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MHD Couette flow of class-11
In a rotating system

G.S. Seth!, S. M. Hussain? and J. K. Singh?®

Abstract

Steady MHD Couette flow of class-II of a viscous incompressible electrically
conducting fluid in a rotating system is studied. Exact solution of the governing
equations is obtained in closed form. Expressions for the shear stress at lower and
upper plates due to primary and secondary flows and mass flow rates in primary
and secondary flow directions are derived. Asymptotic behavior of the solution for
velocity and induced magnetic field is analyzed for small and large values of
rotation parameter K’ and magnetic parameter M® to gain some physical
insight into flow pattern. Heat transfer characteristics of the fluid are considered
taking viscous and Joule dissipations into account. Numerical solution of energy
equation and numerical values of rate of heat transfer at lower and upper plates are
computed with the help of MATLAB software. The numerical values of velocity,
induced magnetic field and fluid temperature are displayed graphically versus

channel width variable 7 for various values of pertinent flow parameters

whereas numerical values of the shear stress at lower and upper plates due to
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primary and secondary flows, mass flow rates in primary and secondary flow
directions and rate of heat transfer at lower and upper plates are presented in

tabular form for various values of pertinent flow parameters.

Mathematics Subject Classification: 76U05: Rotating Fluids
Keywords: Magnetic field, Coriolis force, modified Ekman boundary layer,

Hartmann boundary layer, viscous and Joule dissipations.

1 Introduction

Investigation of hydromagnetic flows with or without heat transfer assumes
significance due to occurrence of such type of fluid flows in numerous areas of
engineering and applied physics. A prominent area of focus is MHD energy
generator flows which include disk systems [1], solar pond hydromagnetic
generators [2] and magneto-thermo-acoustic generators [3]. Other areas of
application are hypersonic ionized boundary layers [4], particle deposition in
electrically-conducting systems [5] and liquid metal processing [6]. In numerous
MHD flows rotation may also take place and Coriolis and centrifugal forces can
exert a significant effect on fluid flows and heat transfer processes. Keeping in
view this fact Jana et al. [7], Jana and Datta [8], Seth and Maiti [9], Mandal et al.
[10], Mandal and Mandal [11], Seth and Ahmad [12], Kumar et al. [13], Seth et
al. [14-19], Chandran et al. [20], Singh et al. [21], Singh [22], Hayat et al. [23, 24]
and Guria et al. [25] investigated MHD Couette flow of a viscous incompressible
electrically conducting fluid in a rotating system considering different aspects of
the problem.

It is worthy to note that there may be two types of MHD Couette flow viz. (i)
MHD Couette flow of class-I and (ii)) MHD Couette flow of class-II. The fluid
flow induced due to movement of a plate, when fluid is bounded by a stationary

plate placed at a finite distance from the moving plate, may be recognized as
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MHD Couette flow of class-I. This fluid flow is similar to the flow induced due to
movement of a plate when the free stream is stationary. The fluid flow past a
stationary plate, which is induced due to movement of a plate placed at a finite
distance from the stationary plate, may be recognized as MHD Couette flow of
class-II. This fluid flow is similar to the fluid flow past a stationary plate due to
moving free stream. Research studies carried out by Jana et al. [7], Jana and Datta
[8], Seth and Maiti [9], Mandal et al. [10], Mandal and Mandal [11], Seth and
Ahmad [12], Kumar et al. [13], Seth et al. [14-18], Chandran et al. [20], Singh et
al. [21] and Guria et al. [25] belong to MHD Couette flow of class-I. Seth et al.
[19], Singh [22] and Hayat et al. [23, 24] investigated MHD Couette flow of
class-II in a rotating system in the presence of a uniform transverse magnetic field
considering different aspects of the problem. In their studies the induced magnetic
field produced by fluid motion is negligible in comparison to the applied one. It is
well known that the induced magnetic field produced by fluid motion is negligible
in comparison to applied one when magnetic Reynolds number is very small.
However, for the problems of astrophysical and geophysical interest magnetic
Reynolds number is not very small. For such type of fluid flow problems induced
magnetic field plays a significant role in determining flow features of the problem.

