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The study investigates the unsteady free convective two-dimensional MHD flow past a vertical porous plate with convective surface
boundary condition in porous medium in slip flow regime under the action of variable suction velocity. Analytical solutions are
obtained for the system using perturbation technique that converts non-linear coupled governing partial differential equations into
non-dimensional form of ordinary differential equations. Effects of variable suction velocity, rarefactions parameter and heat
change parameter are analysed and discussed graphically for various values of effective physical parameter such as Grasshof
number, Magnetic field parameter, Prandtl number, Permeability parameter on fluid velocity and temperature, skin friction, and
heat transfer.
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INTRODUCTION

Magneto hydrodynamic (MHD) flow under various physical situations has been of great interest in the recent
years because of numerous applications in the field of science and technology, and industry; e.g. in production of
Rayon and Nylon, Purification of crude oil, MHD generator and pumps, functioning of a nuclear reactor, etc. Such
flows that are buoyancy induced, density varied driven by temperature gradient in presence magnetic field occurs in
many situations in our everyday life as well; in the atmospheric flow (movement of air around solar system), extracting
geothermal energy, exploring oil from ground etc. Over the years, many researchers have studied unsteady free MHD
convective flow past a flat solid plate with oscillating temperature or with a constant temperature.
Martynenko et al. [1], Das et al. [2], Hossain et al. [3]. Sahoo et al. [4] have studied on such unsteady MHD free
convective flow with suction parameter and with heat source. MHD flow over a moving permeable vertical surface
using perturbation technique was studied by Abdelkhalek [5]. Flow over a solid wall with no-slip boundary condition
where fluid particles acquire no velocity but have finite tangential velocity commonly called a slip-flow regime. Such
flow over a solid surface or wall plays importance role in many practical applications in science-technology, industry,
atmospheric phenomenon etc. Sharma and Chaudhary [6], Khaled and Vafai [7], Mehmood and Ali [8], Chaudhary
and Jha [9], Hayat et al. [10] have studied heat transfer problems which have effect of slip flow regime on Unsteady
MHD flow. Makinde[11], Gangadhar et al. [12], Olanjrewaju et al. [13] and Garg et al. [14] have studied such type of
fluid flow under the condition convective heating of surfaces. Garg et al. [15] have studied free convective unsteady
MHD flow past a vertical plate with convective surface boundary condition in slip flow regime. N. Kalita et al. [16]
studies on a unsteady flow which passed over an vertically plate in presence of some chemical reaction.
S. Sarma et al. [17] investigate on different frequency of waves on unsteady MHD flow over different temperature in
porous medium. A. Selvaraj et al. [19] studies on MHD parabolic flow which passed over isothermal plate with rotation
effect in mass, heat diffusion. Mv Krishna [20] investigate on Unsteady MHD rotating flow in various temperature in
Jeffrays fluid. P.K. Pattnaik et al. [20] studies on the effect of chemical reaction in MHD flow over a stretching sheet.
R.S. Nath et al. studies on various stratification effect in Magnetohydrodynamics Nanofluid which passed over an
vertical plate in porous medium in the presence of radiation, heat source.

In this paper, two dimensional unsteady free convective viscous MHD flow past a vertical plate in porous medium
in slip-flow regime under the action of variable suction velocity has been studied. A uniform magnetic field acts
perpendicular to the surface and a suction velocity varies with time. Analytical equations are obtained for the flow
system using perturbation technique. The objective this study is to analysis the rarefaction effect and convective heat
change within the medium of the of the free convective flow system in presence of magnetic field past a vertical wall
with surface boundary condition in slip flow regime. The flow patterns are analysed and discussed with the help of a
graphs for different values of Magnetic field, Suction velocity, medium permeability, Grasshof number, Prandtl
number, etc.
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FORMULATION OF PROBLEMS
Consider an unsteady free two-dimensional flow which passes through porous medium with convective surface
boundary condition in slip flow regime. The variable suction velocity V=V, (1+€ Ae'“t) and magnetic field are applied

perpendicular to the wall. We take x-axis along the wall and y-axis normal to the wall. As shown in Figure below.
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Since the pate is considered to be infinite in x-direction, therefore its flow of variable are function of y and t only.
After neglecting viscous and magnetic dissipation along with Boussinesq approximations, the governing equations can
be written as

