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Abstract

An annular two-phase, steady and unsteady, flow model in which a conducting
fluid flow under the action of magnetic field is concavely. Two models are
presented, in the model one; the magnetic field is perpendicular to the long side of
the channel, while in the model two is perpendicular to the short side. Also, we
study, to some extent the single-phase liquid flow.
It is found that the motion and heat transfer equations are controlled by different
dimensionless parameters namely, Reynolds, Hartmann, Prandtl, and Poiseuille
parameters. The Laplace transform technique is used to solve each of the motion and
heat transfer equations. The effects of each of dimensionless parameters upon the
velocity and heat transfer is analyzed.
A comprehensive study for Model 1, and 2 is given. Also, a comparison study
among steady, unsteady, single-phase, two-phase for Model 1, and Model 2 is
considered.
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Introduction and magnetic fields. It unified in a common
Magnetofluiddynamics (MFD) is that branch framework the electromagnetic and fluid-
of applied mathematics which deals with the dynamic theories to yield a description of the

flow of electrically conducting fluids in electric
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concurrent effects of the magnetic field on the
flow and the flow on the magnetic field.

For two-phase flow in a rectangular channel,
Thome [1], reported, by performing experiments
on gas-liquid metal two-phase flow and
developing a homogeneous two-phase flow
model that the magnetohydrodynamic MHD
pressure drop of two-phase flow is nearly equal
to and a little higher than that of single-phase
flow, for the same liquid flow rate and the same
magnetic field, in the cases of low and medium
void fractions. Also, for two-phase flow in a
rectangular channel, Owen et al. [2], proposed a
separated two-phase flow (annular two-phase
flow) model, together with a homogeneous flow
model, and showed that the two-phase flow
pressure drop cannot be lowered below the
single-phase flow pressure drop. However,
Inoue et al. [3], showed, by performing
experiments on gas-liquid metal two-phase flow
that the two-phase flow pressure drop becomes
10 % of the single-phase flow pressure drop in a
rectangular channel for the case of high void
fraction.

Kumamaru and Fujiwara [4], considered a
separated flow (annular flow) models for a
rectangular channel have been developed in
order to propose a flow model which can predict
Inoue et al, experimental data on the
magnetohydrodynamic MHD pressure drop.
Also, in his work, the heat transfer from the
channel walls to gas-liquid metal two-phase
flow has been calculated based on the proposed
flow models in order to estimate the
improvement of heat transfer in the two-phase
flow comparing with that in the single-phase
liquid flow.

In this paper, the magnetohydrodynamic MHD
pressure drop and heat transfer of two-phase
flow for fusion reactor conditions have been
calculated by the proposed flow and heat
transfer models and have been compared with
those of single-phase liquid flow.

1. Formulation of the Problems

In this section, we will describe two
problems in magnatohydrodynamic MHD
namely, Model 1 and Model 2. In both models
two-phase gas-liquid flow under the action of
uniform magnetic field is considered. The
difference between the two problems is in the
applied magnetic field.

1.1 Model 1, [5]
In this model, a rectangular channel, an
annular two-phase flow (gas-liquid) models has
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been presented, in which there is a liquid
continua adjacent to the channel walls, while in
the center of the channel there is a gas
continuum. The applied uniform magnetic field,
B, is directed perpendicularly to the long side of
the channel cross-section. Since the flow will be
considered in the direction of z-axis, then the
applied magnetic field has only one component
in the y-direction, this component will be,
denoted by By, see (figure 1). The paths of
induced current for this model flow are in the x-
direction and they are shown in (figure 2).

Figure 1: Model 1, annular flow in magnetic field
perpendicular to channel long-side, [4].
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Figure 2: Induced electric current paths in Model
1, [4].

Let a be the half width of short side of the
channel and b be the half width of long side of
the channel.

