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The problem of buoyancy-driven convection in a ferromagnetic fluid saturated porous medium with the Maxwell-Cattaneo law and
MFD viscosity is investigated by the method of small perturbation. The fluid motion is described using the Brinkman model. It is
assumed that the fluid and solid matrices are in local thermal equilibrium. For simplified boundary conditions, the eigenvalue problem
is solved exactly and closed form solutions for stationary instability are obtained. Magnetic forces and second sound were found to
enhance the beginning of Brinkman ferroconvection. However, ferroconvection is hampered when the porous parameters are increased.
The results show that MFD viscosity inhibits the beginning of Darcy-Brinkman ferroconvection and that MFD viscosity stabilizing
effect is decreased when the magnetic Rayleigh number is significant. Furthermore, it is demonstrated that oscillatory instability arises
before stationary instability, assuming that the Prandtl and Cattaneo numbers are sufficiently large.
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1. INTRODUCTION

The term "ferromagnetism" refers to materials that have a significant magnetic attraction to other materials that have
permanent magnetic characteristics. The presence of spontaneous magnetization caused by the parallel spin alignment of
molecular magnetization causes significant magnetism in ferromagnetic materials. In 1907, Weiss suggested
an instrument for the appearance of spontaneous magnetic induction. He believed that ferromagnetic materials have an
effective field called the molecular field. As a result of their extraordinary physical features, the thermoconvective
instability of magnetic fluids is becoming more important. The viscosity of ferrofluid appears to be a well-defined concept.
Magnetic liquids are used in a variety of fields, including variable-speed machine tools, pharmaceuticals, high-speed
noiseless printers and other equipment. Convective phenomena are studied in high-capacity capacitor devices because
ferrofluid is used as both a core material and a transformer coolant.

When an external magnetic field is imposed on a horizontal layer of ferromagnetic fluid having a changing attractive
susceptibility, Finlayson [1] described how a temperature gradient generates an unequal attractive body force, which leads
to thermomagnetic convection. Gotoh and Yamada [2] looked into the fluctuation of a uniform magnetic fluid layer that
was confined between strong magnets and heated from below. In the presence of a uniform vertical magnetic field and a
strong vertically attractive field, Stiles and Kagan [3] studied the heat conductivity instability of flat film ferrofluids.
Venkatasubramanian and Kaloni [4] explored how rotation affects the initiation of convection in a horizontal layer of
ferrofluids revolving about their vertical axis and heated from below. Sekar et al. [5] analyzes the linear theory, which
has been applied to how rotation affects ferrothermohaline convection. When comparing the stationary and oscillatory
modes for heat transfer, it was discovered that the stationary mode is favored.

Porous media is a substance composed of a solid matrix with a network of voids. The firm structure would either be
stiff or slightly deformable. In a natural porous medium, the arrangement of pores is unusual in terms of shape and size.
Natural porous media include beach stone, mudstone, granite, rye bread, wood and the human lung.

Lapwood [6] investigated the distribution firmness of a fluid layer in a permeable material exposed to a vertical
temperature gradient as well as the prospect of convective movement. Wooding [7] explores the circumstances that lead
to instability. Kordylewski and Karjewski [8] studied the relationship between synthetic reactions and free advection in
permeable media scientifically. Using the Brinkman model, Vaidyanathan et al. [9] analyzed the performance of MFD
viscosity on ferroconvection. Ramanathan and Suresh [10] studied the impact of MFD viscosity on the initiation of
ferroconvection in an anisotropic, closely packed porous material. Nisha Mary Thomas and Maruthamanikandan [11]
studied the effect of a time-periodically varying gravity field on the initiation of convective flow in a magnetic fluid-
saturated porous surface. The value of the Darcy-Rayleigh number and the resultant wavenumber are estimated using the
regular perturbation method based on the tiny amplitude of modulation. Sekhar et al. [12] investigates the effect of
throughflow on the beginning of thermal convection in ferromagnetic liquids with temperature and magnetic field
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dependent viscosity for all feasible barrier configurations. Soya Mathew and Maruthamanikandan [13] discuss the subject
of ferroconvective porous medium uncertainty using an inverse linear viscosity-temperature relationship. The Galerkin
procedure is utilized to govern the critical values of porous media magnetic volatility under more accurate boundary
circumstances. Vidya Shree et.al [14] study the effect of variable viscosity on the convective instability of a fluid saturated
a porous medium subject to gravitational filed.

