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perturbation parameters, for small values of perturba-

tion parameter. The effect of Jeffrey's parameter on the

entering into the problem on dimensionless velocity,
temperature, and concentration distribution is illus-
trated graphically. We observe that the Jeffrey parame-
ter, thermal, and mass Grashof number enhance the
fluid flow, while the chemical reaction parameter
suppresses the fluid flow, also it is established that the
Nusselt number is boosted by enhancing the thermal
and mass Grashof number. We observed that the
results are in very good agreement with the results
obtained for a viscous fluid.
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1 | INTRODUCTION

The flow of fluids is studied in mechanical engineering and is highly advanced in chemical and
civil engineering. In real life, the most common use of liquids by hydroelectric industries is
water, and water is used to produce electricity on a large scale, in cars: power generation,
cooling engine, and lubrication. Air conditioners, refrigerators, and heat energy industries are
important fields while water is used as an active liquid. In a real situation, many industrial
fluids such as ketchup, pastes, slurries, paint, shampoo, blood, glues, printing inks, food
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materials, soap and detergent slurries, and polymer solutions are non-Newtonian in nature.
These fluids are basically nonlinear. The constitutive equations relating to such fluids are
intrinsically more sophisticated than conventional Newtonian (Navier-Stokes) fluids. Most
non-Newtonian models (Maxwell models, Oldroyd-B models, Walters-B short memory models,
Jeffrey model, Eyring-Powell models, etc.) involve varying degrees of refinement to the
classical momentum conservation equations. Out of these, the Jeffrey model is the simplest one
rate type non-Newtonian liquids which exhibit shear diminishing attributes, yield pressure, and
high shear viscosity. The presence of various fluids The arrangement of fluids arises due to
varying temperatures and differences in concentration. The method of conveying heat and
weight in parallel is tested by the effect stratification medium in both hot and concentrated
micropolar fluids in the convective transport in real-world conditions.

The Newtonian fluid and Jeffrey fluid models attracted several researchers to compile the
Newtonian fluid model, which can be found in the previous case as a special case, and the
physiological fluid and Jeffrey fluid are found to be the best model. Under various
circumstances, many analysts have read about Jeffrey's parameter fluid studied by Hayat
et al.' Under heat transfer under the influence of the peristaltic flow of Jeffrey fluid is
investigated by Vajravelu et al.” Jyothi et al.” analyzed the flow in the Jeffrey fluid tubes with
small diameters in the holes of the two liquid models. Kothandapani and Srinivas* have studied
the peristaltic transport of a Jeffrey fluid under the magnetic field, and Pandey et al.” observed
the unsteady transport behavior. Santhosh et al.’ found that a circular tube inserted inside has
the property of a microstructure blown by the Jeffrey liquid flow. Anu Nair et al.” checked how
to analyze the transfer of natural flux flow in a vertical channel from a horizontal plate and
described in detail the relationship between the Nusselt number and the Rayleigh number
excluding the plate types. Anu Nair and Karuppasamy® and Anu Nair et al.’ have been tested to
determine the value of C in the Nusselt number of new methods such as the Small Square
methods and the Bayesian methods (i.e., Development Method). Heat transfer and free
convection flow to the left wall due to sources in the square enclosure were investigated by Anu
Nair et al.'® and Anu Nair and Karuppasamy."' Since Ebenezer et al.'? determine temperature
by number even though it controls the temperature of the local temperature converter from the
corresponding contaminants to a single phase to increase the average temperature. An
important literature review of Jeffrey's water flow has made by Bird and coauthors and Hayat
and coauthors."*™"®

Flow rate analysis includes the internal flow of two phases, isothermal compressible flow,
non-Newtonian, Newtonian incompressible fluids, external flow, and adiabatic flow, in a
porous medium. Prasence of convective fluid, micropolar fluid and its growth has been studied
in the literature.'® >

Prathap Kumar et al.** have studied that the micropolar with Newtonian fluid in a fully
developed free convective is read in a vertical channel. In heat transfer problems many effective
efforts have been done for solving different types of problems, different authors have used
homotopy perturbation method in oscillatory flow and fluid flow.>*>® Research has been done
in the presence of magnetic and electric fields. Malashetty et al.*® investigated the
magnetoconvection of two immiscible fluids in a vertical enclosure. Major problems in
nonlinear homotopy analysis method-related nonlinear fluids are first investigated in the
literature seen in Hayat and coauthors.**°

Harish Babu and coauthors®’*° studied the magnetohydrodynamic (MHD) heat and mass
transfer of a Jeffrey fluid over a stretching sheet with chemical reaction and thermal radiation.
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Harish Babu and coauthors analyzed the effects on MHD Jeffrey nanofluid, but very little
work is done in the presence of first-order chemical research.