1.1.1 Momentum Equation for the Liquid
Phase, [4]:

The motion of a conducting liquid under a
magnetic field is described by the momentum
equation including the Lorentz force
(electromagnetic force) term (JxB) and Ohm's
law Thome [1]. They are, respectively,
expressed by:

~Vp+uViu+JxB (D)

J=c(E+uxB) ...(2)
where, u is velocity, p is pressure, | is dynamic
viscosity, p is density, © is electrical
conductivity, J is induced current, E is induced
electric field, and B is magnetic field.
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Now, since the flow is unidirectional, in the z-
direction, then u and -Vp have only z-

component, i.e. in the z-direction, let there
components be u and V p respectively,.Since the
magnatic field B in the y-direction, then (uxB)
will be in the x-direction this component say By,
also we have E in the x-direction, consequently
J will have only one component which is in the
x-direction.The total induced current in the x-
direction within the liquid is obtained by
integration of Eq.(2). E in the x-direction is
constant, since there is no current in the y-
direction.To calculate the last term in the right
hand side in Eq(1), we start with Ohm's law:

a a

dey: j o(E+uxB) dy ..(3)
a-r a-—r
The substitution in Eq(3) performed the integral
by using the mean value theorem for integration,
we obtain:
Jr = roE —rouB,,

where, By the applied magnetic field, and u is
the average liquid velocity. The plus and minus
signs correspond to the positive and negative
direction of the y-axis, respectively. The total
current in the x-direction within the wall is
given by:

J, 1y =1,04E

where, J,, is the wall induced current, r,, is the
wall thickness, o, 1is the wall electrical
conductivity.The application of the continuously
equation for current tell us that the net current in
the x-direction must be zero, i.e.,

r6(E - uBg) +r,6,E=0

from which
E= ﬁ]# (4
l+r,0, /10

Let v = (a — r)/a, and the wall conductivity
number ¢ = WO Then Eq.(4) becomes:
ac

__ UBg
L0/
where, Yis a void fraction.
By substituting the above expression for E in

Ohm's law, Eq.(2), we get:

J=06(E - uBy)
_ _ ©ouBy
10/

Now, we have:
_oudj cung
1+¢/(1-7)

- GuB()

(JxB) = (
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The substituting of the last equation in the
momentum Eq.(1) gives final form of
momentum equation, which is:

S
Pla)™ "o THon

oy
Iy

The associated boundary conditions are:

u=0aty = a (non-slip condition) ...(6a)
and,

—ug—; :rlz(a—r)[—g—Zj aty =a-r
... (6b)

(viscosity law) and the initial condition:

u=0 at t=0 ...(6¢)

Note that, Eq.(5) and its boundary conditions are
in dimensional form.

1.1.2 Gas-Phase, [4]:

For the gas phase with a large gas-to-liquid
relative velocity, the pressure gradient, Branover
[5], is evaluated for a flow channel with a width
of 2a, is given by:

—dP/ 0z

) =f
P U, /22

Now, since in our case, the channel width is
2a — 2r, thus we have:

_a_P =f pgﬁé
0z 2(a—r)
—2
_OP g L Pele ()
oz d, 2

where, p, is density of gas, u, is the average

g
liquid velocity of gas, and d, = 4(a —) is the
hydraulic equivalent diameter, defined for the
infinite parallel plates and the friction
coefficient, f, is evaluated by:

f=16/Re, for Re, <2000
...(8 a,b)
f=0.0791/Reg™ for Re, 22000

The Reynolds numbers, based on both real
velocities and superficial velocities, are defined
by using the hydraulic equivalent diameters for
the infinite parallel plates.

7=—0 ..(92)
1-y
]
Ty= —2L .9 b)
Y
Re=pudr/p,

Reg = pgﬁg 4(a—-r)/ Mg
Re, =pujy4a/w(=Re), Rego = pgﬁgo da/ My (= Reg)
...(10 a,b,c,d)
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where |, is the dynamic viscosity of the gas.
The average velocity is given by :

l a
u=- |ud
P Jua
a-r
By introducing the nondimensional
variables u* = u/u, y* = y/a, Hartmann number

...(11)

ncw

Poiseuille number P

Ha = Bpa.o/pu,

-2)z)

equation in dimensionless form can be written as

tu
and t* = —, the momentum
a

% 2 . 2
iReoau _p 4 J“u Ha B
16~ ot* dy ** 1+¢/(1-Y)
Ha’u * .. (12)

The associated boundary and the initial

conditions are:
%

u
u¥*=0 at y*=1, —

dy * =vPatyr =y,

u*=0 at t*=0 ...(13a,b,c)

1.2 Energy Equation, [4]

By neglecting the internal heat generation for
the present one-dimensional problem, the
unsteady state energy equation for liquid phase
with a constant heat flux from long-side channel
wall for this model is:

00 08 0%
c,| EruZ| k2
P P(at”azj 3y

where C, is specific heat, 0 is temperature, 0,, is
temperature of the wall, 8% = 0 — 6,, k is
thermal conductivity.

