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Abstract

In the present paper free convection and mass transfer effects in the unsteady flow of an incompressible,
electrically conducting, viscous liquid in a porous medium past an infinite porous vertical plate with time
dependent suction in a rotating system in the presence of uniform magnetic field applied perpendicular to
the flow region is studied. The effects of magnetic parameter, rotation parameter, Grashof number, heat
source parameter, Prandtl number, permeability parameter, modified Grashof number and Schmidt
number or primary velocity and secondary velocity for cooling case and the effects of the above stated
parameters on primary velocity and secondary velocity for cooling case and the effects of the above
stated parameters on primary velocity and secondary velocity for heating case are discussed with the help
of graphs while the effects of these parameters on skin-friction are discussed with the help of graphs
while the effects of these parameters on skin-friction are discussed with the help of tables. The rate of
heat transfer and the rate of mass transfer are also discussed with the help of tables.

Keywords: Hydro magnetic heat, porous medium, mass transfer flow, velocity, magnetic parameter

1. Introduction

Free convection problem have attracted a considerable amount of interest because of its
importance in atmospheric and oceanic circulations, nuclear reactors, powder transformers etc.
Extensive review of the free convection flows in rotating system has been done by Gebhart
(1973). Jana & Dutta (1977), Place & Daguenet (1987) have studied problems on flow of
rotating convection fluids in absence of magnetic field. Singh (1994) has presented MHD free
convection and mass transfer flow through porous medium bounded by a vertical porous plate
in a rotating system. Singh (1995) has studied asymptotic behaviour of the unsteady laminar
incompressible boundary layer flows over a roatating disc in the presence of uniformly applied
magnetic field. Seth & Ghosh (1995) have discussed MHD flow in a rotating channel in the
presence of applied magnetic field. Seth and Banerjee (1996) have studied combined free and
forced convection flow of a viscous fluid in rotating channel in the presence of a uniform
transverse magnetic field applied parallel the axis of rotation. Kumar & Sharma (1998) have
investigated unsteady multiple boundary layers viscous flow though a porous medium
bounded by a porous plate with suction or injection in a rotating system. Gupta & Pathak
(1999) have analysed elasticplastic transition in non-homogeneous thick walled rotating
cylinders. More recently, Singh et al. (2000) have discussed free convection flow of a rotating
channel in the presence of a uniform transverse magnetic field applied parallel to the axis of
rotation. Kumar & Sharma (1998) have investigated unsteady multiple boundary layers
viscous flow though a porous medium bounded by a porous plate with suction 'or injection in a
rotating system. Gupta & Pathak (1999) have; analysied elasticplastic transition ion non-
homogenous thick walled rotating cylinders. More recently, Singh et al. (2000) have discussed
free convection flow of a rotating dusty viscous liquid though a porous medium past a porous
vertical plate. In addition, Singh et al. (2000) have studied effect of Hall current on unsteady
hydromagnetic boundary layer flow in a roating dusty viscous liquid. More recently Singh &
Singh (2000) have studied MHD effects ion heat and mass transfer in stratified flow of a
viscous fluid through parallel permeable beds.
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Singh & Singh (2001) have discussed MHD flow of a viscous fluid in a jotating channel taking induced magnetic field into
account. Singh et al. (2002) have studied free convection and mass transfer in MHD flow of a dusty viscoelastic (water is liquid
Model B) liquid between vertical porous parallel plate. Shaoo, Dutta and B Iswal (2003) were investigated MHD unsteady free
convection flow past an infinite vertical plate 'with constant heat source.

In the present chapter, free convection and mass transfer effects in the unsteady flow of an incompressible, electrically
conducting, viscous liquid in a porous medium past an infinite porous vertical plate with time dependent suction in a rotating
system in the presence of uniform magnetic field applied perpendicular to the flow region is studied. The effects of magnetic
parameter, rotation parameter, Grashof number, heat source parameter, Prandtl number, permeability parameter, modified Grashof
number and Schmidt number on primary velocity and secondary velocity for cooling case and the effects of the above stated
parameters on primary velocity an secondary velocity for heating case are discussed with the help of graphs while the effects of
these parameters on skin-friction are a discussed with the help of tables. Te rate of heat transfer and the rate of mass transfer are
also discussed with the help of tables.