1 Y
6 12 gﬁ(T Too) BZ '_u (1)
aT iw'¢'\0T'_ 9%T
ﬁ-nVo(HeAe”" ¢ )a—y,:(l m, 2)

where u and v are the x and y components of the velocities respectively, A is the variable suction velocity, T is the
temperature, o is the frequency, 9 is the kinematic viscosity of the fluid, p is the fluid density, a(:p%)is the thermal
14

diffusity of the fluid, § is the thermal expansion coefficient, k is the thermal conductivity, g is the acceleration due to
gravity, o is the electrical conductivity, B, is the magnetic field in y direction.
The boundary condition are:

u' L( ) k(a )=hy(Ty — T,,) at y'=0, 3)

u'->0,T->T, as y' - >00, )

where T,,=T (0, t) and L is some body dimension defined by characteristics dimension flow field.
We now introduce the non-dimensional variables into equations 1-4 as follows

Y O w1ty 92
y_ v 7t 4v 90) VZ 3u Vo’e_Tf_Too’k KU%’ (5)
Now, equation 1 and 2 reduces to
1du %u 1
ZE—(I‘F Ae”"t) =a—yz+Gr9—Mu—;u, (6)
106 _ it 1026
490t (1+€eAe ) P ayz’ ™
The boundary condition (3) and (4) in the dimensional form below
ou a9
Hay o = —Hy(1-6)aty=10
u=0, 9=0asy—>00 (®)

where Gr = —:(Tf T, ) is the Grashof number , M =
0

T is the Rarefaction

h
parameter , Hf=k—Vf is the convective Heat change parameter and Pr= T is the prandtl number
0

SOLUTION OF THE PROBLEM
In order to solve the boundary value problem, it is first reduced to ordinary differential equation from partial
differential equation using perturbation technique. Assuming small amplitude € <1, the velocity u and temperature 6
near the plate can be represented as
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u(y,t) = up(y) +ee' uy (y)te?euy(y), ©)
0(y,0) = Oo(y) +ee' 0, (y)+e* e 0,(y). (10)

Substituting the value of equation (9) and (10) into equation (6) and (7) and comparing the coefficient of identical
powers of € we obtain

ug () + G:00(y) + up(y) — Euo(y) =0, (1)

w' () +w () + Aue(y) - % twuy () + Gr61(y) — §u1 (¥)=0, (12)
uy () + up () + Au () — 5 iow () + 6,0, () — §u, () = 0, (13)
85 (v) + P-6p(y) = 0, (14)

01 () — B0, (y) + B6{(y) + AR.6,(¥) = 0, (15)

05 (y) — 2P.0,(y) + B65(y) + AR6{(y) = 0. (16)

The corresponding boundary condition (8) reduces to

Uy = H%", w = HZ—L:, u, = %‘Z—‘;‘E—Hf(l—eo), %:erl at y=0
%=Hf92 at y=0, (17)
uy=0,u; =0,u, =0,6,=0,06, =0,0, =0asy - o, (18)
Solving the set of equation (11) — (16) under boundary condition (18), we get
Uo(y)=Ase7™Y — Age™PTY, 19)
U (y) = Ajoe ™Y — APV — A6 7MY + Age Y, (20)
Uy (y) = Aze™™ + Apue™Y — Ase PV + Ajge ™Y — Ae ™Y, (21
0o (y) = Aze™", (22)
0,(y)=—Aze ™Y + Ae PV, (23)
0,(y) = Ase™™3Y + Age PV + Ajge 2V, (24)
The final equation for temperature and velocity are as follows:
O(y)=A,e PV —Aze ™2V + A,e PV + Ace™™3Y + Age PV + Ajge™2Y, (25)
u(y) =A,e ™Y — Age PV + A pe™2Y — A e TPV — Aj,e ™Y + Age ™Y + Ajzem ™Y +
+A,e7™Y — Ajce PV + Ajge ™Y — A e ™Y (26)

