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ABSTRACT: Heat transfer characteristics of the hydro
magnetic flow of a viscous incompressible electrically
conducting fluid in a rotating channel with arbitrary
conducting walls in the presence of inclined magnetic
field is studied. Solution of the governing equations is
obtained in closed form. The expressions for rate of heat
transfer and critical Eckert number at both the walls are
also derived. Numerical solution of temperature field is
depicted graphically versus  while numerical results of
rate of heat transfer and critical Eckert number at both
the walls are presented in tables for various values of ,
M2, K2 and . Results obtained are compared with
Genetic algorithms embedded support vector machines.
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I. INTRODUCTION
Seth and Ghosh [1, 2 and 3] investigated steady
hydro magnetic flow of a viscous incompressible
electrically conducting fluid in a rotation channel
with perfectly conducting walls in the presence of a
uniform magnetic field which is inclined with the
axis of rotation. This study may have some bearings
on the problems of geophysics, astrophysics and
fluid engineering, keeping in view this fact
subsequently Seth et al [4, 5 and 6] considered this
problem when walls of the channel are arbitrary
conducting. However, in all these studies heat
transfer characteristics of the fluid flow are not taken
into account[8, 9 and 10].

The aim of the present paper is to study the heat
transfer characteristics of the hydro magnetic flow
problem considered by Seth et al [11,12 and 13] i.e
when the channel walls are arbitrary conducting
[14,15].

2. FORMULATION OF THE PROBLEM
AND ITS SOLUTION
Consider steady fully developed flow of a viscous
incompressible electrically conducting fluid between
two parallel plates z=+L, z=-L rotating with uniform
angular velocity  about z-axis. Flow within the
channel is induced due to a constant pressure
gradient applied in x-direction and fluid is permeated
by a uniform magnetic flux density B0 which is
inclined at an angle  with the positive direction of
z-axis. The lower and upper walls of the channel are
maintained at uniform temperatures T0 and T1

respectively where T0<T’<T1, T’ being the fluid
temperature. Since walls of the channel are infinite
along x and y directions, all physical quantities,
except pressure, depend on z only. The following
assumptions are in agreement with the fundamental
equation of magneto hydrodynamics.

3. SOLUTION METHODOLOGY
Let  the vectors q and B are the fluid vlocity and
magnetic induction respectively.These vector
parameters are computed as

Under the above assumptions equations of motion,
induction equation of magnetic field and energy
equation, in a rotating frame of reference, reduce to

−2vyΩ = 1 ∂p
∂x

+ v ∂2 Ω
∂v2 + 1 B0 cos

∂B
∂z

      (2)

−2vxΩ = 1 ∂p
∂x

+ v ∂2 Ω
∂v2 + 1 B0 sin

∂B
∂z

      (3)
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0 = 1 ∂2 Ω
∂u2 + v ∂2 Ω

∂v2 + 1 B0 sin
∂B
∂z

+ y
x

      (4)

0 = ∆y
∆x

+ v ∂2 Ω
∂u2 + 1 B0 cos

∂B
∂z

+ y
x

      (5)

0 = 1 B0 cos
∂B
∂z

+ lim
x→0

y
x

+ 1
     (6)

0 = B0 cos
∂B
∂z

+ lim
x→0

y
x

+ 1
 + ∂2 Ω

∂u∂v
(T '− t)    (7)

Here
 is fluid density
 is kinematic coefficient of viscosity
 is electrical conductivity
 is magnetic permeability
 is modified hydro magnetic pressure including

centrifugal force
 is thermal diffusivity and specific heat at constant
pressure respectively.

3.1 CONSTRAINTS OF SOLUTION
METHODOLOGY
The boundary conditions for the velocity and
temparature field are

vx = vy = 0  at   z = ±L       (8)

T ' = T0    at    z = −L   and   T ' = T1   at   z = L   (9)

Since the walls of the channel are of finite thickness
and arbitrary electrical conductivity, the boundary
conditions for the magnetic field are given by

∂Bx '
∂z

+ Bx '
1h1

= 0,  
∂Bx '
∂z

+ Bx '
1h1

= 0  at  z = L   (10.1)

∂Bx '
∂z

+ Bx '
2h2

= 0,  
∂Bx '
∂z

+ Bx '
2h2

= 0  at  z = L   (10.2)