2. Formulation of the Problem

Consider an oscillatory flow of an incompressible, electrically conducting, viscous liquid through a porous medium past an
infinite, hot, vertical, porous plate with constant heat source, in Cartesian coordinates system X, y, z in the presence of uniform
magnetic field. We assume x-axis and y-axis in the plane of porous plate an z-axis normal to the plate with velocity components
(u, v, w) in these directions respectively. Both the liquid and the plate are considered in a state of rigid body rotation about z-axis

with uniform angular velocity €2. Further we assume that the uniform magnetic field I§O = ,uel:| ,,» Where H= (0,0, HO) is
applied in the z-direction and the magnetic Reynolds number is assumed small. The constant heat source Q is assumed at z = 0

and the suction velocity at the plate is W= —W, (l+ € eim) where wy is a positive real number. Initially, when t<0 the plate

and the fluid are assumed to be at the same temperature Ty and the foreign mass is assumed to be uniformly distributed in the flow
region such that it is everywhere Co. At t > 0, the temperature of the plate is instantaneously raised to T, and the concentration of
species is raised to Cy and thereafter maintained constant. In this analysis buoyancy force, Hall effect, effect due to perturbation of
the field, induced magnetic field and polarization effect are ignore. Since the plate in infinite in extent, all physical variables
depend on z and t only.

In addition to above, we take the heat source of absorption type following Vajravelu & Sastri (1978) and the foreign mass is
present at low level. In the present configuration, the equation of motion and energy equation are:

LT - V-
- w1+ e )az 20v=""4 97+ 9f(T-T,)
9
+9ﬂ(c_Cm)_E(U_U)_%ﬂeZHoZ(U_U) e
ov v o 9
E—wo(l+ee t)E—ZQ(u—U):SE—?V—nyjv o (2)
2
T s K ET Q1) o
ot oz uC, oz C,
ac \8C @
EWO(]:FEE t)gz D? - (4)

where g is the acceleration due to gravity, /3, is due volumetric coefficient of thermal expansion, o is electrical conductivity of

the liquid, p is the density of the liquid, £, is the magnetic permeability, H, is the constant magnetic field, ko is the constant

permeability of the medium, H is the coefficient of viscosity, K is the thermal conductivity, C is the specific heat at constant

pressure, T is the temperature, Ty is the plate temperature and T, is the temperature far away from the plate, C is the

concentration of species, Cy is the concentration of species at the plate and the other symbols have their usual meaning.
The boundary conditions are:

u=U,(l+ee™) v=0, T=T,+e(T,-T, )",
c=C,+e(C,-C, )™ at z=0
u—>U(t)=U,t+ee™) v -0, T>T,
C->C, as z—>0 . (B)
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We introduced the following non-dimensional quantities:

2
Z*ZM, t*:W_OI, u*:i, U*:i, n*:U—rzl,
v v U, U, W,
2
U*:£1 k;:Wol:o’ C*:C Cw,and T*:T T,
U, 9 C,—-C, T,-T,
Using these non-dimensional quantities, the equations (1), (2), (3) and (4) after ignoring the starts, reduce to:
2
@—(u € e‘“‘)a—“— 2Ev =@+a—‘2‘+erT +G,C —{M ? +1}(u -U) .. (6)
ot 0z ot oz k
ov int \ OV o’V 1
— —l+ee™)f—-2E(u-U)=——-|M*+=|v (7
oT o\OT 1 07T
——U+ee” f)—=——— ... (8
( € )az Pr 622 ao ( )
2
0 _f1y cem)?C L1 2°C .®
ot oz S, oz
where P, = ? (Prandtl number),
v .
S, = D (Schmidt number)
G, = MW;T‘”) (Grash of number),
UOWO
G, = M‘”;C‘J (Modified Grash of number),
UOWO
E= Q_;Q (Rotation parameter),
Wo
2192 2
M2 = o;ue—I-IOZS (Magnetic parameter) and o, = QO_SZ (Heat source parameter)
U Wy Kwj,
Using g =u +ivin (6) and (7), we obtain
2
@—(14- € e"“)a—qJ{M e 1 2iE}(q ~U)= 8_U+8_(2:1+Gr_|_ +G,C ... (10)
ot 0z k ot oz
The equations (2.8) and (2.9) can be written as:
2
IT phree) T p T yT=0 (1)
0z 0z ot
2
%+Sc(l+eei”t)§—8c£=0 .. (12)
0z Z ot
The boundary condition (2.5) are transformed to :
q=l+ee™, T=l+ee™ at z=0
q—>(+ee™) T >0, C—H0 asz—w ... (13)

