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Abstract:

In this article the unsteady magnetohydrodynamics oscillating flow of third order fluid
with free stream velocity is proposed. It is found that the motion equation is
controlled by five dimensionless parameters namely the coecostic parameter 3,4,
viscoelostic parameter ®,acceleration/deceleration c,suction/blowing d and material
constants o . The effect of each of these parameters upon the velocity distribution is

analysised.
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Introduction:

Fluid mechanics has fascinated many
generations of scientists and engineers
although many years of research have
been devoted to the study of fluids of
low molecular weight .The motion of
any fluid is described by the equations
of conservation of mass, momentum
,and energy. physically, the equation of
continuity states that within a small
fixed volume there can be no net rate
of addition mass .The equation of
momentum describes that the mass —
time —acceleration of fluid element
equals the sum of the pressure,
viscous, and gravitational forces acting
on the element, and the energy
equation interprets that the temperature
of a fluid element changes as it moves
along with the fluid because of heat
conduction and heat production by
viscous heating [1 ,2 ]. In general,
these three equations are used to
describe the flow behavior but there
are few situations under which the
energy equation is not important for
example,in sufficiently slow flows,
viscous heating is not essential.
In recent years, the flows of second
order have been studied extensively

and we refer to papers by Asghar. S,
Hayat. Tand Siddiqui. A.M [3] which
is studied moving boundary in a
second-grade fluid .Which paper [4]
discusses an increasing velocity
amplitude of the oscillating porous
plate it shows that in case of second-
grade fluid a combination of suction
/injection and decreasing/increasing
velocity amplitude is possible as well.
Later Ramano Murth. Ch .V and
Kavitha. K.R. [5] studied flow of a
second order fluid over an inclined
porous plate under the influence of
applied Magnetic field.In the present
work, we discuss the viscous of non-
Newtonian problem of an unsteady
MHD third order fluid flow past an
infinite oscillating porous plate. This
work is modified of Muhammad R.
mohyuddin  [6] which discusses
oscillating flow of second order and
studied the effect of suction,
acceleration and MHD. He observed
the boundary layer decrease and the
velocity is increase in case of suction
(d=-2,-1) but in case (d=0.5, 1) the
boundary layer becomes large, also it

“ Department of mathematics ,College of Science for Women, Baghdad University
**Department of mathematics, College of Science, Baghdad University



Baghdad Science Journal

Vol.9(4)2012

observed with difference that MHD
parameter a is increased to 0.5.
Formulation of the problem1l
Let us assume that the x-axis is parallel
to the oscillating porous plate and the
y-axis is perpendicular to it, also we
will assume that the third order fluid
initially at rest thus the velocity field is
given by

V=[u(y,t),vo,0]

and vo = 0 are Where u(y,t) is
the velocity in the x-direction,vo=- 0

correspondent to suction and blowing
velocities  respectively. For t=0
plate is
moved period according to

U(O,t):U(t):UoEI:'E_iM}t(
w > 0,t = 0,5 = constant = 0)

In this case the continuity and motion
equations are

div=0 ...(1)
E‘; — . 3 =
P(g) =p +divT+]x 8

]Xﬁf—aﬁgu ...3
Where jis the electric current density,
Bis the magnatic field, ¢ is the
electrical conductivity of the fluid and
the stress tensor T is defind by
T=-Pl+pA+01 A T0AT +f3
(trAl) A .. @
Where P is the pressure,uz is the
dynamic viscosity ,l is the identity

Q)

tensor , o (i=1,2) and 5 are the
material constants[7]. The Rivlin-
Ericksen tensors are

Ay =T+ (W) - (5)

A, =2t (Vo)A +A, VW + (VWA
In which the prime sign represent the
transpose of matrix and Vis the
gradient operater.In addition to that
we will assume v=constant=vq, and
the follow
constraints
imposed i« = 0,

oy = 0, oy + ay| =/ 2upfBy, B3 =0

are

729

Now, by using equations (3), (4) and
(5) the motion equation (2) reduces to
(Z2 4 v, T8 = o2y
By Bt B ay2 Ay
o Bu  &f, 8 (fu) du  of? du
St 5 s

...(6)

Which corresponds to the following
conditions u(0,t)=upe “#~*=’% u(y,0)=u,
Integrating equation (6) with respect to
y,we get

68, (ou)” o%u_
+ (y] S=urk(D). (1)

p Brdy® P
Where n:%";,u = fand k(t) is the
integration constant
If we assume that
u(y,t)— f,(t) as y — co,then from (7)
wehave

k(®= 2= + nf, (¥
Equation (7) can be written as

fu du 8'u  m, 8%u B
Vi — v ——- - 6—
gt dy gy* o drdy® o
Bu): 8% Bf.
— | —+nu=—= +nf,(t .(8
(E'y v* dr (0 (8)

where f] iz the free stream velocity
and will be solved subject to the
boundary and initial conditions
u(0,H)=u(t)=uge® =, y(oo,t)
u(y,0)= g -(9)

To give some physical meaning for

:fl.l'

the problem we assume that
fi=up=constant ,then equation (8)
reduce to
du fu f“u @z, A°u [
+ — —_——
2 vo By Bv?  p Ardyt o
fu? 8% _ _
() Emomwn 0
Which may be written as
Ein
gt .
= .8f 1 8% B%f af \ 8%
Va1 -e i (%) (5
=a(1—f) . (11)
Where
’r‘l:
L—}r,c =E,d = - D or=wtf=2,d
4 2w w 2w Up
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) By = g’ w?

4,91.'