Where
1 is the electrical conductivity of upper wall
2 is the electrical conductivity of lower wall
h1 is the thickness of upper wall
h2 is the thickness of lower wall
The equations (2), (3),(5) to (7), in dimensionless
form, become

∂2u
∂ 2 +M 2 cos

∂2 Ω
∂u2 + 2k2v = −R  (11)

∂2u
∂ 2 +M 2 cos

∂2 Ω
∂u2 − 2k2u = 0  (12)

∂2Bx
∂ 2 +M 2 cos

∂2 Ω
∂u2 = 0  (13)

∂2By
∂ 2 + cos

∂2 Ω
∂u2 = 0  (14)

∂2 Ω
∂u∂v

+ PrEr[(du
d

)2 + ∂2By
∂ 2 + cos

∂2 Ω
∂u2 ] = 0  (15)

where

= z L ,u = vxL v ,   v = vyL v ,Bx = Bx '/
T is dimensionless pressure gradient.

M is Hartman number

K is the rotation parameter which is rescprocal of
Ekert number.

The boundary conditions (8) to (10), in
dimensionless form, become

u = v = 0 ath = +1 or −1                          16( )
 
T = 0 at  h = −1 and T = 1 ath = +1           17( )
dBx
d

+ Bx
Φ1

= 0   at    = +1  (18)

where

1 = 1h1
L      Φ2 = 2h2

L  

are dimensionless conductance ratio for the upper
and lower walls respectively.

Equations (11) to (15) subject to the boundary
conditions (16) to (18) can now be solved. The
solutions may be presented in the following compact
form as:

u + iv = R +M 2C cos

m2







1− coshm
coshm






            (19)

Bx + iBy = C − cos (R +M 2 cos )

m2    (20)

T ( ) = 1

2
(1+ ) + PrEr

8 2 2 c2 ( 2 (b2 − X1) + 2 )    (21)

Where

m = ± i                    (22)

,  = 2
− 1

2 M 4 cos4 + 4k 4( )1/2
±M 2 cos2





1/2

    (23)
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C = 2Rcos (m − tanhm)

(Φ + 2)m3      (24) 

C1 = 1

2
C( 2 − 1)       (25)  

a1,a2,a3,b1,b2,b3,c1,c2,c3,c4,c5 and c6 are
functions of M2 , K2,, R and .

4. RATE OF HEAT TRANSFER AT THE
WALLS
The rate of heat transfer, in dimensionless form, at
the upper and lower walls are given by

dT
d





 =±1

= 1

2
± Pr Er d1+M 2 {c4 + d2 + d3 + d4  (26)

The critical Eckert numbers Erc1 and Erc2

corresponding to the upper and lower walls
respectively are given by

Erc1 = 1

2
Pr d1+M 2 {c4 + d2 + d3 + d4}      (27)

Erc2 = − 1

2
Pr d1+M 2 {c4 + d2 + d3 + d4}      (28)

5. RESULTS AND DISCUSSION
To study the effects of wall conductance, rotation,
magnetic field and angle of inclination, the profiles
of temperature field are depicted graphically versus
 in figures 1 to 4 for various values of 1,2,
K2,M2 and  taking Er, Pr and R values.

dT
d





 =1

− dT
d





 =−1

45 60 75 45 60 75

0 2.24 1.24 .6825 1.24 .2477 -.317

1 2.63 1.41 .7206 1.63 .4113 -.279

2 2.80 1.48 .7394 1.80 .4873 -.260

3 2.88 1.53 .7505 1.88 .5311 -.249

5 2.98 1.57 .7632 1.98 1.579 -.236

∞ 3.17 1.69 .7943 2.17 .6927 -.205

Table 1: Rate of heat transfer when M2=4 and
K2=3

dT
d





 =1

− dT
d





 =−1

M 2

k 2
3 5 7 3 5 7

2 1.53 2.35 3.38 .53 1.3 2.3

4 2.88 4.55 6.59 1.8 3.5 5.5

6 4.73 7.21 10.25 3.7 6.2 9.2

Table 2: Rate of heat transfer when

= 45,  1 = 1  and     2 = 2.

