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ABSTRACT

An incompressible Jeffrey fluid heated from below in a porous medium, stability is taken into consideration, as well as how
rotation and suspended particles may impact it. A normal mode analysis method has been used to create and quantitatively
solve the dispersion relation. While the suspended particles are shown to destabilize stationary convection, rotation is
found to assist stabilize the system. It is discovered that, depending on the situation, the medium permeability and the
Jeffrey parameter can either stabilize or destabilize the system. The effects of rotation, suspended particles, Jeffirey

parameter and medium permeability have all been depicted in graphs.
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1 INTRODUCTION

Convection is considered in porous medium because it has wide range of applications in fluid flow and heat transfer as
well as heat-exchanger, oil recovery, construction materials, cooling of electronics, minimising pollutant generation and
medicinal treatments8. Lapwood6has researched thermal convection of fluid in porous medium and Nield and Bejan 7

have written a book on the subject.

Rotation results in the introduction of several new elements into the problem. In rotational fluid dynamics,
vorticity is related to a number of findings. The thermal instability of rotating fluid layers heated from below has been
discussed by Chandrasekhar2,who also demonstrated that rotation avoids the development of instability and shows

asymptotic behaviour. In 13,15,18,the effect of rotation on thermal instability was investigated.

Scanlon and Segell4looked at how suspended particles affected the commencement of Bénard convection and
discovered that coarse particles decreased the exponential growth rate of unstable disturbances while small particles
increased it. The impact of suspended particles has been researched by 3 for more realistic boundary conditions.By heating
fluid from below,11examined the impact of rotation and suspended particles in a porous media. Numerous additional

researchers, including 1,4,12,16investigated convection with suspended particles.

Non-Newtonian fluid has a wide range of uses in the geophysical, chemical and biological sciences. Non-
Newtonian fluids have a wide range of industrial and technical uses, which has increased interest in their research. One of
the simplest non-Newtonian fluid models is the Jeffrey non-Newtonian fluid, which has a time derivative rather than a

convective derivative. Jeffrey Sused below-surface heating to study the fluid layer's stability. Jeffrey parameter has a
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stabilising influence on stationary convection, according to recent research10on the effect of Jeffrey nanofluid in a porous
media and 9on the same problem taking the effect of rotation into account. The start of Jeffrey fluid in a porous heat-

generating layer has been studied in 17.

We are interested in researching the impact of rotation and suspended particles on the stability of Jeffrey fluid
heated from below in porous media in the current work in light of the significance of the many applications

described above.
2 Mathematical Model

Consider a Jeffrey fluid confined between two parallel horizontal planes z = 0 and z = d saturated by layer of porous

medium subjected to uniform rotation with angular velocity ©(0,0,€) and gravity g force acting vertically. The physical

system is heated from below such that uniform temperature 5 (= |dT/ d Z|) gradient is maintained.

|

o PATTEIAET48 1 =

HEATED FROM BELOW

Figure 1: Physical Configuration.

The relevant equation of state, equation of continuity, equations of motion and equation of energy for Jeffrey fluid

with suspended particles under rotation in porous medium under Boussinesq approximation are:

p=po(1—a(T = T) @
V.q=0 )
1(9q 1 __ 1 8p\ _ (e 2 KN -

T (E + A (q' V)q) T po Vp+g (1 + Po) k1(14+43) q+ € (q X+ PoE (qp q) @)

where g, is the velocity of particles,qis the velocity of fluid,is the porosity,pis the pressure,k;is the medium
permeability, A;is the Jeffrey parameter,N is the number of densities of the particles, K = 6mua is the constant given by
Stokes drag formula, wherey is the coefficient of viscosity anda is the radius of particle.Due to the presence of suspended
particles, there added an extra force term proportional to the velocity difference between particles and fluid in momentum

equation (3).
The equation of energy with suspended particles is given by

(£(oC); + (1 — £)(pC)s) Z—: + (pC) (. V)T + mNC, (s% + (@ V)) T =k, V°T
Using Boussinesq approximation

mNCp

FZ 4 (q.7)T + (e%+ (q.V))T = KkV2T (4)

PoCy
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where,F = (s +(1-¢) %) is constant,
PoCy

K= pk—'g is the thermal diffusivity,k,, is the coefficient of thermal conductivity, (pC), is the heat capacity of
oCr

solid,p, Cy is the heat capacity of fluid,mis the mass of the particles.