.. (14)

The associated boundary and initial
conditions are:
0=0, at y=a, @:0 at y=a-—r
dy
,0=0 at t=0 ...(15a,b,c)

By introducing nondimensional variables u*

= u/u, y* = y/a, and z* = z/a, t* = t_u’ and
4a
C
Prandtl number Pr = '}
20 % *
0°0* 1 ReyPr 00 N ReyPr . 06 .(16)

dy* 44(-vy) o*  4l-v) oz

09 .
and - s constant, because of constant wall
z

heat flux.
The associated boundary and initial conditions
are:
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00 *
0* =0 aty*=1, — =0 at y* =y,
y dy * y
0*=0 at t*=0 ...(17a,b,c)
The dimensionless form of equation (7) can be
written as:
2 i,
Pof Rego u ugu04a

B!

By using the equations dy, = 4(a — 1), U,

dy, pupda gu’ 1w
20

Uy, /v, and u = uy/(1 —7), we get:

2
(u_gJ 1=yl
p) v 8

The dimensionless form of equation (8a,b) can
be written as:

f=16/Re,

2
Pt b

...(18)
Re, Pg

for Reg 0 <2000
...(19 a,b)

By using the same procedure, the dimensionless
form of the average velocity ,equation 11, is:
1

1 u * dy*

1= ——

i ...(20)

Y

1.3 Model 2, [4]

In this model, a rectangular channel, an
annular two-phase flow (gas-liquid) models has
been presented, in which there is a liquid
continua adjacent to the channel
walls, while in the center of the channel there is
a gas continuum. The applied uniform
magnetic field, B, is directed perpendicularly to
the short side of the channel cross-section. Since
the flow will be considered in the direction of z-

axis, then the applied magnetic
field has only one component in the x-direction,
this component will be, denoted

by By, see (figure 3). The paths of induced
current for this model flow are in
the y-direction and they are shown in (figure 4).

v liuid
Figure 3: Model 2, annular flow in magnetic field
perpendicular to channel short side, [4].
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Figure 4: Induced electric current paths in Model
2, [4].
Let a be the half width of short side of the
channel and b be the half width of long side of
the channel. In Model 2, one side of the liquid
film is in contact with gas core, i.e.,
nonconducting medium, and the thickness of
channel wall perpendicular to the magnetic field,
Iy is considerably smaller than the half width of
the channel parallel to the magnetic field, B.
Hence, induced current paths are considered to
be nearly equivalent to those for liquid flow in a
channel insulating (nonconducting) walls
perpendicular to the magnetic field Lielausis [6].
From the above consideration, the equations as
for Model 1 hold for Model 2 except that the
coordinate y and y* replaced by x and x*,
respectively, and conductivity number ¢ is set to
be zero.
The momentum equation is:

2
p(%):—g—zng—‘;—clsg(u—ﬁ) .21
The associated boundary conditions are:
u=0 at x=a (Non-Slip condition) ...(22a)
and
—ua—u:r :(a—r)[—a—Pj at X = a — r

x 0z
(Viscosity Law) ...(22b)
and the initial condition:
u=0 at t=0 ...(220)
The energy equation is:
2
pCp(%+u%j =kgx—(3 ...(23)

The associated boundary and initial conditions
are:

20

6=0, at x=a , —=0 at x=a-r,
ox

0=0 at t=0 ...(24a,b,c)
Then the momentum and energy equations in

dimensionless form are:
Jdu * o%u*

i Reo =

16 ot * ox *2

The associated boundary and initial condition

can be written as:

+Ha® — Ha’u*

...(25)
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Jdu *

ox*

u*=0 at x*=1 , YP at x* =17y,

u*=0 at x¥*=0
The energy equations is:

...(26a,b,c)

2
0°6* _ 1 ReyPr 86*+ Re, Pr - 09 e
ox*>  44(1-vy)ot*¥ 4(l-vy) 0dz*
and a—e* is constant, because of constant wall
z
heat flux.
The associated boundary and initial
conditions can be written as:
00*
0*=0 at x*=1, =0 at x*=vy,
ox *
0* =0 at t*=0 ...(28a,b,c)

2. Solution of the Problems

In this section, we will describe the solution
of Model 1 and Model 2. The Laplace
transformation method is used to solve these
problems.