Skin-Friction
The equation of Skin Friction is

Tx= (Z_;)y:() = _m1A7 + PrAg + 8(—A10m2 + A11Pr + Alzml - Agmg)e_wt -

—2(A13my + Ajgmg — AysPr + Ajgmy — Ajymy). 27

Coefficient of Heat Transfer
The coefficient of Heat transfer is Nusselt number which is dimensionless

Nu= (%)yzo = —A,Pr + Agmy — A,Pr — Aqms — AgPr. (28)

RESULTS AND DISCUSSION
The purpose the study is to investigate effects of variable suction velocity A, rarefactions parameter H and
convective heat change parameter Hr on fluid velocity and temperature, skin friction, and heat transfer represented by
Nusselt number at the plate. Momentum and energy equations of the flow system are solved by perturbation technique.
Expressions for fluid temperature and velocity, skin-friction and Nusselt Number on the wall are shown in equation
1.25 - 1.28 respectively. While calculating the numerical values of physical quantities of our interest, the values of non-
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dimensional quantities are considered as Gr=5.0, w =5.0, Pr=0.71, K=1.0, H= 0.4, H=1.0, M=1.5. The effects of A, H &
Hf on transient velocity and temperature profiles, Skin friction and Nusselt number over the wall are shown in
Figures (i) - (xv) as given below.

Fig(i) shows velocity profile (y > 0.0) for various values of suction parameter A (= 0.0 to 5.0) at M =1.5 & 2.5. The
plots show that fluid velocity decreases gradually away from the wall and then rises slowly. Near the wall ( y=0.0 to 1.0)
fluid velocity higher for higher values of A while away (y = 0.1 to 7.0 ) velocity is lower for higher values of A. Further
away from the wall (y > 7.0), fluid velocity is less variable with rise of A. Nature of this variations are same for variation
of magnetic parameter M = 1.5 & 2.5, however, the critical point from where the nature of variation of fluid velocity rises
slowly is decreased with the increase of M (e.g. for M=1.5 at y=1.0 whereas, for M = 2.5 at y = 0.6). Rise of value of M
causes decrease of u at a point y> 0.0.

M=15

A=0D

A=1D

A=20

A=ED

uty)

Figure (i). Effect of suction parameter A on velocity profiles

Fig(ii) shows velocity profile (y > 0.0) for various values of heat change parameter Hr (=0.1 to 2.0) at M =1.5 & 2.5.
The plots show that fluid velocity decreases gradually from the wall to a certain extent and then rises slowly. Near the
wall (y= 0.0 to 1.5) fluid velocity higher for higher values of Hr while away (y = 0.1 to 8.0) velocity is less for higher
values of Hy. Further away from the wall (y> 8.0), variation of fluid velocity is less variable with rise of Hy. The nature of
this variation is same for M (= 1.5 & 2.5). Rise of value of M decreases the values of u at a point y > 0.0.

M=15 M=25
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— Hi=05
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——Hf=20
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Figure (ii). Effect of Hr on velocity profiles

Fig(iii) shows effect of Rarefaction parameter (H) on velocity field at y > 7.0 at M =1.5 & 2.5. For all values of H,
fluid velocity near the wall decreases, then gradually increases away from it. Near the wall, at a point y < 6.0 fluid velocity
decreases with the rise of H(z0.0 to 5.0); away from it gradually becomes less significant ; nature of these variation are
same for magnetic parameter M(z 1.5 & 2.5). Fig(iv) shows velocity profile (y > 0.0) for various values of K (=1.0 to
10.0) at M = 1.5 & 2.5. For all values of K, near the wall y < 6 velocity decreases with the rise of K and slowly increases
away from it. For higher values of K, magnitude of velocity also more. Nature of variations are same for M (=1.5& 2.5).
Fig(v) shows velocity profile (y > 0.0) for various values of Prandtl number (Pr) for M =1.5 &2.5. As Pr varies from 0.71
to 10.0, fluid velocity (u)has significant change near the wall but not that away from it. Near the wall y < 1.0 fluid velocity
increases with the rise of Pr. Higher the value of Pr higher is the fluid velocity (u) near the wall. But away from it velocity
is almost independent to the variation to the variation of Pr. This nature of variation is same for M = 1.5 & 2.5. Fig(vi)
show velocity profile (y > 0.0) for various values of M(=0.01 to 2.0). With the rise of magnetic field M velocity gradually
decreases; the rate of decrease is much higher near the wall y < 2.0. Away from it, the effect of magnetic field gradually
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becomes less significant. Fig(vii) show velocity profile (y > 0.0) for various values of Gr(=1.0 to 15.0). Near the wally <
3.5, fluid velocity largely depends upon changing values of Gr. Higher the value of Gr, fluid velocity is higher. Away
from the wall y > 3.5 (approx.) velocity gradually becomes less dependent to Gr.

