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Abstract

In the present paper, MHD effects on the unsteady flow of an incompressible,
homogeneous, electrically conducting, viscous fluid through a time dependent porous
medium past an infinite porous vertical plate with time dependent suction velocity under the
influence of uniform magnetic field is studied. It is considered that the permeability of the
porous medium decreases exponential with time. Using perturbation technique suggested by
Lighthill (1954), the solutions for primary velocity, secondary velocity, temperature field and
concentration field are obtained. In addition, expressions for skin-friction, rate of heat
transfer, rate of mass transfer are also derived. The effects of important parameters on
primary velocity and secondary velocity are observed with the help of figure. The effects of
various parameters on skin-friction due to primary velocity and secondary velocity are
discussed with the help of tables.
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1. Introduction

In nature and in industries, many transport processes exists, where the transfer of heat
and mass takes place as a result of combined buoyancy effects of thermal diffusion and
diffusion of chemical species. The phenomenon of heat and mass transfer also takes place in
chemical processing industry such as food processing and polymer production. Due to
application in engineering and technology, heat and mass transfer effects in flow of fluids
have been investigated by so may authors.

A comprehensive study on the theory of rotating fluids has been presented by
Greensapan (1968). Several authors including Shivprasad et. al. (1986), Hatzikonstantinou
(21990), Jha (1991), Singh & Kulshreshta (1993), Singh (1994) Sattar and Slam (1995) Seth &
Benerji (1996), Singh et al. (1999). Recently Singh et. al. (2001) have presented an analysis
on free conection effects in the unsteady flow of an incompressible, electrically conducting,
viscous, rotating liquid in a homogeneous porous medium, past an isothermal vertical porous
plate with constant suction velocity normal to the plate under the influence of uniform
magnetic field applied perpendicular to the flow. More recently, Singh et al. (2002) have
studied unsteady oscillatory flow of an incompressible, electrically conducting, viscous
liquid, through a porous medium past an infinite vertical porous plate with constant suction
and uniform transverse magnetic field. In this study the suction velocity and the permeability
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of the medium is assumed constant. Mishra (2003) was discussed a joint effects of magnetic
field and electric field an generalized coutte flow with heat transfer.

In the present paper, MHD effects on the unsteady flow of an incompressible,
homogeneous, electrically conducting, and viscous fluid through a porous medium with time
dependent permeability past an infinite porous vertical plate with time dependent suction
velocity under the influence of uniform transverse magnetic field is studied. It is considered
that the permeability of the porous medium decreases exponential with time. Using
perturbation technique suggested by Lighthill (1954), the solutions for primary velocity,
secondary velocity, temperature field and concentration field are obtained. In addition,
expressions for skin-friction, rate of heat transfer, rate of mass transfer are also derived. The
effects of important parameters on primary velocity and secondary velocity parameters on
skin-friction due to primary velocity and secondary velocity are discussed with the help of
tables.

2. Nomenclature

T,.T, - Temperature
C, - Flow region
Q - Angular velocity
u,v,w - The component of the velocity
I_S;) = ,uelﬁ' - Uniform magnetic field
0 - Heat source parameter
v - Kinematic coefficient of viscosity
p* - Volumetric coefficient of viscosity
yij - Volumetric coefficient of thermal expansion with concentration
o - Euctrical conductivity
p - Density of the liquid
U, - Magnetic permeability
H, - Hall effect coefficient
K, - Constant permeability of the porous medium
k - Thermal conductivity
C, - Specific heat of constant
D - Thermal diffusivity
g - Gravity constant
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3. Formulation of the Problem

Consider an unsteady oscillatory free and forced convective flow of an electrically
conducting, homogeneous, incompressible, viscous liquid through a porous medium past an
infinite porous vertical plate in the presence of uniform transverse field. Under Cartesian
coordinate system (X, y, z), the plate is considered in z-plane initially. When t < 0 the plate
and the fluid are assumed to be at the same temperature T _and the foreign mass is assumed to

be uniformly in the flow region such that it is everywhere C_ . When, t>0, the temperature of

the plate is instantaneously raised to T, and the species concentration is also raised to Cy,
being constant. In addition, the analysis, the analysis is based on the following assumptions:

(1)  The liquid and the plate both are in a state of rigid body rotation with uniform angular
velocity Q about z-axis.

