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It is proposed to use the Hall currents to model the transient magneto-hydrodynamic two liquid flows and
heat transfer of ionized gases propelled by a common pressure gradient via a horizontal channel consisting of
parallel porous plates. For the distributions of velocity and temperature, the principal partial differential equations
that explain heat transfer flow under the chosen constraints are resolved. Graphical representations are given for
the distributions of velocity, temperature, and heat transfer rates. This research will be carried out using non-
conducting porous plate’s channel.
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1. Introduction

In the decades-long research there has been a progressively impressive enthusiasm for investigating
electro-magnetohydrodynamic (EMHD) two-fluid flow through channels, pipes or tubes. The transient
phenomenon of such flows has been the subject of numerous research studies [1-5]. A few examples of
applications in engineering and technology as well as industry-related different energy transformation
frameworks that have sparked interest in this area include the development of conceptual designs for fluid
metal magneto-hydrodynamic (MHD) power generators, accelerators, and fusion reactors. These applications
therefore demand in-depth and reliable understanding of thermo-hydraulic systems with two-phase/two-fluid
flow with an externally applied magnetic field. Two-fluid/ two-phase flows are also encountered in the
petrochemical industry during the transportation and extraction of oil.

There are many astronomical and geophysical problems, such as plasma streams in an MHD control
generator, radio propagation through ionized gases, plasma jets, as well as Hall accelerators, which depend
greatly on Hall currents. While the magnetic field strength is extremely strong with a low density fluid, the
Hall impact cannot be ignored because it affects how plasma flows differently. Many researchers, including
Cowling [6], Sherman and Sutton [7], Sato [8], Shercliff [9], Raju and Rao [10], Ram [11], and many more
authors, have conducted model examinations on the impact of Hall-currents on EMHD flows. Sakhnovskii
[12], Jana and Datta [13], Beg et al. [14] and many have studied these consequences for the unsteady
situation. Additionally, it is believed in the literature that the existence of hydro-magnetic forces and Hall
currents has had a significant impact on the MHD flow behavior in channel flows with porous boundaries.
As a result of their use in many engineering and technological fields, numerous studies have been accounted
for in the literature. Among these, the works of Rama Bhargava and Meena Rani [15], Raju and Rao [16],
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Ganesh and Krishnambal [17], Ghosh et al. [18], Gupta et al. [19], Khaled [20] and many more are worth
mentioning.

Numerous researchers have explored the MHD heat transfer in two-fluid/or two-phase flows under a
few specific circumstances without taking the Hall effects into account. In Lohrasbi and Sahai's [21]
investigation of MHD two-phase stream with temperature-dependent transport characteristics, they dealt
with a numerical approach to the problem of heat transfer caused by the MHD Poiseuille flow of two
incommensurable fluids in a straight channel. A problem of MHD two-fluid heat flow for a short circuit
model was studied by Malashetty and Leela in [22]. They thought about a similar issue for the open circuit
case [23]. The unstable MHD convective heat and mass transfer via a semi-boundless vertical permeable
moving plate with heat transfer was investigated by Chamkha [24]. Sharma and Rani [25] looked into the
effects of compressibility and a finite Larmor radius on the thermosolutal instability of plasma. The Hall
effects on the thermosolutal instability of plasma were examined by Sharma and Rani in [26]. Zivojin et al.
[27] investigated the heat transfer and magnetohydrodynamic flow of two incommensurable fluids with
induced magneticfield effects. Abdul [28] thought of the momentary magnetohydrodynamic movement of 2-
incompatible fluids along a flat conduit. Heat transmission in two-ionized fluids in a horizontal conduit with
an applied transverse magnetic field and Hall effect was examined by L.Raju [29]. The unsteady MHD flow
of two immiscible liquids over a horizontal channel with chemical reaction was investigated by Sivakamini
and Govindarajan [30]. Abd Elmaboud et al. [31] researched into the electromagnetic flow of immiscible
liquids. L.Raju [32] used Hall currents to investigate the heat transfer in a rotating system with a
hydromagnetic two-fluid flow of an ionised gas between parallel walls. L.Raju and Gowri [33] examined the
effect of Hall current on the unsteady MHD 2-ionised fluid heat transfer flow within a channel. The effect of
Hall currents on EMHD 2-layered plasma heat transfer flow via a channel of a porous plates was studied by
Nagavalli et al. [34]. L.Raju and Venkat [35] investigated an unsteady EMHD flow and heat transfer of two
ionized liquids in a rotating system with Hall currents for the case of insulating plates.