3. Solution of the Problem
In order to solve the equations (10), (11) and (12), we assume the velocity, temperature and concentration of the liquid in the
neighbourhood of the plates as:

q(z.t)=(0-go ret—g ™ ... (14)
U(t)=1+ce™ s
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T(z,t)=Ty+eTe™ ... (16)
and C(z,t)=C,+eC,e™ e (17)
where (1-q, )e™ =(M, +iM, )(cosnt +isinnt)

T.e™ = (T, +iT, fcosnt +isinnt) and  e<<1

T
The transient velocity profiles can be deduced from the equation (14) for nt = E . Hence, cosnt =0 and sinnt =1. So we have:

u(z,t)=uy(z)-eM, and Vv(z,t)=v,(z+eM, ... (18)
Where U, (z)+iv,(z)=(1-q,)

V4
Also transient temperature and transient concentration can be deduced from the equations (16) and (17) respectively, for nt = E

Hence, so we have,

T(z,t)=T.(z)-€T, .. (19)
C(z,t)=C,(z)-<C, ... (20)
Usmg (14) - (17) in (10) - (11) and comparing the similar terms, we have the following equations:

"(z)+qy(z)-(M, +2,E)z)=G,T,(2)+G,C,(2) .. (21)
(Z)+qi( )M, +i(2E +n)l,(2) - GT,(2)+ 6,C,(2)- 042 - (22)
T/(z)+PT/(z)-,T,(2)=0 .. (23)

T (2)+PT)(z)- (mP +o, )T, (2)=-PT, . (24)
Cl(z)+S.C,(2)=0 ... (25)
C/(z)+S.C/(z)-inS.C,(z)=-S.Cy ... (26)

The corresponding boundary conditions (2.13) are reduced to:
0o=0,¢,=0 T,=1 C,=1 C, =0, at z=0
4o—>0,¢ —>0T,—0T,—-0C,—>0,C, >0, as z—>o

.. (27)
The solutions of equations (3.5) to (3.10), under the boundary condition
(3.14) are :
T,(2)=¢ ... (28)
(z)= Lle Nr-L e . (29)
C,(z)=¢ ... (30)
C,(z)=R,e cz+(1 R, e ... (31)
0(2)=L(e™ K22)+ Ry(e ™" —e %) . (32)
and q,(z)=Le ™ —L,e ™ +Le ™ -Le™
+R,e™* —Re™ +R, e’s°Z ~R, e
+(L-L-L, L +R, - ~R, e ... (33)

Substituting the value 0 and in the equation (14), the values of and in the equation (15) and the values of and in the equation (16),
we obtain:

Gz t)=[l-Le™ + Le™* —Re ™ +Re ™| +l—(Ly — L~ L, — L, + R, =R, —R; =R, Je ™~

+R,e ™ —Re ™ +Re > —Re " Le M -Le " —Le M+ Lee‘Kzz]e‘”t ... (34)
T(zt)=e ™+ e|Le™ +(1-L ) ™ e (35)
Clzt)=e "+ e[Re™ +(1-R,)e ¥ ™ ... (36)

Hence, Primary velocity (u) and secondary velocity (v)
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u(z,t)=uy+ € [u, cosnt —u, sinnt]
u(z,t)=v,+e|v, cosnt —v, sinnt|
where  1-q,(z)=u,(z)+iuy(2),

1-9,(z)=u,(z)+iu,(z)
Uo(z)=1— Ae™™" +(A,cos B,z + B,sin B,z)e "
~Pe " +(P,cosB,z+Q,sinB,z)e "’
Vo(z)=(B,cosB,z + B,sinB,z)e ™ — B,e ™
—-Q,e "> +(Q,cosB,z+P,sinB,z)e ™"
u,(z)=1-{A, cosB,z + B, sin B,z}e ™’
+{A,cosB,z+B,sinB,zje ™
—(A, cosB,z+B,sinB,z)e ™™ — (A, + A e ™
—(P,cosQ,z+Q,sinQ,z)e™ —(P, + P, e’
+(P, cosB,z+Q, sinB,z)e**