2.1 The Solution of Model 1
The solution of velocity equation is:

YPsinh{Ha(l - y*)}
Hacosh{Ha(1-7)}
P'cosh{Ha(y*_y)} P’
Ha®cosh{Ha(1-y)} Ha’
32yPe" sinh {M(1 - y*)}
Re,(1-y)/sinh{M(1 - Y)} _ (22a)
32P'e" cosh{M(y *-v)}
Rey(1-y)/Msinh{M(1-7)}

ur(y*,s) =

(29)

where:
o _ 2.2 2
P S (CLER i S
n=1 (I_Y) Reo ReO

[1 2
= ER60Z+Ha , and

2
P’=H—a +P ...(30)
1+0/-7)

From expression (30), one can see that the
velocity distribution is depending on y-
coordinate and time t, also it depends on the
dimensionless numbers Rey, P, and Ha. It is easy
to show that the u*-solution for unsteady state
(30) approaches the u*-solution for steady state
as t approaches infinity, which is:

M
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_ yPsinh{Ha(1-y*)}
Hacosh{Ha(l1-7)}
P'cosh{Ha(y *—y)} p'
Ha’cosh{Ha(l-y)}  Ha®

The last solution is corresponding to steady case
as in [4].

...(31)

2.1.1 Friction Pressure Drop (Poiseuille
Number):

By substituting equation (31) in equation
(20), the friction pressure drop in
nondimensional form, i.e., the Poiseuille number
result in:

Ha?
1+0/(1-7)
Reo(1-y) ¢ M?sinh{M(1—y)} +
32¢" Ha’cosh{Ha(1 — y)}sinh{M(1 - y)} +
Reo(1 —y) £ M?sinh{Ha(1 — 7)}sinh{M(1 —
1} /[(M2R60(1 -/l sinh{M(1 - y})

(Hacosh{Ha(1 — )} —yHa — sinh{Ha(1 —vy)}
32yM e’ Ha’cosh{Ha(l e
cosh{M(1 — y)}) — 32¢" Ha’cosh{Ha(l —

) }sinh{M(1 - y)}] ...(32)
Now, for large Hartmann number, it is easy

P = [6Ha cosh{Ha(1—y)}

to show that the Poiseuille number for
unsteady  state  (32)  approaches  the
Poiseuille number for steady state as t
approaches infinity, which is:
poHat{— 0 L 1FO Lo 33
¢ Ha, ¢
1+ I+
1-y 1-y

The last solution is corresponding to steady
case as in [4].

The solution of energy equation is:

Rey Pr 90

O*(v*.g)= 0 AT

(y*.) A0-7) 9z*
vP sinh{Ha(l—y*)}_ p'
Ha® cosh{Ha(l1-y)} Ha*

cosh{Ha(y*~p) | P oy
cosh{Ha(1-7y)} Ha2 Ha2
, YP P’ P’ 1
® -y - B Py (v——)}
Ha? Ha* Ha’ 2
8 P
+128 — " 1 —
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S_den+’n’ | _Gur’e
exP(E ReOPr(l—)] {Z 41-y)> ” Y)}

o (—4(2n+1)27t2 )2

ol RegPr(1-y)°

z (2n+1) n

4(1-v)*
Z (2n+1) 2 @n+h7n” )}

41-y)?
16Ha%(1-7y)
Reg Pr

(2n+1) n
Z A(1-y)* 08

+_
0z *
sinh{ ’z (24[;:1;)”: (I—Y)}

128P'cosh{M(1-7)}
Reg (1—)/Msinh {M(1- )}

cosh { (y* —y)} et
( - EJ cosh {

16M>(1- Re, P
1M 0y £ =% r(1—3()}
eq Pr 4 4(1-7)
409698 P'cosh{M(1-7)}
0z* Rey(1—y)M/sinh{M(1-7)}
il 2n+1)"w «
exp[z l}osh{\/ﬁ( Y)}

n=1
2.2
—¢|Reg Pr 16M? a-v Z—4(2n+l) n
Reg Pr o1 Reg Pr(l-v)