The equations of motion for particles are
a
mN (54 (a5-7)) 4 = KN(q — a) 5)
The equation of continuity for particles is
aN
StV (Ngp) =0 (6)

There must be an additional force term in the equation of motion for the particles that is same in magnitude but
opposite in sign because the force the fluid exerts on the particles is equal to and opposite from the force the particles exert
on the fluid. The particles' buoyancy force is disregarded. Assumedly, the distance between the particles is considerably
greater than their combined diameters. The equations describing the movements of particles (such as equation 5) have been

written using these presumptions.
The initial state of the system (there is no motion) is
q =(0,0,0),q, = (0,0,0),T — Ty = —fz,p = po(1 + afz), N, = constant
Let q(u, v,w), g, (L, 7,s), 6p denotes the perturbations of velocity, particle velocityand pressure respectively.
Let the change in temperature distributionbe T' = T, — Bz + 0
The change in density after perturbationd in temperature is
6p = —apyb

Using these perturbations in equations (2),(3) and (4) to (6) and neglecting the terms with high powers and

products of perturbations, the resulting linearized perturbed equations are

V.q=0 @
19g _ 1 __v 2 kN -
;E - Po V6p + C{gg k1(1+43) q + £ (q X Q) + €pPo (qp q) (8)

where v = %is the kinematic viscosity.

(F +2b) 22 = B(w + sb) + k720 9)
where b = 222
PoCy
a
Gatt)a=a (10
Vg, =0 (11

Now, eliminating q,, from equations of motion for fluid (8) using equations of motion for particles (10), weget
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1/mad aq 2 mN dq
st )= Gat 1) [ voptagh — s a+ i@ x o)) -1 (12)
In cartesian form, equation (7),(9),(12) can be written as
ow

— + — + Fol 0 (13)
1/mad ou _ mi _i@_ mNE)_u

e (FE + 1) Bt (K P 1) [ po 0x k1(1+/13) aaan e (v!))] epo Ot (14)
L(ma ) (MmO q\[_ide_ v 20 0] mNav

;(;E + 1); - (K at + 1) [ po Oy k1(1+l3) & (u.())] gpo Ot (15)
1(m2 )W _(m  q\[_ L1 _ v _ N aw

E(FE + 1)5 - (K P 1) [ 0o 0z kq(iiin) Y + ag@] epo Ot (16)
Equation (9) after eliminating s becomes

9 2)\g =g (™2
(EL+1)(F+en)s—kv?)o=p(52+1+b)w (17)

Operating equation (14) by :—y and equation (15) by :—x and subtracting, weget

1(ma %_(mi )ﬁa_w_ v ]_m_N%
‘s(Kar+1)ar_ K6t+1 € 8z  ki(1+13) epo Ot (13)

v  ou. ..
where { = = oy S the z component of vorticity.

Further, Operating equation (14) by :—x and equation (15) by %,adding and using equation of continuity in cartesian form

(i.e., (13)), weget
Gt )n ) = Gar ) o Gar 5 v e () + @]+ 505 (5) (19)

Now, operating equation (19) by % and using equation (16) to eliminate 8p , weget

@) 2wy = (22 +1) [~ viw - 22 4 o (54 2 0] - 222 (r2w) (20)

K ot K ot k1(1+23) £ 0z ax2 = 9y? £pg Ot
Boundary conditions at free surfaces: At free surface tangential stresses are zero.
w=06=0atz=0and z=d; (20)

92w
e 0,¢ = 0 on a free surface

3.Normal Mode Analysis

We attributea dependency on x, y and t of the form

exp(i(kxx +kyy) + nt) , where, k, and k,, are the wave numbers along the x — axisand y — axis respectively, k* =

ke + ky2 is the resultant wave number and n is the complex constant known as growth rate.
We consider the perturbations ofw, 8, { having the form’

w,8,{] = [W(z2),0(2),¢(2)]exp(i(kex + kyy) + nt) (21)
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Using equation (22) in equations (17), (18) and (20), weget

