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a Power-Law Velocity *
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A theoretical analysis for MHD boundary layer flow on a moving surface with the power-law velocity is presented.

An accurate expression of the skin friction coefficient is derived. The analytical approximate solution is obtained
by means of Adomian decomposition methods. The reliability and efficiency of the approximate solutions are

verified by numerical ones in the literature.
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During the last decades, investigations of bound-
ary layer flow on continuous stretching surface have at-
tracted considerable attention. Sakiadis!!! first stud-
ied the boundary layer flow induced by a solid sur-
face with a constant velocity in an otherwise ambient
fluid. Erickson et al.[?! investigated the temperature
distribution of the boundary layer when the surface is
maintained at a constant temperature with suction or
blowing. Since then, several investigations have con-
centrated on the problems of a stretched surface and
different thermal boundary conditions.!?~7]

The above-mentioned investigations restricted the
analyses to flows of a Newtonian fluid. Recently, the
non-Newtonian fluids in the presence of a magnetic
field have been applied to many areas such as chemical
engineering, electromagnetic propulsion, nuclear reac-
tors etc. Motions of non-Newtonian fluids in the pres-
ence of a magnetic field were studied earlier by several
authors.[®=11 Pavlov(!?l studied the MHD boundary
layer flow of an electrically conducting fluid due to
the stretching of a plane elastic surface. Wul'®! in-
vestigated an MHD boundary layer flow with uniform
suction or injection. Andersson et al.'4 studied the
MHD flow of a non-Newtonian power-law fluid over a
stretching surface with a linear velocity in an ambient
fluid. In this Letter, we investigate the MHD bound-
ary layer flow of a non-Newtonian fluid over a moving
surface with power-law velocity.

Consider the flow of an electrically conducting fluid
obeying the power-law model in the presence of a mag-
netic field B(x) = Byz(™~1)/2. The basic equations
for the boundary layer flow are

ou Ov
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where u and v are the velocity components parallel

and normal to the plate respectively, p is the fluid
density, o is the electrical conductivity, and 7, is the
shear stress tensor defined as

Ty = —K( - ‘;—Z)”. (3)

The boundary conditions are
U ly=0=Cz™, v |y=0=0, u|y=co=0, (4)

where C' is a positive constant.
We now define the following similarity transforma-
tions:
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Substituting Eq. (5) into Egs. (1) and (2), we obtain
the following nonlinear boundary value problem:

n(_fll)n—lflll _|_ ff” _ ﬁ(fl)z _ Mfl — 07 (6)

with the boundary conditions

f(0)=0, f(0)=1, f(+o0)=0, (7)
where

oBy(n+1)

5= m(n+1) B
- pC(2mn —m+ 1)

T 2mn—m+1’

(8)

The skin friction coefficient Cy at the wall is given by

2mn —m + 1)1/(n+1)
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(sz&ﬂ is the local Reynolds number based

on the surface velocity Cz™, and Cy is directly re-
lated to the dimensionless velocity gradient f”(0) at
the wall.

Define the Crocco variable transformation as/1%:16!

= f’(n)v w(t) = (_f”(n))nv 0<t<l, (10)

where t is the dimensionless tangential independent
variable and w(t) is the shear stress of the dependent
variable.

Here

Then we have

w(l) = (—£"(0))". (11)
Substituting Eq. (10) into Eqgs. (6) and (7) and apply-
ing the chain rule, we obtain
Bt? + Mt), t
()" (w(t)/

The boundary conditions (7), in view of Eq. (10), are
reduced to

w”(t) = ( 0<t<1. (12)

B+M

0)=0 1) = ———. 13

w©) =0 W)= 2 )

In the following, we investigate Egs. (12) and (13)

with a view to obtain the analytical approximate
solutions by utilizing the Adomian decomposition

method.17-19]
Let w(1) = «, the inverse operator L;,' can be
formally defined as
t t'
L;! :/ dt’/ dt". (14)
1 1
Applying Ltt to Eq. (12), we obtain
/Btl2 —|—Mt’
’LU l/n
/ / ) l/ndt”dt'. (15)

The decomposition technique expands the solution of
w(t) in a series form

w(t) = 3 wa(t),

m=0

(16)
and the nonlinear term can be decomposed into

B2 + Mt'
Apm = YONINCE
Zo (w(t ))l/n
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=0
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where A,, and B,, are the Adomian polynomials

tl2 Mtl
which represent the nonlinear operator ﬁ%
‘ (@)
—t
and W, respectively. The Adomian decom-
w

position method employs the recursive relation
wo(t) = «,

t
wy (t) = / Apdt' + L;,;* B,
1

t
wk+1(t) = /1 Akdt, + L;tlBk, for k> 1. ( )
18

The practical solution will be the [-terms approxima-
tion ;(t) to w(t), which is usually written as

zwz

+ wl—l(t)a

= wo(t) +wq(t) + wa(t) + -

1> 1. (19)
Now our concern is to determine the constant « for
special parameter values # and M using the condition
(13). Once the value of « is determined, Eq. (19) will
give an approximation analytical solution of w(t).

Table 1. Comparison of values of f'/(0) for n = 1.

F7(0)app—F"(0)com
B M Oy F"(0)com Ervor( L e Clcon)
0.5 —0.51787 —0.52395 1.17 x 10—2
—1.0 1.0 —0.83424 —0.85111 2.02 x 102
5.0 —2.08665 —2.16287 3.65 x 10~2
1.0 —0.64101 —0.65298 1.87 x 102
—1.5 5.0 —2.01214 —2.08524 3.63 x 102
10.0 —2.94042 —3.05623 3.94 x 1072
1.2 T T T
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Fig. 1. Shear force distribution for 8 = —1.0 and M = 1.

Table 2. Comparison of values of a for M = 0 and n = 1.

Il a(=05) a(8=10) a(B=15) a (8=2.0) o (8=5.0)
6 0.81919 0.97899 1.11694 1.23991 1.81107
7 0.82152 0.98311 1.12271 1.24717 1.82492
8 0.82314 0.98607 1.12692 1.25250 1.83531
9 0.82432 0.98827 1.13010 1.25657 1.84339
10 0.82522 0.98997 1.13258 1.25977 1.84986
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Table 3. Comparison of values of o for 8 = 1.0 and n = 1/3.

M a(l=6) a(l=7) a(l=8) a(l=10)

0.0 1.10811 1.11536 1.12083 1.12854
0.5 1.22611 1.23561 1.24284 1.25319
1.0 1.31717 1.32812 1.33648 1.34847
1.5 1.39243 1.40446 1.41367 1.42687
2.0 1.45713 1.47003 1.47991 1.49409
2.5 1.51418 1.52781 1.53827 1.55327
3.0 1.56542 1.57970 1.59064 1.60635
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Fig. 2. Shear force distribution for 8 = 1.0 and M = 1.

The approximate results are presented in Tables
1-3 and Figs.1 and 2. In Table 1, the results of the
present work (f”(0)a,p) are compared with the nu-
merical solutions of Chiam (f”(0)com ). It is obvious
that the approximate solutions are in agreement with
the numerical ones of Chiam. Tables 2 and 3 present
the effect of parameter 8 and the magnetic field pa-
rameter M on the skin friction. The approximate re-

sults indicate that the skin friction a@ = w(1) increases
with the increasing § and M. Figures 1 and 2 show
the dimensionless shear force profiles w(t) for pseu-
doplasticity fluids (n < 1), Newtonian fluid (n = 1)
and dilatant fluids (n > 1). It can be seen that the
skin friction a decreases with an increase of t in the
power-law index n.
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