Thermal wave propagation is also known as the second sound effect. The non-classical Maxwell-Cattaneo heat flux
law employs wave-type heat transport to avoid the physically unacceptable problem of infinite heat propagation speed.
The energy equation in this study is essentially a damped wave equation, making it hyperbolic rather than parabola.
Knowledge of second sounds has provided a rich source of information through the study and understanding of the
superfluid state. Sound is not a sound wave in any sense, but rather a temperature or entropy wave. It was recently
discovered that this is more than just a low temperature, but that it has important applications in fields such as skin burns,
phase changes, biological materials, and nanofluids.

Gurtin and Pipkin [15] investigated a general principle of thermal conduction in nonlinear analysis, including
memories, a concept having a finite propagation speed. Straughan and Franchi [16] address Benard advection when the
Maxwell-Cattaneo heat flow law is utilized in place of the ordinary Fourier theory of thermal conductivity. Dauby et al.
[17] studied the impact of applying general Fourier equalities instead of Fourier’s regulation. The problem of thermal
convection is investigated for a layer of fluid when the heat flux law of Cattaneo is adopted by Straughan [18]. Soya
Mathew [19] studied free convection in a ferrous liquid-filled porous material subjected to the non-classical Maxwell
Cattaneo law, focusing on how the presence of both pore spaces and second sound affected the stability threshold for the
onset of ferroconvection. Mahanthesh [20] examines the instability caused by the Maxwell-Cattaneo heat flux, along
with internal heat generation and absorption, in non-Newtonian Casson dielectric fluid. Soya Mathew and
Maruthamanikandan [21] are exploring the problem of porous medium convectional fluctuation in a second sound
ferromagnetic fluid in order to investigate the possible range of variables that might result in oscillatory porous medium
ferroconvection.

Under these conditions, the current paper is devoted to investigating qualitatively the effect of thermal wave
propagation on the onset of ferroconvection in a horizontal porous layer. The normal mode technique is used in the linear
stability analysis. The Galerkin technique is used to determine the critical values of porous media thermomagnetic
instability while taking into account more realistic boundary conditions. The modified Darcy-Brinkman law is used to
model the momentum equation, and the heat flux model of Cattaneo is used to account for a thermal wave of finite speed.

2. MATHEMATICAL FORMULATION
A Cattaneo magnetic fluid saturated permeable film is considered, which is surrounded by two infinitely long
horizontal surfaces of finite thickness. From Fig.1, the liquid film is cool at a temperature of T, from above and hot at a
temperature of T; from below. A magnetic field behaves as though it is equal to the vertical z-axis and gravity is a
vertically behaving downward force.
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Figure 1. Schematic of the Problem
The problem of governing equations is as follows:
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In equations 1-6, numerous physical quantities appear and the fundamental assumptions have their usual meaning.
Finlayson [1], Soya Mathew and Maruthamanikandan [11]. Following examination, Maxwell's approximations suitable
for the problem exist.

V- B=0, VxH=0, B:yo(ﬁ+1\7[) (7

3. Stability analysis
The following dimensionless equations can be obtained by applying the stability analysis of small perturbations
encompassing normal modes (Finlayson [1], Soya Mathew and Maruthamanikandan [13]).

Pﬂ(D2 ~a® )W =~(R+N)a*0-Da"'g(z)(D* ~a* )W + Na* D¢
T
12128 (z)(D* +a* )W —2AVg* (z)(D* -a’ ) DW (8)

+Ag(z)(D2 —az)W
(1+2Co)(A00-W)+C(D* -a*)~(D* -a* )6 =0 ©)

(DZ—M3a2)¢—D¢9=O (10)

where N is the magnetic Rayleigh number, R is the thermal Rayleigh number, Da™?! is the inverse Darcy number, A is

the Brinkman number, C is the Cattaneo number, Pr is the Prandtl number, M3 is the magnetization parameter.
The boundary conditions encompassing Rigid-Rigid and isothermal surfaces are

W=DW=0=0 at z=i%

Dp+- o =L (11)
I+y 2

D¢ — af =0 atz=—l
I+y 2

4. Stationary instability
It can be shown that the principle of exchange of stabilities is valid. Hence the onset of the stationary mode of
convection (o = 0), has been analyzed.

