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Abstract: Thermosolutal Rayleigh-Benard convection in a binary fluid heated from the below is studied
numerically. Soret effects are imposed to analyze the thermo-diffusion effects on the flow. We study the onset
of convection in a horizontal binary fluid layer with the effect of temperature dependent viscosity together with
vertical magnetic field. The confined boundaries of the binary fluid layer are considered to be free-free, rigid-free
and rigid-rigid which described the lower and upper surfaces respectively. The Galerkin method is implemented
through the numerical computations in order to observe the stability of the binary liquid mixture and the effect
of magnetic field, temperature dependent viscosity and Soret effect to the critical Rayleigh number is also

reported.
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INTRODUCTION

A chemical flud that 13 produced from two or more
fluid will have their own feature and reaction compared to
their original fluid. This fluid renamed as binary fluid is
used to solve many of problem arising in aeronautical,
chemical, mechanical and civil engineering. It also enables
many natural phenomena such as in oceanography and
astrophysics (Teamah ef af., 2011). The study have been
done experimentally and numerically and also receive
considerable attention by many researchers.

Nield (1967) as one of the pioneer in this research
analyzed that thermal effect can act as a stabilizing or
destabilizing factor m both stationary and oscillatory
mode for a thermosolutal convective bmmary fluid layer
mduced by thermal and scolutal gradients. Soret and
Dufour are two effects that may considered in a
double-diffusive bmary fluid. These effects arises from
the vamation in temperature gradient or from the cross
diffusive coefficients that significantly affect the
buoyancy forces. The thermocapillary mstability in binary
fluid on the onset of convection by considering the Soret
effect with applying other physical influences has been

studied by Bergeon ef al. (1998) and Slavtchev ef al.
(1999) followed by Saravenan and Sivakumar (2009).

Chandrasekhar (1961) has presented his research by
integrating magnetic field on the dynamical stability of a
convective system and showed that the critical value of
Rayleigh number, Ra, can be increased when a higher
magnetic file is considered. Hence, it shows that magnetic
effect will stabilize the system. Raoc (1980) state that an
increase value of magnetic field 1s possible to delay the
onset of convection when he studied the effect on a
micropolar fluid. Later, Rudraiah ef al. (1986) also
indicate the same result when he integrate the system
with magnetic effect together with non-umform
temperature temperature gradient. Maekawa and
Tanasawa (1988) explained clearly that the increase of the
intensity of the magnetic field mcrease the critical
Marangom number m a pure fluid. Shivakumara et al.
(2011) also integrate the magnetic field dependent
viscosity parameter in a porous medium where their
results shows that an increase of magnetic field
dependent viscosity will delayed the onset of
ferromagnetic convection but it shows no mnfluence on
the critical wave number.
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Franchi and Straughan (1992) has done a study the
effect of temperature dependent viscosity in a micropolar
fluid and presented that an increase of temperature will
make the critical Rayleigh number decrease. Ramirez and
Saez (1990) studied the effect n a porous medium. He
stressed out the effect should be taken into account, even
for relatively low temperature gradients. Another research
to show that stability of convection can be enhanced by
decreasing the temperature is done by Lu and Chen
(1995).

Currently, there 1s lack of study on the effect of
temperature dependent viscosity on controlling the onset
of convection in a binary fluid mixture. In this research, we
are interested to study the effect of temperature
dependent viscosity in the presence of vertical magnetic
field and Soret effects on the onset of binary fluid layer.
Three types of bounding surfaces (lower boundary-upper
boundary) are considered in this investigation: free-free,
rigid-free and rigid-rigid. We assume that the upper
surface to be non-deformable and employed the stability
analysis theory. The resulting eigenvalue problem is
solved using the Galerkin method.

MATERIALS AND METHODS

Mathematical formulation: An infimite horizontal layer of
quiescent binary fluid of depth d where the fluid between
two horizontal plates is heated from below is considered.
The stability of a horizontal layer of quiescent binary fluid
in the presence of temperature dependent viscosity is
examined. AT is be the temperature difference between the
lower and upper swfaces. Note that the lower boundary
at a higher temperature than the upper boundary and
these boundaries maintained at constant temperature.

We select a Cartesian coordinate system with z
pointing upward, opposite to the gravity vector and (x, y)
in the horizontal direction at the bottom rigid boundary.
The onset of double-diffusive convection 1s studied
under the Boussinesq approximation where the density,
p is assumed to be linearly dependent upon the
temperature, T and the solute concentration, C and 1s
given by:

p=p,[1-a(T-T)+a (C-C,)] (1)

Here, «=-¢'ap/oT and o =-p}sp/ac. Let the solute
concentrations to be taken as C+AC and C, The
governing equations used for the Rayleigh-Benard
convection under the Oberbeck-Boussinesq
approximation are given by following the analysis by
Hurle and Jakeman for Soret parameter:

Vov=0 2

p{%—fﬂv-V)v}-Van uv’y —pge, (3
{£+(V-V)T}=KV2T (4)

ot
FT+(\:-V)C}— KViC (5)

ot

The basic state of the fluid 13 quescent and 1s given
by:
(u, v, w) = (0,0,0), T=T,(2),