−Erc1 Erc2
45 60 75 45 60 75

0 .57 1.3 5.4 .57 1.3 5.4

1 .46 1.09 4.5 .46 1.09 4.5

2 .43 1.01 4.1 .43 1.01 4.1

3 .41 .96 3.9 .41 .96 3.99

5 .40 .92 3.7 .40 .92 3.79

∞ .37 .83 3.39 .37 .83 3.39

Table 3: Critical Eckert Numbers Erc1 and Erc2

when M2=4 and K2=3

Table1 shows that temperature field increases with
the increase in the angle of inclination Ø.

dT
d





 =1

− dT
d





 =−1

M 2

k 2
3 5 7 3 5 7

2 .96 .53 .34 .96 .53 .34

4 .42 .24 .16 .41 .24 .16

6 .23 .14 .10 .23 .14 .10

Table 4: Critical Eckert Numbers Erc1 and Erc2
when

= 45,  1 = 1  and     2 = 2.
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dT
d





 =1

− dT
d





 =−1

45 60 75 45 60 75

0 3.24 2.27 .5825 3.24 .1456 -.237
1 2.33 2.61 .436 5.13 .542 -.342
2 3.80 2.78 .644 2.40 .542 -.876
3 4.88 2.73 .4305 2.21 .6548 -.431
5 7.98 3.56 .6532 2.45 1.431 -.864
∞ 2.17 2.66 .6643 1.99 .6540 -.237

Table 5: Rate of heat transfer when M2=4 and
K2=3 with GA-SVM

dT
d





 =1

− dT
d





 =−1

M 2

k 2
3 5 7 3 5 7

2 1.33 3.35 3.78 .93 2.3 2.8

4 2.98 5.55 6.99 2.8 3.6 5.8

6 5.73 8.21 11.25 5.7 6.6 9.8

Table 6: Rate of heat transfer with SVM when

= 45,  1 = 1  and     2 = 2.
−Erc1 Erc2

45 60 75 45 60 75

0 .61 2.35 5.4 1.57 1.98 5.9
1 .53 2.09 4.5 1.46 1.89 5.5
2 .52 2.01 4.1 1.43 1.65 7.1
3 .56 .67 3.9 1.41 1.96 5.99
5 .44 1.92 3.7 2.40 .99 4.79
∞ .137 1.83 4.39 2.37 1.83 4.39

Table 7: Critical Eckert Numbers Erc1 and Erc2

when M2=4 and K2=3 with GA-SVM

dT
d





 =1

− dT
d





 =−1

M 2

k 2
3 5 7 3 5 7

2 1.96 .69 .45 .94 .53 .47

4 .94 .98 .66 .41 .90 .89

6 .78 .34 .19 .23 .45 .26

Table 8: Critical Eckert Numbers Erc1 and Erc2
with GA-SVM when

= 45,  1 = 1  and     2 = 2.

Fig1. Temperature effect on different data sets.

Fig2. Temperature field for different values

Fig.5 Thermal conductivity behavior graph for
different data sets.
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Fig6. Temparature motion and electric field
graph.

It is also observed that when the angle of inclination
is less than or equal to 60 degrees there must be heat
absorption near the lower wall for M2 =4, K2=3,
Ø1=1 and Ø2=2. In figure 2, it seen that the fluid
temperature decreases with increase in M2. Figure 3
reveals that, on increasing K2, the fluid temperature
increases in magnitude near the lower wall and
decreases near the upper wall but it is of oscillatory
character with K2 in the central region. From Figure
4, it is evident that the fluid temperature increases in
magnitude in the lower half of the channel whereas it
decreases with the increase in angle of inclination in
the upper half.

The numerical results of rate of heat transfer at both
the wall and critical Eckert numbers corresponding
to both the walls are presented in tables 1 to 4 for
various values of variables. Table 1 shows that rate
of heat transfer at upper wall decreases with the
increase in the angle of inclination whereas it
increases with the increase in wall conductance ratio.
Table2 shows that the rate of heat transfer at the
upper wall increases with increase in either M2 or
K2. The effects of angle of inclination, M2 and K2 on
rate of heat transfer at the lower wall.Table3 reveals
that the magnitude of critical Eckert numbers Erc1

and Erc2 corresponding to the upper and lower walls
respectively decreases with the increase in angle of
inclination. From Table4, it is found that the
magnitude of Erc1 and Erc2 decrees with the increase
in either M2 or K2.
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