(2n+1) 7
\/Z 4(1-y)* Lt)

128 *yP

. (2n+1) 2
sinh 7(1—@
{\]z 41-p° }
< _4@2n+D’n? / M .
eXP(nZl Reg Pr(1- v)t] mh{ Z 41-y)* - y)}

—42n+1)%7? ) [ 16Ha?(1-7) —4(2n +1)> 72
£ S

- [ a1-v Re( Pr Rey Pr(1-7)
1

n=1

. (2n+ 1) TC

sinh 1=y
{V 2" 41-7)° }

00 YPMcosh{M(1-7)}
oz NE3 Re(1-y)/sinh{M(1-7)}

sinh{

% P
12855

e —4@2n+1)2w?
Z[ a-v

n=l

42n+1)%m?
Re( Pr(l1— y)

Z (2n+1) 7 > Y)}

oo ]

—4(2n +1)2 72
Reg Pr(1-7y)

¢ Reg Pr
44(1-vy)

4@2n+1)’n
Req Pr(1-vy)

—4(2n +1)>7?
Rey Pr(1-vy)

z

128
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sinh {

¢ Rey Pr
44d1-7)

(1_y*)}ef*

16M2(1-7y) ¢ Reg Pr ¢ Reg Pr
[ Reg Pr 4}\/44(1—7} coshy [y 3y 477
4096 YPM cosh{M(1—-7)}

az* Reo(1-y)¢sinh {M(1-7)}

t)
Re, Pr[z

_o|[16MPa-y (s Hen+n’n
~ RegPr(1-y) || RegPr (% RegPr(l-7)
sinh Z M( 1-y#)

41— ) 20
+128 —
IS @n+1*n? dz
sinh Z (1=
4(1-7)*

YPsinh{M(1— y*)}e" Pr
(1-ysinh{M1-7)}  16M>(1—y)—Rey Pr/

90 Pcosh{M(y*-y)}e"
9z* (I1-y)Msinh{M(1—y)}
Pr
16M?(1—y)—Rey Pr /
From expression (34), one can see that the
temperature distribution is depending on y-
coordinate and time t, also it depends on the
dimensionless numbers Rey, P, Ha and Pr. It is
easy to show that 6*-solution for unsteady state
(34) approaches the 8*-solution for steady state
as t approaches infinity, which is:
RegPr g | yP sinh{Ha(l-y®} p-
4(1-7) 9z* | a® cosh{Ha(l-7)} Ha*
cosh{Ha(y*-9)} p
cosh{Ha(I=7)} = 2HaZ " Ha
P P’ ( 1 ”
Ha’ ¥ Ha* ¥ Ha’ ! 2 )
The last solution is corresponding to steady case
as in [4].

2.2 The Solution of Model 2
The solution of velocity and energy equations
are:

o

exp[z

n=l

42n+1)°m?
Re, Pr(1—7)

& —4(2n+1)° 7

)

...(34)

*

Y -
+ — (P

P)y* — P

yPsinh{Ha(1-x*)}  P'cosh{Ha(x*—y)}

*(x* Q)=

uHx®s) Hacosh{Ha(1-7)} Ha? cosh{Ha(1—y)}
p' 32yPe’tsinh {M(1-x*)}
Ha2 Rey(1-7y)¢sinh{M(1-y)}

32P'e’ cosh{M(x *—y)}
Reg (1—y)/Msinh {M(1—v)}
where:

...(36)
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4(2n+1)2n2
(1-7)* Reg

M—,/16R60€+Ha

and the solution of heat equation (27), is:
RegPr gp | 4P sinh{Ha(l-x¥} pr
m dz* {Ha3 m Ha*
cosh{Ha(x *—y)} 2, Y
cosh{Ha(1-7)} * Ha?