The purpose of the present investigation is to study steady MHD Couette
flow of class-II of a viscous incompressible electrically conducting fluid in a
rotating system in the presence of a uniform transverse magnetic field applied

parallel to the axis of rotation by taking induced magnetic field into account.

2 Formulation of the Problem and Its Solution

Consider a steady flow of a viscous incompressible electrically conducting
fluid between two parallel plates z=0 and z=L in the presence of a uniform
transverse magnetic field H, applied parallel to z axis. The lower plate is

perfectly conducting whereas upper plate is non-conducting. Both the fluid and

channel are in a state of rigid body rotation with uniform angular velocity Q
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about z-axis. Flow within the channel is induced due to movement of the upper
plate z=L with a uniform velocity U, in X-direction while lower plate z=0
is kept fixed. Since plates of the channel are of infinite extent in X and Y-
directions and fluid flow is steady so all physical quantities, except pressure,
depend on z only. Therefore, fluid velocity § and induced magnetic field H
are given by
g=(u’,v',0) and H=(H,H, Hy. (1)

This assumption is in agreement with the fundamental equations of
Magnetohydrodynamics in a rotating frame of reference.

Taking into consideration of the assumption made above, the governing
equations for fluid flow of a viscous incompressible electrically conducting fluid
in a rotating frame of reference are

. lop +Ud2u* AN dH,”

Yo VA , 2
p OX dz’ p dz @
* R dH,’
pe ML I ’ p A T 3)
p oy dz p 0z
0--—F @
p 01
du” d*H.’
OZHO dZ +77m d22X H (5)
dv’ d*H .’
O:HO dZ +77m dey 2 (6)

where 7, =1/ 0 and p, v, u, o and p° are, respectively, fluid density,

kinematic coefficient of viscosity, magnetic permeability, electrical conductivity
of the fluid and modified pressure including centrifugal force.

The boundary conditions for the velocity and induced magnetic field are

* *

u=v =0 at z=0, (7a)

£

u=U, v=0 atz=L, (7b)



G. S. Seth, S.M. Hussain and J.K. Singh 35

*

* dH
aH, _ 9 =0 at z=0, (8a)
dz dz
Hx*:Hy*:O at z=1L. (8b)

Equation (4) shows constancy of modified pressure p° along z-axis i.e. axis of

rotation. It may be noted that a number of investigations on MHD Couette flow
are carried out in the past. Keeping in view the research studies made on MHD
Couette flow till now, we are the opinion that MHD Couette flow may be
classified in two forms, namely, (i) MHD Couette flow of class-I and (ii)) MHD
Couette flow of class-II. The fluid flow induced due to movement of a plate, when
fluid is bounded by a stationary plate placed at a finite distance from the moving
plate, may be recognized as MHD Couette flow of class-I. This fluid flow is
similar to the flow induced due to movement of a plate when the free stream is
stationary. The fluid flow past a stationary plate, which is induced due to
movement of a plate placed at a finite distance from the stationary plate, may be
recognized as MHD Couette flow of class-II. This fluid flow is similar to the fluid

flow past a stationary plate due to moving free stream. For MHD Couette flow of

class-1 the pressure gradient terms _l@i and —la—p*, which are present in
p OX p oy

equations (2) and (3) respectively, are not considered by researchers [7-18, 20, 21,

25]. This assumption is justified and it is clearly evident from conditions (7a) and

(8a). For MHD Couette flow of class-II values of the pressure gradient terms in

equations (2) and (3) are evaluated with the help of boundary conditions (7b) and

(8b) which are given by

AP g and — 1P _oqu, Q)

p X p oy
Equations (2) and (3) with the use of (9) become

du’ N uH, dH

20V =v—
dz p 0z

(10)
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sz* +/ueH0 dHy* .

20(u"-U,)=v 11
( 0) i, @ (1D
Representing equations (10), (11), (5) and (6), in non-dimensional form, we obtain
2 2
ey 24U MIdH, (12)
dn~ R, dp
2 2 dH
aku-n=dv M (13)
dn® R, d7@
2
o-du, L dH, (14)
d7 R, dz
d*H
o=V 100, (15)
dn R, dn@

where
n=z/Lu=u"/U,v=V/U,H, =H/ Hy,H, = Hy* / HO,} (16)
K*=QLl*/o,M? =y’ H’’(c/ pv),R, =U,L/7,.
Here K’ is rotation parameter which is reciprocal of Ekman number, M* is
magnetic parameter which is square of Hartmann number and R is magnetic

Reynolds number.

