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Abstract

Hydromagnetic impermanence of rotating visco-elastic Rivlin-Ericksen nanofluid layer heat from
below is observed for more realistic boundary conditions. By applying Perturbation method, Normal
mode technique, the dispersion relation has been derived. The impressions of the different physical
parameters of the system namely Lewis number, modified diffusivity ratio, nano particle Rayleigh
number, magnetic field and rotation on the stationary deportation have been investigated both
analytically and graphically. The Lewis number, modified diffusivity ratio and nano particle Rayleigh
number and rotation are found to have destabilizing impression, whereas magnetic field has a stabilizing
impression for stationary deportation.
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1. Introduction

The thermal instability of a Newtonian fluid explained by Chandrasekhar [1] under the assumptions of
hydromagnetics and hydrodynamics. The instability depends on the depth of layer, it is experimentally
discussed by Chandra [2] and found that there is a contradiction between the theory and experiment
for the onset of deportation in fluids heated from below. Bhatia and Steiner [3] investigated the
thermal instability of a Maxwellian visco-elastic fluid in the presence of magnetic field. A large
number of researchers, in recent years has centred on the study nanofluids on considering the
applications in various industrial fields such as automotive, energy supply sector, pharmaceuticals.
Choi [4] was the first person who coined the term nanofluid. Nanofluid is a colloidal mixture of
nanoparticles which are below 100nm. Some nitride ceramics, oxide ceramics and several metals such
as aluminium and copper have been used in nanofluids as nanoparticles. Veronis [5] investigated the
problem of thermohaline deportation in a layer or fluid heated from below and subjected to a stable
salinity gradient. With the growing importance of non-Newtonian fluids in various industrial field,
many researchers have paid their attention towards such fields. The Rivlin-Ericksen [6] is one such
fluid. Rana and Kumar [7] discussed the onset of deportation in a horizontal layer uniformly heated
for rotating incompressible Rivlin-Ericksen permeated with suspended particles. Rayleigh-Bénard
deportation in visco-elastic Rivlin-ericksen nanofluid in the presence of suspended particles has been
studied by S.K.Pundir, D.Kapil and R.Pundir [8]. Hydromagnetic instability of visco-elastic Walter’s
(modal B) nanofluid layer heated from below has been investigated by D. Kapil et al. [9] and found
that magnetic field has a stabilizing effect for stationary deportation. Sharma [10] has discussed the
thermal instability of a layer of visco-elastic fluid acted on by a uniform rotation and resulted that
rotation has destabilizing effect as well as stabilizing effects under certain conditions. Chand and Rana
[11] have studied the effect of rotation on thermal deportation in nanofluid layer saturating a Darcy-
Brinkman porous medium. Effect of rotation on hydromagnetic instability of visco-elastic Walter’s
(modal B) nanofluid layer heated from below has been studied by S.K.Pundir et al. [12] and resulted
that rotation has destabilizing impression on the stationary deportation. Rana [13] has studied
hydromagnetic thermosolutal instability of Rivlin-Ericksen rotating fluid permeated with suspended
particles and variable gravity field in porous medium.

In the present paper, We have discussed hydromagnetic stability of rotating visco-elastic
Rivlin-Ericksen nanofluid layer heated from below.
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2. Mathematical Formulation

Suppose the horizontal layers of Rivlin-Ericksen visco-elastic nanofluid of thickness d* and of infinite
length is bounded by z = 0 and z = d* and which is heated from below. The fluid layer is acting in
upward direction under gravity force g (0, 0,-g). Let T, and ¢, are the temperature and volumetric
fraction of nano particles at z = 0 and T;, ¢, are temperature and volumetric fraction at z = d*
respectively.

The governing equation for visco-elastic Rivlin-Ericksen nanofluid

aqr ' 9 Ue
p—L=-Vp+pg+ (M+M5)V2¢If+ S (HVH +2p(q; x Q) )

where % = % + (q;.V) stands for deportation derivative, q(u, v, w) is the velocity vector, p is the

hydrostatic pressure, pand p" are the viscosity and kinematic visco-elasticity respectively and . is the
fluid magnetic permeability and H is the magnetic field and fluid is acted upon by a uniform rotation
Q(0,0,0). The density p of nanofluid can be written as

p=9¢p,+(1—pps (3)

where ¢ is the volume fraction of nano particles, p,, and p are the densities of nano particles and
base fluid respectively.