Motivated by these facts, a mathematical model of heat and mass transfer of two immiscible
flows of Jeffrey fluid in a vertical channel has been studied. Present results not only find
applications in realistic engineering but also assist as a complement to the earlier research
works.

2 | MATHEMATICAL FORMULATION

Considering a two-dimensional steady laminar free convective flow over an isothermal inclined
plate the problem is described in a vertical channel, it is assumed that both the walls (left wall
and right wall) are maintained at different wall temperatures and concentrations excluding the
density (Figure 1).

The coupled nonlinear governing equations of conservation of momentum equation,
conservation of energy, and concentration can be written as®

Region-I
_ My, d*U;  dp
T — Two) + C—-C)+ ——— - =0
Plgﬁn( 1 2) plgﬁTl( 1 2) (1 + /11) dY2 dx (1)
dz_T __ U (ﬂ)z 2
dy?  aqCldy )’ @
d*T
Dy s —KiGi=0. ®)
Region-II
_ M, d?U, dp
B — T, + G-06)+ ——— -——=0,
0287, (T 2) + 0,8B1,(C2 2) (1 + ) dY? dx )
d2T2 _ vy (@)2 s
dy? uCp\dY )’ ®)
X

>
>

oQy

Region-1 Region-II
Jeffrey Fluid | Jeffrey Fluid

v
~

Y= -h; Y=h,

FIGURE 1 Physical configuration
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d*C :

D2 2 _ K2C2 =0. (6) %

dy? E

-

The physical conditions for boundary and interface for this mathematical formulation for §:
velocity, temperature, and concentration are given by g
2

My dU My dU, g

U (—h) =0, Uy(h) =0, U;(0) = U0, —————(0)=—"""——=(0), g
1(=h) > (h) 1(0) = U1(0) (1+/11)dY() (1+/12)dY() :

&

T, dT.

i(=h) = Twy, To() = Twa, H(0) = B(0), —-(0) = —2(0), g

. - dc dC F

Ci(=h) =Gy, Co() =Gy, C1(0) = C2(0), Dy 1(0) = Dy 2(0). @z

i

Introduce the following nondimensional parameters: g
£

- 4 — — - C 3
=2t =X gzt oy Lol 4 GG
Ul hi Twl - Tw2 Twl - Tw2 Cl - CZ &

A 5 5 - 3

¢2 — C:2 - qz , Ge = gﬁcl h13(C1 - CZ)’ Gr = gﬁn h13(TW1 - Tw2)’ Re = Ull’ll , %

Cl - C2 1)12 'U12 11 %

8

g

2 d 7.2 2 3

= hl_ g it (ﬂ) ) (8) %

w0y dX a C, AT\ dY g

Substituting the transformations (8) into Equations (1)-(6) we get ?
Region-I 2
@,y ;

a0 + 1+ 4)G6+ 1+ A4)G¢, — (1 +4)p =0, 9) g

3

%6, :

=0, 2

dy (10) g

d ¢1 2 %

-a =0. z

a0 1°¢, (11) :

3

Region-II i
&

d? 9

d”j +(1+ )@ + (1 + B)ag, — (1 + )mhp =0, 12 ¢

8

)

d*6, i

= 0’ g

dyz (13) g

) g

d*p, ) o

-« =0. g

dy 2 ¢2 (14) é

g

8
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The nondimensional form of boundary and interface conditions of Equation (7) becomes

1 du1 1 1 du2
m(—1) =0, u(1) =0, (0 =u(0), ——— = ———(0),
1(=1) »(1) 1(0) = u,(0) A+ a) dy (1+/12)mhdy()
dé, 1 do,
6:(-1) =1, 6,(1) =0, 6:(0) = 6,(0), —(0) = ——=(0),
1(=1) (1) 1(0) = 6,(0) dy() khdy()
de, d d¢,
1(-1) =1, -1)=0, 0) = 0), —(0) =——=(0),
$1(-1) ¢, (1) #10) = 4,0, 10 = L —20) (15)
(A)
6.0 | Region-I 6 Region-I|
45|
u 4
3.0 |-
GR=2
15
0.0 L L
1.0 -0.5 0.0 0.5 1.0
y
(B) Region-I | Region-II
1.00
6
0.75
4
6
050 R=
0.25 -
0.00 L 1
-1.0 -0.5 0.0 0.5 1.0
y