(i)  The x-axis and y-axis are in the plane of two dimensional infinite vertical porous plates
and z-axis is normal to these axes at the point of intersection.

(iii)  The components of velocity in these directions are u,v, w respectively.

(iv)  The suction velocity at the porous plate is time dependent i.e. w=—-w, (1+ € e‘m) where
n is real and wy real and positive.

(v) The porous medium is time dependent i.e. k(t)=k0(1+ee‘”‘) where n is real and
positive.

(vi) A uniform magnetic field B, =z, H so that [I—\IJ:(O,O, H,)] is the applied magnetic
field vector acts in the z-direction i.e. normal to the flow of fluid.

(vii) The magnetic Reynolds number is very small so that induced magnetic field is
negligible in comparison to applied magnetic field.

(viii) No external electric field is applied in the flow region so that the effect of polarization
of ionized fluid is negligible.

(ix) The Hall effect and viscous dissipation effect have been ignored.
(x)  Only electromagnetic body force (Lorentz force) is considered.

(xi)  The heat source parameter is absorption type Q = Q, (T —Tw).

(xii) The usual Boussinesq's approximation is taken into account.
(xiii) The foreign mass is present at low level and uniformly distribution in the flow region.

Under the above stated assumptions, the equations of continuity is 5&’: 0
Where = (u, v, w) and w=—w,(1+ ee™)

Hence, the governing equations for the present configuration are :

308 International J8Qfhal of Engineering, Science and Mathematics
http://www.ijesm.co.in, Email: ijesmj@gmail.com




International Journal of Engineering, Science and Mathematics
Vol. 7Issue 1, January 2018,
ISSN: 2320-0294 Impact Factor: 6.765

Journal Homepage: http://www.ijesm.co.in, Email: ijesmj@gmail.com Double-
Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed & Listed at:
Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A

2

ou int \OU o°u v o
E—Wo(l+ee t)E—ZQV:U?-F gﬁ*(T —TOO)'Fﬁ(C—COO) —mu—;ﬂ:ng (1)
ov o%v v

5_W°(l+ € e‘”‘)@—ZQu =0— —

- — v—Z 12H2u e = (2)
oz oz koil+ee'"i P

2 _ _ 2
a—T—Wo(lJree”‘t)a—T= K 6'2I'_Q(T T.) ﬁ—wo(kee”“)@:Dag . (3)
ot oz vpC, oz oC, 0z 0z oz

The boundary conditions for the present problem are :
u=0, v=0, T=T,([l+ree™) C=C,free™)atz=0
u—>0 v->0 T->T, C—->C, as z—ow e ) (
We introduce the following non-dimensional quantities :
2 2
U*=i, V*:L’ Z*:M’ t*=W_Ot, K*=W02|<,
U, U, v v v
2 —
ko*:WOi(O, w=l Ly n*:u—r; and T =t 1=
v U, U, W, T,-T,
Using these non-dimensional quantities, the equation (1), (2), (3) and (4) reduce to :
ou int\ OU o°u 1
— —l+ee™)—=-2Ev=G T +G,C——-|M?+ . |u o 5
eeen) 2 2v- 60,0 8- ko )(
oV i\ OU o%v 1
— —([l+ee™)—=-2BuU="—<—-|M°+ . v ... 6
a e or? { kol ce™ J ) (
oT n\OT 0T
P—-P{l+ee™)—=—%—q,T e 1
"ot e )82 oz )
oC n\0C  0°C
Sc ——Sc.\l+ee™)—= ... 8
° At ol )62 o ) (
where P, = ﬂf(:p (Prandtl number),
S, = % (Schmidt number)
G, :m (Grashof number),
0~0
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G, = vgp (CZ:W -C.) (Modified Grashof number)
WOUO