{B,,sinB,z+ A, cosB,z}e "’

+{B,cOSB,z + A;sinB,zJe

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

—(Q,c0sQ,z+P,sinQ,z)e ¥ —(Q, +Q, Je >

+(Q, cosB,z+P,sinB,z)e**

... (37)
... (39)

vi(z)

T
From (28), the transient primary velocity (u) and transient secondary velocity (v) for nt = E using (16) and (17) are as follows:

u[z,%) =Uy(2)-eM,
T
V[Z,Ejzvo(z)—e M, (40)

Where

M, =1-{A, cosB,z + B,,sin B,z}e ™’
+{A,cosB,z +B,sinB,zje "
—(A, cosB,z+B,sinBz)e ™ —(A, + A e ™™
—(P,cosQ,z +Q,sinQ,z)e ™ (P, + P, e
+(P, cosB,z+Q, sinB,z)e **

M, =1-{A, cosB,z + B,,sin B,z}e ™’
+{A,cosB,z +B,sinB,zje "
—(A, cosB,z+B,sinBz)e ™ —(A, + A e ™™
—(P,cosQ,z +Q,sinQ,z)e ¥ (P, + P, e
+(P, cosB,z+Q, sinB,z)e **
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M, ={B,,sinB,z— A, cosB,z}e "’
+{B, cOSB,z + A sinB,zje ™
—(B, cosB,z+ A sinB,z)e ™ —(B, + B, Je ™’
—(Qc0sQ,z+P,sinQ,z)e ™™ —(Q, +Q; Je >
Q

+(Q, cosB,z +P,sinB,z)e ™

where M1=M2+%, AOZ%[PF" /pr2+4a0],

K,=A +iB, = %[Pr +(P? +4a, )+i4nP, ]

K,=A, +IiB, :%[1+1/i1+4Mli+i8E],

K, = A, +iB, :%[1+ J@+4M,)+i4(2E + n)],

L,= A, +iB, (AT - 0/?_P,x)_inpr’
L2=A5+iBS=(Aoz_Aoerl)—ZiE’
L3:A6+i85:(Aoz_AO_:;Al?)r_i(ZE-Fn),
L4:A7+iB7=(Klz_KG_r%_)L_zi)(ZE+n)'
LA B e e T
L6=A9+iBg=(K22 KMZI:)Z_i(zE+n)’

/12
R, =P +iQ, = [s +,/52+4ms R, =P, +iQ, =—¢

G

R, =P, +iQ, = o ,
R SZ-S,—M,—2iE
: G,R
R, =P, +iQ, = m_2 ,
«=FeriQ, S2-S,—M,—i(2E +n)
: G,(1-R,)
=P +iQ =g —i2(2E+n)’
[ 1 1
. S.R
R =P; +iQg = e :
o = Ps +1Qs S2-S,-M,-i(2E +n)
R, =P, +iQ, = R:K,

KZ-K,—-M,—i(2E +n)’
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Ao= Pt #[(Prz +ha, ) \/(Prz tda, )+ (4nPr)2Tl2,
Bl:—[\/(" +4a,) + (4nP ) —(Pr2+40¢0)}“2

2
Afi‘ 12[1+4M1+\/{1+4M1}2+(8E)2TI2
B, = 57| VAT AML T - GEY - @+ am)))]
o IR I F T R R Tl

1/2

B, = ﬁ[\/{“ AM, P + BE +4n) — i+ 4M1}2}

2
A, = zAOdlz)r 2 B, = nzAOdlfrz’
d°+n°P, d°+n°P,
A - G.d, B . _G.(E+n)
* d2+ (QE +n)y’ * d2+ (QE +n)y’
d d
A = 3 , B, = 4 ,
* dZ+ QE+nY) * dZ+ QE+nY)
d -d
A7:d2 gdzY B7_d2 mdzY
7 T Oy 7 + 03
A8: dll , BBZ d12 ,
d2+ QE +n) d2+ (2E + nY
Ag: d17 B9 d18
2 2 2
dis +dj dys +dg