FIGURE 2 (A) Velocity profiles for different values of thermal Grashof number Gr.. (B) Temperature
profiles for different values of thermal Grashof number Gr. [Color figure can be viewed at

wileyonlinelibrary.com]|
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where

_Gr Ge _h m=" _ B _ Bea —y

- 5bt_ ’ c — -

Re Re B h’ M2 Bry B ’ P1

3 | METHOD OF SOLUTIONS
3.1 | Perturbation method

The coupled nonlinear governing differential Equations (9)-(14) with the appropriate boundary
and interface conditions (15) are solved analytically using the regular perturbation method for
the small values perturbation parameter (Br = ¢ is the perturbation parameter). Differential
equations are first decomposed to a system of zeroth- and first-order equations corresponding
to Region-I and Region-II. We assume the solutions in the form as follows:

(A)

5
Region-1 | Region-II

GR,=2

(B)

Region-I | Region-II

12

09 -

bo6r GR,=2

03

0.0 L L
-1.0 -0.5 0.0 0.5 1.0
y

FIGURE 3 (A) Velocity profiles for different values of mass Grashof number Gr.. (B) Temperature profiles
for different values of mass Grashof number Gr,. [Color figure can be viewed at wileyonlinelibrary.com]
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(16.1)

(16.2)

where w9, Uy, 610, G20 are solutions for the case ¢ = 0 and w3, Uy, 611621 are corrections to the

zeroth-order quantities. Substituting (16.1) and (16.2) into (9)-(14) and equating the
powers of ¢ to zero and one, yield the following set of equations:

Region-I

Zeroth-order equations

d2u10
dy?

+ 14+ A4)G6+ 1 +4)Gp, — 1+ 4)p =0,

d2610 _
dy? ’

(A)

Region-I | Region-II

20|
1.5 4

1.0 -

0.0 1 1

y

(B)

1.0

Region-1 | Region-II

0.8 -
b=2,4,6

0.6 -

04 F

0.0 1 L
-1.0 -0.5 0.0 0.5 1.0
y

like

an

(18)

FIGURE 4 (A) Velocity profiles for different values of thermal expansion ratio b,. (B) Temperature profiles

for different values of thermal expansion ratio b,. [Color figure can be viewed at wileyonlinelibrary.com]
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B

d’¢, :

5 0(12451 =0. (19) %

dy E

Z

First-order equations z
3

d2u11 ;

—(0)+ A + 4)G1611 =0, (20) g

dy 2

2 g

d%6y; duyg H

2 Tl T CIVN

dy dy g

<

2

g.

Q

g

g

(A) i
2.4 - Region-| B Region-II g

H

AN g

\ E

6 EHf

1.8 =

k!

4 El

=

S

u 12k bC:2 E
g

g

:

0.6 | g

g

z

0.0 ! ! 4
-1.0 05 0.0 0.5 1.0 cl

y Z

3

(B) 5
1.0 8
Region-l | Region-lI :

08 |- g

b =2,4,6 g

° e

z

0.6 | 3

)

0
0.4 | 5;
N §

&

02 =

3

3

0.0 L I 3
-1.0 05 0.0 0.5 1.0 g

&

y g

H

FIGURE 5 (A) Velocity profiles for different values of concentration expansion ratio b.. (B) Temperature §
profiles for different values of concentration expansion ratio b.. [Color figure can be viewed at %
wileyonlinelibrary.com] g
g
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Region-II
Zeroth-order equations

d?u
?;0 = (1 + Az)alezo + (1 + /12)a2¢2 + (1 + /12)mh2 , (22)
d?64
o (23)
d?¢
alyz2 - @', =0. (24)
(A),
' Region-I | Region-II
12| / 2
2ol
u 08|
0.4
0.0 L L
-1.0 -0.5 0.0 0.5 1.0

