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Abstract 
 
We present an analytical study of unsteady non-linear rheological effects of a 

power-law fluid under gravity. The fluid flows through a porous medium. The 
governing equations are derived and similarity solutions are determined.  The results 
show the existence of traveling waves.  It is assumed that the viscosity is temperature 
dependent. We investigate the effects of velocity on the temperature field. We investigate 
the power-law viscosity index, the Darcy parameter on the temperature profiles and the 
results were discussed. 
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1.0 Introduction 
A particular difficulty of the flow in porous media is that it arises, often in subtly different forms, in several separate 

fields of natural science and in large number of branches of technology. The categories are far from clear-cut,but and 
enumeration must include fluid mechanics surface and colloid physical chemistry, physiology, rheology, soil physics, 
hydrology, soil mechanics, agricultural engineering, petroleum engine and chemical engine. Some scientists have studied 
gravity flows of a power-law fluid through a porous  medium.  These include, [1] investigated the effect of permeability on 
the temperature rise in a reacting porous medium. Cortell [5] presented a paper on unsteady gravity flows of a power-law 
fluid through a porous medium. Olajuwon and Ayeni [2] presented a note on the flow of a power-law fluid with memory past 
an infinite plate. Pascal and Pascal [3] also studied similarity solution to some gravity flows of non- Newtonian fluids 
through a porous media. Zueco [4] investigated the numerical solutions for unsteady rotating high-porosity medium. 

 
2.0.    Mathematical Formulation 

The governing equations for the Mathematical formulation are continuity and momentum equation. Considering a two 
dimensional flow in the x – z plane where the free surface is a streamline at a point on the surface, we expressed the flow by a 
modified Darcy’s law. 

V=

1
1 n

n
n

ef

k h h

s s

ρ
µ

−

  ∂ ∂
  ∂ ∂

                                                                                    (2.1) 

Where S is measured along the streamline, since z = h on the free surface. The rheological parameter n is the power-law 
exponent which represents shear-thinning (i.e.n<1) and shear-thickening (i.e. n>1) fluids. k is the permeability, ρ  is the 

density and efµ  is the effective viscosity.  
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For small gradients which converts the problem into a one – dimensional problem. This approximation permits to 

assume a horizontal flow with ( ),h h x t= (t being the time) and equation (2.1) becomes 
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Whereas for radial axisymmetric flow 
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Substituting equation (2.3) into the continuity equations we obtain  
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                                                                 (2.4) 

Where Φ  being the porosity 

By cylindrical coordinate we obtain                                                                                     
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  (Momentum)                           
Defining new variables  

Let h  (R, t) = tα f ( ) ; Rtβη η =    

Where η is a function of Rand t using similarity variable 

We obtain  
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3.0.      Methods of Solution 
From equation (2.7) when 1

2n =    
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( ) 210 βηαηη ++=f                                                                       (3.2)   

( ) 100 =f                                                                                                                (3.3)            

( ) 3.00 −=′f                                                                                                          (3.4)                                                                                                                             

( ) 21 =f                                                                                                                  (3.5)                                                                                     
We obtain 

( ) ηηη 7.73.010 +−=f                                                                                    (3.6)  
From equation (3.3) together with the boundary conditions 

 
Journal of the Nigerian Association of Mathematical Physics Volume 19 (November, 2011), 223 – 225       



225 

 

Analytical Solution of Unsteady Gravity Flows of…    Peter and  Ayeni     J of NAMP 
( ) 100 =f                                                                                                              (3.7) 

( ) 21 =f                                                                                                                  (3.8) 

  ( ) 3.00 −=′f                                                                                                        (3.9) 
 We obtain 

( ) 27.83.010 ηηη +−=f                                                                                   (3.10) 

 From equation (2.7) let   2a → ∞  

By using similarity variable we obtain 
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 From equation (2.7) assume  2 0a =  

  By using similarity variable we obtain 
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   4.0 Results 
The analytical solutions of equation (3.6), (3.10) and (3.11) were provided for various values of parameter α   and  .n                         

                                            

Fig4.1: Graph of the velocity function f against the similarity variable η   

whenα  = -0.3,β  = -7.7 and n= ½. 

                             
 Fig4.2: Graph of the velocity function f against the similarity variable η  whenα  = -0.3, β = -8.7 and n= ½. 
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Fig 4.3: Graph of the velocity function f against the similarity variable η   whenα  =½ and n= ½. 

                        

                               
                                      

Fig 4.4: Graph of the velocity function f against the similarity variable η   whenα  =1½ and n= ½. 

                                                     

                               z 
Fig 4.5: Graph of the velocity function f against the similarity variable η  whenα  =2 and n= ½. 
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Fig 4.6: Graph of the velocity function f against the similarity variable η   whenα  =-1 and n= ½. 

                               
Fig 4.7: Graph of the velocity function f against the similarity variable η  whenα  =1 and n= ½. 

                                    
Fig 4.8: Graph of the velocity function f against the similarity variable η   whenα  =-1½ and n= ½.    

                            
Fig 4.9: Graph of the velocity function f against the similarity variable η  whenα  =-2 and n= ½. 
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Fig 4.10 : Graph of the velocity function  f  against the similarity variable η whenα  =1/10 and n= ½. 

5.0   Discussion/Conclusion 
We proposed suitable expression for unsteady gravityflows of a power-law fluid through a porous medium. The unsteady 

profile and the velocity profile were studied for various values of α  and power-law viscosity index n are emphasized on the 
flow behaviour. The fluid is Pseudo-plastic for n<1.We plot the graph of velocity function f against the similarity variableη . 

It is seen from figs 4.1-4.2 that the effect of the power-law index n is to decrease the flow characteristics. It is seen from figs 
4.3-4.5that the effect of the power-law index n is to increase the flow characteristics. On the other hand, from analytical 
calculations we also see that the parameter n affects both the flow characteristics and the accuracy of the approximate 
solutions significantly. 
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