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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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Instability of Suspended Particles on Visco-Elastic Rotating Fluid Flow with Thermal Convection

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
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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, |
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 z =0 and upper boundary
at z=d are continued at constant but variable

temperatures T, and T, such that a study adverse

dT

temperature  gradient ﬂ:d— has been
z

maintained. The uniform vertical magnetic field,

entropy analysis for MHD flow with thermal rotation Q:(QO,Q) and gravity
conductivity. Khan and Sasmal [3] studied the ] ]
electro-elastic instability of visco-elastic fluid in a g =(0,0,—g) are applied along z-axis.
porous medium. Moatimid et al. [9] analyzed the
vieco- | ew0ole
ot S S H{D-DH: o _
The equation of continuity and motion are Reference density, x - Viscosity, u' -
V= Viscoelasticity, G Velocity, G (x,t)— Velocity
od (82.1) of suspended particles, 4, —  Magnetic
1
{ q }Z—VP——(/J+/J atjq permeability, €, — Unit vector in z-direction, t —
S
time, N(x,t)— Number density of suspended
+uV2G — pgé, + 2 2P (qu)+ﬂ(q -q) . .
e * particles, X(X,y,z) and K =67zur, r- being the
+&(V y H)x H (2.2) particle radius, is the stokes drag coefficient.
4
where, P — Pressure, p — Fluid density, p,—
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The equation of energy, Maxwell’s equation and
basic’s state are

oT "
[e p.C, +(1- E)IDSCS:IE +p,C, (G.V)T

+mNC,, (e%+(]d .VT) =7V (23
JOH o (s 2
S Vx(GxH)+envH (2.4)
V.H=0 (2.5)
p=po[1-a(T-T,)] (2.6)

where, C, — Specific heat at constant volume,
H=(0,0,H,), H,— Constant, C,— Specific
heat of solid (Porous Material Matrix), C,, —
Specific heat of suspended particles, 77—
Magnetic viscosity, p, — Density of solid matrix,
T — Temperature, y —Thermal conductivity, a —
Coefficient of thermal expansion, T, — Average

(To+T,)

temperature is given by T, = >

The equations of motion and continuity for the
particles are

mN {%J(qd.v)qd}:m(q—qd) @2.7)

S

e%§+v(Nq):o 2.8)

where, mN — Mass of suspended particles pre unit
volume, KN(q—-d,)— Extra body force per unit
volume.

3 Basic State of Problem
The basic state is
q:d(0,0,0) _(OOH)qd_( )(000)

p=p(z)and P=P(z)
Using this condition, equations (2.1) to (2.8),
becomes

dP
_Zb +p,9=0 (3.1)
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T =—pz+T,=T,(z), where g= (Td ) 32)

Py = Po+afzp, (3.3)

4 Linearize Perturbation Equations
Now, linearize the equation of (2.1) to (2.8), we
have

V.g'=0 4.1)
P, 05" , 1( a}
L[ 2| _yp2
{e&t} { kl‘””atq
L[,LNZGHL 0,209 + (q xQ)}

2T (v ) } MmN, 80" 4 9)
e ot

06
LIE+h, € L|k V20 + +
[E+hy ]at L[k:V2o+4(a), |+hp(d
(4.3)
8ﬁ — A 2_’
easzx(q x€,)+enVeh  (4.4)
V.h=0 (4.5)
p'=—p,al (4.6)
mN,C
where, - X cho=—2"% are the
P.C, P.C.,
thermal  diffusivity  and L{mﬁﬂ]
K ot
1- C
E:e+—( e)ps >,
pOCv
Converting equation (4.1) to (4.6) by the following
transformation q'= k—Tq*, V= V*
d d
o=—+_o S
Pod d
2
tzﬂt*, L=Ti+1, T= m'u2 and
Yz ot* Pod
0= pd 0*, we have
V.§=0 (4.7)
Loy —VP—i(l gquae
e ot K, 0
2. L] f o
+L|I VEG+=(GxQ)+Q(Vxh|xé |-——
{qe(q)Q( )z}eat
(4.8)
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LREra =L[V’0+(q), |+ (d), (4.9
ot
h
h_A,cRon (410
"ot o Pm
2
where Q= HeH A . — Chandrasekhar number,
Ak,
4
R:m— Thermal Rayleigh number,
Ky
F= ﬂZ— Viscoelastic Parameter, P, = £ —
Py Kr 2o
Prandtl number, szi— Magnetic Prandtl
Poll
1-
number, f :m—NO, E =€ +%,
Po PoC,
K, = dz' E,=E+h g and W =G,