The boundary conditions (7a) to (8b), in non-dimensional form, become

u=v=0 at n=0; u=I1, v=0 at n=1, (17)
dH

i, _ =0 at n=0; H =H, =0 at p=1. (18)

dp dp

Equations (12) to (15) are presented in compact form as

d*f db

2iK2(f—l):d772+M2%, (19)
2

ozj_H%, (20)
nan

where f=u+iv, b=h +ih, h,=H /R and h =H /R .
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The boundary conditions (17) and (18), in compact form, become

f=0 at =0 and f=1 at n=I, (21)
db
d—=0 at =0 and b=0 at p=1. (22)
n

Equations (19) and (20) together with the boundary conditions (21) and (22) are
solved and solution for the velocity field and induced magnetic field are expressed

in the following form

f= %[Asinh(/ln) + B(cosh(An)— 1)] , (23)

2

e
b= % A(cosh A —cosh(4n))+ B {sinh A—sinh(An)+ MH

2iK?(1—
T (24)
where A=a+if; a ﬂ—i[{M4+4K4}“+M2T/2 (25a)
b b ﬁ - b
fe2
__ [M? +2iK*cosh A ]; g=_2K° (25b)
Asinh A A

Shear Stress at the plates

The non-dimensional shear stress components 7, and 7, at lower and

upper plates, due to the primary and secondary flows respectively, are given by
7, +ir |, = A, 7,+ir |, = Acosh A+ Bsinh 4. (26)

Mass Flow Rates

The non-dimensional mass flow rates Q, and Q,, in the primary and

secondary flow directions, are given by

Q, +iQ, = %[A(cosh/i —1)+B(sinh 21— 2)]. (27)
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3 Asymptotic Solutions
We shall now discuss asymptotic behavior of the solution given by (23) to

(25) for small and large values of M? and K’ to gain some physical insight

into the flow pattern.

Casel: M?<1 and K’ <1
Since M’ and K’are very small, neglecting squares and higher powers

of M? and K* and their product in equations (23) to (25), we obtain velocity

and induced magnetic field as

M 2 5
u=n- 7 n(d—=n7)+---, (28)
K2
V=Tf7(2—377+772)+-~, (29)
1 M 2
h =—1-n)———1-21 +1n*)+---, 30
X 2( n) 24( n +n) (30)
_K2 2 3 4
hy—E(1—477 +477 -n )+ (31)

The expressions (28) to (31) reveal that in a slowly rotating system when the
conductivity of the fluid is low and/or applied magnetic field is weak, primary

velocity u and primary induced magnetic field h, are independent of rotation
while secondary velocity v and secondary induced magnetic field h, are

unaffected by applied magnetic field.

Case ll: K>>1 and M>~0(l)

When K?* is large and M’ is of small order of magnitude fluid flow
becomes boundary layer type. For the boundary layer flow adjacent to the upper

plate 7 =1, we introduce boundary layer co-ordinate &=1-7, and obtain

velocity and induced magnetic field from equations (23) to (25) as
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2

u=1- 2'\:'<2 e sin B&, (32)

v e con ], (33)

h =&+ :f(i [ {cos B¢ +sin B} 1], (34)

, = ';/'—;‘f+ :/:3 [e {cos Bi&—sin B} 1], (35)
where

aI=K[1+::':2j, ,BI=K(1—X<22]. (36)

It is revealed from the expressions (32) to (36) that there arises a thin boundary

layer of thickness O(l/¢,) adjacent to the moving plate of the channel. This
boundary layer may be identified as modified Ekman boundary layer and can be
viewed as Ekman boundary layer modified by magnetic field. The thickness of
this boundary layer decreases with increase in either M?* or K®_ Similar type of
boundary layer arises near lower plate of the channel. Exponential terms in the
expressions (32) to (35) damp out quickly as & increases. When ¢ >1/¢, ie.