This article examines an issue of an unsteady electro-magnetohydrodynamic flow of two liquids and
the heat transfer through a horizontal channel of non-conducting porous plates in the presence of Hall
currents. This speculative research could have some practical applications in a variety of distinct fields,
including geophysics, aviation science, specifically in the area of streamlined warming, and issues of
engineering applications, such as pivoting MHD generators, Hall accelerators, plasma jets, spacecraft, the
cooling process of thermo-atomic power reactors, the challenge of boundary layer control, and so forth.

2. Formulation and mathematical analysis

We suppose an unsteady two-dimensional electro-magneto hydrodynamic two-liquid flow of ionised

. . op . : :
gases that is controlled by a common constant pressure gradient _8_p in a horizontal channel that is
X

constrained by two parallel porous plates that stretch out in the x- and z-directions with Hall currents. A
steady suction v, is applied normally to both plates. In the y-direction, a constant magnetic field B, is

applied. Since the magnetic Reynolds number is thought to be low, it is assumed that the induced magnetic
field is insignificant. In the plane parallel to the channel plates, the x-axis is taken in the direction of a
hydrodynamic pressure gradient but not in the direction of a flow. The coordinate system and physical
system for the two-fluid flow model are shown in Fig.1 with the origin placed midway between the plates.
The fluids in the upper and lower zones (regions), that is, 0 < y < h; and h, < y <0 are assigned as Region-I
and Region-II, respectively. Two immiscible, electrically conducting, incompressible fluids with different
viscositiesu,, u,, densities p,, p, and electrical conductivitiesc,;, c,, are present in Regions I and II. In
contrast to the channel height, the channel width is supposed to be extremely enormous. Since the size of the
plates is limitless, all physical quantities — aside from pressure — will depend, on y and ¢. The interface
between two immiscible fluids is thought to be flat, stress-free, and unaffected. And for the sake of
simplicity, the following hypotheses put forth by Sato [8] and L.Raju [32] are taken into consideration (i)
The electric and magnetic fields are not affecting the equilibrium state of ionisation, (ii) The impact of space
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charge is ignored, iii) The magnetic Reynolds number is low, and as a result neither the generated magnetic
field nor the applied magnetic field are much larger than the magnetic field that is outwardly applied to the
fluid. These hypotheses lead to a thorough description of the governing equations of motion and current for
the two-dimensional unsteady electro- magneto hydrodynamic two-fluid flow problem.

The main equations to be solved for the issue are the equations of motion and current for an unsteady
EMHD two-fluid flow of neutral fully ionised gases valid under the aforementioned suppositions. The
governing equations of motion and current for an unsteady hydromagnetic two-fluid flow of neutral fully
ionised gas in a horizontal channel bounded by two parallel porous plates are shortened in both fluid regions,
comparable to Spitzer [36], Sato [8], Malashetty and Leela [23]. The thermal boundary conditions are
acknowledged to apply to all areas of the channel plates while disregarding thermal conduction along the
flow path.
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Fig.1.Flow geometry.

The equations for the research include the motion, current, and energy equations along with the
boundary and interface conditions. We use the fluid's velocity as V; =(u;,0, w;), the strength of the magnetic
flux as B =(0, B,,0), the current density as J; = (J;,0, J,, ),and the electric field as E; = (E,.0, E;,) and

1 X272 %1z x>
2 _ 52 2
Ji =Ji +J;

1z2

(i=1,2) for both fluid areas, according to the analysis used in the research of Sato [8] and

L.Raju and Gowri [33]. As a result, the governing equations in the two fluid regions (that is, for the fluids in
the upper and lower regions, i.e., Region-I and Region-II), are simplified and become as follows:

Region-I:

2
pI%:plvlﬂ_plvoaﬂ_ = 1_& S 6_p+
ot P oy oo ) [ 0x @.1)