==p(p=

FA L

and the boundary conditions

are f0, T)= f(r)= eI f(
w,7)=1,1fn0)=1

Equation (11) is a nonlinear partial
differential equation of third order and
its solution is given in the next section.
Solution of the problem

Let g=1-f then the equation (11)
reduces to

19 _ g e
Z an® ar dn® 4

ae\* (8% _
and the boundary conditions become
g(Ov T):]-'
E':E_L}T,g(mJTJ:U ..(13]
To solve equation (12) we expand g in
terms of 54 and as follows
g:gl+ﬁ4gi ||“4]

Note that,we use this expansion to
cover the results obtained by[4],where
g: is corresponding to his solution

[eq. (9),2—

+
f oy EH:
8 Tu
v G —viz+nZt=0].
Putting the last expression into

equation (12), we obtain the following
two equations:

18 B,
BT “Zd + B: &r—;.;:=ag1 .(15)
g (1
- ok ag:—(an](an:]..(m)

B fran®

To solve equatlon (15), substitute
g1(n.1) =hi(n)e'““Tinto(15) we get
an ordinary differentional equation of
the second order,which is

(®(c— i) _|_1 a* by

-2 da—n‘ = [:ot + (c—l])hl('n] (17)
Similarly, to solve equation (16), let

go(1, T) :hz(ﬂ)eaic—i]t and

substitute this expression into equation

(16),we obtain

730

. 1Y 8%h,
(30(c—1) +2) =
. _ f#h,\?8%h,
(3(c-i) +a)h, = (H) prealp (18)
By solving equations(17) and (18), it
is found that
9=-
ED.EI__a—'»‘a"+4h :|r| (_1 + E':—1+E:'Tj+ﬁ4(2
(-
a* —4a’b— 2b? +a*Va?+ 4b+ 2ab
va? 4 4b)*
e Htn3,
il +4}J+r]n(_1 1 1+c)r]3 (

(el

ED.El:—Eua+6-'-.-'a:+4h+3r'—1|,"—4q +r=_}n))/(18
a’ +36b + 4q + 6va? + 4br-
6a(3va? + 4b+r))

Finally, by substituting f=1-g in the
last equation we found that

f=1-(-

ED.EE&—%‘WM (_1 _|_ E':—H:}r]_'_ 134(

2(-

a* —4a’h — 2b? +a*Wal L 4b L 2abvai L 4b
)*

_|’l_ R (_: . ! |"_ T )

ol fatdua +4h+r]n(_1+el\ HE)TJHF[E%'- Jatdat+dbt t‘]l]

ED.El::—Eua+6-'\;a:+ sh+3r—./—4q +r=_}q))/(18

a’ + 36b + 4q + 6Va? + 4br-
6a(3va? + 4b+r))

Where

a=dv2/ (®*(c-i) +0.5); b=ortc-i;
r=dv2 / (d*(c-i) +0.5);

g= (ati-¢) / (D *(c-i) +0.5);

Results and Discussion :
In this section we study the effect of
each parameter upon the velocity
distribution to do this ,all figures are
plots for non —dimensional velocity f
against the non-dimensional variable
n. The solution for velocity component
f is plotted in all figures for different
values of @, f4, a, d, ¢ and for fixed
time pi/4 as a function of the suction.
The values of @, f4 , d, ¢, a are
respectively

®=[0.01,0.07,1,2],
=[0.01,0.03,0.05,0.07],  d=[-2,-

Ba
1-
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0.5,0],c=[0, 0.2,0.3,0.5] and o is
constant (0=0.1)

Effect 4 on velocity

Figs (1 ) illustrate the effect of
coecostic parameter S, upon the
velocity . In case o f c= O
(acceleration) and the blowing
parameter d =-0.5 ,we note that as £,
increase, the velocity decrease . Fig
(2) shows the effect of S, where c=-0.5
(deceleration) and d=0 as the same as

effect in fig (1) .
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Fig(1 )distribution velocity for f£,= [
0.01, 0.03, 0.05, 0.07 ], d=-0.5 ,c= 0, @
=0.1, @ =0;7=pi/4
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Fig(2 )distribution velocity for fS,=[
0.01, 0.03, 0.05, 0.07], d=0,c= -0.5, e
=0.1, ® =0,7=pi/4

Effect € on velocity

Figs (3,4) illustrate the effect of
viscoelostic parameter € upon the
velocity , its noted that with increase
in® the velocity decrease. In fig(3)

731

where ¢=-0.5,d=0 its observed that
with increase of € from 0.01 to 0.07
the wvelocity increase , when
0.07 <@ =1 the velocity increase
JFor @ =1 the velocity start to
decrease. Fig (4 )also shows the
similar results in fig(3) .
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Fig(3 )distribution velocity for
[0.01,0.07,1,2],c=-
0.5,d=0,0=0.1, 8,=0.7,7=pi/4D=
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Fig(4)distribution velocity for
[0.01,0.07,1,2],¢=0,d=0.5,0=0.1, £,=0
,T=pi/4

Effect c and d on velocity

Fig (5) shows that as c=-0.5, 8,=0, ¢
=0.7the  velocity decrease when
increase of d. In fig (6) also the
similar results in fig(5)with difference
the velocity range decrease from 4.5
tol . Figs (7,8) show the effect ¢ on
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velocity, it observed that as c increase
the velocity decrease
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Fig( 3)distribution velocity for d=[-2,-
0.5,-1,0], c=-0.5; B, =0.7 , 0=0.1 ,®=
0,7=pi/4
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Fig( 6)distribution velocity for d=[-2,-
0.5,-1,0], c= 0.5; ;=0 ,a = 0.1,0=0
,T=pil4
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Fig( 7)distribution velocity for c¢c=[ 0
,0.2,0.3,0.5], d= 0.5, £,=0 ,a =0.1,0=0
, T =pi/d
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