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Abstract –  

In this paper, the effect of suspended particles and rotation on viscoelastic fluid layer heated from 

below saturating a porous medium in the presence of uniform vertical magnetic field has been studied. 

The dispersion relation was obtained using the normal mode and the problem has been numerically 

analyzed by MATLAB. The effect of medium permeability, magnetic field, suspended particles and 

rotation have been obtained and the effect of suspended particle on the system is very important result. 

The condition of over stability is also obtained. 
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1 Introduction 

In order to study of visco-elastic fluids, the general 

theory of viscoelastic fluid was developed by 

Oldroyd [10]. Beard and Walters [1] investigated 

the viscous elastic boundary layer flow. Sharma 

[11] discussed the thermal convection on visco-

elastic fluid. Kumar and Kumar [7] analyzed the 

dust particles on viscoelastic fluid with thermal 

convection. Singh and Gupta [13] investigated the 

thermal instability of dust particles on viscoelastic 

fluid flow. Choudhary and Das [2] discussed the 

unsteady MHD of visco-elastic fluid flow between 

two parallel plates. 

 

Kumar and Mehta [6] studied the hall effect of 

visco-elastic fluid flow. The theory of micro polar 

fluid and viscous fluid in a vertical channel was 

introduced Kumar et al. [5]. Wooding [14] 

investigated the Rayleigh instability in a porous 

medium. Kumar and Mohan [4] analyzed the hall 

effect of oldroydian viscoelastic fluid in porous 

medium. Khanduri and Sharma [12] discussed the 

entropy analysis for MHD flow with thermal 

conductivity. Khan and Sasmal [3] studied the 

electro-elastic instability of visco-elastic fluid in a 

porous medium. Moatimid et al. [9] analyzed the 

instability of two viscoelastic fluid flow with heat 

transfer. 

 

In view of the above discussion, application of the 

viscoelastic fluid in geophysics, film lubrication, 

chemical technology and industry. In this paper, I 

attempt to study the instability of suspended 

particles on visco-elastic rotating fluid flow with 

thermal convection. To the best of my knowledge, 

Darcy’s generalized model has not yet been used to 

study this problem.  

 

2 Mathematical Formulation 

A horizontal, infinite and incompressible 

viscoelastic fluid layer of thickness d is assumed. 

The lower boundary at 0z   and upper boundary 

at z d  are continued at constant but variable 

temperatures 0T  and 
1T  such that a study adverse 

temperature gradient
dT

dz
   has been

maintained. The uniform vertical magnetic field, 

rotation  0,0,    and gravity 

 0,0,g g   are applied along z-axis. 

 

 

 

 

The equation of continuity and motion are 
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where,  P  – Pressure,   – Fluid density, 
0 – 

Reference density,   - Viscosity, '  - 

Viscoelasticity, q – Velocity,  ,dq x t   Velocity 

of suspended particles, 
e  Magnetic 

permeability, ˆ
ze  Unit vector in z-direction, t – 

time,  ,N x t   Number density of suspended 

particles,  , ,x x y z  and 6 ,K r  r - being the 

particle radius, is the stokes drag coefficient. 
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The equation of energy, Maxwell’s equation and 

basic’s state are 

   0 0
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. 0H                        (2.5) 

 0 1 aT T                  (2.6) 

where, vC    Specific heat at constant volume, 

 0,0, zH H , zH   Constant, sC   Specific 

heat of solid (Porous Material Matrix), PtC   

Specific heat of suspended particles,    

Magnetic viscosity, s   Density of solid matrix, 

T – Temperature,   Thermal conductivity,    

Coefficient of thermal expansion, aT   Average 

temperature is given by 
 0 1

2
a

T T
T


 . 

The equations of motion and continuity for the 

particles are 
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where, mN   Mass of suspended particles pre unit 

volume,  dKN q q   Extra body force per unit 

volume. 

3 Basic State of Problem 

The basic state is 

    0,0,0 , (0,0, ), 0,0,0 ,z d dq q H H q q  

 z   and  P P z  

Using this condition, equations (2.1) to (2.8), 

becomes 

0b
b

dP
g

dz
                      (3.1) 

  ,a bT z T T z     where 
 1 0T T

d



  (3.2) 

0 0b z                        (3.3) 

4 Linearize Perturbation Equations 

Now, linearize the equation of (2.1) to (2.8), we 

have 
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Converting equation (4.1) to (4.6) by the following 

transformation ' *,Tk
q q

d
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5 Boundary Condition 

The boundary condition is  

2

2
0, 0 0 .

d W
W at z and z d

dz
       (5.1) 

6 Dispersion Relation 

Taking curl on both side equation (4.8), we have 
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  ˆ
z zm h e  and ,zh h

ˆ
ze  is the z-component of vorticity. 