P=p,(@, p=p, @ and C=C, ()

(6)

On the basic state we superpose perturbations in the
form:

(w, v, w, T, p, p, C) = [0, 0, 0, T, (z), p, (2}, p,(2), C,(2)]
[w,v,w,T,p,p,C1]

(7
where the primes quantities indicate the perturbed
variables. Equation 2-5 are non-dimensionalized using the
following definitions:

coa (xvz)
(x.y,2)= 1 ,t:d—z
(0. W) = d(u,v,w)
- k (®)
p=P% T =Ar
vKp

C'=AC, f{z)= 11122)

and using Eq. 6 and 7, we obtain the non-dimensional
variables:

V.v'=0 (9)

1 aV’ ’ z o 2
—— =-Vp'+ Vv + RaT’é_+ LeRsC'8, (10)
Pr ot

aT *W’:VZT’ (11)
ot
ac’ I f I
W SLeViC ST (12)
Where:
3 3
Ra — ogd'VT Rs— o gd'VC
VK VK,
Le=— (13)

o
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Do AT

KAC

Sr= Pr

Operating on Eq. 10 by eliminating the pressure term
by using curl identity together with Eq. 9 and 10 can be
written as:

|:__V2 _ V4

}w’ =RaT'V?+RsLec'v?  (14)
Pr ot

A normal mode representation is introduced in the form:

(W, T,C) = [W(z),ﬁ(z),n(z)]exp[i (axx + ayy)}

(15)
Substituting Eq. 15 into 14 and Eq. 11-12 we obtain:

?(Dz—a2)2W+FzB(D2—a2)DW+ 16)

B3?(D? +a’ )W~ fHD'W —a’Raf — Lea'Rs& = 0

W+(D2—a2)e:o a7

W+ 8r(D? ~a*}8+ Le(D ~a* )2 =0 (18)

_ F] 2
a—,faXJray

and D = d/dz f(z) is given by:

|:B(Z . :|
where, B = ypd is the dimensionless viscosity parameter.
If the reference temperature T, = T, then T(z) = exp[B{=-1/2}]
Equation 16-18 are solved subject to the appropriate
boundary conditions that are:

Where:

1

_}

2

f(z)=exp (T.-T.)

Bd

W=DW=0=E£=0atz=0 (19)
For upper free boundary which 1s at z= 1, we have:
W=DB=£=D'W=0atz=1 (20)

For upper rigid boundary which 1s at z=1, we have L:

W=DO=(=DW=0atz=1 2D
We applied the Galerkin-type weighted residuals

method to find an approximate solution to the system. The

variables are written in a series of basis function as:
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M M N
W :2prp,e:§:l B,®,.N :EleAp (22)
p= p= p=

Substitute Eq. 22 into Eq. 16-18 and make the
expressions on the left-hand sides of those equations
(the residuals) orthogonal to the trial functions, thereby
obtaining a system of 3N linear algebraic equations in the
3N unknowns. The vamshing of the determmant of
coefficients produces the eigenvalue equation for the
systerm. One can regard Ra as the eigenvalue and thus Ra
is found in terms of the other parameters.

The integration by parts with respect to =z
between z = O and 1 1s performed. By using the boundary
conditions (Hq. 21-23), we obtain the system of linear
homogeneous algebraic equations:

CA, + DG, + ED, =0 (23)
FX, +GA, +0=0 (24)
ID, +JX, + KA, =0 (25

Where:

C= <(D2W)2>+ 24 <(DW)2>+ a' {(W?)+ H((DW)2>

~2B(DW?)+ 2Ba’ (DW* )+ B (DW?) - Ba'W"
D=a’ (OW)
E =a’LeRs(AW)
F = (We)
G - (DB —a’ (&)

I={WA)

1 =51(D*A®) -2’51 {£6),

K =Le((DA)' ) -aLe(A")

where the angle bracket <> denotes the integration with
respect to z from O to 1. The vanishing of coefficients
produces the eigenvalue equation for the system. Then,
the equations is restructure in a matrix form:
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c, D, E,
F, Gji 0]=0 (26)
I, I, K

i i i

Various boundary conditions have been used for
instant free-free, rigid-free and rigid-rigid referring to
upper-lower boundaries. The sensitiveness of the critical
Rayleigh number, Ra, to the changes of the difference

physical parameters K, Rs, Df and Sr are also studied.
RESULTS AND DISCUSSION

The criterion for the onset of Rayleigh-Benard
convection in a binary fluid in the presence of vertical
magnetic field, temperature dependent viscosity and Soret
effects are mvestigated theoretically. The sensitiveness of
the critical Rayleigh number, Ra, to the changes in the
binary fluid parameters; Rs and Le is also discussed.

To validate the results obtained, we neglect the
feedback control and obtained Ra = 6575 for free-free,
Ra, = 1140 for free-rigid and Ra, = 1750 for rigid-rigid
boundaries which complied with Nield and Kutzenotsv
(2011) findings.