E= £2 (Rotational parameter),
WO

M _ HeHy Jov (Hartmann number)
Wo P
v*Q
and o, =——F (Heat source parameter)

0

Combining (5) and (6) and using u + iv =W, we obtain

ﬂ—(1+ee““)ﬂ+2iEW+ M2+ ! —
ot 674 koil+ee'”i
=82;/;/+GrT+GmC e 9) (

The boundary condition (4) reduced to
W=0 T=l+ele™ C=l+elLe™ at z=0

. . (10)
W-—->0 T-0, C -0, as 7>
T C
= W and L = W
hoT T * ¢c,-C,

4. Solution of the Problem

Following Lighthill (1954), we assume the velocity and temperature of the liquid in
the neighbourhood of the plate as:

W (z,t)=W,(z)}+ eW,(z)e™ . (11)

T(z,t)=T,(2+ eT,(z)e™ . (12)

C(z,t)=C,(z+ € C,(z)e™ ....(13)

Using (11), (12) and (13) in (7), (8) and (9), we obtain :

W,(z)+W,(z)- (M, + 2iIEW,(z)=-G,T,(2)- G, C,(2) ... 14) (

Wzﬂ(z)"'wzl(z)_ [Ml + (2E + n) 2(2): _GrTz(Z) -G,G, (Z)_Wl’(z)kiw1 . 15) (

T(2)+PT(2)-,T,(2)=0 ... 16) (

T2”(Z)+ PrTzl(Z)_(inPr +0‘0)T2(Z): _PrTll(Z) . 17)
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Cl(z)+S.C/(z)=0 ... 18) (
CJ(z)+S.C}(z)inS.C, =—S.C/(2) ... 19) (

where M, =M? L
kO

Using (11), (12) and (13) in (10) the boundary conditions become :
W, =0, W,=0, T,=1 T,=L, C=1 C,=L, atz=0

W, =0, W,=0, T,=0, T,=0, C, =0, C,=0, asz=w e 20) (
The solution of the coupled equations (14) — (19) under the boundary conditions
(20) are :
T,(z)=e™ ..o 21) (
T,(z)=(L - F )™ + Fe ™ o 22) (
C,(z)=e ... 23) (
C,(2)=Le™ +%(eRaz —e %) e 24) (
2
W,(2)= Fle™* —e ™) .... (25)
and W,(2)=Fe™* +Fe™ +Fe ™ +Re ™ +Re" +Re ™
+(F,+F,+F+R,+R,+R, e ™ - 26) (
S, ++/S2 +4inS
where R, = — : <, |\/|1:|\/|2+i
2 K,
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P +./P?+4«c,
MZ

2

P, +/P2 +4(inP, +a0)

M, =A +iB, =

2
_ 1+./1+4M, +8iE
M, =A, +iB, = 5 ,
=A3+i83=1+\/1+4M12+4|(2E+n)’
: M,P
F,=(A, +iB,)= 2 r ,
2 = (A +iB,) (M2 —-M,P, —,)—i(nP,)
— G,

R e e TR )

(koM 2 _1)F2 N kOGrFl

F3=(A6+i86)=k0|_(|\/|22 M, Ml)_i(2E+n)J,
G (F |—1)1

F,=(A +iB,)= l(M 2 _Ml)_i(2E+n)J,
Gr(Fl_Ll)l

F :(A7 —|—iB7): |_(|\/|22 _M4_|\/|1)—i(2E—l—n)J,

. S SZ + 4inS
R, =P +iQ, = . ++/SS +4inS,

2
: -G
Re=PHIQ = s M —i2E
C (o3 1
. —nG_L, +1G,_ S
R :P — m —2 mY>c
s =P 1, n|[R? — R,M, —i(2E +n)|’
_ (Mk, +1)R,
R, =P = :
6 4+|Q4 kolMg_MG_Ml_i(2E+n)J
. —nR,k,S. —nR, —iG_k,S
R :P — 4"*0>c 4 m'*0~c ,
7 5+|Q5 nkole—Sc—Ml—l(2E+n)J
P 1/2
A= 2—[\/(P2+4a0) +16n2P,2+(Pr2+4a0)] ,

