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ABSTRACT

In this present work, the unsteady radiative and MHD free convective two immiscible fluid flows
through a horizontal channel have been investigated. The upper channel is assumed to be porous
while the lower is non-porous. The partial differential equations governing the fluid flow are
transformed to ordinary differential form by a regular perturbation method and the analytical
solutions for each fluid flow are obtained and these solutions matched at the interface. The
results arc presented for various values of the fluid parameters such as, Grash of number,
radiative parameter, and frequency parameter, Prandtl number, viscosity and conductivity ratio. It
is found among others results that as the thermal radiation from the wall temperature decreases,
the temperature profiles and thermal boundary layers increases.
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INTRODUCTION

Several attempts has been made in the past years to study the problems of unsteady
magneto-hydrodynamics (MHD) free convective flow through a porous medium in a horizontal
parallel plates-because of its various applications in engineering processes such as oil extraction,
oil transport, thermdl energy storage, MHD pumps, MHD flow meter and cooling of nuclear
reactors etc. It finds its place also in physielogy such as blood flow in the arteries. The
immiscible fluid flow through a porous medium and heat transfer is significant in the problems
of petroleum extraction and transport. '

Examining the wide range of applications of such flow, some authors and scholars have
made their contributions. Notable among them are Chamka (2000, 2003) who considered the
flow of two-immiscible fluids in porous and non-porous channels, and the unsteady MHD
convective heat and-mass transfer past semi- infinite vertical permeable plate with absorption.
Also, Israle-et al., (2004) investigated the influence of viscous dissipation and radiation on
unsteady MHD free convention flow past an infinite heated vertical plate in the porous medium

with timé dependent suction. Umavathi ez al., (2004, 2008, 2010) reported on oscillatory flow
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and heat transfer in two immiscible fluids, unsteady magnetohydrodynamic two fluid flow and
heat transfer in a horizontal channel and unsteady flow and heat transfer through a porous media
sandwiched between viscous fluids.

Vafai and Kim (1990) was one of the earlier studies that presented the exact solution for
the fluid mechanics of the interface region between a porous medium and a fluid layer.
Malashetty and Leela (1991) discussed the magnetohydrodynamic heat transfer in two fluid
flows. Malashetty and Umavathi (1997) studied two phase MHD flow and heat transfer in an
inclined channel. Reddy and N.B Reddy (2009) analyzed the radiation and mass transfer effect
on an unsteady MHD free convention flow past a heated vertical porous plate with viscous
dissipation. Kumar ef al., (2009) discussed the unsteady MHD and heat transfer of two viscous
immiscible fluids through a porous medium in horizontal channel. Kumar et al., (2010) studied

‘the unsteady flow and heat transfer through a porous media sandwiched between viscous fluids.
Simon (2013) studied the convective flow of two immiscible fluids and heat transfer with porous
along an inclined channel with pressure gradient.

The effects of thermal radiation on fluid flow have led some researchers to carry out
studies on the influence of thermal radiation on the single phase fluid flow. Prakash and Ogulu
(2006) investigated the unsteady two dimensional flows of radiating and chemically reacting
MHD fluid with time dependent suction. Dada (2012) discussed radiation, dissipation and MHD
effects on fluid flow past an impulsively started vertical Newtonian heating plate.

In the above investigations, the effect of thermal radiation is neglected in most of the studies on
multiple phase flows and due to the influence of thermal radiation not only on single phase but
also on multiple phase fluid flows, this present work hereby investigates the effect of radiation
on an unsteady MHD free convective two immiscible fluid flows in a horizontal channel.

FORMULATION OF THE PROBLEM

y
Th ot

Region-1I
Clear Region

Figure 1: Geometrical Configuration
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In the Figure 1 above, the upper channel is porous while the lower channel is Nnon-porous
denoted as region I and region II respectively. The fluid flowing through region 0<y<h (region I)
having density p,, dynamic viscosity u,specific heat capacity ¢, and thermal conductivityk; .
The fluid flowing through —h <y < 0 (region II) having p,, dynamic viscosity y,, specific
heat capacity c,, and thermal conductivityk,. The magnetic Reynolds number is assumed very
small. Further, the magnetic field is not strong enough to cause electrical dissipation. The
equation governing the fluid flow are given by '

o \ : (1)
P1 Zﬁl +V ?f) = Z;UZ - %Z— — oB§UL + p19Bfi(T{-Tyy ) @)
ml (G + ) = K B 3 ®
Region II
o | @

(g“”@%=W£ﬁ~%%-%%—%Wﬁmm%@HM) )
oy (Vi) = 502 ®

where U’ the x’-component fluid velocity is V' is the y component fluid velocity and T' is the
fluid temperature.