ALOZAQ_AB_A7_A6+P7_P5_P5_P4’
By, =B, - By —B, B, +Q, -Q; -Q, -Q,,
s, 1

1/2
P=>24_~_|S + SZ+16n22+SZ} P, =0
1 2 2\/§|:c (c ) c 2

1 ( 5 2)2 ) 1/2 S
=[S, +4/(s? +16n%) -5 >
< 2\/5[ ¢ ° } %

__ GG, 0. - _2C.E
P GZ+4E?’ G244’
G G
P _ 4 , _ 5
Y GZ+(2E+n) 9 G?+(2E +n)
= Gy , Q. = -Gy ’
° GZ+G¢ ° GZ+G¢
G G
Ps = 5 12 - Q, = . 13 .
G +(2E +n) G +(2E +n)
_ GlS Q GlQ
" GL+Gy " GL+G}
dleoz_AOPr_aov dzonz_Ao_Ml
d,=G,Ad,-G,B,(2E+n), d,=G,B,d, -G, A,(2E +n),
dszGr(l_A4)’ dGZGrB4'
d,=A>-B2-A-M,, d, =2AB, - B, —2E —n,
d, =d.d, d og, d,, = d,d, —d.dy,
dll_AOASdS_AOBS(2E+n)a d12=AOBsd2—AOB5(2E+n),
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d13:A2A5_BzBS d14:BzA5_AzBs

dys = A22 -A-My, ds=2A,B, -B,-2E-n,
d17 d13d15 + d14d16’ d18 = dl4d15 + d13d16’
Glzscz—Sc—Ml, G, =G,P,,

G, =G,Q, G, =G,G, -G, (2E +n),

Gs =G,G, —G,(2E +n), Gs =G, (1-P,),

G, =G,Q, Gs=Plz_Q12_Pl

G, =2P,Q —-Q,—-2E-n G,y =G,G; —G,G,,

Gy, = GG, —G,Gq, Gy, =S.G,P,—S.Q,(2E +n),
G =5.6,Q; -5, P3(2E + n)v G, =RA -Q;B,,

G;s =Q;A, —R3B,, G16:A22_822_A2_M1’

G, =2A,B, -B,-2E-n, Gjp =Gy +di5dyy,

andGlg = G15d16 + d14d17 )

4. Skin Friction:-
The skin friction for fluid at the plate is:

0 1o, int( O
z(_q] :(ij +Eemr(&] —een, ()
62 z=0 82 z=0 82 =0
Hence, primary skin-friction and secondary skin-friction are:
r,=A+e(A,cosnt-B,cosnt) (42)
ro =B,+e(Bycosnt—A,cosnt) (43)
where

Ay = AA —AA+BB +S.P - AR +BQ

B, =AB; —B,A+AB; +5.Q, -B,R, + AQ,,

A, =(AA,~B;By, )~ (A,A ~B,B, )+ (AA ~BB, )+ A(A - A)
+SC(P4_P6)+(PlPG_Q1Q6)_(A2P7_BZQ7)

and BlZ = (BsAio o AsBlo)_(BzAg - AZBQ)+(BlA7 - AiB7)+ Ab(Be - Bs)
+SC(Q4_Q6)+(Q1P6_P:I.QB)_(BZP7_A2Q7)

5. Rate of Heat and Mass Transfer
The rate of heat transfer in terms of Nusselt number (N,) at the plate is:

N =(ﬂj _[To te e'”‘(ale em™ o (44)
Y \oz ), \oz ). 0z ),

N, =-A+e(A, cosnt - Blssin nt) +ie(B,cosnt—A,sinnt) (45)
where A, =—AA, +AA, ~BB, —A and B, =—AB, +BA —AB, - B,

The rate of mass transfer in terms of Sherwood number (Sy) at the plate is:
oC oC oC i

S, = (—j = Ol e 2| ™ (46)
0z z=0 oz =0 oz z=0

S, =-S,+<(A,cosnt—B,sinnt) +ie(B,cosnt—A,sinnt) (47)

where A, =-P,-QQ,
and B, =-RQ,-Q,-S.Q,

~168~



International Journal of Statistics and Applied Mathematics

Table 1: Skin friction due to primary velocity
(Cooling case atn =5.0,t=1.0 and € = 0.002)