outside the boundary layer region, we obtain

M2
u~= V=
) 2K2 ) (37)
M2 M? 1
ERbirey hyzsz(g_W)' (38)

It is evident from the expressions in (37) and (38) that in a certain core given by

¢>1/a, ie. outside the boundary layer region, fluid flows in both the primary

and the secondary flow directions with uniform velocity. The primary flow moves
with the velocity which is equal to the velocity of the moving plate and is

unaffected by rotation and magnetic field. The primary and secondary induced
magnetic fields N, and N, vary linearly with 7 and are considerably affected

by rotation and magnetic field.
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Case lll: M*>1 and K’ ~0(1)
In this case also boundary layer type flow is expected. For boundary layer

flow near the upper plate 7 = 1, we obtain the velocity and induced magnetic field

from the equations (23) to (25) as

oy 2K? .

u=e cosﬂzé—msmﬂzf ) (39)
K2 ] 2K?

V= vE —e 51n,6’2§+WCOSﬂ2§ , (40)
1 » 3K? .

hxzﬁ{l—e Z‘f{cos,ﬁzf—msmﬂzfﬂa (41)
2K2§ 1 3K2 -y 1 3K2

R VeV TR e Ve -

K2

The expressions (39) to (43) demonstrate the existence of a thin Hartmann
boundary layer of thickness O(l/¢«,) adjacent to moving plate of the channel.
The thickness of this boundary layer decreases with increase in M . Similar type

of boundary layer appears near lower plate of the channel. Outside the boundary

layer region, fluid velocity and induced magnetic field become

2
u~0, vz%;;, (44)
1 K? 3
ho~—, hzx—526-—1 45
e @

The expressions in (44) and (45) show that, in a certain core given by & >1/a,

i.e. outside the boundary layer region, the fluid flows in secondary flow direction
only with uniform velocity and has considerable effects of rotation and magnetic

field. The primary induced magnetic field h, is uniform and is unaffected by

rotation while the secondary induced magnetic field h, is affected by both the
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rotation and magnetic field and varies linearly with 7.

4 Heat Transfer Characteristics

We shall now discuss heat transfer characteristics of the steady
hydromagnetic Couette flow of a viscous incompressible electrically conducting
fluid in a rotating system when the upper and lower plates of the channel are
maintained at uniform temperatures T, and T, respectively, where T, <T <T,,
T being fluid temperature.

The energy equation taking viscous and Joule dissipations into account is given by

2 £\ 2 £\ 2 %\ 2 dH %\ 2
O:a*dz+i du N dv L1 dH, ] (46)
dz® C, | dz dz opC, | dz dz

where o and C, are thermal diffusivity and specific heat at constant pressure

respectively.
Boundary conditions for temperature field are

T=T, at z=0 and T=T, at z=1L. 47)
Making use of the non-dimensional variables defined in equation (16), equation

(46), in non-dimensional form, becomes

dzf+E£H[d—“] (8ol (2 H s
dn dn dn dn dn

T, ¢ U
T-T,

, =——>—— and Pr:U*. 0, E, and P are
Cp(Tl_TO) a

where 6=
non-dimensional fluid temperature, Prandtl number and Eckert number
respectively.
Boundary conditions (47), in non-dimensional form, become

0(0)=0 and 9(1)=1. (49)
The analytical solution of fluid velocity and induced magnetic field from (23) to

(25) are used in equation (48), and the resulting differential equation subject to the
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boundary conditions (49) is solved numerically with the help of MATLAB
software. The numerical values of the rate of heat transfer at the lower and upper
plates are also computed with the help of MATLAB software from the energy
equation (48).

5 Results and Discussion

To study the effects of magnetic field and rotation on the flow field the
numerical values of both the primary and secondary fluid velocities and primary
and secondary induced magnetic fields, computed from analytical solution (23) to
(25) reported in section 2 by MATLAB software, are displayed graphically versus

channel width variable 7 in Figures 1 to 4 for various values of magnetic
parameter M? and rotation parameter K*. It is evident from Figure 1 that
primary velocity U decreases whereas secondary velocity V increases on increasing
M? which implies that magnetic field has retarding influence on the primary
flow whereas it has reverse influence on the secondary flow. It is revealed from
Figure 2 that primary velocity U and secondary velocity V increases on increasing
K? which implies that rotation tends to accelerate fluid flow in both the primary

and secondary flow directions.