Ag(z)(D* =@ )W -24vg’ (z)(D* —a’ ) DW +24V°g* (z)(D* +a* )W

(12)

~Da'g(z)(D* ~a’ )W ~(R+ N)a*0+ Na’Dg =0
W-C(D*-a’ )W +(D*~a*)0=0 (13)
(DZ—M3a2)¢—Dt9=O (14)

5. Method of Solution
The governing equations (12) — (14) together with the boundary condition (11) constitute an eigenvalue problem
with R and N as an eigenvalue. To solve the resulting eigenvalue problem, Galerkin method is used. According, the
variables are written in a series of trial functions as

i+l i

W;, 8; and ¢; will be represented by the power series satisfying the respective boundary conditions.
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RESULTS AND DISCUSSION

The research concerns the effects of MFD viscosity on Darcy-Brinkman ferromagnetic instability with the Maxwell-
Cattaneo heat conduction law. The non-classical Maxwell-Cattaneo heat flux law includes a wave type heat transfer and
does not suffer from the physically unacceptable drawback of infinite heat propagation speed. The eigenvalues are
obtained for rigid-rigid, isothermal boundary conditions. The thermal Rayleigh number R, describing the stability of the
system, is taken as a function of the different parameters of the study. The fixed values of C, M3, Da™t, V, y, A are
taken to be 0.001, 5, 5, 0.5, 3 and 3 respectively. The numerical implementation package MATHEMATICA is used to
define the eigenvalue expressions and the associated critical numbers. The numerical values are given in tables 1 and 2
respectively.

Fig. 2 depicts the dependency of the critical thermal Rayleigh number R, on the magnetic Rayleigh number N for
varying values of C and fixed values of M5, Da™, V, ¥ and A respectively. The ratio of the magnetic and dissipative
forces is known as the magnetic Rayleigh number. It is shown that R, reduces monotonically as N and C levels rise,
illustrating that N and C both enhance ferroconvection at lower values of R,.. As a result, the two physical mechanisms,
second sound and magnetic mechanism destabilize the system. In other words, the existence of a magnetic field and
second sound improves heat transport and hence speeds up the commencement of Darcy-Brinkman ferroconvection. It is
important to note that the effect of C enhances the destabilizing effect of N simultaneously. The destabilizing effect of C
is due to the fact that the energy equation under consideration is functionally a damped wave equation and so hyperbolic

rather than parabolic.
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The magnetic equation of state's departure from linearity is represented by the parameter M5 (See Fig. 3). We observe
that when M; increases, R, monotonically decreases. As the magnetic equation of state gets more nonlinear, the threshold
of ferroconvection in a porous layer with second sound advances. Furthermore, when N is small, the destabilizing effect
of M3 is almost minor.

Figs. 4 and 5 show how porosity factors Da™! and A affect the start of ferroconvection. When both Da~? and A are
raised, the onset of ferroconvection is significantly inhibited. It could be attributable to the fact that increasing Da™*
reduces the permeability of the porous material, which slows fluid movement. However, it is important to emphasize that
the Brinkman model is based on an effective viscosity fi; that differs from the fluid viscosity pf denoted by the Brinkman
number. As a result, increasing A increases the viscous effect, which slows fluid movement. Therefore, in the presence
of a Darcy-Brinkman porous medium, greater heating is necessary to initiate ferroconvection. It is worth noting that when
both Da™?! and A are large, the ferrofluid layer is slightly destabilized by the magnetic process.
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Fig. 6 demonstrates that an increase in the magnetic susceptibility y results in the same trend for R, indicating that
the stabilizing effects confining nature is minimal. Computations also show that the convection cell size is more sensitive
to the porous parameters A and Da~!, while the magnetic parameters M3 and y are the inverse.

In Fig. 7, the magnetic field dependent variable viscosity parameter increases from 0 to 1, it stabilizes the system. If
we increase the variable viscosity, the critical thermal Rayleigh number also increases. This is because the magnetization
of the magnetic fluid increases as the strength of the magnetic field increases.
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Table 1. Dependence of a, with N and C
N e
C=0 C =0.001 C =0.01
0 3.1267 3.1485 3.3324
20 3.1278 3.1496 3.3337
40 3.1288 3.1507 3.3349
60 3.1299 3.1517 3.3363
80 3.1309 3.1528 3.3377
100 3.132 3.1539 3.3389
Table 2. Dependence of a, with N and VV
aC
N V=0 V=05 V=1
0 3.1443 3.1485 3.1653
20 3.1454 3.1496 3.1663
40 3.1466 3.1506 3.1673
60 3.1477 3.1517 3.1683
80 3.1488 3.1528 3.1693
100 3.1499 3.1539 3.1703
CONCLUSIONS

