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ABSTRACT
In this paper, the effects on mixed convection flow past a semi-infinite vertical porous plate have
been studied mathematically and numerically when the plate temperature oscillates about a non zero
mean under the effect of transverse magnetic field. Only out of phase component of unsteady part of
the temperature is shown graphically. The results show that these is always a phase lead in the rate
of heat transfer at small values of () and the mean temperature is superimposed by shear wave type
solution at large values of .

INTRODUCTION

Over the years, many analytical or approximate #wedsolution of the magnetohydrodynamic (MHD) gus
fluid boundary layer solutions have been obtaing@there have been numerous theoretical and expeianstudies of
heat and mass transfer induced by natural convestifluids. These studies have many applicationghysical system
where heat transport by buoyancy induced convegctiedion takes place, such as chemical reactor,eauakactor,
combustion systems, pneumatic transport etc. effieets of oscillating plate temperature on theedixonvection flow
past a semi-infinite vertical plate was studiedSmundalgekar and Vighnesam (1997). They also edtiutiiis problem
for a semi-infinite vertical porous plate when hiate temperature is oscillating about a non-zéateptemperature we
are considering mixed convection MHD flow past msmfinite vertical porous plate under the effetiscillating plate

temperature. The functiol; is shown in Fig.1 and 2.

MATHEMATICAL FORMULATION AND SOLUTION OF THE PROBLEM

The flow of a viscous incompressible fluid pasteami-infinite vertical porous plate, with the x-svdlong the
plate and the y-axis normal to the plate is assunied U, be the uniform velocity of the fluid, ang ¥e the suction or

injection velocity at the plate. The temperatisrassumed to be represented by an unsteady contpepeex,y) to be
superimposed on the steady temperafisréc,y) as
T-T. -
0= = =0,(xy)+0e%e (xy) L 1)
T,-T,
Substituting equation (1) into unsteady Navier-8®lequations, equating the harmonic and non-haortenins and
introducing the transverse magnetic field we get
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where, M? = -% B?
Y
under the following boundary conditions —
u=0, v=y, 6,=1, 6,=1 at y=0
u=Uu, 6,=0, 6,=0 as y=oo (5)
Assuming low-frequency condition as Vighynesam0O@0the unsteady part of the temperatude,in terms of
in-phase and out-of-phase components can be ergrass
6,=6+i6, (6)
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Substituting equation (6) in equation (4) andgB)l equating the real and imaginary parts, one-get
00 00 K 0°8
-l tu—L+v—L= = (7)
0Xx dy pc, oy
00, . 98 _ K 0%
wl, +u—+v—+=o——o08H (8)
ox dy pc, oy
With the following boundary conditions —
6,(0) =1, 6,(0)=0 0,(00) =0, 6(0)=0 ... 9)
If B; is the phase-shift between the temperature chanijeim the boundary layer and at the plate, it ba
represented by

B;=tan-16/069 (20)
For low frequency, this shift is very small anehbe, 6, =6, so for small frequency;-wB, is very small and
hence, this term can be neglected in equationWhjch is then reduced to -

9. 99 _ K 9%
U—+v——=—=— (11)
ox  dy pc, oy’

The following transformations have been introduitedquation (2), (3), (8) and (11)

n=y\/%’ W= Ut (n),u=U,f (n)

_1 UV o _
=5 / " 4f-n), 6,=¢6(n) .. (12)

6, =0, (n). & =% Ju,(n)

and taking into account the equation of continuitye get
freZtfre(Gr/Re?) o-Hi'=0 L (13
Q" +%Prfcp‘ +PrEcf“=0 . (14)
W, +% Prfy=0 (15)
llJ'r'+%Pff¢'r—PffllJi—BP“lJr—=0 ..... (16)

With the following boundary conditions

£(0)="f,, 1(0)=0, o(9=1 wi(‘):c;}
N e N N a7)
() =1 9() =0, W, ()= 0,4, (=) =
Here the non-dimensional quantities are defined —
_ 3
) (18)

2w T owme
Ec=——— =-2v =
¢ ¢, (T,-T.) P= UZ’ fu \/ X

The rate of heat transfer is given by

(U, /2vx) ™ g =¢'(0)+0/Q cofwt+a) (19)

where,Q = { ()}2 { ;(o)}z ..... @0)

Ve, (0)
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At high frequency, equation (4) reduces to

_ K 0%,
pc, dy’
which has a shear wave-type solution, Vighensaah ¢2001).