12

1k

0.8+

0.61

uyv——>

0.4

0.2

0

0.2
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—>

Figure 1: Velocity profiles when K? =7
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Figure 2: Velocity profiles when M?* =6

It is noticed from Figure 3 that primary induced magnetic field h, decreases

. . . . . 2
whereas secondary induced magnetic field h, increases on increasing M

which implies that magnetic field has tendency to reduce primary induced

magnetic field whereas it has reverse effect on the secondary induced magnetic

field. Figure 4 reveals that both the primary induced magnetic field h, and

secondary induced magnetic field h, increase on increasing K° which implies

that rotation tends to enhance both the primary and secondary induced magnetic

fields

08 —
M2=2, 4,6 h,
0.7F g
hy
06k [~
050 \\\
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< 04} \s
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Figure 3: Magnetic field profiles when K* =7
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Figure 4: Magnetic field profiles when M?* =6

To study the effects of magnetic field and rotation on fluid temperature, the
numerical solution of energy equation, computed with the help of MATLAB
software, is presented graphically versus channel width variable 7 in Figures 5
to 8 for various values of M?, K?, Prandtl number P and Eckert number E, . It
is evident from Figure 5 that fluid temperature € decreases in the region near the
lower plate whereas it increases in the region 0.25<7 <1 on increasing M?
which implies that magnetic field tends to reduce fluid temperature in the region
near lower plate of the channel whereas it has reverse effect on the fluid
temperature in most of the region of the channel (i.e. 0.25<7<1). It is noticed
from Figure 6 that, with the increase in K? , fluid temperature @ increases in the
region 0<7 <0.85where as it decreases in the region near upper plate of the

channel which implies that rotation tends to enhance fluid temperature in most of

the region of the channel (i.e. 0<7 <0.85) whereas it has reverse effect on fluid

temperature in the region near upper plate of the channel.
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Figure 5: Fluid temperature profiles when K’ =7, P.=0.71 and E, =0.8
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Figure 6: Fluid temperature profiles when M* =6, P.=0.71 and E, =0.8

It is revealed from the Figure 7 that fluid temperature € decreases on decreasing

Prandtl number P,. Since P, is a measure of the strength of viscosity and

thermal conductivity of fluid. P, decreases when thermal conductivity of fluid
increases. Therefore, we conclude from above result that thermal diffusion tends
to reduce fluid temperature throughout the channel. It may be noted that variation
in fluid temperature 6 along the channel width is linear for liquid metal i.e.

mercury (P. =0.03) whereas it is non-linear for air and water. It is observed from
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Figure 8 that fluid temperature € increases on increasing E, which implies that

viscous dissipation has tendency to increase fluid temperature throughout the

channel.

P=7,3,0.71,0.03

L h L L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
n

Figure 7: Fluid temperature profiles when M? =6, K* =7 and E, =0.8
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Figure 8: Fluid temperature profiles when M* =6, K* =7 and P, =0.71

The numerical values of the primary shear stress 7, and secondary shear
stress 7, at the lower and upper plates, computed from the analytical expression

(26) mentioned in section 2 by MATLAB software, are displayed in tabular form

in tables 1 and 2 while that of primary mass flow rate Q, and secondary mass

flow rate Q,, computed from analytical expression (27) mentioned in section (2)
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by MATLAB software, are presented in tabular form in table 3 for various values
of M? and K*.Itis revealed from table 1 that primary shear stress at the lower

plate i.e. 7,

-0 decreases whereas secondary shear stress at the lower plate i.e.

