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Abstract: The application of differential equations towards stability analysis of ferrofluidsis  analysis both
in porous medium and nonporous medium and a comparative analysis is made. Weakly non- linear analysis is
carried out. A mathematics model of the differential equations employed is presented. The non-dimensional
thermal Rayleigh number Ra and magnetic Rayleigh number Rm are analysed with allowable range of
parameter.
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l. Introduction

Heat transfer through Ferrofluids subjected to strong magnetic fields, has notable application in
technology of generator and motors. The Ferrofluids have a distinct advantage as it can be effectively used as a
coolant in transfer is apt in armature of generators and motors, which rotates with constant angular velocity
Heat transfer though Ferrofluids, subjected to very high magnetic fields, finds remarkable applications in
transformer technology. In an attempt to replace solid core by liquid core, the Ferrofluids have an added
advantage as it can also be effectively used as a transformer. The method of formation of Ferrofluids was
evolved in the early of mid -1960s, due to the availability of colloidal magnetic fluids (Ferro fluids) many uses
of these fascinating liquids have been identified, which are concerned with the remove positioning and control
of the magnetic fluid using magnetic force fields.

1. Review Of Literature:

(Ferrofluids are highly applied in lubrication, printing, and vacuum technology The novel zero-leakage
rotary-shaft seals are used in computer disk drives [Bailey(1983)]. An authoritative introduction to this
fascinating subject has been discussed in detail in the celebrated monograph by Rosensweig (1985). This
monograph reviews several applications of heat transfer through Ferrofluids and one such phenomenon is
enhanced convective cooling having a temperature-dependent magnetic moment due to magnetization of the
fluid. This magnetization, in general, is a function of the magnetic field, temperature and density of a the fluid.
Any variation of these quantities can induce a change of body force distribution in the fluid. This leads to
convection is Ferrofluids. Is the presence of magnetic field gradient . This mechanism is known as Ferro
convection, which is similar to Benard convection [chadrasekarhar1981].(convective instability of uniform
vertical magnetic field has been considered by Finlayson(1970)).(Sunil and Mahajan (Sunil and Mahajan 2008)
studied the non-linear stability analysis of magnetized Ferro fluid, with internal angular momentum, heated
from bellow saturating a porous medium of high permeability via generalized energy method using Brinkman
model. Attia(Attia 2009) studied the effect of the porosity of the medium on velocity components and
temperature for the steady flow and heat transfer. Attia (Attia 2008) investigated steady laminar flow of an in
compressible viscous non- Newtonian fluid due to the uniform rotation of porous disk of infinite extent in
porous medium with heat transfer differential equations are effectively used in the stability analysis of Ferro
fluids.

I1l.  Mathematical Formulation:
An infinitely spread thin layer of Ferrofluids contained between two rigid boundaries heated from
below is studied. The fluid is assumed to satisfy the Oberbeck-Boussinesq approximation. The magnetisation M
of the Ferrofluids is assumed to be parallel to the local magnetic field H. The present analysis deals with the
special case of very strong magnetic fields
NON POROUS MEDIUM
The governing equations are

v.q=0 @)

@+(q.V)q :—@+ﬂ+v.(BH)+VV2q )
ot Po  Po

www.iosrjournals.org 24 | Page



Differential Equations In Stability Analysis Of Ferrofluids

Where P is the pressure and g= (u, v, w) the velocity, g=(0, 0,-g) the acceleration due to gravity, B the magnetic
induction, H the magnetic field , p the density, p, the density at T=T, and V the kinematic viscosity.

Energy equation is % + (q.V)T =k.VT (3)

Usual magnetic equation of state and other related equation are considered where T is the temperature
and K is the thermal conductivity where M is the magnetization, M is the constant mean value of the
magnetisation and K is the Pyro magnetic coefficient.

For strong magnetic applied field in the Ferrofluids,

M =M + KoK 4
When the fluid is assumed to be non-conductive
VxH =0
H =H + KBIV® (For magnetic field in the Ferro fluids) (5)

Where @ is the magnetic potential. Following stability analysis procedure,
The non-dimensional governing equations are

vVg=0
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R,, = ———— is the magnetic
! kv,

Vv
Rayleigh number and p, :K is the prandt | number.

The linear stability analysis carried out,  f=f(z)exp(iax+ ot ) (8)
On eliminating pressure p, the non dimensional governing equations in ¥, ® and @ are given by

2
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4
where R; = go:(ﬁd is the conventional thermal Rayleigh number
\Y
~o®—ia¥ +(D*-a*)®=0 (10)
— DO+ (D? —a*)® =0 11)
The boundary condition for rigid, conducting boundaries on ¥ and & are given by

¥Y=D¥Y=0=0 , for z =+1/2 (12)
And for non magnetic plates

((Dia)CDZ:i%:0 (13)

Simplifying the Rayleigh number can be easily obtained as
_ —hS +hlh?s? + 4hs(h® + Tar1?)]

2a’
For weakly non linear system, finite amplitude technique adopted by Malkus and Veronis(1958) has been used
retaining only first order terms. Dynamical variables f(x,z,t) are expanded in the following manner.

fxz)= & %[ f1(2,7)E +cc]+ 8{Fo(z.7) + | F20(2, 1) E? +cc [+ £ %[ f15(2, 2)E +cC]+..... (15)
Nusselt number is obtained as

R

(14)
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R, —-R
Nu =1+ {%}(D@Oz)z% (16)

R
Nu-1 measures the ratio of the heat transfer by convection to that by conduction wheras the Nusselt number Nu
measure the ratio of the total heat transfer across a horizontal plane to the heat transfer by conduction alone

POROUS MEDIUM
Only the momentum equation is different from that of non porous medium

o \% Vv
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Where K, is the permeability parameter. Follows similar procedure as in non porous medium we get the

existence of porous medium inhibits convection. The effect is more when permeability of porous medium is
small and reverse phenomenon will take place when permeability is large.

The thermal Rayleigh number R; is given by

J_ hs i|:82 +4S[h2 —kloﬂ (18)

2a®
And with weakly non linear analysis the Nusselt number is calculated as

R, — R
Nu=1+ {(TK—TC)}(D(%z)z—% (19)

R

R, =

" (Nu-1) R, . .
Table.1: variation of Nusselt number ————= with the parameter S=—— for different permeability k0

& -1 Ru
RTc

IV. Table And Figure

Permeability Parameter ko
Logs | Heated from below Heated from above
Ko-0.01 Ko-0.03 Ko-0.1 | Kq-0.3 Ko-0.01 Ko-0.03 Ko-0.1 Ko-0.3
-1 6.16 3.59 2.23 1.79 -2.11 -0.59 0.78 1.29
0 2.64 1.98 1.73 1.62 -0.29 0.54 1.28 1.46
1 1.59 1.58 1.56 1.55 0.33 0.83 1.52 1.57
2 0.78 1.35 1.48 1.52 0.62 1.03 1.52 1.57
3 0.38 1.13 1.38 1.46 0.95 1.28 1.62 1.63
4 0.28 0.81 1.39 1.39 1.44 1.63 1.79 1.79
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V. Conclusion
High magnetic field favours convective heat transfer whereas absence of magnetic field favours
conductive heat transfer and reverse phenomenon could be observed if it is heated from above. It has been
observed that a magnetic fluid in high magnetic field favours convective heat transfer and a non-magnetic fluid
favours conductive heat transfer and reverse phenomenon could be observed if it is heated from above. It is clear
That the differential equation is applied on similar pattern both in porous and non porous medium where as the
stability pattern is subject to change with porosity and magnetic effect.
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