Region-II

L =123
1

04

02

0.0 1 1
-1.0 05 00 05 1.0

FIGURE 6 (A) Velocity profiles for different values of Jeffrey parameter 4,. (B) Temperature profiles for
different values of Jeffrey parameter 4,. [Color figure can be viewed at wileyonlinelibrary.com]
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First-order equations
d2u21
— =1 + A4)a,64,
dy? ( 1)1 621 (25)
d%6; —a duy 2 -0 2%
dy? ? dy ' (26)
Zeroth-order conditions
du. 1+ A4)du
o (=1) = 0, (1) = 0, wo(0) = w(0), (1 + )40 (g) = L+ 4) dlo
dy mh dy
dae 1 db
610(=1) = 1, 0(1) =1, 6;9(0) = 05(0), —2(0) = ——=2(0),
dy kh dy
(A)
2.0
Region-1 | Region-II
16|
3
1.2 | 2
u }\2:1
0.8 |
04
0.0 L L
1.0 05 0.0 05 1.0
y
(B)
1.0
Region-I | Region-II
0.8 -
A=12,3
0.6 -
0
04k
0.2 -
0.0 L L
-1.0 -0.5 0.0 0.5 1.0
y

FIGURE 7 (A) Velocity profiles for different values of Jeffrey parameter 1,. (B) Temperature profiles for

different values of Jeffrey parameter 4,. [Color figure can be viewed at wileyonlinelibrary.com]
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d¢ dde 2

) =1, $,(1) =0, ¢,(0)=¢,(0), —(0) =—-—>(0). E

¢, (-1 ¢, $,(0) = ¢, dy ( n dy ) 27 ég

-

First-order conditions i

g

duu (1 + /11) du21 £

u(=1) =0, un(1) =0, u;(0) = un(0), 1+ 4) 0)=—7"7"= (0), H

dy mh dy 3

déy, 1 doy :

011(=1) =1, 6x1(1) =0, ¢,,(0) = ¢5,(0), ——(0) =-——=(0). (28) 5

dy kh dy g

H

Solutions for concentrations: 2

g.

@, = biCosh [y y] + b,Sinh[a y], g

7

!

(A) =

1.6 2

Region-| 7 Region-II H

éj

12 1.5 N

L S

1 5

g

uosf )

m=0.5 E

2

04| :

H

0.0 L L g

-1.0 -0.5 0.0 0.5 1.0 £

v

El

(B) :

1.0 2

Region-1 | Region-II §

08 é

E

8

m=0.5,1,1.5 3

0.6 §

0

e

04 g

2

02} 3

g

g

0.0 L 1 g

-1.0 0.5 0.0 0.5 1.0 8

y :

3

FIGURE 8 (A) Velocity profiles for different values of viscosity ratio m. (B) Temperature profiles for %

different values of viscosity ratio m. [Color figure can be viewed at wileyonlinelibrary.com] g
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@, = bsCosh [y y] + bsSinh o y].

Solutions of the zeroth-order equations (17), (18), (22), and (23) using boundary conditions
(27) are

b =c1y+c,
60 =3y + 4,
U =A + Ay + q ¥+ q,»° + q;Cosh[xq y] + q,Sinh[oq y],

Up =As + A3y + s> + g,y + q; Cosh[yy] + ggSinh[og, y]

(A)

25

I~ Region-I Region-Il

2.0

1.5

05|
h=0.5

-1.0 -0.5 0.0 0.5 1.0

(B)

1.0

Region-I | Region-II

1.5

0.6

0.4 -

0.2

-1.0 -0.5 0.0 0.5 1.0
y —_—

FIGURE 9 (A) Velocity profiles for different values of width ratio h. (B) Temperature profiles for different
values of width ratio h. [Color figure can be viewed at wileyonlinelibrary.com]
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The solutions of the first-order perturbation equations (20), (21), (25), and (26) using
boundary conditions (28) are

011 = A6 + Asy + Qo ¥* + q0 ¥’ + @ ¥ + @, Y + q3¥° + qy,Cosh[eq y]
+ q,sSinh[oqy] + g4 ¥Cosh[x y] + q, ySinh[x y] + ¢, y*Cosh [ y] + gy
y2Sinh[oq y] + q,0Cosh[2 oq y] + q,,Sinh[2 « Y],

01 = Ag + A7y + Y + Q¥ + Gu ¥t + Qs Y + 4y ¥° + qy;Cosh [ Y]
+ q,gSinh[oq y] + qpe yCosh [ y] + gy ¥Sinh[oq y] + gy y*Cosh [ y] + ¢s,
y2Sinh[x y] + q5;Cosh[2 oq Y] + q3,Sinh|[2 o Y],