+{~(E;. +u;By) o, +(Ep, —wiBy)o2; | By,

2
Pi M _ P1Vi ¢ v;] —P1Vo%+(5 %ja—er
ot oy oy Oy ) Ox (2.2)

“‘{011 (E;x —wiBy)+05(E;, +u;B, )} By,



V.Gowri Sankara Rao and T. Linga Raju 93

2 2 2
oT, ¢,y 0°T, oT du ow J
prep—r = =L p L+ (—IJ J{—IJ +=L, (2.3)
a P o ov ) Vo) | o
56 [ Op
Jix =01 1E —Byow; +06,,E, + Byo,u; + - | (2.4)
Gy By \ Ox
E E
J]z:G]](i"'ulJ—GZ](J—WIJ—L[]—&J[a—pj. (25)
B, B, B, Gy )\ Ox
Region-I1
61/!2 azuz 6142 012
it RNV R [ BT P
P2 o P2V> ayz P2V Y 5o (2.6)
+{~(Es, +usB)) 0,5 +(Es, —w,B,) 01, By,
ow &w ow 65, |9
92_2292"2—22—92"0_2"‘ R
ot oy oy Gy ) Ox (2.7)
+{(E2x ~w,B))0,, +(E>, +u230)022}30,
oT,  CpoMy 3°T or ou, Y (ow,\ | J?
pacpr st = LI by b, (ﬁj +(—2] 2 2.8)
t P oy oy oy oy Gp2
5G,, (Op
Joy =012E5, =By ,wy +65E,, + ByGru; + —-— | (2.9)
00230 5x
s G, |(Op
Jr. =6 1E,, +6,Bguy =6 5E, +0Bywy, ——| [ ——= || —|. (2.10)
0 Gpy J\Ox

In the aforementioned equations, 1 and 2 subscripts denote, respectively, the amounts for Regions-I
and II. The values u,,u, and w,,w, represent, respectively, the primary and secondary velocity distributions

for the two fluids and these are the x- and z-direction velocity components. Specifically, the x- and z-
components of the electric field and current densities are denoted by the symbols £, , £, , and J, , J,,.The

ix > ix o

ratio of the electron pressure to the total pressure is denoted by s = p, / p . For neutral, completely ionized
plasma, the estimation of s is //2, while for a weakly ionized gas, it is close to zero. ,,, 5,, ando,;, 6,

are modified conductivities and are parallel to and normal to the direction of the electric field, respectively.
Fluid velocity and sheer stress must be continuous over the interface at y =0. The boundary and interface

conditions on u;,w; and u,,w, and for the fluids in the two zones are given by the following equations:

u;(h;) and w,(h,)=0 when (<0,
() () . @2.11)
= Realof €’ when ¢>0.
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uz(—h2)= 0, w (—h2)=0, (212)
aul aU2 aWI 8W2

p,——=p,—= andp,—==p,—= at h; =h,. (2.14)
Iay 2 ay 1 ay 2 ay 1 2

For both fluids, the isothermal boundary and interface conditions for temperature are:

T1(h1) =T, To ('hz) =T, T](o) =1, (0)9
(2.15)
oT,
K, E’:K2

o for h; = h, (interface).

To form Egs (2.1) to (2.10) and (2.11) to (2.14) as dimensionless, the following non-dimensional variables
are used:
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where (i =1,2), Oi is the temperature distribution of the fluids, M is the Hartmann number, o is the
viscosity ratio, 4 is the height ratio, pis the density, o, is the electrical conductivity ratio, m is the Hall
parameter and fBis the thermal conductivity ratio between the two fluids. ®,is the electron gyration
frequency, Tt and t, are the mean collision times between electron and neutron and electron and ion,

respectively. Additionally, the previously stated formulation in (2.16) for the Hall parameter m, which is
crucial due to partially-ionized gas, accords with the formulation for fully-ionized gas as 1, approaches
infinity.

The non-dimensional kinds of Eqgs (2.1) through (2.14) are given by omitting the asterisks and
considering transformations (2.16).
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The boundary and interface conditions on u;, w; and u,,w, are simplified as

u;(1)=0, fort<0, w;(1)=0, forz<0,

(2.27)
u;(I)=gcosot, fort >0, w;(I)=¢ecoswr, fort>0,
uy(~1)= 0, wy(~1)= 0, (2.28)
UI(O) ZU2(0), W](O) =W2(0), (229)
ou ou ow ow ow ow
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The isothermal boundary and the interface conditions are given by
00 1 09
0,(1)=0,0,(-1)=0,0,(0)=0,(0)and—L=——2 at y=0. 2.31
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3. Method of solution

The momentum and energy equations (2.17)-(2.19) and (2.22)-(2.31) must be resolved in order to
satisfy the boundary and interface conditions (2.27)-(2.31) for the velocity and temperature distributions in
both fluid regions. Given that they are coupled partial differential equations, these equations cannot be
solved in closed form. However, if the subsequent two-term series is assumed (Regular perturbation
technique of first order), they can be reduced to simple linear differential equations [33].