Pr Sc M ko 00 Gr Gm E 1p

0.71 0.30 15 5.0 2.0 8.00 10.0 1.0 6.42479

11.4 0.30 15 5.0 2.0 8.00 10.0 1.0 6.33248

0.71 0.66 15 5.0 2.0 8.00 10.0 1.0 5.45810

0.71 0.30 25 5.0 2.0 8.00 10.0 1.0 5.04565

0.71 0.30 15 25.0 2.0 8.00 10.0 1.0 6.50994

0.71 0.30 15 5.0 3.0 8.00 10.0 1.0 6.37206

0.71 0.30 15 5.0 2.0 10.00 10.0 1.0 6.60367

0.71 0.30 1.5 5.0 2.0 8.00 12.0 1.0 7.56665

0.71 0.30 15 5.0 2.0 8.00 10.0 2.0 5.23188

Table 2: Skin friction due to secondary velocity
(Cooling case atn=5.0,t=1.0 and € = 0.002)

Pr Sc M ko ao Gr Gm E p

0.71 0.30 15 5.0 2.0 8.00 10.0 1.0 5.57355

11.4 0.30 1.5 5.0 2.0 8.00 10.0 1.0 5.96123

0.71 0.66 15 5.0 2.0 8.00 10.0 1.0 6.18484

0.71 0.30 2.5 5.0 2.0 8.00 10.0 1.0 6.15907

0.71 0.30 1.5 25.0 2.0 8.00 10.0 1.0 5.94892

0.71 0.30 15 5.0 3.0 8.00 10.0 1.0 5.83473

0.71 0.30 1.5 5.0 2.0 10.00 10.0 1.0 5.47619

0.71 0.30 15 5.0 2.0 8.00 12.0 1.0 6.76615

0.71 0.30 1.5 5.0 2.0 8.00 10.0 2.0 5.48001

Table 3: Skin friction due to secondary velocity
(Heating case at n =5.0, t = 1.0 and € = 0.002)

P: Sc M ko oo Gr Gm E 1
0.71 0.30 15 5.0 2.0 -8.00 -10.0 1.0 - 6.42479
11.4 0.30 15 5.0 2.0 -8.00 -10.0 1.0 - 6.33248
0.71 0.66 15 5.0 2.0 -8.00 -10.0 1.0 - 5.45810
0.71 0.30 25 5.0 2.0 -8.00 -10.0 1.0 - 5.04565
0.71 0.30 15 25.0 2.0 -8.00 -10.0 1.0 - 6.50994
0.71 0.30 15 5.0 3.0 -8.00 -10.0 1.0 - 6.37206
0.71 0.30 15 5.0 2.0 -10.00 -10.0 1.0 - 6.60367
0.71 0.30 15 5.0 2.0 -8.00 -12.0 1.0 - 7.56665
0.71 0.30 15 5.0 2.0 -8.00 -10.0 2.0 -5.23188

Table 4: Skin friction due to secondary velocity
(Heating case at n = 5.0, t = 1.0 and € = 0.002)

P Sc M ko 00 Gr Gm E p
0.71 030 | 15 5.0 2.0 - 8.00 -10.0 1.0 - 557355
114 030 | 15 5.0 2.0 - 8.00 -10.0 1.0 - 5.96123
0.71 066 | 15 5.0 2.0 - 8.00 -10.0 1.0 -6.18484
0.71 030 | 25 5.0 2.0 - 8.00 -10.0 1.0 - 6.15907
0.71 030 | 1.5 | 250 | 2.0 - 8.00 -10.0 1.0 - 5.94892
0.71 030 | 15 5.0 3.0 - 8.00 -10.0 1.0 - 5.83473
0.71 030 | 15 5.0 2.0 - 10.00 -10.0 1.0 - 5.47619
0.71 030 | 15 5.0 2.0 - 8.00 -12.0 1.0 - 6.76615
0.71 030 | 15 5.0 2.0 - 8.00 -10.0 2.0 - 5.48001

Table 5: Rate of heat transfer in terms of Nusslt Number, (e = 0.002)