+ 2

1
A+
Ha4 Haz( 2

2n+1)*7?
t o x*=Y
J {\J Z iy }

- (—4(2n+1)2ﬂ:2)2

)

@2n+1)%n?
4a1-y?

—4(2n+1) T
Reo Pr(1-7v)

_ 16Ha>
Reo

P’=P+Ha’ r= Z , and

0%(x*,5)=

Pv

+
Ha2

L
Ha
8 P
128 — " —

(P—P")x*—

oo

exp[z_

n=l

42n+1)°w?
Reg Pr(1-7)

S ReyPr(1-y)°
(2n+1) n°
,/Z I
4(1-7)>
2 2
Sinh{ Z (2n+1) T

41-v)?
- _4(2n+1) 7’
exp[nz:l Rey Pr(1-7) J { z

2\ [16Ha*(1-7)
Re( Pr

i _(@n+)’n?
4(1-7y)*

sinh{ /Z (24“(:11( )n (1—7)}

90 128P'cosh{M(1-7)}
0z* Re(y(1-v)/Msinh{M(1-1v)}

cosh{ £ Reg Pr (x ”‘—y)}e’Zt

44(1-1)
+
16M>(1—
55 a-v
4096

Y
Reg Pr - E]cosh {
aZ * Reg(1-7)M/ smh{M(l y)}

09 P’
+ IZSaZ*H2

-
)

)

n=1

—42n+1D%n
I-v

+

¢ Reg Pr
44(-7)

P'cosh{M(1-7)}

& _4(2n+1) b1 2n+1)%7? .
exp[nz::l Req Pr(1— y)] { z P — (X Y)}

—402n+1)27?
Rey Pr(1-7)

© 42n+1)°1?
o1 Reg Pr(1-7)

16M2(1-7)
_ijeOPr[ Re Pr —E
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(2n+1) n°
\IZ Wa-pt e s
. (2n+1)2n? dz*
sinh Z W(l—y)

oo 2.2
exp| 3 -dCniDPT
o1 RegPrd-v)
—4@2n+1°n* | [ 16Ha*(1-7) i —4(2n+1)*n’
a1-v Rey Pr b Reg Pr(1-7y)

sinh{ z %( x*)}
\ 0 (1-y? 128 aeﬁ<
(2n+1)*n? oz
- @n+1)’n*
sin Z e a-v

YPM cosh{M(1-7)}
Reg(1—7)/sinh {M(1—7)}

sinh { a- X*)}ea

16M?(1-7) / Reg Pr ¢ Rey Pr

[ReOPr_Z]\/44(l—y) cosh \/14(1—7)
YPM cosh{M(1-7)}

az* Re(1-y)/sinh{M(1-7)}

>

n=1

¢ Rey Pr
44(1-v)

(I—Y)}

—4096-2%

oo

exp[z_4(2n+l) T []

o RegPr(-v)

16M2(1-y) (&

-fJE b

oo 2 2

sinh Z @n+D7m” —Xx*)
\iot 40— 7)?

. (2n+1) 2

sinh — -y
{\/z 41-y)’ }

YPsinh{M(1 - x*)}e" Pr
(1-y¢sinh {M(1-7)} 16M>(1—y)—Re Pr/

—4(2n+1)°w?
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3. Results and Discussion

In this section, we have studied the effect of
different parameters that governing the motion
and energy equations, upon the velocity
distribution and heat transfer.

3.1 Velocity Distribution of Model 1

In this section, we have studied the effect of
Reynolds, Hartmann numbers, and time will be
considered also.
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Effect of Reynolds number, To study the effect
of Reynolds number on the velocity distribution,
we keep Hartmann number and time fixed at
469, Pi/4 and we give Reynolds number three
values 1760, 6160 and 12100 Kumamaru and
Fujiwara [4], the following results are made:
(a)There is wupward displacement. (b)As
Reynolds number increases, there is a
displacement to the left. (c)As Reynolds number
increases, there is an increasing in the velocity
range. See (figures 5). Effect of Hartmann
number, To study the effect of Hartmann
number on the velocity distribution, we keep
Reynolds number and time fixed at 6160, Pi/6
and we give Hartmann number three values 169,
269 and 569 Kumamaru and Fujiwara [4], the
following results are made: (a) There is upward
displacement.  (b)As  Hartmann  number
increases, there is a displacement to the left.
(c)As Hartmann number increases, there is an
increasing in the velocity range. See (figures 6).
Effect of time, To study the effect of time on the
velocity distribution, we keep Reynolds and
Hartmann numbers fixed at 1760 and 169,
respectively, Kumamaru and Fujiwara [4], and
time will be varies from 7/200 to ®/100, the
following results are made: (a) There is upward
displacement. (b)As time increases, there is no
displacement to right or left,since y dose not
change. (c)As time increases, there is a small
increasing in the velocity range. See (figures 7).