5 Boundary Condition
The boundary condition is

W —ddZW 0,0=0atz=0andz=d. (5.1)
z
6 Dispersion Relation

Taking curl on both side equation (4.8), we have

feglerg oo tfe

_L{R[gjex+gf j+2v( Q)+Q = (VXH):|

(6.1)

2 2 2 2 2

PR B i
ox- oy ox® oy® oz

B ) o .
D= ¢, =(Vxd), m =(Vxh)e and b, =h,

€, 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

HlﬁJri(uFij—v }L+12}V2W

eot K, ot e ot

:L{vag_gQ(Dg“z)+QD(Vzﬁz)} (6.2)
S

epM_pr SRy 63
ot P,
Taking z-component on the both side of equation
(6.1), (4.9) and (4.10), we have
Eur. Chem. Bull. 2023, 12(Special Issue 10), 4083 - 4094
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1gdri(“ng—Vz L4102 <,
edt K, ot e ot

= L{Z—Q DW +QDm, } (6.4)
S
LPE, 20 _ L[V?0+W [+hW  (65)
ot
 oh, _ LAV
ot P

m

Now, the boundary condition (5.1) becomes
W = DWW =Dm,=h,=¢,=Dd, =6

6.7
atz=0toz=1 ©7

Normal Mode Analysis

Let

W(z), M (z).X(z),
wW,m,.¢,.h,,0]= l: B(z),®(z)}

exp.[i K, X+1i kyy+at]

Applying above normal mode of the equation (6.2)
to (6.6), we have

Hg+%(1+ FU)—(D2 —az)}(1+70)+£0}
)
—Ra*® - —-QDX
(D -a* )W =(1+z0) S
+QD(D*-a’)B
(6.8)

HEJFL(H Fo)-(D? —az)}(1+ra)+ia} X

e K €
= (1+ m)FQDW +QDM} (6.9)
(S

[{ERo—(D?-a%)}(1+70) |© = (L+70)W +hW
(6.10)

m

eP
Po——-(D?*-a’)|M =DX (6.11
{e o~ )} (6.12)

{e Po— EPPf (p? —az)} B=DW (6.12)

m

where o =0, +i0, is the stability parameter and

a’ =k; +k; is the wave number.
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Now, the boundary condition becomes
W=DW =0=X=DX=M=DM,0=0 The proper solution of equation (6.13)
atz=0toz=1 (6.13) W =W, sinzz, W, - Constant.

D*W =0atz=0toz=1 n>0.

Eliminating ®, Band X from equation (6.8) to (6.12), putting the value of W and b = 7> +a®, we have

_{[g+i(1+ Fa)+bj(1+ m)+10}[(PFE,G+b)(lﬂg)]{a%%b}_

e K € )

_H(EJri(u F0)+b](1+ m)+laHe Po+ eppr b}+(1+m)Q”2} |

e K, € .

oot ]

e K, € )

N

= Ra

(1+z-a){1+w'+hT}{Pp+§b}

m

4Q°% ?