The equation of motion for visco-elastic Rivlin-Ericksen nanofluid is given as:

P = —Vp+(ppy+ A -0p (1-aT =T g+ (n+ W 2) Vs + £ (HVH+
2p(q; x Q) 4)

where a is the coefficient of thermal expansion.

The continuity equation for the nano particles is

ap _ D

E+qu<p—DBV2<p+T—fV2T (5)
where Dy is the Brownian diffusion coefficient and D is the Thermoporetic diffusion coefficient of
the nano particles.

The energy equation in nanofluid is

pe (S-+ q7 VT) = kVT + (pe)y( DgVep. VT + [;TT VT .VT) (6)
Where p.the heat capacity of fluid is, (p.), is the heat capacity of nano particles and k is the thermal
conductivity.

The Maxwell equation being

2+ (qsV)H = (HV)q; + 7 VH (7)

VH =0 (8)
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where 7 is the fluid electrical resistivity.

Introducing non-dimensional variables as:

Gery2) = (255).

qar(w,v,w) = qf(u = W)d*,t'=l

d*Z ]
L= P g2 =P
P = iz I ®o’
TI= T_TO
To—T, '

where < =k is the thermal diffusivity of the fluid.

Pc

Equations (1), (4), (5), (6), (7) and (8), in non-dimensional form can be written as:

a - «2
,,1 St = ~Up+ (1 +nF)V?q; — R, — Ry, — RyTe, +Q > (H.V)H + 2877 (g x Q) (10)
T1 2

St aVe = Ve +AVET (11)
%+quT=VZT+%V<p.VT+’V*Zﬂ VT .VT (12)
OH Pr
a0+ (ar VH = (HV)g; + 72 VH 13)
VH =0 14)

[The dashes (*) have been dropped for simplicity]

Here non-dimensional parameters are:

Lewis number L, = DL , Prandtl number p, = pik , Magnetic Prandtl number p,, = i , Rayleigh
B

_ [pp@otp (1- <po)]gd*
puk

i
(pp p)((p:lk ®0)8 ¢ , Kinematic visco-elasticity parameter F:pZ*Z :

, Nano

number R, pg“d (T, — T,) ,Basic- density Raylelgh number R,

particle Rayleigh number R,

Modified diffusivity ratio N4 = (T, — Ty), Modified particle density increment Ng =

DBT1(<P1 ®o)

(P)p (P1— @)
(pr

*2
, Chandrasekhar number Q= ”e:# Taylor number T, = (Zdv Q)

We assume that temperature and volumetric fraction of nano particles are constant on boundaries. Thus
the dimensionless boundaries conditions are

w=0,T=1 ¢=0at z=0 (15)

and w=0,T=0,¢p=1atz=1 (16)
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2.1) Basic States and its solution

The basic state of nanofluid is supposed to be time independent of time and can be written as

qr (wv,w) =0, p'=p(2), T = Ty(2), ¢ = ¢,(2), Equations (9) to (12) using boundary
conditions (15) and (16) give solution as:

T,=1—zand ¢, =z @an
2.2) Perturbation solution

The stability of the system can be studied by introducing small perturbations to primary flow, and
written as

qr wv,w)=0+q; (wv,w), T =Ty +T ¢ = pp+¢", p=p, +p WithT, =1 -z and
$p =2 (18)

Using equation (18) in equation (9) to (12) and linearize by neglecting the product of the prime
quantities, we obtain the following equations:

%2 A

T e, = (14 0F)8, 5% — Rae, + RoTe, + Q 2 The, 4 2L (20)
Lrw= = Vg+iAvT 1)
at Le Le
a_T_ 2 aT [0} _ Ny4Np 6_T

at w=VT+ - (az az) Lo 0z (22)
a_H aW ,\ Prq 2

e~ a2ty V'H (23)

VH =0 (24)

The dashes (") have been dropped for simplicity.

Since R, is just a measure of basic static pressure gradient so it is not involved in these and subsequent
equations. Now by operating Eq. (20) with &,.curl curl, we get:

9 g2y — (1 4 nF)Viw — 2% p“

pat V2w = R,VAT — R,V — Q
1

(25)

622
92 % . . . . .
where V3 = poeis a2 is the two dimensional Laplacian operator on horizontal plane.