7,|,- behaves in oscillatory manner on increasing M? which implies that

/|
magnetic field tends to reduce primary shear stress at the lower plate. It is
observed from table 1 that both 7,|,, and 7|, _, increase on increasing K’
which implies that rotation has tendency to enhance both the primary and

secondary shear stress at the lower plate. It is noticed from table 2 that primary

shear stress at the upper plate i.e. 7,

. . . 2 .
=1 1mcereases on imcreasing M~ whereas it

decreases on increasing K* which implies that magnetic field tends to enhance

primary shear stress at the upper plate whereas rotation has reverse effect on it. It
is found from table 2 that, with an increase in M *, secondary shear stress at the

upper plate i.e. 7|, increases when K?>=5 and 7 and it increases, attains a

maximum, and then decreases when K* =3. On increasing K*, 7 | _ increases,

yn
attains a maximum, and then decreases when M? =2 and 4 and it increases
whenM? =6 This implies that when the effects of magnetic field and rotation are

significant, magnetic field and rotation tend to enhance secondary shear stress at

the upper plate. It is evident from table 3 that primary mass flow rate Q, decreases

on increasing M? whereas it increases on increasing K> which implies that
magnetic field tends to reduce primary mass flow rate whereas rotation has reverse

effect on it. It is noticed from table 3 that secondary mass flow rate Q, decreases
when K? =3 whereas it increases when K’ =35 and 7 on increasing M?* and
Q, increases an increasing K* which implies that rotation tends to enhance

secondary mass flow rate where as magnetic field tends to enhance secondary

mass flow rate when K?*>5.
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Table 1: Primary and secondary shear stress at the lower plate

M ’ - z-x n=0 Ty n=0

K2] 2 4 6 2 4 6
3 1.2597 1.0055 0.8142 1.6875 1.6592 | 1.6085
5 1.8450 1.5626 1.3272 2.3779 24075 | 2.3914
7 2.3618 2.0975 1.8560 2.8348 29177 | 2.9492

Table 2: Primary and secondary shear stress at the upper plate

M ‘s T, =1 _Ty n=1

K2 | 2 4 6 2 4 6
3 1.1484 1.6955 2.1646 0.7612 0.7853 | 0.7809
5 0.7073 1.2657 1.7645 0.8664 0.9781 | 1.0349
7 0.3901 0.9085 1.3945 0.7809 0.9689 | 1.0946

Table 3: Primary and secondary mass flow rates
M?— Q, Q

5 2 4 6 2 4 6

K°J
3 0.5271 0.4633 0.4134 0.1943 0.1939 | 0.1883
5 0.6277 0.5600 0.5027 0.2393 0.2537 | 0.2579
7 0.7072 0.6454 0.5889 0.2419 0.2693 | 0.2853

The numerical values of rate heat transfer at the lower and upper plates are

computed with the help of MATLAB software and are displayed in the tabular

form in tables 4 and 5 for various values of M?, K*,P., and E,. It is evident

from table 4 that rate of heat transfer at the lower plate i.e. — decreases on

dnp!"™
increasing M’ and it increases on increasing K. With an increase in M?, the

rate of heat transfer at the upper plate i.e. —| _ increases when K?>=3 and it

n
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. - . dé
decreases, attains a minimum and then increases when K*=5and 7. P
n

decreases, attains a minimum, and then increases in magnitude on increasing K*
when M? =2 while it decreases on increasing K> when M? =4 and 6. Thus
we conclude that magnetic field tends to reduce rate of heat transfer at the lower
plate whereas rotation has reverse effect on it. Magnetic field tends to enhance rate
of heat transfer at the upper plate and rotation has reverse effect on it when
M? >4 . It may be noted that there exists reverse flow of heat near upper plate on

increasing K° when M?=2 and also reverse flow of heat takes place near

upper plate on increasing M*> when K”>=5and 7.

Table 4: Rate for heat transfer at the lower and upper plates when P. =0.71 and

E =08
Kzl d77 n=0 d77 n=1
2 4 6 2 4 6
3 2.2594 2.0690 1.9231 0.1071 1.1276 | 2.2078
5 3.5726 3.3396 3.1245 -0.0768 0.8627 1.8924
7 4.8665 4.6671 4.4485 -0.2156 0.6370 1.5965

