, ′and the heat transfer parameter ′ at different values of the porosity parameter 
M and Prandtl number . It is observed from Table (2) that the radial and tangential skin friction decrease as  

increases. Finally, the effect of Prandtl number  on the heat transfer parameter ′ is presented in Tables (3-
5). The values of ′ decrease as Prandtl number   increases. 
 
 

 
 
Fig. 2: Effect of the porosity parameter  on the profile of    0, 0.5  1. 

 
 

 
 
Fig. 3: Effect of the porosity parameter  on the profile of    0, 0.5  1. 
 

 
 

Fig. 4: Effect of the porosity parameter  on the profile of     0,0.5  1. 
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Fig. 5: Effect of the porosity parameter  on the profile of     1   0, 0.5  1. 
 

 
 
Fig. 6: Effect of the parameter  on the profile of   0  0.71, 1   7.03.   

 

 
 
Fig. 7: Effect of the parameter  on the profile of   0.5  0.71, 1  7.03. 
 

 
 
Fig. 8: Effect of the parameter  on the profile of    1  0.71, 1  7.03. 
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Fig. 9: Effect of the porosity parameter  on the profile of . 
 
Table 1: Comparison between the present results and White’s results (White, 1991). 

White 's results [16] The present results 

0 0 1 0 0 0 1 0 0 
0.3955 0.2655 0.4766 0.1801 0.395516 0.265456 0.476624 0.180135 1 
0.4019 0.5732 0.2034 0.1188 0.401867 0.573111 0.203319 0.118799 2 
0.3938 0.7452 0.0845 0.0581 0.393690 0.745020 0.084451 0.058038 3 
0.3914 0.8249 0.0349 0.0256 0.391287 0.824645 0.034831 0.025562 4 
0.3910 0.8594 0.0144 0.0108 0.390653 0.858963 0.014287 0.010772 5 

 
 
Table 2: The variation of  0 , 0   0  at 1  0, 0.5   1. 

  0 0 0  
0 1 0.5102168 0.6159215 0.3963530 

0.5 1 03851258 0.8487270 0.2863577 
1 1 0.3092393 1.0690808 0.2109274 

 
 
Table 3: The variation of  0 , 0    0 at 0   0.71, 1  7.03.  

  0 0 0  
0 0.71 0.5102168 0.6159215 0.3267963 
0 1 0.5102168 0.6159215 0.3963230 
0 7.03 0.5102168 0.6159215 0.9835431 

 
Table 4: The variation of  0 , 0   – 0 at  0 .5   0.71, 1  7.03.  

  0 0 0  
0.5 071 0.3851344 0.8487492 0.2334965 
0.5 1 0.3851344 0.8487492 0.2863604 
0.5 7.03 0.3851344 0.8487492 0.8138912 

 
Table 5: The variation of  0 , 0    – 0 at  1   0.71, 1  7.03.  

  0 0 0  
1 071 0.3092936 1.0690844 0.1770427 
1 1 0.3092936 1.0690844 0.2109869 
1 7.03 0.3092936 1.0690844 0.6700097 

 
 Conclusion: 
 In this paper the steady flow induced by a rotating disk with heat transfer in a porous medium is studied. 
Numerical and graphical results for the velocity and temperature profiles are presented and discussed for various 
parametric conditions. Moreover, The results indicate that the restraining effect of the porosity on the flow 
velocities and the thickness of the boundary layer. Furthermore, Comparisons with previously published works 
are performed and showed that the present results have high accuracy and are found to be in excellent 
agreement. In particular, results for porosity parameter and Prandtl number are summarized in the next two 
paragraphs. 
 
 It has been found the porosity parameter  varies: 
 
 inversely with the three components of velocity ,  and , 
 directly with the temperature , and 
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 inversely with the variation of the radial and tangential skin friction ′ 0 , ′ 0  and directly with the heat 
transfer parameter ′ 0 . 

 
 For the Prandtl number , it has been showed that it: 
 
 has no effect on the three components of velocity ,  and , 
 has no effect on the variation of the radial and tangential skin friction ′ 0  and ′ 0 , and 
 varies inversely with the temperature  and the heat transfer parameter ′ 0 . 
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