3. Normal mode observation

On analysing the disturbances in to normal modes and assuming that the perturbed quantities are of the
form:

W, T,@]=[W(2),T(2),p(2)] exp(ik,x + ikyy + nt) (26)

Where k, and k,, are wave numbers in x and y directions respectively, while n is growth rate of
disturbances.

Using eq. (26), eq. (21), (22), and (25) become:
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w—24(p2—a®)r - [2(D?* - a®) —n|p =0 27)
W+ [(p?—a?)—n+ 22 p -2l plr_Rep, =g (28)

*2
[(D2 ~ @)=~ (1+nF)(D? ~a?)? + QD? - (#) (D2 — az)] W+ a?R, T — a?Rpp =
T1

0 (29)

Where D = % and a = /kxz + ky2 is the dimensionless the resultant wave number. The boundary

conditions of the problem in view of normal mode are written as

W=0,D?W=0T=0,p=0atz=0andW =0,D?W =0, T=0, p=0atz=1 (30)
4. Linear Stability Observation

Consider the solution in the form w, T, ¢ is given as:

w =wq sinnz, T = Tysinnz ,¢@ = @qsinnz

Equations (27),(28) and (29) reduced as

[pij + (1 +nF)J?>+Q(J —a? _m]] wo — a?R,Ty + a?R,, 9 = 0 (31)
Wo +IZ—‘:]T0+[i]+n]<po=O (32)

From equation (32) & (33), we get
[(]+n)+IZ—:]]To+(L—t]+n)<po=0 34)
From equation (31),(33) & (34), we get

{U+m+ 72

R =gz [{C+ 0P 454 400 ) = VT |0 4 m) == == R, (3)

where | =% + a?

For neutral stability, the real part of n is zero. Hence, on putting n = i w, (w is the real and
dimensionless frequency of oscillation) in eq.(35), we get:

Ry= A +iwh, (36)
where
0)2 2
e e Y] w1 AR A T LY
1 ) e €

and imaginary part

n= glfrrs ﬂ 40U -ad) - T - ie(z(H’Z—:)] (38)

Le)2+ wz} Rn
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R, will be real since it is a physical quantity Hence, it follow from Eq.(36) that either w = 0 (exchange
of stability, steady state ) or A,= 0 (w # 0 over stability or oscillatory onset).

5. Stationary Deportation

When the stability occurs in as stationary convection, the marginal state will be characterized by w =
0. the Eq. (38) reduces as:

_ (@

(Re)s =

2
2D [(n? + a?)? + 12Q — T2 + a®) | - (L + NR, (39)
Here R, is independent of both the prandtl numbers and the parameters containing the Brownian effects
and the thermophoretic effects and presented in the thermal energy equation and the conversation
equation for nano particles.
2
Take x = i— in Eq. (39), then we have

2

_ m?(1+x)

(Ra)s = % [7'[2(1 + x)z +Q — \/T—A(l + x)] - (Le + NA)Rn (40)

To study the effects of Lewis number L, modified diffusivity ratio N,, and nano particles Rayleigh
number R, , magnetic field and rotation on stationary convection. We examine the nature of

R, OR, OR, 0OR, 0R,

L.’ 9N’ 9R,’ 0Q 2T, analytically.

From eq. (40)

%a g ORa _ Fa Fa o o Fa

oL, <0, T <0, 6Rn<0' 20 >0, 6TA<0

It implies that for stationary convection Lewis number, modified diffusivity ratio, and nano particle
Rayleigh number and rotation have destabilizing effect whenever magnetic field has stabilizing effect
on the fluid layer.

6. Results and discussion

Hydromagnetic Instability of rotating visco-elastic Rivlin-Ericksen nanofluid layer heated from below
is observed under realistic boundary conditions.