S

(1+ TO-){PrG-FPi;b} [( PE.o+b)(1+ Ta)]
) [(REra+b)(l+z’G)](l+TO')
_ Qbz

c H(E+i(1+ FJ)+bJ(1+Ta)+la}{e Po+ EPPf b}+(1+ra)Q7z2}

e K, € -

(6.14)

7 Stationary Convection

Putting o =0 in equation (6.14), we have

I 40° 7% P,

R=; b? [Ki+bj+Q”2b&+ c R (7.1)
1

a*(1hy < R H(émjegbmﬂﬂ

Neglecting the magnetic field, suspended particles and rotation, we have

2
R =b—2[i+bj (7.2)
a’ | K,

N—"

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

b3
Rzg

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

dR dR dR drR .
nature of — —— and — respectively.

dK, dQ'dh,  dQ
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_ ) -
&R 2 4Qz7r2b(§j
dK. a2 2_ 1- - 2 (7.3)
K, aK1(1+hT) 1 cPb ,
—+b —+Qrx
Kl Pm
R _gifgs bR
dK; T P,
Now, ignoring the magnetic field, suspended particles and rotation, we have
dR  -b?
= (7.4)
dK, a’K;

Thus, the effect of medium permeability is destabilizing and is the same destabilizing effect when the magnetic
field, suspended particles and rotation are neglected.

2
2
dR ﬂbin mzﬁzb[m
AL S . m 5 (7.5)
dQ a (1+ hT) 1 ePb
—+b |-~ +Qx?
Kl I:)m
dr S0if Q<< i
dQ 2r
It is clear that the magnetic field has stabilizing effect.
40°7°b P
_ 2
3:: —— 1b : b[i+b]+Q” %+ € R (7.6)
S
a’(1+h;) 1 r H(lebjeeb"'QﬁzH
Kl Pm
d_R <0
dh,
Thus, the suspended particles have destabilizing effect.
8Q b’ P
drR 1 e P
_— il (7'7)
dQ  a*(1+
( hT) [{[1+bje Pb +Q7r2}]
Kl F)m
d_R >0
dQ

Now, we can say that the rotation has stabilizing effect.

8 Oscillatory convection

Substituting o =1io; inequation (6.14), we get real and imaginary parts, eliminating R between them, we have

12 10 8 6 4 2 _
f,o° + oy + f,00 + f,00 + f,0 + f.o7 + £, =0
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Putting s = &7, we have

f,s°+ fs°+ 5"+ f,8°+ f,s°+ f.s+f,=0 (8.1)
where ,
fOZalql_plbl’ f1:a2q1+a1q2—p2bl—plb2, f2:a3q1+a'zq2+a1q3_psbl_pzbz_plba’
f3:a4q1+asq2+a2q3_p4b1_p3b2_p2b3_p1b4v f4:asq1+a4q2+as%_p4bz_psbx_pzbw
f5:a5q2+a4q3_p4b3_p3b4’ =a50; — p4 4
2
Fr t Fr
=breEP| L+ 20, 2Plep| i+
o -br R Lo E | - { [Kj}
7E, P? (—+Ej{e Pr(ierj €k (b +£+—+1+1J+TQ7[ }Jr
e K, K, K , € €
F 7z 1 brE,P

il
1l
=
==

TFT

€

1

F

1

<

T
br+ —+—+—+

1
F

1 1

Pb+

r

1

. €

f

€

. €

1

T
br+—+—+—+

S

Pb

200

m

Mo

f

(S

T

€

br+—+—+—+—

s

P

m

Fr

1

F oz
br+—+—+—+—
1

J(brP +E,P*+
K

Fr

)il

1

e e
{2

1

1 €

brE, P’
)

m

m
T

=
el

1

f

S

1

&

Ky

eP
P

m

"=

J[bz‘Pr +E P*+
b}erz}

m

brE, P’
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|

A2 Pb+ Pb(br+ErPr) LA . ] Ibe(errErPr) +7E, P?
€ K1 P, " , € € P,
{eF’,(i+bj ep(b +£+i+1+i]+rQ7z}
K, P, 1 , € €
2
Rb 1+E + bz-+£+i+1+l 2 Prb(br+ErPr)
b P, le K " , € € P,
+(i+bj£brP +E P*+ bTE—rP‘]
Kl m
{eﬁ(br+£+i+l+ij GP( j}
1 1 S S
2 2_2
eP .Fr Rb br+£+i+1 f o Lip b(br+E P) .l rE, P’
e K P, K, ., € € K, P, €
2
L9 tE,P.{eP br+£+i+1+i Rz Fr +(E,P, +br)1eP, . Ee
€ 1 , € € P, le K e K,
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m