(A)
Region-1 | Region-II

k=0.5,1,1.5

09 |-

0.0 1 1

(B)

1.0

Region-I | Region-II

0.8 -

k=0.5

-1.0 -0.5 0.0 0.5 1.0
y

FIGURE 10 (A) Velocity profiles for different values of thermal conductivity ratio k. (B) Temperature
profiles for different values of thermal conductivity ratio k. [Color figure can be viewed at
wileyonlinelibrary.com]
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un=By+ By + 1y + Ly + By* + Ty’ + Ty° + Tty + T, y* + TCosh[oq y]

+ TSinh[oq y] + Tio yCosh[oq y] + Ty ySinh[oq y] + T, y*Cosh[oq y] + T3
y3Sinh[oq y] + Ti4Cosh [20q y] + TisSinh[20q y],

Uy =By + B3y + T y* + H7y* + Tisy* + Toy’ + T y® + Ty’ + T y®
+ TpCosh oo y]| + TosSinh[og y] + Ths yCosh[og y] + The ySinh[og y] + Try
y2Cosh oo y] + Ty y2Sinh oo y] + TheCosh[20y] + TzpSinh 206 y].

4 | RESULTS AND DISCUSSION

The effects various parameters, namely, thermal Grashof number (2 < Gr < 10), mass Grashof
number 2 < Gr, £ 10, thermal expansion coefficient ratio (b;), concentration expansion
coefficient ratio (b.), Jeffrey parameter (1 < A4; < 3), Jeffrey parameter (1 < 4, < 3), viscosity
ratio (m), width ratio (h), thermal conductivity (k), diffusion coefficient ratio (d), chemical
reaction parameter («), and pressure (P) in a vertical channel for the fluid velocity (v),
temperature (6), and concentrations (p) are evaluated analytically using the regular
perturbation method for the small values of ¢ as perturbation parameter and the results are
depicted graphically.

Figures 2A,B and 3A,B describe the increase in the velocity and temperature profile by
increasing the thermal and mass Grashof number. Physically increase in the Grashof number
increases the buoyancy as a result flow increases in both regions due to the increase in viscous
power.

From Figures 4A,B and 5A,B, it appears that an increase in the coefficient of thermal
expansion ratio b and concentration expansion coefficient ratio b, enhances the fluid flow
behavior on the velocity and temperature fields, and temperature profiles improve with varying
the coefficient of thermal expansion b; and b,.

Region-1 | Region-II

12
L

09 |

u

06 d=0.5,1,1.5

03|

0.0 L L

-1.0 -0.5 0.0 0.5 1.0

y

FIGURE 11 Velocity profiles for different values of diffusion coefficient ratio d. [Color figure can be viewed
at wileyonlinelibrary.com]
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Statistics show that with a Jeffrey parameter variation, velocity, and temperature profiles
increase with increasing values of Jeffrey parameters 4 and 4, as shown in
Figures 6A,B and 7A,B, respectively, it is due to the ratio of relaxation to retardation time.
Also, it is noticed that the dimensionless fluid velocity has a higher value for a Newtonian fluid
(41 = A4 = 0) than that for the non-Newtonian fluid.

Figure 8A,B portrays that the velocity and temperature profiles enhance the flow for the
various values of viscosity ratio m, for m = 0.5 here the fluid is very clear and has the viscosity
twice the first region as compared to the second region due to this reason we see the various
amplitudes in both regions.

Average width h =5, an increase in the width ratio enhances the fluid flow in both regions,
represented in Figure 9A,B.

As the conductivity ratio increases, they get more heat and start bombarding each other as a
result their flow enhances both velocity and temperature profiles which are shown in
Figure 10A,B.

https://www.tarjomano.com

KALYAN ET AL.
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5
Region-I | Region-II
4 -3
3+ -2
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0 1 1
-1.0 -0.5 0.0 0.5 1.0
y —
(B)
Region-l | Region-II
12 +
— 3
09 |
-2
0 06} P=-1
03}
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-1.0 0.5 0.0 0.5 1.0
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FIGURE 12 (A) Velocity profiles for different values of pressure gradient P. (B) Temperature profiles for
different values of pressure gradient P. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 13 (A) Velocity profiles for different values of chemical reaction parameter «. (B) Temperature
profiles for different values of chemical reaction parameter a. (C) Concentration profiles for different values of
chemical reaction parameter a. [Color figure can be viewed at wileyonlinelibrary.com]
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Differences in diffusion coefficient ratio d suppress the fluid flow behavior because of
diffusivity, as shown in Figure 11.