M=15 M=25

H=0.0

B0 71

P=30 250

P=100

Figure (vi). Effect of M on velocity profile Figure (vii). Effect of Gr on velocity profile
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Fig(viii) show temperature (8)profile (y > 0.0) for various values frequency w( frequency by which suction velocity
changes). It is seen that away from the wall, with the rise of w(=1.0 to 2.0), 6 decreases gradually. Effect of w is
significantly effective near the wall y<4.0 while away from it much less. Fig(ix) show temperature (8) profile (y > 0.0)
for various values of Heat change parameter Hy; the plots show much significant effect of Hr on fluid temperature near
the wall in compare to away from it. In the neighbourhood of the wall, with the rise of H¢(=0.1to 5.0), temperature(6)
first increases and then decreases sharply toward y= 5.0; thereafter almost no impact of Hy on temperature (8). Within
the very near to the wall y<0.5 temperature rises then deceases sharply towards y= 5.0 (approx.). Fig(x) show temperature
(8) profile (y= 0.0) for various values of Prandtl number (Pr). It is seen that with the increase of Pr (= 0.1to 0.5),
decreases gradually away from the wall. The rate of decrease is significant within near the wall y < 3.0, beyond which it
is very less. Fig(xi) show temperature () profile ( y > 0.0) for various values of Suction parameter A. It is seen that rise
of A(z1.0 to 5.0) fluid temperature 6 first increases then decreases slowly away from the wall. At near to the wall y<0.5
temperature rises up but then deceases sharply to the away from it. At away from the wall, temperature has less effective
with rise of A.
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Figure (viii). Effect of mon temperature profile Figure (ix). Effect of Hr on temperature profile
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Fig (x): Effect of Pr on temperature profile Fig (xi): Effect of A on temperature profile

Fig(xii) shows effect of rarefaction parameter H & Suction parameter A on skin frictiont. It is seen that skin friction
on the wall gradually decreases with the rise of A for all values of H(= 0.0 to 1.0). Skin friction on the wall increases with

the rise of H. this nature of variation is almost same for M = 1.5 & 2.5.
M=1.5 M=2.5

Figure (xii). Effect of H on skin friction
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Fig(xiii) shows effect of heat change parameter Hr & Suction parameter A on skin frictiont on the wall. It is seen

thattgradually decreases with the rise of A for all values of Hr(= 0.2 to 1.0). skin friction T decreases from higher values
of Hy, nature of this variation is same for M = 1.5 & 2.5. Fig. (xiv) show effect the variation of Nusselt number Nu (i.e. the
rate of heat transfer) with different values of Heat change parameter Hf & Suction parameter A. Nu gradually increases
with the increase of A. Further, Nu is higher for higher values of Hy. Fig. (xv) show effect the variation of Nusselt number
Nu with different values of Prandtl number Pr and & Suction parameter A. Nu gradually increases with the increase of
A; Nu is higher for higher values of Pr(0.2 to 5.0).