AEsr ) (m- )W = (1) [ (i - k) W = 25— gak?e| -2 (- k) w
%(%%+ 1)"t = (%%4_ 1) [%%_ k1(1V+/13) Se] - %5

O ) (F+ebn—k(L-k?))o=p(22+1+b)W
K ot dz K ot

It is convenient to discuss equation (23)-(25) in non-dimensional variables.

nd?

d d d,a = kd m L4
X=X ,y—y ,Z=2Za,a= ,0 = v ,T—K,Tl—

dz’ Po

where the non-dimensional parameters are: B, = d—ils the medium permeability, p, = % is the Prandtl number.

20d3 gaa 2q2

E(l + rli‘:ﬁ) + Pm(1+/13)] (D? —a®)W + =, DE{+——06=0

2.{2d

E (1 + ‘rl]:+1) Pm(1+A3)] ¢ =

2
(D? — a? — E;p,0)0 = —Bi(ﬂ) w

K T10+1
Eliminating ® and ¢ from equation (26) using equation (27) and (28), weget

[£(1+— )+;]Z(D2—aZ—Elpra)(Dz—az)W+:—2(D2—a2—Elpra)DZW—Raz(ﬂ)[g(l+ 2)+

& T,0+1 P (1+23). T,0+1 T10+1

Jw=o0

Pm(1+13)
Where T = d is the Taylor number and R = gof d* is the Rayleigh number.
Boundary conditions (21)using non-dimensional variables becomes
W=0,D§ =0atz=0andz=1
and D2W = 0,0 = 0 on a free surface
The proper solution of W at lowest characteristic satisfying the boundary conditions (30) must be
W = W,sinnz
Where W, is constant.

Using this solution in equation (29), weget

Ra? (ZZ_:T) = E (1 + rlrﬂ) + Pm(1+/13)] (71' +at + Elp”a)(n ta )

m2T(n? + a? + E\p,0)

+
2 (C(1+ 5 ram)

Further eliminating 7 by letting
—, 1 7 Ry,=—,T,=—,P ’p 2
x = ioc, =—,R,=—,T, =—,P, =1°P,, 1, =1°T
T 1= 2 a=730 ms T2 1
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(25)

(26)

27)

(28)

(29)

(1)

(32)
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Weget

Rox = (2222 {(iﬂ(1 F o) i) (L X+ B0 (14 x) + gy e ey } (30)

iT,01+B £ To01+1 P1(1+43) ( - (H%)er)

4. Stationary Convection

Put o = 0, for stationary convection equation (33) reduces to

(1+x) [ 1+x TaP1(1+A3)]
R, =

xB  LP1(1+13) g2

(1)

Which expresses the modified Rayleigh number as a function of the dimensionless wave number, Taylor numberT,,

medium permeabilityP;, porositye, Jeffrey parameterd;, suspended particle parameterB.

dR, dRq ORy ORq

AR, .
and — analytically.
dB ' opr,’ aT, 93 das ytically

To study the effect of B, P, T,, Azand €, we examine the behaviour of

Equation (34) yields
aﬁ _ (1+x) 1+x TaP(1+213)
a8~ xB2 [P(1+/13) £2 ] (32)
Which is negative so the suspended particles have destabilizing effect on the physical system.
From equation (34), we get
dRg _ (1+x) _ 1+4x Ta(1423)
= [ (33)
Thus, the medium permeability has stabilizing effect when 21+x < Tal*3) ond destabilizing effect when ;L >
P1%(1+243) &2 P1%(1+243)
Ta(1+13)
ez
From equation (34), we also get'
ORgq _ (1+x) [P1(1+43)
T, xB [ g2 ] (34
This implies that rotation has a stabilizing effect on the system.
It is evident from equation (34) that
6& _ (1+x) _ 1+x TaP1
o4  xB | Pi(ian? | &2 ] (35)
e . . 1+x TPy e . 1+x TqPy
Thus, the Jeffrey parameter has stabilizing effect on system if P <z and destabilizing effect if FraaE e
Equation (34) yields
dR 2(1+x) [TeP1(1+13)
Se= e (6)

Porosity has destabilizing effect on the physical system.
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5. Principle of Exchange of Stability

