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ABSTRACT. Using group theoretic transformation technique, class of similarity
solution of heat transfer for MHD boundary layer flow of viscous fluid over a
non linear porous surface. This similarity equation which is highly nonlinear
ordinary differential equations which is solved numerically for particular fluids
so called power-law fluids. The results obtain are found in good agreement

with those available in literature.
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1. INTRODUCTION

The process of heat transfer or heat and mass transfer together occurs simul-
taneously in a moving fluid and plays an important role in the design of chemical

processing equipment, nuclear reactors, and formation and dispersion of fog. Dass
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et al.[4] considered the mass transfer effects on flow past an impulsively started
infinite isothermal vertical plate with constant mass flux. Muthucumaraswamy et
al.[8] presented an exact solution to the problem of flow past an impulsively started
infinite vertical plate in the presence of uniform heat and mass flux at the plate
using Laplace transform technique.

The MHD boundary layer flow of an electrically conducting fluid is encountered
in many problems in geophysics, astrophysics, engineering applications and other
industrial areas. Engineers apply MHD principle in the design of heat exchangers,
pumps, in space vehicle propulsion, thermal protection, control and re-entry and in
creating novel power generating systems. However, hydromagnetic flow and heat
transfer problems have become more important industrially. In many metallurgical
processes involve the cooling of many continuous strips or filaments by drawing
them through an electrically conducting fluid subject to a magnetic field, the rate
of cooling can be controlled.

Lai and Kulacki [7] investigated the coupled heat and mass transfer by mixed con-
vection from a vertical plate in a saturated porous medium. The porous media
heat transfer problems have numerous thermal engineering applications such as
geothermal energy recovery, crude oil extraction, thermal insulation, ground wa-
ter pollution, oil extraction, thermal energy storage, thermal insulations and flow
through filtering devices. Excellent reviews on this topic are provided in the lit-
erature by Nield and Bejan [9], Vafai [11], Ingham and Pop [6] and Vadasz [12].
Recently, Cheng and Lin [2] examined the melting effect on mixed convective heat
transfer from a permeable over a continuous Surface embedded in a liquid saturated
porous medium with aiding and opposing external flows. Sharma and Hazarika [10]
studies the effects of variable viscosity and thermal conductivity on heat and mass
transfer flow along a vertical plate in the presence of a magnetic field. Hassanien et
al [5] presented a work on flow and heat transfer in power law fluid over a stretching
porous surface with variable surface temperature. Abel and Mahesha [1] considered
the effects of buoyancy and variable thermal conductivity in a power law fluid past
on a vertical stretching sheet in the presence of non-uniform heat source. Darji and
Timol [3] studied on similarity solution of heat transfer for MHD viscous power-law
fluid over a non-linear porous surface.

So motivated by these, we represent in this paper, class of similarity solution for
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MHD viscous fluid with heat transfer over a nonlinear porous surface by using linear

group theoretic transformation technique.

2. MATHEMATICAL FORMULATION OF THE PROBLEM

Consider a two-dimensional flow of an incompressible viscous fluid past a porous
non-linear surface at y=0. The dimensionless equations of continuity, momentum,
heat transfer as follow,
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Where S = oB(z) is the magnetic field strength, Pr = P=p? is the Prandtl number
p o
U2
and \ = ML2 is the flow parameter.

The boundary conditions for the problem are,

y =0, U = Uy (), v = Uy (T), 0 =0,(x)

(4) Y = 09, u =0, =0

Introducing stream function v such that,
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Equation of continuity (1) gets satisfied identically, equation (2-4) becomes
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With boundary conditions,

0 0
(8) Yy = O7 7815 = uw(x), % = ’Uw(qj)7 0 = ew(x)
_ o _ .
9) y = 00, £ =0, 6*=0

3. SOLUTION OF THE PROBLEM

To reduce the above system of partial differential equations to a system of ordi-
nary differential equations by introducing one parameter group of transformation
given as

Tt=q%2",  gr=A%yn, Ot =4y
(10) S* = 4%48%, 6" = ~%6*
Where &1, &2, &3,&4,&5 and v are constants.
From equation (10) one obtains
1 1 1 1 1
(11) 751: 752: 7*53: 7*54: 755:7
T y P S 0
Introducing the linear transformation, given by equation (10), into the Equations

(6)-(7) result in

e 2, 7% 7 2,7 %
61262260 OP* O™ ¢ o, —2e, OV O

(12) oy* 0z*0y* oT* Py**
—n (7252—532232*)”1 7352_5325; _ 5752—53375:
(13) SRR gg R A ?)7? gj:
_ };72&_552222 1A (7252—5322;55)2.