The effect of variable viscosity in non-classical heat conduction on the onset of Rayleigh-Bénard instability in a
horizontal layer of Darcy-Brinkman porous medium saturated with a Boussinesq-Cattaneo-ferromagnetic liquid and
subjected to the simultaneous action of a vertical magnetic field and a vertical temperature gradient is studied analytically
using the small perturbation method. A linearized convective instability analysis is performed since both the magnetic
and buoyancy mechanisms are operative. Because the principle of exchange of stabilities applies to the current
investigation, instability criteria are derived in terms of the stationary Rayleigh number R, wavenumber a, Cattaneo
number C and magnetic and porous properties. The following conclusions have been reached:

e Inasparsely dispersed porous layer, the Cattaneo heat flow equation has a significant effect on ferroconvection. For
a Maxwell-Cattaneo ferromagnetic fluid, the Rayleigh-Bénard problem is always less stable than for a Fourier
magnetic fluid.

e  The flow is significantly influenced by magnetic and porous effects in the presence of a second sound.

e As the magnetic field strength and Cattaneo number increase, the threshold of the stationary instability drops. Thus,
magnetic forces and second sound destabilize the system, causing convective motion to occur at shorter wavelengths.

e The inverse Darcy number and the Brinkman number are increased, which strengthens the ferromagnetic fluid's
stability.

e The aspect ratio of the convection cell is particularly sensitive to the porous medium influence.

e  The onset of convection is always advanced due to the presence of variable viscosity.
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BILJIMB 3AJIEXKHOI BIIl MATHITHOT'O TTOJIS B’SI3KOCTI HA ®EPOKOHBEKIIIIO JTAPCI-BPIHKMAHA
3 IPYI'UM 3BYKOM
Binbs llpi Benkarem, Yanapanna Pyapema, Yanapacexap banapxku, Conikanram Mapyramanikanaan
Daxynomem mamemamuxu, Inocenepna wixona, Ilpesuoenmcokuii ynieepcumem, baneanop 560064, Inois

MetomoM Masnoro 30ypeHHs JOCHIKEHO 3a7ady MPOo KOHBEKIHIO MiJ i€ IUIABYYOCTI B HACHYCHOMY (DEpOMATHITHOIO PiIWHOIO
MOPUCTOMY cepelnoBHII 3 3akoHOM MakcBemia-Karraneo Ta M®J] B's3kictio. Pyx pinmvHM ONMCYETBCS 3a JIOIOMOIOK MOJENi
Bpinkmana. [Tepen6adaerncest, o pinka i TBepAa MaTPUL 3HAXOAATHCS B JIOKAIBHIN TEIUIOBIH piBHOBA3i. JJis CHIPOIICHNX TPAaHUYHHX
YMOB Mpo0JieMa BIIaCHUX 3HaYCHb PO3B’SI3YETHCSI TOYHO i OTPUMaHi pO3B’sI3KH 3aMKHYTOT ()OpMH IS CTallioHApHOT HecTiiKkocTi. Byio
BHSBJICHO, IO MATHITHI CHWJIM Ta JPYTdil 3BYK MiACWIIOIOTH TMOYaToK (epokonBekuii bpinkmana. OmHak (epoKOHBEKIis
YCKIIQJHIOETBCS TIPH 30UTBIICHHI MapaMeTpiB MOPHCTOCTi. Pe3ympratm mokaszymoTh, mo B’s3kicte MFD ramemye mouatok
(epoxonsekiii dapci-bpinkmana i mo edexT crabimizanii B’si3kocTi MFD 3MeHIIyeThCs, KOJH MarHiTHe 4uciio Penes € 3HauHUM.
Kpim Toro, mokasaHo, o KoJrBaJbHa HECTIHKICTh BUHHUKAE IIEPE CTalliOHApHOIO HECTIHKICTIO, 3a MPUITYIIeHHS, o yncia [Ipannis
i Karraneo € 1octaTHbO BEIUKUMHU.

Kurouosi ciioBa: depopinuna, B’s3kicte M®/], mopucrte cepeoBuIIie, MarHiTHE MOJIE, APYTHHA 3BYK