Again, applying curl on both sides of equation (6.1) 

and (4.10), taking z-component on both side, we 

have  

   

2 2

1

2 2

1

1 1
1

2
(6.2)z z

f
F L W

t K t t

L R D QD h 

     
       

       

 
       

         

2z r
r z z

m

m P
P D m

t P


 
   


           (6.3) 

Taking z-component on the both side of equation 

(6.1), (4.9) and (4.10), we have 
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Now, the boundary condition (5.1) becomes 
2
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Normal Mode Analysis 
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Applying above normal mode of the equation (6.2) 

to (6.6), we have 

 

     

   
 

2 2

1

2

2 2

2 2

1
1 1

2

1

f
F D a

K

Ra DX
D a W

QD D a B


  



  
       

   

 
       
   

                            

(6.8)      

     

 

2 2

1

1
1 1

2
1 (6.9)

f
F D a X

K

DW QDM


  



  
       

   

 
     

 

     2 2 1 1r r TE P D a W h W         
 

(6.10) 

 2 2r
r

m

P
P D a M DX

P


 
    
 

     (6.11) 

 2 2r
r

m

P
P D a B DW

P


 
    
 

     (6.12) 

where 
r ri    is the stability parameter and 

2 2 2

x ya k k  is the wave number. 
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Now, the boundary condition becomes 
2 0 , 0

0 1 (6.13)

W D W X DX M DM

at z to z

       

 
       

2 0 0 1,nD W at z to z    0n  . 

 

The proper solution of equation (6.13) 

0 sin ,W W z  0W  - Constant. 

Eliminating , Band X from equation (6.8) to (6.12), putting the value of
2 2W and b a  , we have 
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7 Stationary Convection 

Putting 0   in equation (6.14), we have 
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Neglecting the magnetic field, suspended particles and rotation, we have 

2

2

1

1b
R b

a K

 
  

 
                                                                (7.2) 

Again, we take non-porous medium  1K   then equation (7.2), reduce 

3

2

b
R

a
  

It is derived by G. Lebon and C. Perez-Garcia. 

 

Now discuss the behavior of medium permeability, magnetic field, suspended particles, rotation, and find the 

nature of 
1

, ,
T

dR dR dR dR
and

dK dQ dh d
respectively. 
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Now, ignoring the magnetic field, suspended particles and rotation, we have 
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Thus, the effect of medium permeability is destabilizing and is the same destabilizing effect when the magnetic 

field, suspended particles and rotation are neglected. 
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It is clear that the magnetic field has stabilizing effect. 
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0
T
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Thus, the suspended particles have destabilizing effect. 
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Now, we can say that the rotation has stabilizing effect. 

 

8 Oscillatory convection 

Substituting ii   in equation (6.14), we get real and imaginary parts, eliminating R between them, we have 

12 10 8 6 4 2

0 1 2 3 4 5 6 0i i i i i if f f f f f f             
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Putting
2

is  , we have  

6 5 4 3 2

0 1 2 3 4 5 6 0f s f s f s f s f s f s f                                       (8.1) 

where ,   
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From equation (8.1), we see that 2

is   is always 

positive, so the sum of roots of equation (8.1) is 

positive but this is impossible if 0 0f   and 

1 0f  , sum of roots of equation (8.1) is 1
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Thus, 0 0f   and 1 0f   are the sufficient 

condition for the non-existence of over stability. 
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9 Numerical Computation 

 

In this section, we discussed the plotted variation 

of Rayleigh number R with 
1,K  ,Q  Th  and   

from equation (7.1). 

 

 
Figure 9.1 

 

 
Figure 9.2 

 

 

 
Figure 9.3 
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Figure 9.4 

 

Figure 9.1, 9.2 and 9.3 shows the plots of Rayleigh 

number R versus medium permeability 
1K  i.e. 

medium permeability increase then Rayleigh 

decreasnumber fieldmagneticwithe

 100,200,300Q  , numberwave

 0.5,1.0,1.5a   particlessuspendedand

 1,2,3Th  when 2,rP   10,  0.5  and  

4rP  . Now, neglecting the magnetic field, 

suspended particles and rotation in Figure 10.4, the 

mediumwhendecreasenumberRayleigh

permeability increase. 

It is clear that, the effect of medium permeability is 

destabilizing. In the absence of magnetic field, 

suspended particles and rotation, the effect of 

medium permeability is always destabilizing. 

 

 

 
Figure 9.5 

 
Figure 9.6 

 

Figure 9.5 and 9.6, represent the plot of Rayleigh 

number R versus magnetic field Q i.e. magnetic 

field increase then Rayleigh number increase with 

the wave number  0.5,1.0,1.5a   and 

suspended particles  1, 2,3Th  when 2,rP   

10,  0.5  and  4rP  . Thus, we can say 

that the effect of magnetic field is stabilizing. 

 

 

 
Figure 9.7 

 

 
Figure 9.8 
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Figure 9.7 and 9.8, plot between Rayleigh number 

R and suspended particles Th   i.e. suspended 

particles increase then Rayleigh number decrease 

with magnetic field  100,200,300Q   and wave 

number  0.5,1.0,1.5a   when 2,rP   10,  

0.5  and 4rP  . Hence, the effect of 

suspended particles destabilizing. 

 

 
Figure 9.9 

 

 
Figure 9.10 

 

Figure 9.9 and 9.10, shows the variation of 

Rayleigh number R versus rotation   i.e. rotation 

increase then Rayleigh number increase with 

magnetic field  100,200,300Q  , and 

suspended particles  1,2,3Th   when 2,rP   

0.5  and 4rP  . 

 

10 Conclusions 

According to sign of the derivatives and 

numerically discussion, I found that the effect of 

medium permeability and suspended particles are 

destabilizing. The effect of medium permeability is 

always destabilizing in the absence of magnetic 

field, suspended particles and rotation. The effect 

of magnetic field and rotation are stabilizing. 

Among them the most important result that the 

effect of suspended particles destabilize on the 

system. 
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It is sufficient condition for the non-existence of 

over stability. 
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