u(y,0)=ug;(y)+ecoswtuy; () andw,(y,t)=wy; () +ecosot wy; (), (3.1
uy (v,1) =uy, () +ecosot u;,(y)and w, (y,1) = wy, (¥) + ecos ot w;,(»), (3.2)
0,(»,8)=0y;(y) +ecosot 0;,(y)and0,(y,t) =0y, (y) + ecosot 0,,(y), (3.3)

where the terms u;(¥),upr(¥), Wp;(¥),Wyo(») and 0;(»), 0),(y)are the temperature and velocity
distributions in the steady-state two-fluid areas and u;;(»), u;,(»), w;;(¥), w;»(») and 0;;(»), 0;,(y)are
the relevant time-dependent components.

We add the complex notation g, (y,t)=u;(y,t)+iw;(y,t) to unify Egs (2.17) and (2.18) into a

single equation and for convenience; likewise, ¢, ( y,t) =u,(y,t)+iw,(y,t) to unify Eqs (2.22) and (2.23).

We construct the differential equations by including the formulas from (3.1)-(3.3) into (2.17)-(2.19) and
(2.22)-(2.24), then separate the steady and transient time-varying components. The boundary and interface
conditions are used to resolve the resulting linear differential equations analytically. To find the conclusive
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answers to the unstable EMHD problem in two-fluid regions, the closed form solutions for the steady and
transient-time dependent sections are independently produced.
The solutions for the primary and secondary velocity distributions, u,, u, and w,, w,, respectively, are

provided by:

q; (J/J) =4y (y)+scos ot.q;;(y)

34
=flef30y ~I—fzef31y +Z—2+8cosmt(f5ef34y +f6ef35y) (3.4)
1
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(3.5)

c
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3

= (0 +4q,(,1)
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b

q](y’t)_ql(yal)
2i

w;(y,t) = , and similarly for u,(y,7) and w,(y,?).

Mean velocity distributions are
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where up, = 9im T 49im LW, = 9im .qlm Uy, = 9om T 9om , Wy, = q2m2.q2m .
1

2 Im 2i m 2

Therefore, using the aforementioned expressions (3.4)-(3.6), we independently solve the appropriate
energy equations for the steady and transient time-dependent components. The following are the concluding
answers for the temperature distribution between the two regions and the rate of heat transfer coefficients at
the channel porous plates under an unsteady condition:

Region-I:

0;(y,1) =0y, () +cos 10, (¥) = g; +gre —(d36ed23y +dzpe +
+d;5e725 + ds0e?207 +d e 1 dyel31 +d4zeﬂy +d43eEy +d44y)
3.7)

d d d
+scosmt(g5eg9y + g% +d; 38 +d, e + d) 1107 +

dig1y S34Y S35y f34y f35y
+d149€ +d150€ +d1516 +d152€ +d153€ .
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The upper plate coefficient of heat transfer rate Nu; = —% aty=11is:

d;s; f34€ +d;s3 f35ef35 )

Region-II:
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. 1 .
The lower plate coefficient of the heat transfer rate Nu, = B__ at y=—1 is given by:
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(3.8)

(3.9)

(3.10)

where, the symbols and notations which are used to perform the mathematical analysis and make equations

simpler are shown separately in the Appendix.

4.Results and Discussion:

The governing partial differential equations for the primary and secondary velocity distributions
u,,u,andw,,w,) as well as the temperature distributions (9,, 6, ) in the two regions are solved using a two-
U2 1>W2 p 1»92 g g

term series (regular perturbation technique of first order). Graphical examples are used to explain related
computational estimation for the various sets of governing parameter values. Figures 2 to 25 display profiles
for the temperature and velocity distributions in the two zones as well as the rate of heat transfer coefficients.
The profiles for unsteady motions are shown in the figures as solid lines, whereas those for steady motions
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are dashed-spot lines. The impact of flow parameters on the velocity and temperature fields is explored by
the Hartmann number M, Hall parameter m, porous parameter A , density ratiop, viscosity ratioo, height

ratio A, electrical conductivity ratio o, and thermal conductivity ratio3. Since the issue involves a too many
non-dimensional parameters, we fix the parameters c,, = /.2 and &, = /.5 in all numerical computations for

simplicity, and the effect of other significant parameters is examined. It is noticed that the solutions are found
to be free of ’s’ (electron pressure to aggregate pressure proportion). We see that, when the motion is steady
state and the channel side plates are non-porous, the analysis is in excellent agreement with the results of
L.Raju [29]. Additionally, this analysis supports L.Raju and Gowri [33] solutions to the unsteady issue with
non-porous side plates.