0

From equation (8.1), we see that s = &* is always
positive, so the sum of roots of equation (8.1) is
positive but this is impossible if f; >0 and
fl

fy

f,>0 are the sufficient

f, > 0, sum of roots of equation (8.1) is —

Thus, f,>0 and
condition for the non-existence of over stability.
Now f; >0 and f, >0 when

2 2
ezb and E, Ef

7P, €

1
<—.

>
Q <.

9 Numerical Computation

In this section, we discussed the plotted variation
of Rayleigh number R with K, Q, h; and Q
from equation (7.1).

<10 Plot of the R and K1

<\
0.6 o o N P
0.4
1 15 2 25 3 3.5 4 4.5 5 5.5 6
K, x10%
Figure 9.1
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eP br+£+i+1+i ERjz ke +P'b(l+hT) eP L
K, K e € P, le K P, e K
2Tprb+l3r(1+hT) L I +Qr? +ib(l+m)
2 m Pm Kl Pm

Plot of the Rand K,
7000

(¢ —©—2a=05
—8—a=1
6000 a=1.5
© = —
5000
4000
(14
3000
2000
e o -
= & = £
1000
0
1 15 2 25 3 3.5 4 4.5 5 5.5 6
K, x10°
Figure 9.2

Plot of the R and K1

x 7000

I
6000

5000

4000
1 25 3 35 4

K

4.5 5 55 6

x10°%

Figure 9.3
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Plot of the R and K1

—0—a=0.5

Figure 9.4

Figure 9.1, 9.2 and 9.3 shows the plots of Rayleigh
number R versus medium permeability K, i.e.

medium permeability increase then Rayleigh
number  decrease  with  magnetic  field

Q =(100,200,300) , wave number
a=(05,1.0,15) and suspended particles
h =(1,2,3)when P, =2, Q=10, e=0.5 and

P.=4 . Now, neglecting the magnetic field,

suspended particles and rotation in Figure 10.4, the
Rayleigh number decrease when medium
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.

Plot of the Rand Q

14000

——a=0.5
—8—a=1
12000 a=1.5

10000

8000

2000
C
¥

0 50 100 150 200 250
Q

Figure 9.5
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- x10% Plot of the Rand Q
——h=1
—8—h;=2
2 h,=3
15
14
1
0.5
&
0
0 50 100 150 200 250
Q
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 a=(0.51.0,15) and
suspended particles h; :(1,2,3) when P =2,

=10, e=0.5and P.=4. Thus, we can say
that the effect of magnetic field is stabilizing.

<10° Plot of the Rand h,.

—©— Q=100
16 —8—Q=150
2 Q=200

Figure 9.7

Plot of the R and hT

Figure 9.8
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Figure 9.7 and 9.8, plot between Rayleigh number
R and suspended particles h, i.e. suspended

particles increase then Rayleigh number decrease
with magnetic field Q = (100, 200,300) and wave
number a =(0.5,1.0,1.5) when P, =2, Q=10,

€e=05 and P. =4 . Hence, the effect of
suspended particles destabilizing.

Plot of the R and ©
12000 {

11000

——0Q=100
10000 —B—Q=150
Q=200

9000
o — F—a———F 58—

8000

7000

i

60000 o S

5000
0 15 2 25 30 35 40 45 50 55 60
0

Figure 9.9

10 Conclusions

According to sign of the derivatives and
numerically discussion, | 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.

2 2
Q> €b and E":f <L

2

7P, € K,

It is sufficient condition for the non-existence of
over stability.
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suspended particles h; =(1,2,3) when P, =2,
e=05and P =4.
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