Figure 1 represents the variation of stationary Rayleigh number with Lewis number L, for different
values of R,, . The stationary Rayleigh number R, is plotted against Lewis number for fixed values
of Ny=5,Q=5T4,=1.L, = 100,50,30 and R,, = 50, 20, 10. The Rayleigh number decreases with
increases in Lewis number, which shows that Lewis number has destabilizing impression on the
stationary deportation.
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Fig.1: Variations of stationary Rayleigh number with Lewis number

Figure 2 represents the variation of stationary Rayleigh number with Lewis number L, for different
values of T, . The stationary Rayleigh number R, is plotted against Lewis number for fixed values
of Ny =5,Q=5,L, =100.T, = 10,20,30 and R, = 50,20,10. The Rayleigh number decreases
with increases in Lewis number, which shows that Lewis number has destabilizing impression on the
stationary deportation.
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Fig.2: Variations of stationary Rayleigh number with Lewis number

Figure 3 represents the variation of stationary Rayleigh number with modified diffusivity ratio number
N, for different values of Q . The stationary Rayleigh number R, is plotted against modified diffusivity
ratio number for fixed values of L, =5, R, =10,N, =100 and T, =1,2,3,Q = 5,10,15. The
Rayleigh number decreases with increases in modified diffusivity ratio number which shows that
modified diffusivity ratio number has destabilizing effect on the stationary deportation.
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Fig.3: Variations of stationary Rayleigh number with modified diffusivity ratio number

Figure 4 represents the variation of stationary Rayleigh number with modified diffusivity ratio number
N, for different values of L, . The stationary Rayleigh number R, is plotted against modified diffusivity
ratio number for fixed values of T, =1, R,, = 100, N, = 10 and L, = 10,20,30,Q = 50,100,150.
The Rayleigh number decreases with increases in modified diffusivity ratio number which shows that
modified diffusivity ratio number has destabilizing effect on the stationary deportation.
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Fig.4: Variations of stationary Rayleigh number with modified diffusivity ratio number

Figure 5 represents the variation of stationary Rayleigh number with nanoparticle Rayleigh number
R,, for different values of Q . The stationary Rayleigh number R, is plotted against nanoparticle
Rayleigh number for fixed values of N, =100, R, =10,L, =10 and L, =10,20,30,Q =
50,100,150. The Rayleigh number decreases with increases in nanoparticle Rayleigh number which
shows that nanoparticle Rayleigh number has destabilizing effect on the stationary deportation.
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Fig.5: Variations of stationary Rayleigh number with modified nanoparticle Rayleigh number

Figure 6 represents the variation of stationary Rayleigh number with Q for different values of L, . The
stationary Rayleigh number R, is plotted against Q for fixed values of N, = 100, T =1,R,, = 10 and
L, =10,20,30,Q = 50,100,150 The Rayleigh number increases with increases in Q, which shows
that Q has stabilizing effect on the stationary deportation.
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Fig.6: Variations of stationary Rayleigh number with Q

Figure 7 represents the variation of stationary Rayleigh number with for different values of T, . The
stationary Rayleigh number R, is plotted against T, for fixed values of N, =100, Q =5,L, =
50,100,150 and R, = 1,2,3,T, = 10,15,20 The Rayleigh number decreases with increases in T,
which shows that T, has destabilizing effect on the stationary deportation.
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Figure 8 represents the variation of stationary Rayleigh number with for different values of 7, . The
stationary Rayleigh number R, is plotted against T, for values of N, =5, Q =5,L, = 1,5,10 and
R, =5,10,20,T, = 100 The Rayleigh number decreases with increases in T4, which shows that T,

has destabilizing effect on the stationary deportation.
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Fig.8: Variations of stationary Rayleigh number with T,

7. CONCLUSIONS

10

Hydromagnetic Instability of rotating visco-elastic Rivlin-Ericksen nanofluid layer heated from below
is investigated by using linear instability analysis. The main conclusions from the analysis of this paper

are as follows:

(1) For the stationary convection rotation has destabilizing effect on the system.

(2) For the stationary convection magnetic field has stabilizing effect on the system.
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(3) Lewis number, modified diffusivity ratio and nano particle Rayleigh number have destabilizing
effect on the stationary convection.

F I
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(2]

(3]

(4]

8. NOMENCLATURE

dimensionless resultant wave number
Thickness of nanofluid layer
Brownian diffusion coefficient

Modified particle-density increment
Thermophoretic diffusion coefficient
Density of nanofluid

acceleration due to gravity
Fluid electrical resistivity

growth rate of disturbances

Medium permeability

Velocity vector

Rayleigh number

Density Rayleigh number

Nano particle Rayleigh number
Temperature

Reference temperature

time

Prandtl number

Magnetic Prandtl number

magnetic field

Lewis number

Modified diffusivity ratio
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Ue Magnetic permeability
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Pp density of nanoparticles
ps  density of base fluid
k Thermal diffusivity
) dimensionless frequency
Q Chandrasekhar number
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