Figures 2, 3 and 4 illustrate how changing the Hartmann number M affects velocity and temperature
distributions while all other parameters are held constant. As is seen in Fig.2, the primary velocity
distribution diminishes when the Hartmann M augments up to an estimate of M =6, beyond which it
enhances in zone 1. The primary velocity distribution in area II increases as the Hartmann number M rises
until an estimate of M =4, at which time it starts to fall. The secondary velocity distribution is shown in
Fig.3 to grow with M up to an estimated value of M =6, after which it decreases in the two zones. This
tendency may be due to the Lorentz force actually which acts against the flow in the presence of a transverse
magnetic field in an electrically conducting fluids. As M rises, the channel's most extreme primary and
secondary velocity distributions have a tendency to move away from region-I (which is in the upper fluid
area) over the channel's central line. It is found from Fig.4 that the temperature distribution in two regions
decrease as M rises. The channel's most extreme temperature tends to shift beyond the channel focus line and
toward region-I with an increase in the magnetic parameter M. These observations indicate that the applied
transverse magnetic field has a more noticeable effect on velocity fields rather than temperature.

-1.5

-1.5

Fig.2. Velocity profiles (primary): unsteady flow Fig.3. Velocity profiles (secondary): unsteady flow
u;, u, and steady case u,*,u, *for varied M with w,;,w, and steady case w,*,w, * for varied M with

m=2,A=2,0=0333,h=1,6,=2, 6y, =1.2, m=2,A=2,0a=0333,h=1,6)=2,04 =12,
69, =1.5,6=05,p=1, ®=1, t =7/ . (Insulating o, =15,e=05,p=1,0=1,t=n/o. (Insulating
porous plates). porous plates).
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MROO
[

0.25

-1.5 -

<1.5: =

Fig.4. Temperature profiles: unsteady flow 6,, 06,and Fig.5. Velocity profiles (primary): unsteady flow

steady case 0,*, 0, * for varied M with m=2, L =2, u;,u,and steady case u,* u,*for varied m with

a=0.333,h=0.75,6,=2, 06, =1.2, 5y, = 1.5, M=2,A=2,0=0333,h=1,6,=2,0, =1.2,
B=1,e=05,p=1,0=1,t=n/. (Insulating Gg> =1.5,€=0.5,p=1, =1, t =n/ o. (Insulating
porous plates). porous plates).

45 J -1.5 -

Fig.6. Velocity profiles (secondary): unsteady flow Fig.7. Temperature profiles: unsteady flow 6,,0,
uy, upyand steady case wu,*, u,*for varied m with and steady case 0,*, 0, * for varied m with M =4,
M=2,1=2,a=0333,h=1,6,=2, 0 =12, A=2,0=0333h=0.75 6,=2, 06, =12,

6y, =1.5,=05,p=1, ®=1, t =7/ . (Insulating 6, =15,p=1¢=05p=lLo=11=1/0.

porous plates). (Insulating porous plates).
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Fig.8. Velocity profiles (primary): unsteady flow Fig.9. Velocity profiles (secondary): unsteady flow
u;, u, and steady case u,;*, u, *for varied A with

u;, u, and steady case u;*, u, *for varied A with
M=2, m=2, 0(20.333, h:], (o)) :2, Oy :].2, M:2, m:2, 0(.20.333, h:], Gy :2, Gyy :].2,
6y, =1.5,6=05,p=1, ®=1, t =7/ o. (Insulating

6y, =15,6=05,p=1, o=1, t=n/o. (Insulating
porous plates). porous plates).

-1.5 -

-1.5

Fig.10. Temperature profiles: unsteady flow 6,, 6,
and steady case 0,*, 6, * for varied A with M =4,
m=2,0=0.333, h=0.75,c6,=2, 6y, =1.2,
cpp,=15,p=Le=05p=Lo=1t=n/0.
(Insulating porous plates).