1

RESULTS
Table 5.1 shows the numerical values{of(p'(O)} : {—l]JIr (O)} : {—l]J; (O)} , at Pr=0.71 and when H=0.5

Table 5.2 shows the numerical vaIue{of(p'(O)} , {—ller (O)} , {—Lp; (O)} at Pr=0.71 and when H=0. An increase i

Gr/R€ or B or Ec leads to increase in the amplitude of the oétheat transfer at small values@f while the magnetic
field acts to decrease. But an increase in suegbocity leads to an increase in the amplitudéhefrate of heat transfer,
whereas an increase in injection velocity leada ttecrease in the amplitude of the rate of heasfiea. At large values
of frequency, the mean temperature is superimposed by a stear types solution which is not affected by or

suction — injection velocity. The functid; is shown in Fig.1 and 2.

Table1: Values of {-'(0)} , {—qJ'r (O)} {—ljJ; (O)} at Pr=0.71, H=0.5

Gr/R€ fw Ec et ' '
B | {0} [{-w(0} | {-vi (0}
0.5 0.5 0.1 0.2 0.4433 0.4827 0.1084
0.5 0.5 0.4 0.2 0.3190 0.4851 0.1078
0.5 0.7 0.1 0.2 0.4921 0.5332 0.1061
0.8 -0.5 0.1 0.2 0.4439 0.5043 0.1028
0.5 -0.5 0.1 0.2 0.2322 0.2634 0.1174
0.5 -0.5 0.4 0.2 0.1371 0.2667 0.1163
0.8 -0.5 0.1 0.2 0.2442 0.2924 0.1085
0.5 -0.7 0.1 0.2 0.1979 0.2273 0.1185
0.5 -0.7 0.4 0.2 0.1083 0.2308 0.1172
0.8 -0.7 0.1 0.2 0.2105 0.2571 0.1090

Table2: Values of {—(p'(O)} , {—ljJr (O)} , {—lp; (O)} at Pr=0.71, H=0

Gr/R€ f Ec H ' ' '
x B[ {0} |{-w, (0} | {-v(0)
0.5 0.5 0.1 0.5 0.2 0.4323 0.4654 0.1082
0.5 0.5 0.4 0.5 0.2 0.3082 0.4632 0.1079
0.5 0.7 0.1 0.5 0.2 0.4831 0.5213 0.1058
0.8 -05 0.1 0.5 0.2 0.4379 0.5013 0.1023
0.5 -05 0.1 0.5 0.2 0.2132 0.2415 0.1099
0.5 -05 0.4 0.5 0.2 0.1278 0.2563 0.1078
0.8 -05 0.1 0.5 0.2 0.2238 0.2725 0.1082
0.5 -0.7 0.1 0.5 0.2 0.1878 0.2189 0.1044
0.5 0.7 0.4 05 0.2 0.1075 0.2257 0.1075
0.8 -0.7 0.1 0.5 0.2 0.2077 0.2498 0.1084
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CONCLUSION

Some conclusions of the study are as below —
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At small values of, the increase in Gr/Rer 3 or Ec leads to increase in the amplitude of the cdtheat transfer
while the magnetic field acts to decrease. Thes@ways a phase lead in case of the rate of hmadfer. At large
values of frequencyw, the mean temperature is superimposed by a stear-type solution which is not affected by
w
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