Table 5: Rate for heat transfer at the lower and upper plates when M” =6 and

K>=7
- &) {a)
d77 n=0 d77 n=1

P 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

0.01 | 1.0121 | 1.0243 | 1.0364 | 1.0486 | -0.9909 | -0.9817 | -0.9726 | -0.9634
0.03 | 1.0364 | 1.0729 | 1.1093 | 1.1457 | -0.9726 | -0.9451 | -0.9177 | -0.8903
0.71 | 1.8621 | 2.7242 | 3.5863 | 4.4485 | -0.3509 | 0.2983 | 0.9474 | 1.5965
3.0 | 4.6427 | 8.2855 | 11.9282 | 15.5710 | 1.7428 | 4.4856 | 7.2285 | 9.9713
7.0 19.4997 | 17.9995 | 26.4992 | 34.9989 | 5.3999 | 11.7998 | 18.1998 | 24.5997
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It is noticed from table 5 that decreases on decreasing P and it

o

dn
do

_‘77:1 decreases, attains a minimum, and then

increases on increasing E, .

increases in magnitude on decreasing P.. — decreases in magnitude on

7=l

increasing E, when P <0.03, it decreases, attains a minimum and then
increases on increasing E, when P =0.71 and increases on increasing
E, when P, >3. Thus we conclude that thermal diffusion tends to reduce rate of

heat transfer at the lower plate whereas viscous dissipation has reverse effect on it.
Thermal diffusion tends to reduce rate of heat transfer at the upper plate when

P >3 whereas it has reverse effect on the rate of heat transfer at the upper plate
when P, <0.03. Viscous dissipation tends to enhance rate of heat transfer at the
upper plate when P. >3 whereas it has reverse effect on the rate of heat transfer
at the upper plate when P, <0.03. It may be noted that there exists reverse flow
of heat near upper plate on decreasing P. and also there exists reverse flow of

heat near upper plate on increasing E, when P. =0.71.

6 Conclusion

Present investigation deals with the theoretical study of steady MHD Couette
flow of class-II in a rotating system. The significant results are summarized
below:

(1)  Magnetic field has retarding influence on the primary flow and it has reverse
influence on the secondary flow.
(1)) Rotation tends to accelerate fluid flow in both the primary and secondary

flow directions.
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(iii)

(iv)

(v)

(vi)

(vii)

Magnetic field has tendency to reduce primary induced magnetic field
whereas it has reverse effect on the secondary induced magnetic field.
Rotation tends to enhance both the primary and secondary induced magnetic
fields.

Magnetic field tends to reduce fluid temperature in the region near lower
plate of the channel whereas it has reverse effect on fluid temperature in
most of the region of the channel (i.e. 0.25<7<1).

Rotation tends to enhance fluid temperature in most of the region of the
channel (i.e. 0<7 <0.85) whereas it has reverse effect on fluid temperature
in the region near upper plate of the channel.

Thermal diffusion tends to reduce fluid temperature throughout the channel

whereas viscous dissipation has reverse effect on it.

(viii) Magnetic field tends to reduce primary shear stress at the lower plate.

(ix)

(x)

(xi)

(xii)

Rotation has tendency to enhance both the primary and secondary shear
stress at the lower plate.

Magnetic field tends to enhance primary shear stress at the upper plate
whereas rotation has reverse effect on it. When the effects of magnetic field
and rotation are significant, magnetic field and rotation tend to enhance
secondary shear stress at the upper plate.

Magnetic field tends to reduce primary mass flow rate whereas rotation has
reverse effect on it. Rotation tends to enhance secondary mass flow rate
whereas magnetic field tends to enhance secondary mass flow rate when
K?>5.

Magnetic field tends to enhance rate of heat transfer at the upper plate and
rotation has reverse effect on it when M? >4 . There exists reverse flow of

heat on increasing K*> when M? =2 and also reverse flow of heat takes

place on increasing M? when K’ =5and 7.
Thermal diffusion tends to reduce rate of heat transfer at the lower plate

whereas viscous dissipation has reverse effect on it. Thermal diffusion tends
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to reduce rate of heat transfer at the upper plate when P. >3 whereas it has
reverse effect on the rate of heat transfer at the upper plate when P, <0.03.

Viscous dissipation tends to enhance rate of heat transfer at the upper plate

when P, >3 whereas it has reverse effect on the rate of heat transfer at the
upper plate when P, <0.03. There exists reverse flow of heat near upper
plate on decreasing P. and also there exists reverse flow of heat near upper

plate on increasing E. when P, =0.71.
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