Fig.11. Velocity profiles (primary): unsteady flow
u;, u, and steady case u;*, u, *for varied o with
M=2,m=2,r=2,h=1,6,=2,0y, =12,

6y, =15,6=05,p=1, o=1, t=n/o. (Insulating
porous plates)
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Fig.12 Velocity profiles (secondary): unsteady flow
u;, u, and steady case u;*, u, *for varied a with
M=2,m=2,A=2,h=1,6,=2,04 =12,

6y, =1.5,6=05,p=1, ®=1, t =7/ o. (Insulating
porous plates).

Fig.13 Temperature profiles: unsteady flow 6,, 0,
and steady case 0,*, 6, * for varied o with M =4,
m=2,A=2,h=0.7506,=2,06y=12,0)=1.5,
B=1,e=05,p=1,0=1,t=n/o. (Insulating
porous plates)

1.5

-1.5

Fig.14. Velocity profiles (primary): unsteady flow Fig.15. Velocity profiles (secondary): unsteady flow

u;, u, and steady case u,*, u, *for varied & with w,;, w, and steady case w;*, w, * for varied & with
M=2,m=2,A=2,0=0333,6,=2,0,, =12, M=2,m=2,r=2,a0=0.333,6,=2,06,,=1.2,
6y, =1.5,6=05,p=1, ®=1, t =7/ o. (Insulating o, =15,e=05,p=Lo=1,t=n/0.

(Insulating
porous plates).

porous plates).
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Fig.16. Temperature profiles: unsteady flow 6,, 0,
and steady case 6,*, 6, * for varied h with M =4,
m=2,A=2,0=0.333,6,=2,0y, =12, 6/, =1.5,
B=1,e=05,p=1,0=1,t=n/o.
porous plates).

(Insulating

Fig.17. Velocity profiles (primary): unsteady flow
u;, uyand steady case u;*, u, *for varied o, with

M=2,m=2,r=2,0=0333,h=1,06,,=1.2,
6y, =15,6=05,p=1, o=1, t=n/o. (Insulating
porous plates).

——— 00=0.1
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Fig.18 Velocity profiles (secondary): unsteady flow
u;, u,and steady case u;*, u, *for varied o, with
M=2m=2,A=2,0=0333,h=1,6,,=1.2,

6y, =1.5,6=05,p=1, =1, t =7/ o. (Insulating
porous plates).

-1.5

Fig.19. Temperature profiles: unsteady flow 6,, 0,
and steady case 6,*, 0, * for varied o, with M =4,
m=2,A=2,0=0333,h=0.75,c, =1.2,

o, =15,B=1L¢e=05p=1,0=1t=n/o.
(Insulating porous plates).
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Fig.20. Velocity profiles (primary): unsteady flow Fig.21. Velocity profiles (secondary): unsteady flow
u;, u,and steady case u;*, u,*for varied p with u,, u,and steady case u,*, u, *for varied p with

M=2,m=2,A=2,0=0333,h=1,0,=2,
Oy; 212, Op2 =15, 8:05, (D:], t=TE/(D
(Insulating porous plates).

M=2,m=2,r=2,0=0.333,h=1,06,=2,
Oy; =12, G2 215, 8:05, p:]’ (D:], t=TE/0)
(Insulating porous plates).
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Fig.22 Temperature profiles: unsteady flow 6,,60, Fig.23 Temperature profiles: unsteady flow 6,, 0,
and steady case 0,*, 0, * for varied p with M =4, and steady case 0,*, 6, * for varied B with M =4,

m=2,A=2,0=0.333,h=0.75,6,=2, 0y, =1.2,
Op2 =15, BZI, 8:05, p:]’ (D:], t=TE/(D
(Insulating porous plates).

m=2,A=2,0a=0.333,h=0.75,6,=2,06y, =12,
o, =15,e=05,p=1,0=1,t=n/0. (Insulating
porous plates).
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Fig.24. Nusselt Number (Nu,)for varied M with Fig.25. Nusselt Number (Nu,)for varied M with

A=2,0=0333,h=0.756,=2,06,=1.2, A=2,0=0333,h=0.75,06,=2,c, =1.2,
cp,=15,p=1L¢e=05p=l,0=1t=n/o. op=15,B=1¢e=05p=1,0=1t=n/o.
(Insulating porous plates). (Insulating porous plates).

