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Abstract:

In the present study, we have discussed the Hall effects on temperature in oscillatory MHD laminar layer flow

when the fluid is injected from outside to the flow field and its direction is kept normal to the flow of direction.

The expression for velocity field and skin friction are obtained and studied for wide range of injection

parameter variation. The effect of small and large frequencies on flow field has been also discussed by

graphically. In the graph, it is shown the fluctuation in injection velocity increases and the amplitude of the skin

friction decreases and phase angle increases.

Keywords: Oscillatory boundary layer flow, MHD, Skin friction, Velocity field, Injection parameter, Phase angle,
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Introduction:

The effects of free stream oscillations on the
laminar boundary layer flow past horizontal bodies
were studied Light hill [1954] and Lin [1957]. Ong
and Nicholls [1959] discussed the flow of a viscous
incompressible and electrically conducting fluid
past in the presence of transverse magnetic field
when the plate executes a simple harmonic motion
parallel to itself. The effect of transversely applied
magnetic field on Stuart [1955] problem was
studied by Rao [1962]. Messiha [1966] studied the
effect of variable suction on laminar boundary
layer in oscillatory flow along an infinite flat plate.
He assumed that the stream velocity as well as the
suction velocity normal to the plate varies
periodically with the same frequency about a non-
zero constant mean. The MHD aspect of the
Messisha problem was studied by Pop [1967]
Kumar et.al [2007] and Lal [1972]. Pop has
discussed the hydromagnetic laminar periodic
boundary layer flow for the suction velocity of the

form \_/=V0(1+8Aeimt) The non-dimensional

expression for the velocity field in the boundary
layer flow has been considered. As

u(y,t)=(@—-f,(y))+ee“ 1-f,(y)) and the

stream velocity as U(t):l+ et extending the

investigation of Pop and Lal has shown that if more
harmonic terms are considered in the expression
for

velocity distribution , its value decreases
considerably. Chung and Kassemi [1980], Gordan
et al[2003], Nag [1980], Soundalgekar [1979] and
Soundalgekar and Bhat [1990] studied heat
transfer problem for laminar flow over a plate of
varing temperature. Das et.al [2013] studied on
hall effect oscillatory MHD coquette flow .The
thermal boundary condition is either that the fluid
has the same temperature as the well, which is
prescribed or the heat flow through the surface is
prescribed. The boundary conditions for the fluid
at a surface are the no slip condition; the
tangential velocity component is zero. The study of
MHD viscous flow with current gives qualitative
insight to the problem of MHD power generators
and Hall accelerators. Hall Effect as the steady
hydro magnetic flow of viscous and incompressible
fluid through parallel plate has been studied.

Many applications in Turbo- machinery such as
fans, turbines and compressor pump are designed
on the assumption that the flow passage is steady.
But actually it is not so rather the assumed steady
state is the time average of the actual flow which
fluctuates periodically around the above mean
state.

Mathematical Formulation:

We consider the two dimensional oscillatory flow
of an

electrically conducting,viscous,

incompressible fluid past an infinite horizontal
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porous flate plate, x axis is taken along the plate in constant  magnetic field B, is acting
the direction of flow and y axis is taken perpendicularto

perpendicular to the plate. A uniformly distributed

the plate. The flow is assumed to be at small may be neglected. Under the MHD boundary layer
magnetic Reynolds number so that induced effect assumption, flow is governed by the equations.

The governing equations are

—=0 (1)

ou,  ou_ 1ép ou B/

—+V

2
ot oy p OX oy p
Since we have assumed time dependent injection velocity, therefore integrating equation (1), we have

v=v,(1+eAe™) @

Notations have their usual meanings.

u (2)

At the outer edge of the boundary layer, we get

d_U: 18p—GB° U (4)
dt p OX p

op

Eliminating —— from equation (2) with the help of equation (4) and substituting in equation (3), we get

ou oU  d*u oB,’