u

y vale

ol

0.4 0.6 0.8

]

=
g

Figure 5: Ha = 469, t = Pi/4, Re = 1760, 6160,
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Figure 6: Re=6160,t=Pi/6, Ha= 269,
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Figure 7: Re = 1760, Ha = 169, t = Pi/150,

Pi/100.

3.2 Temperature Distribution of Model 1
In this section, we have studied the effect of
each of Reynolds, Hartmann, Prandtl numbers,

%, and time will be considered also.
Z

Effect of Reynolds number, To study the effect
of Reynolds number on the temperature

distribution, we keep Hartmann, Prandtl, %
Z
and time fixed at 469, 0.694, 1 and 5m/4
respectively, while Reynolds will be given three
values 1760, 6160 and 12100 [4], Bayazitoglu

and Ozisik [1], and Gebhert [3], following
results are observed: (a) There is downward
displacement. (b) As Reynolds number
increases, there is a displacement to the left. (c)
As Reynolds number increases, there is a
decreasing in the temperature range. See (figures
8). Effect of Hartmann number, To study the
effect of Hartmann number on the temperature
distribution, we keep each of Reynolds, Prandtl

numbers, —— and time Pi/6 fixed at 1760,

Z*
0.694 and 1, respectively, while Hartmann will
be given three values 269, 369 and 469
Kumamaru and Fujiwara [4], Bayazitoglu and

Ozisik [1] and Giebhert [3], the following
results are made: (a)There is downward
displacement. (b) As Hartmann number
increases, there is a displacement to the left. (c)
As Hartmann number increases, there is a small
decreasing in the temperature range. See (figures
9). Effect of Prandtl number. To study the
effects of Prandtl number on the temperature

distribution, we keep Hartmann, %, Reynolds
Z

and time fixed at 169, 1, 6160, and m/4,
respectively, while Prandtl number will be given
two values 0.694 and 0.71, Kumamaru and
Fujiwara [5], Bayazitoglu and Ozisik [1], and
Gebhert [3], the following results are observed:
(a) There is a small downward displacement.
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(b) As Prandtl number increases, there is no
displacement to right or left, since y dose not
change. (c) As Prandtl number increases, there is
a small decreasing in the temperature range. See

(figures 10). Effect of ﬂ , The term ﬁ
oz * 0z *

will effect the temperature range only. And
effect of time, To study the effect of time on
temperature distribution, we keep each of

Reynolds, Hartmann, Prandtl numbers and ﬁ

0z *
are the fixed values 12100, 169, 0.71 and 1,
respectively, Kumamaru and Fujiwara [5],
Bayazitoglu and Ozisik [6] and Gebhert [7],

while time varies between m/384 and /96, the
following results are observed: (a) There is very
small upward displacement. (b) As time
increases, there is no displacement to right or
left, since y dose not change. (c) As time
increases, there is a small decreasing in the
temperature range. See (figures 11).
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Figure 8: Ha=469,Pr=0.694, ﬂ =1, t=5Pi/4,
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Figure 9: Re = 1760, Pr = 0.694, ﬁ =1, t = Pi/6,
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Ha =269,369,469.
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Figure 10: Re = 6160, Ha = 169, ﬂ =1, t="Pi/4,
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Figure 11: Re = 12100, Ha = 169, ﬁ =1,Pr=
z
0.71, t = Pi/384, Pi/192, Pi/96.