Figure 12A,B describes the variation in pressure gradient P values, increasing the velocity
and temperature profiles in both regions.

Figure 13A-C represents that the variation in the chemical reaction parameter a affects the
field of velocity, temperature, and concentration profiles. Physically increase in concentration
increases the solute molecules as a result it suppresses the fluid flow in both regions.

Also, it is established that the Nusselt number is boosted by enhancing the thermal, and
mass Grashof numbers shown in Figures 14 and 15. Nusselt number enhances its magnitude at

36 -

27 - Nu

Nu 18 |

FIGURE 14 Effect of thermal Grashof number on the Nusselt number. [Color figure can be viewed at
wileyonlinelibrary.com]

4
0r _
P
I —
Nu+
4 k-
1 1 1
2 3 4 5 6

FIGURE 15 Effect of mass Grashof number on the Nusselt number. [Color figure can be viewed at
wileyonlinelibrary.com]
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Nu-
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FIGURE 16 Effect of Jeffrey parameter on the Nusselt number. [Color figure can be viewed at
wileyonlinelibrary.com]

1.0 1.5 2.0 25 3.0
A2

FIGURE 17 Effect of Jeffrey parameter on the Nusselt number. [Color figure can be viewed at
wileyonlinelibrary.com]

cold wall Nu_ and hot walls Nu,. From Figures 16 and 17 we noticed that the different values
of Jeffrey parameters as Nusselt number increases at both hot and cold walls.

5 | CONCLUSION

In this paper, we have investigated the heat and mass transfer of two immiscible flows of Jeffrey
fluid in a vertical channel in the presence of chemical reaction parameters and governing
equations are solved analytically by using the regular perturbation method. The main points of
this analysis are given below:
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As Gr; and Gr, increase it enhances the fluid flow nature because of the buoyancy force to
the viscous force which supports the motion.

The effects of Jeffrey's parameters with high values in velocity and temperature range are
rising in both the region due to its comfort and delay structure. Physically, an increase in 4
means a reduction in fluid retardation time which in turn stops the hastening of fluid
motion. On the other hand, the temperature profile increases with the increase of A which is
obvious from Figure 5B. Physically, an increase in 4 leads to a rise in relaxation time and
diminish in retardation time, due to this higher temperature and thicker thermal boundary
layer.

At different diffusion coefficient ratios, it reduces the velocity profile in both regions.

The effect of the chemical reaction parameter suppresses the fluid flow nature in velocity,
temperature, and concentration.

. Increasing the values of Gr;, Gr;, and Jeffery parameters increases the Nusselt number near

the cold wall and hot wall.
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NOMENCLATURE

b, ratio of concentration expansion (o, o)
Br Brinkman number [U; %u,/K; (Ty1 — Ty2)]
by ratio of thermal expansion (8;,/f7;)

Ci, C,  concentrations

C,,C, reference concentrations

d ratio of diffusion coefficient (D,/D;)

D,, D, diffusion coefficients

Ge modified Grashof number (g8, ACh;3/v,?)
Gr Grashof number (g, ATh;*/v,%)

Gr, mass Grashof number (Gc/Re)

Gr thermal Grashof number (Gr/Re)

g acceleration due to gravity

hy, hy width of two regions

k thermal conductivity ratio (Ki/K5)

K, K,  thermal conductivities

m viscosities ratio (u,/u,)

n density ratio (o0,/p;)

P pressure gradient [P = hy?/(u, Uy )(dp/dX)]
Re Reynolds number (U1 h1/v,)

T, T, temperatures

Twl
U

, T, temperatures at the boundaries
reference velocity

GREEK SYMBOLS

A,

o2 chemical reaction parameters

Bcr» Bey  concentration expansions coefficients
Bri, Br, thermal expansions coefficients

ég'v
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AT, AC difference in temperature and concentration
A&, A Jeffrey parameters in R-I, II

My, M, Viscosities

V1, Uy kinematic viscosities

¢, ¢, nondimensional concentrations

0

nondimensional temperature [(T — T,2)/(Ty1 — Ty2)]

SUBSCRIPTS
i=1, 2 reference quantities for Region-I and Region-II, respectively
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