Figures 5 and 6 show how changing the Hall parameter 'm' affects both primary and secondary
velocity distributions. Figure 5 illustrates how increasing m improves the primary velocity distribution in the
two locations. Figure 6 demonstrates that the secondary velocity distribution rises as m rises up to an
estimated value of 1 before falling in the two locations. The highest primary and secondary velocity
distributions of the channel are also seen to be moving over the channel center line and toward zone-I when
m increments. The cause of the variable Hall parameter m on temperature field is seen in Fig.7. It is seen that
raising m enhances how evenly the temperatures are distributed between the two regions. This implies that
the Hall parameter accelerates the temperature of the fluids in the two locations. The channel's highest
temperature also has a tendency to cross the channel center-line and move toward zone-I when m increases.

Figures 8, 9, and 10 each depict how the porosity parameter A affects the distributions of velocity
and temperature. Figure 8 illustrates how a drop in the primary velocity distribution in area II results from an
increase in A , whereas increasing A leads the primary velocity distribution in Region-I to grow. A rising A
lowers the secondary velocity distribution in the two zones, as shown in Fig.9. Further investigation
demonstrates that the greatest primary and secondary velocity distributions in the channel have a tendency to
migrate toward region-I as A increases by crossing the channel focus center line. From Fig.10, it is evident
that the temperature circulation has increased in two zones. As a result, suction tends to higher temperature
in both locations. As the permeability parameter A raises, the channel's greatest temperature conveyance
tends to migrate away from region-I and over the channel focal line.

Figures 11 and 12 show the results of the viscosities ratio o between the two liquids. In both zones,
the primary and secondary velocity distributions are found to increase as o increases. As o increases, the
channel's most extreme primary and secondary velocity distributions have a tendency to cross the channel
focus line and head towards Region-I. Figure 13 shows the impact of the viscosity ratio o on the
temperature distribution. The temperature distribution is observed to decrease as o increases up to o =1,
after which it increases up to o =0.3 before decreasing once more close to the channel's centre. The
temperature transmission decreases in Region-II. Additionally, when the viscosity proportion grows, the
temperature distribution in the channel tends to shift towards Region-II, beneath the channel focus line.

Figures 14, 15 and 16 illustrate the effect of changing the height ratio 4 on velocity and temperature
distributions. The primary and secondary velocity distributions in the two zones are seen to increase as h
increases. The channel's most primary and secondary velocity distributions typically move with 'h'
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increments over the channel centre line in the direction of Region-I. Figure 16 shows that increasing 4
increases the temperature dispersion up to h=0.75, after which the temperature dispersion in the two zones
decreases. As A increases, the channel's highest temperature has a tendency to shift beyond the channel focus
line and toward Region-1.

Figures 17, 18 and 19 display the impact of electrical conductivity ratio ¢, on velocity and

temperature fields. It is found that, when o, increases; neither the primary nor secondary velocity
distributions show any major or minor deviation. As &, increases, the channel's maximum primary and

secondary velocity distributions have a tendency to cross the channel focus line and head toward Region-I. It
is found from Fig.19 that as o, increases in the two zones, there is no significant minor deviation from

temperature conveyance. As G, increases, the channel's most extreme temperature dispersion has a tendency

to cross the channel focus line and head toward zone-1.
Figures 20, 21 and 22 show how the density ratio p affects the distributions of velocity and

temperature in the two fluid zones. It is seen from Figs 20 and 21 that an increase in p reduces the two
regions' primary and secondary velocity distributions. As p increases, the channel's most extreme main and

secondary velocity distributions have a tendency to cross the channel centre line and head in the direction of
area L. It is found from Fig.22 that the temperature distribution in the two zones will be built by an increasing
p. As p increases, the channel's highest temperature has a tendency to cross the channel focal line and head

toward area I.
Figure23 shows the effect of thermal conductivity ratio B on temperature distribution. The

temperature distribution in the two zones is observed to be increased by an increasing 3. As [ increases, the

channel's highest temperature has a tendency to shift slightly over the focus line and toward region-I.

The rate of heat transmission coefficients in relation to the Hartmann number M is shown in Figs 24
and 25. It is clear that the rate of heat transfer increases as M grows when all governing factors are held
constant. The rate of heat transfer at the plates is, however, reduced up to a certain value when the Hall
parameter m is increased, and thereafter it increases.