1/2
2 4 Acr, ) +16n2Pr2—(Pr2+4ao)] ,

S
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A, :% 7[\/(1+4|\/| )’ + 64E? +(1+4|v|1)]1/2,
B, :ﬁ[‘/(“ M, )’ +64E7 — L+ 4M,)|
As—%+T[\/(1+4M1)2+16(2E+n)2+(1+4M1)J ,

3:m[\/(1+4M1)2+16(2E+n)2—(1+4M1)J ,
p=Ser s sz etent e sz,

-G, G -2G E
P — m—1 ’ — m ’
2 G +A4E? 2 G2 +4E?
P _ G4 Q _ GS
*n(G2+G2) *n(G2+G2)

G G
P — 0__ _ i
‘T G2+G2 % Gs +G;

— _ G14 Q — - GlS
*nky|GZ+(2E+nY J * nky|GZ+(2E+nY J
Glzscz_sc_Ml’ _PZ Ql R-M,,
G,=2PQ,-Q,-2E —n, G, =—GGnL2+GGS
G.=-G.G,S. +G,G,nl,, - (A1 BZ-A,-M,)
G, =k,(2A,B, —-B, —2E —n) ( +1)P, - B,k,Q,,
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Gg = (Azko +1)Q2 - szony Glo = GesGs + G7Gg’
Gn = Gng + G7Gsl Glz = _npz(kosc "'"1)’
G5 = NQ,(k,S, +1)+ G, k,S., G, =G,,G, +G,;(2E +n),
G15 =C"13G’1 _GlZ (2E + n)’
M,P.a, nM,P.
:—r y B - r b
A aZ +n’P? * o aZ+n’P?
— G, b, —2G E
:—r 3y B - . )
. b2 + 4E? ° b2 +4E?
d, d
= T -" B = T 4 -'l
& ko[bZ + (2E +n)’ | ko[ +(2E +n)|
__ % B __ b,
a? + b7’ " A +b?
aa, +b,b, b,a, —asb,
pr— y B pr— y
P . ° T aZ 1 b2
A=A+A+A+P+P +FR,
By =B;+B, +B; +Q;, +Q, +Q.,
a0=|\/|22—|\/|2Pr—a0, b0=|\/|22—|\/|2Pr—M1,
a,=A—-B'-A—-M, b, =2AB, — B, —2E —n,
a, = Gral(A4 - L1)+GrB4b1’ b, =G,B,a, _Grbl(A4 - Ll)’
aszAs_ko(AzAs_BzBs)’ bszBs_ko(BzB5_A2A5)’
a4:ko(A22_Bzz_A2_M1)’ b4=k0(2Asz_Bz_2E_n)!
dlzko(MzAs_GrA4)_A51 dzzko(MzB5_GrB4)_B5’
d, =byd, —d,(2E +n), d, =b,d, +d,(2E +n),
Substitution T,(z), T,(2),C,(z2),C,(z),W,(z), and W, (z) in (11) — (13), we obtain :
T(z,t)=e™ 4 e|(l, - F o™ + Fe ™ ™ 27X
-S.z —Ryz S —Ryz -S.z int
C(z,t)=¢ c+e{LZe g +ﬁ(e 7 e C)}e ... 28)

W(Z,t): F, (e_le _e—Mez)+ R4(e‘s°z _ e‘MGZ)-r c lFse—Mzz 4 F4e—M42 " Fse—Msz 9)
FRe™ 4 Re™M? + R e~ (F, + F, + F, +R, + R +R, e ™ " "

From (29), the steady part of the primary velocity ui(z) and the steady part of the
secondary velocity vi(z) are :
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u,(z)= Ae™* —(A cosB,z +B,sinB,z)e ™ + P,e ** — (P, cosB,z +Q, sinB,z)e "’
. . (30)
v,(z)=B,e ™ —(B, cosB,z + A sinB,z)e ™ + Q,e "> —(Q, cosB,z + P, sinB,z)e "’
. (31)