S. No. Pr n o t Nu
1. 0.71 5.00 2.0 1.0 -1.81789
2. 0.025 5.00 2.0 1.0 -1.42963
3. 7.00 5.00 2.0 1.0 -7.3174
4, 11.4 5.00 2.0 1.0 -11.6166
5. 0.71 10.00 2.0 1.0 -1.81815
6. 0.71 5.00 3.0 1.0 -2.12833
7. 0.71 5.00 2.0 2.0 -1.81768
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Table 6: Rate of mass transfer in terms of Sherwood number, (e = 0.002)

S. No. Pr n t Nu
1. 0.30 5.00 1.0 -0.30158
2. 0.22 5.00 1.0 -0.22127
3. 0.60 5.00 1.0 -0.60264
4, 0.66 5.00 1.0 -0.66366
5. 0.78 5.00 1.0 -0.78323
6. 0.30 10.00 1.0 -030146
7. 0.30 5.00 2.0 -0.30106

6. Discussion and Conclusion
To get physical insight into the problem, we have observed the effects of modified Grashof number (Gn), constant permeability

parameter (Ko), magnetic parameter (M), rotation parameter (E), Grashof number (G;), heat source parameter (ao), Schmidt

number (S¢), and Prandtl number (P;) on primary velocity (for cooling case G, > 0). These effects are shown in Fig. -1 and Fig.2.
The effects of modified Grashof number (Gn), constant permeability parameter (Kq), magnetic parameter (M), rotation parameter

(E), Grashof number (Gy), heat source parameter (ao), Schmidt number (S;), and prandtl number (P;) on secondary velocity (for

cooling case G, > 0) are shown. The effects of above stated parameter on primary velocity we reach on following conclusions:

1. Anincrease in Gm, Gy or ko increases primary velocity while an increase in M, E, ¢, , Sc or Pr decreases primary velocity in
cooling case (G > 0).

2. Anincrease in Gm, Gy or ko decreases secondary velocity while an increase in M, E, ¢, S or P: increases secondary velocity
in cooling case (G; >0).

3. Anincrease in M, E, &, Sc or P, increases primary velocity while an increase in Gm, G, or ko decreases primary velocity in
heating case (Gr>0).

4. Anincrease in M, E, &, S or Pr decreases velocity while an increase in Gm, G or ko increases secondary velocity in heating
case (Gr<0).

The effects of the parameter namely prandtl number (P;), Schmidt number (Sc), magnetic parameter (M), permeability parameter
(ko), heat source parameter (), Grashof number (Gy), modified Grashof number (Gm) and rotation parameter (E), atn =5.0, t =

1.0, and €=0.002, on skin-friction (Z'p) due to primary velocity for cooling case (Gr > 0) and skin-friction (TS) due to
secondary velocity for cooling case (G, > 0) are shown in Table-1 and Table-2. The effects of these parameters on skin-friction at
n=5.0,t=1.0,and €=0.002, for heating case (G <0) are respectively represented in Table-3 and Table-4, Table-5 represents
the rate of heat transfer in terms of Nusselt number (N,) at €=0.002. While the table-6 represents the rate of mass transfer in

terms of Sherwood number (Sy) at € = 0.002. The value of Prandtl number (P,) is chosen as P, = 0.71 which corresponds to air, P;
= 11.4 which corresponds to water. The numerical values of the remaining parameters are chosen arbitrarily. From these tables we
reach on the following conclusions:

1. Aniincrease in Pr, M, ¢, or E deceases skin-friction due to primary velocity while an increase in Sc, ko, G, or G, increases
skin-friction due to primary velocity in cooling case (Gr > 0).

2. Anincrease in Py, S, ko, &, 0r Gr, increases skin-friction due to secondary velocity an increase in M, G, or E decreases skin-
friction due to secondary velocity in cooling case (G > 0).

3. Anincrease in S, ko, G, or G decreases skin-friction due to primary velocity while an increase in P, M, ¢, or E increases
skin-friction due to primary velocity in heating case (G, < 0).

4. Anincrease in M, G; or E increases skin-friction due to secondary velocity an increase in Pr, S, Ko, &, or Gm decreases skin-
friction due to secondary velocity in heating case (G, < 0).
An increase in Pr, nor ¢, decreases the rate of heat transfer while an increase in t increases the rate of heat transfer.
An increase in S; decreases the rate of mass transfer while an increase in n or t increases the rate of mass transfer.
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