—=—+4V 2+G °(U-u) (5)
gy ot oy p

The boundary conditions are

y=0; u=0ay—>oo;u=U(t) (6)

a—u+v0(1+ cAe i“’t)
ot

By virtue of the non-dimensional transformations, the equations (5) and (6) reduce to

a“:(1+gAei“)%u+%(U—U)a+——t“_:0 Y

2

&y=0; u=0ay —>;u=U(t) ®)
Solution:
The solution of equation (7) in this form

u(y,t)=[1-¢,(y)]+ Zse [1-¢,(y)] o)

U(t)=1+ ansre"“’t, r=123 e n (10)

Now substituting equation (9) and (10) in equation (7) and equating the coefficients of non-harmonic and
harmonic terms, we have the solutions of the form
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" ' M

¢0 = (I)o - ?d)o = 0
" ' 1 . '

¢1 :d)l _Z(M + I(D)d)l :Ad)o’

01 =0, — 4 (M+ 2io)o, = Ad,,

............................................... , (11)
" / 1 . /
¢, =9, - Z(M +inw)o, =AP, .,
Where prime denotes differentiations withrespecttoy .
The reduced boundary conditions are
y=0; ¢, =¢, =0, =0 =uurnn.=¢ =1 »
Yo by =0 =, == =, =0
Integrating the equation (11) and using boundaryconditions (12) , we get
b, (y)=€"
4iAL
¢1 (y) —eW 0 (eley _ efLoy)
8A°L,’
du(y)=e™ + = (e e ) a3
6V}
: 2
) (4|AL1 _16A LL j(e_Lzy )
o Q0
1 1
L, = —[(1+ M)z —1}
2
1 . AL :
Where L, :5[(“ M +iw)2 —1} =L, +ilL,,
1 . \L i
L, = 5[(1+ M + 2iw)2 —1} =L, +iL,
Substituting the values of (I)0 ) (I)1 ) (I)2 ................ in equation (9), we get
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| 4iAL
U(y, t) 1wy Selo)t|:l_ e _ Q(E—LN et ):l
Q)]
_1 —Lyy 8A’ I—o2 ( Ly —Loy) |
| —€ — 7 e —e
4 g2pet - 2 (1)
- (4|AL1 _16A |_|_ j(ew _ew)

The non- dimensional expression for the skin friction is obtained as

(duj { (4iALj 4iAL2}
t=|—| =L, +ee" |1+ L |- 0
dy ), ® ®

2 2 . 2
+8282'm|:L2 L BAL, L - Lo)+(4|AL1 _16A |2_0|_1)(L B Ll)}

0% ® ®

(15)

On separating real part of (14) , we get

(u(y,t)=1—e™ +¢&(R,cosot — R, sinot)+&*(R, cos2nt — R, sin 2ot + ........
(16)

Where

R, =1—¢" (%sin L.y +cos L”yj,
(V)

AAL ., 4AL i
()]

@
2 2 2 2
=1+—8A Iz_o e —[1+ SAL, Je“y cosL,y

® ®°

2

2

AAL, 16A’LL,
Q)] 6

+ )(eLer cosL,y —e ™ cos LZiY)

AAL,  16AL,L,
+ —
Q) Q)

_ }(e“’y sinL,y—e " sin LZiy),

2 2

LY 4AL, 16A°L.L, Y . . o
R, :(1+8A L, ]e sin L2|y+( - - - j(e sinL, y—e " sin inY)
® (V) ®
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L, = —% + %E{(l+ M?)+ coz}% + %(1+ M)|

1i

L= 23 2 aem) o - 2aem)

1 11 ) Al :
Lzr_—§+5[§{(1+|v| )+ 40’} +2(1+ M)} ,

L, =1 +EF{(1+ M?)+ 40 —%(1+ M)}

"2 2|2
On separating real part of equation (15), we get
t=L, +¢P|cos(mt + 1)+ £°|Q|cOS(2et + &) + vvvevne e (17)
Where
P
P=P*+P’) [Q=(Q+Q/) &= tanl(;‘} 5= tan{%]
Pr = Llr - 4ALO Lli’ Pi = Lli + 4ALO (Llr - Lo)
Q)]

2L 4AL 2L * 16A°L L

o 2 2

(V) Q) Q)