Nu

(M)

(i1)
(iii)

(iv)
™)

M=15 M=25

- :
Figure (xiv). Effect of Hr on Nusselt number Figure (xv). Effect of Pr on Nusselt number

CONCLUSIONS
The effect of slip-flow regime is such that fluid velocity is maximum at the wall and away from it gradually
decreases. Effects of suction parameter, heat change parameter, Rarefaction parameter and medium permeability are
distinctively visible at the wall while away from it less dependent. At the wall, and near it fluid velocity increases
directly with the increase of suction parameter, heat change parameter and permeability parameter; whereas
decreases with the increase of effects of rarefaction parameter. Change of Prandtl number has direct impact on
velocity within very near the wall only. Nature of these variations is same for rise of magnetic field.
Within the slip flow regime Grashoff number has direct effect while magnetic field has opposite effect.
Unlike the fluid velocity, fluid temperature, within the slip-flow regime initially increases and then decreases
exponentially away from the wall. With the rise of heat change parameter and suction parameter, temperature rises
whereas it decreases with the rise of frequency.
Skin friction on the wall decreases with the rise of suction parameter whereas it decreases for higher values of heat
change parameter and rarefaction parameter. This nature variation is same for increase of magnetic field.
Nusselt number that represents the rate of heat transfer within the fluid, increases with rise of suction parameter; it
increases with the rise of heat change parameter, rarefaction parameter and Prandtl number.

APPENDICES
_ Hy _ (Hp+Pp)A, __ i4AA,P, _ Ag(1+Py) _ —2iAP,Ae”PTY
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BILIMB PO3PII’KEHb TA KOHBEKTUBHOI TEIIJIO3MIHU HA BUIbHUI1 KOHBEKTUBHUI HECTALIIHUI
MI'I-ITIOTIK Y PEXKUMI KOB3AHHSA ITOB3 BEPTUKAJIBHY CTIHKY 3 TPAHUYHOIO YMOBOIO
KOHBEKTHBHOI NOBEPXHI
Xemant Arapsan?®, Illbamanta YakpaGopTi®
“Kagpeopa mamemamuxu, ynieepcumem I ayxami, I'yeaxami-781014, Accam, [H0isa
bUGC-HRDC, ynisepcumem 'ayxami, ['veaxami-781014, Accam, India
JlociipkeHo HecTallioHapHUH BUTbHIH KOHBEKTUBHUH ABoBHMipHMIT MI'/l-Tedist HOB3 BepTHKAIEHY ITOPHUCTY TUIACTHHY 3 TPAaHUYHOIO
YMOBOIO KOHBEKTHBHOI TMOBEPXHI B TMOPUCTOMY CEPEIOBHINI B PEXKHMMi KOB3aHHS MiJ JI€I0 3MiHHOI IIBHIKOCTI BCMOKTYBaHHS.
AHaNITHYHI PO3B’S3KH OTPUMaHI JUIl CHCTEMH 3 BHUKOPHCTaHHSIM METOIy 30ypeHb, SIKMI IepeTBOPIOE HENiHilHI 3B’s3aHi KepiBHI
nudepeHiagbti PIBHSIHHSI B YaCTKOBUX MOXIAHUX y O6e3po3MmipHy (opMmy 3BHUAHHUX AndepeHLialbHUX piBHsHb. BIUTMB 3MiHHOT
LIBHAKOCTI BCMOKTYBaHHSI, TapaMeTpa pO3pi/PKeHHs Ta ITapaMeTpa 3MiHH TeIlIa aHAJII3Y€ThCsI Ta 00rOBOPIOETHCS rpaditHO IS Pi3HUX
3Ha4eHb ¢(PeKTUBHOTO (PI3MYHOTO MapaMeTpa, TAKOTo K Yucio ['paccroda, mapamerp MarHiTHOro moJjst, uncio [Ipanaria, mapaMeTp

MIPOHHUKHOCTI, HA IIBUIKICTh PIIUHM Ta TEMIIEPATYPY, TEPTS MIKIpH Ta TEIUIONEpeaady.
KuwuoBi ciioBa: macnimoeiopoournamivnuii nomix; NPOHUKHICMb, PO3PIONCEHHS, KOHBEKMUGHA 3MIHA Menad, 3MIHHA WEUOKICb
6CMOKIMYBAHHSL