If one require that the differential equations are completely invariant to the proposed

linear transformations, under the assumption that the exponent & # 0, a ratio
&= %2 Thus one obtains the relations
1

3 3

564 = 755

(14) E=6i =36 = 6= b=
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Introducing equation(14) into equation(11) result in
2 2
(15) n= 1° Y= f(77)93 37 0" = G(n)x 37 S = Soz

[SCRN )

4. FORMULATION OF ORDINARY DIFFERENTIAL EQUATIONS

Transforming the similarity variables (15) into equations (6)-(7) result in
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Inserting these expression into equations (6)-(9) in to the following non-linear ordi-

nary differential equations

A7) ) ) — (P + 2 F0) )~ So () = 0
(18) L= 2 mygt) — Fg' ) + L (7)) = 0

Pr 3 L?

With the boundary condition

77:07 f:O37 fl:€7 g:CI

(19) n = o0, g=0, =0

Where € is shrinking/stretching parameter and C3 is the wall mass transfer at the

sheet.

5. RESULTS AND DISCUSSION

The system of non-linear ordinary differential equations (17)-(18) with boundary
conditions (19) has been solved numerically using MATLAB ode solver. The effects
of various parameters, the power-law fluid index n, magnetic field number S, and
the Prandtl number P,, controlling the parameter b; = 1,C; = 1 and wall mass
transfer C5 = 4 on the velocity f/(n) and the temperature field g(n) are shown in
Figures (1)-(8).
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Figure 1 show that Comparison of the velocity f’(n) between Newtonian and non-
Newtonian fluids with Sp = 0 and P, = 0.71.
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FIGURE 1. Comparison of the velocity f’(n) between Newtonian

and non-Newtonian

Figure 2 show that a comparison between hydrodynamic Sy = 0 and Sy # 0 on
non-Newtonian pseudo-plastic fluid for n = 0.6, P, = 0.71,¢ = —1 and C3 = 4 in
case linear shrinking sheet. Here we observe that if increase in magnetic field num-
bers Sy then the velocity f’(n) decrease and for higher value ofSy = 0,0.1,0.2,0.3

the boundary layer thickness decreases.
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FIGURE 2. Influence of magnetic field on velocity Pseudo-plastic

fluid over shrinking sheet
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Also in figure 3 we observe that velocity and boundary layer thickness decreases
by increasing magnetic field Sy for stretching sheet ¢ = 1 with Pseudo-plastic fluid
n=0.6,P.=0.7l,and C3 =4 .
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F1cURE 3. Influence of magnetic field on velocity of Pseudo-plastic

fluid over stretching sheet

Figure 4 show that the effect of Prandtl number on velocity of pseudo-plastic fluid
in presence of magnetic field in case of shrinking sheet .Here n = 0.6, Sy = 0.1,¢ =
—1,Cy = 4 observe that as Prandtl number increase the velocity of fluid and the

momentum boundary layer thickness decrease.



108 P. SONAWANE AND M.G. TIMOL

0.4 ' ; ' v '
0.2}
o Pr=0,0.7,2,5,10 ———
-0.2 N —
- _,-""H—
F_p.4 T
J"f’
v
-0.6 - o
//
-0.8
o
=1 i L L L L A Il
Q 1 = E 4 = [-] r - 2 10

FIGURE 4. Effect of Prandtl number on velocity of MHD pseudo-
plastic fluid for shrinking sheet.

Figure 5 present the change in temperature g(n) for both Newtonian and non-
Newtonian fluids with ¢ = —1, .5y = 0.1 and fixed P, = 0.71.
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FIGURE 5. Comparison of temperature g(n) for MHD Newtonian

and Non-Newtonian fluids.
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In figure 6 we observe that both temperature and thermal boundary layer thick-
ness decreases as increasing the values of magnetic number Sy = 0,0.1,0.2,0.3 with
e=—1,C3=4and P. =0.71.
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FIGURE 6. Influence of magnetic field on temperature of pseudo-

plastic over shrinking sheet

In figure 7 show that if increase in magnetic strength Sy = 0,0.1,0.2,0.3 then

decrease in the temperature g(n) of non-Newtonian fluid is smaller for e = 1.
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In figure 8 we observe that both the temperature and thermal boundary layer
thickness decreases by increasing the Prandtl number P, = 0,0.7,2,5,7 with fixed
valuem =0.1,e = —-1,b=1,C5 = 4.
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FIGURE 8. Effect of Prandtl number on temperature of pseudo-

plastic fluid over shrinking sheet

6. CONCLUSION

Class of similarity solution for MHD boundary layer flow of viscous power law
fluid with heat transfer over a non linear porous surface is studied by using group
theoretic transformation technique. The governing partial differential equations are
converted into ordinary differential equations. Numerical solutions are presented in
a graphical form for power law fluid. If increasing the values of magnetic parameter
Sy then pseudo-plastic fluid the momentum boundary layer thickness decreases for
both cases of shrinking and stretching sheets. If increase in Prandtl number P,
for power-law fluids over non-linear surface then both the temperature and thermal

boundary layer thickness are decreased.
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