(—4AL“ 16A2L0Llj (4AL1. 16A2LOL1j
+L, + — |+ L,| - -+ r

® ® ® ®’

2

L— 4AL 16A2L0L1ij
+ L, +
(V) ®

2 2

® ® ®

4AL, 16A2L0Lllj ( 4AL, B8A’L 16A2L0L1,)
- +L,[1- + -
Q) Q)

QI :Lzr[ - 1i

2

[— 4AL, 16A2L0Llij (— 4AL, 16A2L0Llrj
+L, + - +L, +

0] Q) Q) )}
Results and Discussion: and® = 1,2,3, we have calculated the velocity
By considering first and second harmonic terms we
have discussed the effect of small and large field for A = 00’01’02 """"" 10 and
frequencies on velocity field for wide range of illustrated graphically. Graph 1, 2 and 3 show the
injection parameter variation. The amplitude and T 1
phase of the first harmonic fluctuations of skin variation of U when Ol =—, € = E;y =1

friction have been also studied. Putting M = 3
and R3 =Qor R3 # 0 where, U= u, if
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R3=O and U=U, if R3?'—'O.Graphs 1

and 2 show that with increase in A, Ul
decreases slowly at small (O and fastly at large
(. Graph 3 shows that U2 is negative at large

( and its magnitude increases with increase in
A.From this we conclude that the reverse flow may
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For small and large frequencies, the variation of
amplitude and phase of the skin friction are shown
in the graph 4 , 5 and 6. Graph 4 shows that
increase in A leads to a decrease in skin friction

amplitude‘P‘ . From graph 6, it can be seen that at

large 0, phase A of skin friction increases rapidly
with the increase in A.

occur due to the consideration of second harmonic
term in the expression of velocity field.

Table -1: Velocity Field Relative to A for Fixed Frequency Parameter

u
A 1

n=1 w=2 w=3
0.0 0.2907 0.3680 0.3260
0.2 0.2669 0.3460 0.3066
0.4 0.2480 0.3274 0.2880
0.6 0.2293 0.3110 0.2770
0.8 0.2134 0.2960 0.2565
1.0 0.2025 0.2810 0.2456

Table -2: Velocity Field Relative to A for Fixed Value of M

A u

1
0.0 0.2275
0.2 0.1919
0.4 0.1559
0.6 0.1250
0.8 0.0934
1.0 0.0618

Table -3: Variation of Velocity Field U , Relative to A

A u
2

0.0 0.0688
0.2 0.1289
0.4 0.1852
0.6 0.2395
0.8 0.2900
1.0 0.3374

Table -4: Amplitude Variation of Skin Friction ‘P‘ Relative to A
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P
A
n=1 w=2 w=3
0.0 0.5200 1.250 0.673
0.2 0.4230 1.165 0.608
0.4 0.3442 1.073 0.546
0.6 0.2660 1.008 0.480
0.8 0.2000 0.946 0.427
1.0 0.1270 0.892 0.381
Table -5: PhaseVariation of Skin Friction N A Relative to A for Different Frequency Parameter
tan A
A
w=1 w=2 o=3
0.0 0.2470 0.6520 0.4460
0.2 0.2760 0.6850 0.4870
0.4 0.3120 0.7380 0.5290
0.6 0.3400 0.7970 0.5570
0.8 0.3820 0.8520 0.6160
1.0 0.4510 0.9670 0.7490

Table -6: PhaseVariation of Skin Friction fan }\, Relative to A for Fixed Frequency Parameter

A tan . (0 =10)
0.0 1.075
0.2 1.12
0.4 1.17
0.6 1.223
0.8 1.284
1.0 1.365
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Graph-1: Velocity Field U 1 Relative to A for Fixed Frequency Parameter
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Graph-2: Velocity Field U , Relative to A for Fixed Value of M

Graph-3: Variation of Velocity Field U , Relative to A
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Graph-5: Phase Variation of Skin Friction tan A Relative to A for different Frequency Parameter
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Graph - 6: Phase Variation of Skin Friction tan A Relative to A for fixed FrequencyParameter
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