3.3 Velocity Distribution of Model 2

In this section, we have studied the effect of
Reynolds, Hartmann numbers, and time will be
considered also.
Effect of Reynolds number. To study the effect
of Reynolds number on the velocity distribution,
we keep Hartmann number and time fixed at
469, Pi/4 and we give Reynolds number three
values 1760, 6160 and 12100 Kumamaru and
Fujiwara [4], the following results are made: (a)
As Reynolds number increases, there is a
displacement to the left. (c) As Reynolds
number increases, there is no increasing or
decreasing in the velocity range. This is because
p = p', since Ha dose not change in three cases.
See (figures 12). Effect of Hartmann number, To
study the effect of Hartmann number on the
velocity distribution, we keep Reynolds number
and time fixed at 6160,Pi/6 and we give
Hartmann number three values 169, 269 and 569
Kumamaru and Fujiwara [4], the following
results are made: (a) There is downward
displacement.  (b)As  Hartmann  number
increases, there is a displacement to the left. (c)
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As Hartmann number increases, there is a
decreasing in the velocity range. See (figures
13). Effect of time, To study the effect of time
on the velocity distribution, we keep Reynolds
and Hartmann numbers fixed at 1760 and 169,
respectively, Kumamaru and Fujiwara [4], and
time will be varies from /10000 to 7©/1000, the
following results are made: (a) There is upward
displacement. (b) As time increases, there is no
displacement to right or left, since y dose not
change. (c) As time increases, there is an
increasing in the velocity range. See (figures
14).
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Figure 12: Ha=469, t=Pi/4, Re= 1760, 6160,

1.

-+ xale

0.%
0.9

0.7 05 08 08 09

Figure 13: Re=6160, t=Pi/6, Ha= 269,
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Figure 14: Re=1760, Ha=169, t=
Pi/1000.
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3.4 Temperature Distribution of Model 2
In this section, we have studied the effect of
each of Reynolds, Hartmann, Prandtl numbers,

00

ﬂ, and time will be considered also.
z

Effect of Reynolds number, To study the effect
of Reynolds number on the temperature

distribution, we keep Hartmann, Prandtl, ﬁ

VA
and time fixed at 469, 0.694, 1 and 5m/4,
respectively, while Reynolds will be given three
values 1760, 6160 and 12100 Kumamaru and
Fujiwara [4], Bayazitoglu and Ozisik [6], and
Gebhert [7], following results are observed: (a)
There is downward displacement. (b) As
Reynolds number increases, there is a
displacement to the left. (c) As Reynolds
number increases, there is a decreasing in the
temperature range. See (figures 15). Effect of
Hartmann number, To study the effect of
Hartmann number on the temperature
distribution, we keep each of Reynolds, Prandtl

numbers and % fixed at 1760, 0.694, Pi/6 and
Z

1, respectively, while Hartmann will be given
three values 269, 369 and 469 Kumamaru and
Fujiwara [4], Bayazitoglu and Ozisik [6] and
Giebhert [7], the following results are made: (a)
There is downward displacement. (b) As
Hartmann number increases, there 1is a
displacement to the left. (c) As Hartmann
number increases, there is a decreasing in the
temperature range. See (figures 16). Effect of
Prandtl number. To study the effects of Prandtl
number on the temperature distribution, we keep

Hartmann, 8_6*’ Reynolds and time fixed at
z
169, 1, 6160, and m/4, respectively, while

Prandtl number will be given two values 0.694
and 0.71, Kumamaru and Fujiwara [4],

BayazitoZlu and Ozisik [7], and Gebhert [6], the

following results are observed: (a) There is a
small downward displacement. (b) As Prandtl
number increases, there is no displacement to
right or left, since y dose not change. (c) As
Prandtl number increases, there is a small
decreasing in the temperature range. See (figures
17). Effect of d6

ﬁ’ The term 8_6* will effect
z

z
the temperature range only. And effect of time,
To study the effect of time on temperature
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distribution, we keep each of Reynolds,

Hartmann, Prandtl numbers and ﬁ are the

dz*
fixed wvalues 12100, 169, 0.71 and 1,
respectively, Kumamaru and Fujiwara [4],

Bayazitoglu and Ozisik [7] and Gebhert [6],

while time varies between 7/1500 and T, the
following results are observed: (a) There is
downward displacement. (b) As time increases,
there is no displacement to right or left, since 7y
dose not change. (c) As time increases, there is a
decreasing in the temperature range. See (figures
18).
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