Multiplying equation (26) by W™ and integrating over the range of z (i.e., from z =0 to z = 1) and making use of
equation (27) and (28), weget

[2(+ %) +—L |1 —a? [";(1 + ) — ]I, - gaa’x (“"*“) [+ 0D EL]=0 (37

£ P (1+23) T10%+1 P (1+23) vpB T10*+B

where,
& = [J(UDW|? + a®|W|?)dz
_ Y1£)2
I = [ 1§?dz
I; = [ (IDO? + a?|©|?)dz
—_ Y1o12
I, = [,10|*dz
The integrals are all positive definite.

Puttingo = ig;in equation (40), and equating imaginary parts weget

1 M 2 gaa’x [ t1(B-1) (t107)*+B ‘ _
9i {a (1 + 1+(T1f7i)2) [+ d*L] + vB [1+(T10i)2 3 7 (ry0p2+82 lerE114]} =0 (3%)
o; may not always be zero. i.e.,
1 M 2 gaa®x [ T1(B-1) (t109%+B _
(14 ) [+ @] + S [ g 4 I o By = 0

Which gives the possibility that o; # 0

As a result, given the existence of rotation, suspended particles and the Jeffrey parameter, the exchange of

stabilities concept may not be applicable to this issue.
6. Numerical Results

The variation of thermal Rayleigh number for stationary case with suspended particles, medium permeability, Taylor

number, Jeffrey parameter and porosity for fixed wave numbers have plotted using equation (34).

Figure 2 shows the variation of R, for stationary convection with suspended particles B for different values of
wave numberx = 0.1,0.5,0.9 and fixed values ofP; = 0.2,T, = 100,43 = 0.6 and € = 0.5. As the values of Bincreases

the graph shows downward slope, thereby destabilizes the stationary convection.
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Figure 2: Variation of R, with B for three values of wave numberx = 0.1,0.5,0.9
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Figure 3: Variation of R, with P4 for three values of x = 0.1,0.5,0.9.

In figure 3, R, is plotted against the medium permeability P; for different values of wave number x = 0.1,0.5,0.9

and fixed values of B = 10,T, = 100, 4; = 0.6, & = 0.5 and has both destabilizing and stabilizing effect.
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Figure 4: Variation of R, with T, for three values of x = 0.1,0.5,0.9.
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In figure 4, R, is plotted against the Taylor number T, for different values of wave number x = 0.1,0.5,0.9 and

fixed values of B = 10,P; = 0.2,1; = 0.6,& = 0.5. It is clear from the graph that effect of rotation has stabilizing effect

on stationary convection.

— x=0.1

| a0 x=0.5

|\ x=0.9

Figure 5: Variation of R, with A5 for three values of x = 0.1,0.5,0.9.

In figure 5, the variation of R, for stationary convection with Jeffrey parameter A; for different values of wave
numberx = 0.1,0.5,09 and fixed values ofB =10,P, =0.2,T, =100 and &=0.5. The graph shows
destabilizing/stabilizing effect on the physical system.
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Figure 6: Variation of R, with & for three values of x = 0.1,0.5,0.9.

In figure 6, R, is plotted against the porosity,e = 0.5. It is clear from the graph that effect of porosity has
destabilizing effect on the physical system.

7. CONCLUSION

In the current study, we investigated the linear stability theory on the start of the Jeffrey fluid by heating it from below in a
porous media while taking into account the effects of rotation and suspended particles. For stationary convection,

analytical and graphical solutions have been obtained and we draw the conclusion that

1. Taylor number on stationary convection show an asymptotic behaviour and has a stabilizing effect on the system.

1+x Ta(1+13)

2. The medium permeability has stabilizing effect when PRICFER =

and destabilizing effect when
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1+x Ta(1+13)
P12(1+23) £2

Suspended particles Band medium porosityehas destabilizing effect on the stationary convection.

The Jeffrey parameter has stabilizing effect on stationary convection if % < T‘;fl
1 3

and destabilizing effect if

1+x TaP1
P1(1+13)2 g2’

The principle of exchange of stabilities may not be valid in this problem due to the presence of rotation,

suspended particles and Jeffrey parameter.
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