5. Conclusions

Theoretically, Hall currents are used to study the behaviour of the temperature distribution brought
on by an EMHD two liquid flow of ionized gases into a straight channel constructed of porous non-
conducting plates. Graphs are used to investigate the effects of flow parameters on the temperature fields and
rate of heat transfer coefficients in two liquid zones. These parameters include the Hartman number, Hall
parameter, Porous parameter, ratios of the viscosities, densities, heights, electrical conductivities, and
thermal conductivities. Some significant outcomes include the following:

e In zone-l, the primary velocity distribution increases up to an estimated value and then reduces past
this estimate as the Hartmann number rises, where in zone-Il, it enhances up to an estimated value
and then decreases past this estimate. Up to a particular parameter estimation, the secondary velocity
distribution increases, and then it starts to decline.

e As the Hartmann number rises, the temperature distribution in two regions becomes less uniform.

e The secondary distribution grows with an increase in the Hall parameter up to a certain estimate,
after which it drops in the two regions. This contrasts with the main distribution, which is improved
in both regions by an increasing Hall parameter.

e The temperature distribution in two regions is enhanced by an increase in the Hall parameter.

e An increment in the porous parameter enhances the primary velocity distribution in Region-I and
diminishes in the Region-II, while the secondary velocity distribution diminishes in the two regions.

e A growth in either the Hall parameter/or porous parameter/or thermal conductivity ratio/or density
ratio improves the dispersion of temperature in the two regions.
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e A rise in the viscosity or density ratio or height ratio improves primary and secondary velocity
profiles.

e When either the height ratio or viscosity ratio increases up to a certain point, the temperature
distribution increases; after that, it decreases in the two zones.

e An increase in the Hartmann number accelerates the rate of heat transfer coefficients at the plates.
However, as the Hall parameter increases up to a certain point, the rate of heat transfer coefficient at
the plates decreases and from that point on, it increases.
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Nomenclature
By —applied magnetic field
B - magnetic flux intensity
€15C2yeeed],ds, ...
f15/25281>825--. ¢ — symbols/or functional relations considered in all the solutions and equations.
my, my, m3... }
c,i(i=1,2) —specific heat in the two fluid regions at constant pressure
E;., E;,,i=1,2 — applied electric fields in x- and z- directions respectively
h  —height ratio
h;  —height of upper region (Region-I)
h, — height of the lower region
I;.,I;; — current. densities in two fluid regions along the x- and z-axes those are dimensionless
Ji» Ji;  — current densities in the x- and z-axes, respectively
J —current density
K;,K, — fluid's thermal conductivities
m  — Hall parameter
m;,, m;; — electric fields with no dimensions of both fluid regions
M  — Hartmann number
N;, N, —represented symbols for N; =m,, +im;, and N, =m, +im;,,
Nu;, Nuy — heat transfer coefficients at upper and lower plates
P —pressure
p. — electron pressure

q01-4902-911-912
9im> 92m

s=p./p

— velocities in steady and transient states expressed in complex notation
— mean velocities in complex notation, where q;,, =, + W}, Gopm = Uy + W2y

—ionization number = ratio of electron pressure to total pressure
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t, T —time, temperature
T;(i=1,2):T;,T, — fluid's temperature for two regions
u;(i=1,2)u;,uy — primary velocity distributions
Uy, Uz, — mean primary velocity distributions
ug;(v),upy(y) — primary velocity distributions in steady state case

ur;(v),us;(y) — transient primary velocity components

2
. . op h:
u —characteristic velocity = _P A
ox 1

— fluid velocity
w;(i=1,2):w;,w, —secondary velocity distributions
Wi sWa,, — mean secondary velocities
wys(¥), wp2 ()  — steady state- secondary velocity distributions
wy;(¥), w2 (y) — transient state- secondary velocity components
(x,y,z): — The rectangular Cartesian space coordinates

P
ox

o — viscosities proportion

— common-constant pressure-gradient

B — thermal conductivities proportion
A — porous parameter

py, py — fluids' viscosities
Gy;,0¢9, — both fluids' electrical conductivities
oy — electrical conductivity ratio

G;1, 02, Oy, G — modified conductivities parallel and normal to the electric field's direction

6;,6, — symbols used for o, :G%H,GZ :G%ﬂ

— amplitude (a small constant quantity, € << /)

m

p —ratio of densities
p;, P2 — the two fluids' densities
6;, 6, —non-dimensional temperature distributions
09;(»), 092(»y) - temperature distributions at steady state
0;;(), 6;2(y) - temperature distributions during a transient state

T, T, — between an electron and an ion or an electron and a neutral particle, the average collision period
o — oscillation frequency

®. — electron gyratory frequency
subscripts:

1,2 — quantities indicate for both upper and lower fluid regions
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