The variation of Rayleigh munber, Ra with wave
number, a and various values of vertical magnetic field, H
is illustrate in Fig. 1. According to Sassi et al. (2016), the
most efficient stabilizing effect is obtained when the
magnetic field 13 perfectly vertical compared to horizontal
magnetic field or with any azimuthal angle and a polar
angle. Hence, we are interested to study the effect of
vertical magnetic in this research. From the graph it clearly
shows that when H values increased, it elevate the critical
Rayleigh numbers in all type of boundaries considered.
This indicates that vertical magnetic field can help to
stabilize the system. The illustration also shown that the
free-free system has a lower critical values making this
type boundary is the most unstable boundary of one
system. Since the particles of the liquids are more freely to
carry the heat without too many obstacles, resulting to an
easler heat transfer. It 1s mteresting to also take note that
the critical value of rigid-rigid boundary is highest
compared to the other type of boundary. This could
suggest the use of rigid-rigid boundary can hold stability
n the system.

Figure 2 shows the varation of Ra versus a with
different temperature viscosity values, B. We chose
B =2, 4, 6 and we found that as B increases, the marginal
stability curves shift downwards and thus destabilize the
no-motion state for all wave numbers. The pattern appear
comsistently in all type of boundaries as seen in the
graph.
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In this research, we also consider the Soret effect as
these effect 15 important to analyze the thermo diffusion
in a binary fluid The effect exists when small light
molecules and large heavy molecules separate under a
temperature gradient. Figure 3 shows the plot of Ra
versus different values of Soret number, Sr, namely
Sr= 0.2, 0.4 and 0.6. In each of these plots, the critical
number decreases with increasing of the Soret
number. Since, the system is heated from below the
increase in the temperature flux contributes to the
initiation of natural convection in binary fluid mixtures.

The trends of stability curves in a binary fluid within
the system have been plotted in Fig. 4 and 5. Figure 4
shows the effects when we consider the thermo-solutal
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Lewis number, Le. As can be seen clearly from the graph, % 10001
an increase of Rs number will increase the Rayleigh T
mumber. Since, the effective thermal conductivity is g
reduce through the influences of thermo-solutal Rayleigh 5007
number (Basu and Layek, 2013). Contrast to the Lewis
effect, an increase of Le number will decrease the 0 : : : : : : : : :
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ayleigh number.
The effect of temperature dependent viscosity, B, Magnetic field (H)

Soret parameter and Lewis number on the onset of

convection in binary mixtures is plotted clearly in

Fig. 6-11. It is known that the onset of convection occurs ~ Fig. 7: Marginal stability curve Ra, vs. H for different
beyond a critical value of the Rayleigh number. Figure 6-8 values of Sr
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shows the plot of magnetic field, H for variation values of
B, Srand Le number on the onset of natural convection in
binary mixture.

To analyze the stability behavior of the system, we
increase the values of the magnetic field, H for all
bounded boundary considered. As expected, large value
of magnetic field will increase the critical Rayleigh number,
Ra.. This implies that H vyields a reduction in the rate of
convection and stabilized the system.

Figure 6 also shows that when the values B mcrease,
the system destabilize. Rigid-rigid boundary also show a
higher critical Rayleigh number compared to free-rigid and
free-free boundary. Figure 7 shows the plot of Ra, versus
different values of Soret number, Sr. When Sr mcrease,
the critical Rayleigh number decrease. In other word, the
Soret number destabilize the convection.

The effect of temperature dependent viscosity, Soret
effects and Lewis number on the variation of Ra, versus
Rs are depicted in Fig. 9-11, respectively. The results are
similar with previous results presented. An increase of
Solutal Rayleigh number, Rs will mcrease the critical
Rayleigh number, Ra. This means that the system are more
stable. As for others parameter, an increase of temperature
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dependent viscosity, Soret effects and Lewis number
shows that it will destabilizes the system. As the effect of
lower-upper boundary, the onset of convection happen
rapidly in free-free type of system, followed by rigid-free
and rigid-rigid system. This observation could point out
that the use of rigid-rigid boundary can sustain stability
in one system.

CONCLUSION

This present research has focused on a soret driven
binary fluid between two horizontal plates which is heated
from below by a fix and constant heat flux. The effects of
magnetic vertical field, temperature dependent viscosity,
Soret effects, thermo-solutal Rayleigh and the Lewis
nmumber was investigated and analyzed. The study
revealed the following:

Only two of the parameter tested in this research has
a stabilization effect which are the vertical magnetic
field, H and thermo-solutal Rayleigh, Rs
Temperature dependent viscosity, B, Soret parameter,
Sr and Lewis number, Le drives a destabilization
effect within the system
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Three types of boundary conditions on the horizontal
boundaries that are free-free, rigid-free and rigid-rigid are
considered in this investigation. Based on the results
obtained, it is found that the system with rigid-rigid
horizontal boundaries is the most stable followed by
rigid-free and free-free horizontal boundaries.
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