From (29), the unsteady part i.e. time dependent part of the primary velocity u,(z) and
the unsteady that i.e. time dependent part of the secondary velocity v,(z) are :

u,(z)=(A, cosB,z+B,sinB,z)e " —(A, cosB,z + B,sinB,z)e ™™’

— (A, cosB,z + By sinB,z)e ™ + Ae M

+(P, cosB,z+Q,sinB,z)e ™™ + Pe™>

—(P,cosQ,z+Q,sinQz)e™ .. . (32)
V,(z)=(B, cosB,z— A, sinB,z)e ™™ + (B, cosB,z — A, sinB,z)e ™™

— (B, cosB,z — AysinB,z)e ™ + B,e ™

+(Q, cosB,z + P,sinB,z)e ™ + Q,e >

—(Q,cosQz+P,sinQz)e™ ... . (33)

Therefore, for these values of u; (z), v1 (2), uz(z) and v,(z), the primary velocity u (z,t)
and secondary velocity v (z,t) can be written as :

u(z,t)=u,(z)+ € (u, cosnt —v, sinnt) e . (34)
v(z,t)=v,(z2)+ € (v, cosnt —u, sinnt) e - (35)
5. Skin-Friction, Rate of Heat Transfer and Mass Transfer

The non-dimensional skin-friction () at the plate atz =0 iis :

T:(ﬂ} :(8W1) +€eint(%j :z'p+iz's . 36)
0z ), 0z ), oz ),

Hence, primary skin-friction (rp) due to primary velocity is :

7, = Ao+ e (A, cosnt—By sinnt) ... 37X
Hence, secondary skin-friction (rs) due to secondary velocity is :
r, = B,y+ € (B, cosnt— A sinnt) ... 38)
where
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Am = As(Az _Mz)_BzBs + Pz(Az _Sc)_Qsz1
By, = Bs(Az - Mz)"‘ AB, +Q2(A2 _Sc)+ P,B,,
A11 = A3A9 _BaBg _A1A7 + BlB7 _A2A8+ BzBs _M2A¥31
- Plp3 +Q1Q3 _A2P4 - BzQ4 _Scps
and Bll=BSAQ_ASBQ_BIA7+AiB7_BZA8+AZBS_MZBG’
_les + P1Q3 - sz4 - A2Q4 - ScQS

Also, the rate of heat transfer at the plate at z=0 in terms of Nusselt number (N) is :

N, =(ﬂ) =(ﬂ) +ee‘”t[@j ... 39)
0z ), 0z ), 0z ),
Hence, considering that the real part only is of significance, we get:
N, =-M,—[A, cosnt— B, sinnt] ... 40X
where

A, =A(L - A)+BB, +M,A,
BlZ = Bl(Ll_A4)+AiB4 + MzB41

Also, the rate of mass transfer at the plate at z = 0 in terms of Sherwood number (S, ) is:

(L) (%) veen() X 4
62 =0 82 z=0 aZ =0

Hence, considering real part only, we get:

S, =-S,— €[A; cosnt— B, sinnt] ) @

where A, =PL, + SCan

B, =Q,L, — RS, +S—02

13 7 12 n n
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Tablei 1
Skin friction (tp) due to primary velocity
(t=10,L;=1.0,L,=1.0and € =0.002)

0.71 | 0.22 1.0 10.0 | 5.0 1.0 6.00 12.0 1.0 | 9.97997

7.00 | 0.22 1.0 10.0 | 5.0 1.0 6.00 12.0 1.0 | 8.35971

0.71 | 0.60 1.0 10.0 | 5.0 1.0 6.00 12.0 1.0 | 8.92422

0.71 | 0.22 2.0 10.0 | 5.0 1.0 6.00 12.0 1.0 | 8.00216

0.71 | 0.22 1.0 40.0 | 5.0 1.0 6.00 12.0 1.0 | 9.97137

0.71 | 0.22 1.0 100 | 100 | 1.0 6.00 12.0 1.0 | 9.98468

0.71 | 0.22 1.0 10.0 | 5.0 2.0 6.00 12.0 1.0 | 9.68307

0.71 | 0.22 1.0 10.0 | 5.0 1.0 12.0 12.0 1.0 | 12.3661

0.71 0.22 1.0 10.0 | 5.0 1.0 6.00 18.0 1.0 | 13.7757

0.71 | 0.22 1.0 10.0 | 5.0 1.0 6.00 12.0 2.0 | 6.86091

Tablei 2
Skin friction () due to primary velocity
(t=10,L;=1.0,L,=1.0and € =0.002)

0.71 | 0.22 1.0 100 | 5.0 1.0 6.00 12.0 1.0 -5.84201

7.00 | 0.22 1.0 10.0 | 5.0 1.0 6.00 12.0 1.0 -5.13736

0.71 | 0.60 1.0 10.0 | 5.0 1.0 6.00 12.0 1.0 -4.00917

0.71 0.22 2.0 10.0 | 5.0 1.0 6.00 12.0 1.0 -1.83152

0.71 | 0.22 1.0 40.0 | 5.0 1.0 6.00 12.0 1.0 -6.03315

0.71 | 0.22 1.0 10.0 | 10.0 | 1.0 6.00 12.0 1.0 -5.83082

0.71 | 0.22 1.0 10.0 | 5.0 2.0 6.00 12.0 1.0 -5.64763

0.71 | 0.22 1.0 10.0 | 5.0 1.0 12.0 12.0 1.0 -6.58272

0.71 | 0.22 1.0 10.0 | 5.0 1.0 6.00 18.0 1.0 -8.39266

0.71 | 0.22 1.0 10.0 | 5.0 1.0 6.00 12.0 2.0 -5.16182
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6. Conclusion

The effects of Schmidt number (Sc), magnetic parameter (M), Grashof number (G)),
modified Grashof number (Gn) and rotation parameter (E) on primary velocity (u) and
secondary velocity (v) at P, =0.71m, k, = 10.0, n=10.0, o, =1.0, L; +1.0, L, =1.0,t=1.0
and & = 0.002 are numerically observed and are shown in Fig- 1 and Fig- 2. The effects of
Prandtl number (P,), Schmidt number (Sc), magnetic parameter (M), permeability parameter
(ko), frequency parameter (n), heat source parameter (o), Grashof number (G;), modified
Grashof number (Gn) androtation parameter (E) on skin-friction (t,) due to primary velocity
and skin-friction (1) due to secondary velocity at the plate at L; = 1.0, L, =1.0,t=1.0and ¢
= 0.002 are observed numerically and are represented in Table-1 and Table-2 respectively.
The conclusions of the study are as follows:

1. An increase in G, or Gm increases primary velocity while an increase in Sc, M or E
decreases the primary velocity.

2. Anincrease in G; and M both, the primary velocity decreases.

3. Anincrease in Gp, and E both, the primary velocity decreases.

4. The primary velocity increases near the plate and after attaining a maximum value it
decreases as z increases.

5. An increase is S¢, M or E increase secondary velocity while an increase in G, or Gp,
decreases the secondary velocity.

6. Anincrease in G, and M both, the secondary velocity increases.

7. Anincrease in G, and E both, the secondary velocity increase.

8. The secondary velocity decreases near the plate and after attaining a minimum value it
increase as z increases.

9. Anincrease in P, Sc, M, n, ap or E decreases the skin-friction due to primary velocity
while an increase in ko, Gy or G, increases the skin-friction due to primary velocity,

10. An increase in ko, Gy or G, increase the skin-friction due to secondary velocity while an
increase in Py, Sc, M, n, oy or E decreases the skin friction due to secondary velocity.
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Fig. 1: Effects of Gm, k, and M on the Primary Velocity (Cooling case)
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Fig. 2: Effects of Gr, <, Sc, and Pr on the Primary Velocity
(Cooling case)
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