The subscripts 1 and 2 corresponds to Region I and Region II respectively. The boundary
conditions on velocity are no slip boundary conditions, which required that x’- -component
velocity must varnish at the wall. Therefore, the boundary conditions on temperature are
isothermal conditions. We also assume the continuity of velocity, shear stress, temperature and
heat flux at the interface between the two fluid layers at y=0

Therefore, the boundary and the interface conditions on the velocity are

Ui(h) =0

U4(~h) = 0

Ui(0) =U; =0 (7
vy auy

Mg S5 oAty =0
The thermal boundary and interface conditions on temperature for both fluids are given by

T{(h) =Ty,

T,(—=h) =T,

no)=1 (0 (8)
aT; arTs X

Kl —1=K, ayf aty’ =0

The continuity equations for both equations (1) and (4) implies that V] and V; are independent
of y, they can be at most a function of time alone. Hence, we write (assuming V) =V, = V)
V' = Vo(1 + ede’®?) 9)
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where A is a real positive constant, € is a very small positive quantity such that eA << 1. Here it
is assumed that the transpiration velocity V’ varies periodically with time about a non-zero
constant mean V.

By the use of the following non- dlmensmnal quantities

U; t191 e h? a‘p
=ty = —V P =—
Ui u’ y h’ TR e iV ol ° Ui ax.
gt #1Cp .uz ks Pz Btz
g =Wl pr="" g == B ==, ==m =— 10
b T Twd kp ot R A K9
P1ghﬁf( w4 2 2 ;
w1 hO’BU 41'}11 aqr ] I 7
= M= F=—2,—=4(T, —Ty1)I
b U p1U’ ke ' 3y (Tl wl's

equations (2) - (6) become,
for region I

2
W 1 (1+ee) 22 = T84 P — MU, +Grby (11)
a91 i 391 _ 1% _Fo
+ (1 + ce ) T (12)
For region II
Loy (1+eeir) P2 = gfy?+ap M2U, — a,&,k2U, + Grm,6, (13)
592 A (1 e Eetwt) 592 B B16,0%6; ﬁ1fl ng (14)

Pr dy?

#1Cp . : G k. :
where Pr = -—k— is the Prandtl number, ay = % is the ratio of viscosities f; = ;fls the ratio of
4 1 3

thermal conductivities and ¢, = f)—z is the ratio of the densities.
1

The hydrodynamic, thermal boundary and interface conditions in non-dimensional form are as
follows a

U,(1)=0

U,(0) = U,(0) (15)

aby ol

ay = 0y ay aty =

8,(1) =1

92(—1) =0

6,(0) = 6,(0) e (16)

391 aez \
= ﬁi aty =
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METHOD OF SOLUTION :
In order to solve the governing equations (11) - (14) under the boundary and
interface conditions (15) — (16), we separate Uy (y,t), 8,(y,t), U; (3, t), 6,(y, t)
into steady and unsteady parts by assummg,
U (3, 1) = Uyo(y) + €€t U44(y)
01y, t) = 610 () + £€"*01,(¥) :
U2, 8) = Uzo(y) + £e'“ Uz (y) : (17)
0:,(y,t) = 020(y) + £6*0,1(y) '
By substituting (17) into equations (11)-(14), equating the harmonic and non-harmonic terms,
and neglecting the higher order of &%, we get the following sets of ordinary differential
equations:

Region I

Harmonic coefficient

2

a@% — aU10 +M2U10(y) = "“'P GTB:m (18)
GEL: 86‘

B—J,ZE—P 5y PO =10 (19)

Non Harmomc cocfficients
22000 auu

g um — (M? + i0)Uy; () = (20)
226 ae ae
"'5';%}‘ g P =i (F + lG)Pr)611(y) a;o (21)
Region II
Harmonic coefficients
62U20 Ay LaUZD EIM +a1§1 " __{1_1_ GrMy
32 aif, dy ( )UZG(y e L )
826 B.£, 06 '
‘5;%9‘—#5_;0— 9200’) (23)
Non Harmonic coefficients
62U21 o, LBUH b flM2+a1§1Kz+im 1 6U20 Y GrM;y
ay?  aid, dy ( a1 )U“(y) Tt oy g 2t 0) (Z4)
9281 P1§:06y 1+B4 ¢ iw B18, 3039
ay2  pPr dy +( Pr )921 By ' L
The corresponding boundary and interface conditions become:
Harmonic terms
Uio(1) =0 L
Uzo(—1) = 0'\
U10(0) = Uyg(0) : (26)
LI BU ) o
=a,—2 aty =
dy . 6y Ui
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Non-Harmonic

Ui1(1) =0

U21(_1) =0

U;1(0) = U;,(0) (27)
Uy _ Uy

By = ay T aty =20

910(1) =1

B20(—=1) =0 ‘ ,
gbo (0) = 66209(0) ) (28)
0 T ey -

6:,(1) =1
921("1) =0
911(0) = 6,1(0) (29
064, 06,4 __

T = b 05 aty =

Now, the equations (18)-(25) are ordinary linear coupled differential equations with constant
coefficients. ' :

The analytical solutions of the differential equations (18) to (25) are known under the boundary
conditions (26) to (29) and are given by:

Uig(y) = C2e™3 + Ce™ + Ay + Are™Y + Aze™?Y (30)
Uzg(y) = Cllemlly + Clzemlzy + E]_ - Ezemgy + E3em10y (31)
610@) = Clemly + Czemzy (32)
820(y) = Coe™ + Cye™ (33)
Uy, (y) = Ce™Y + Cge™8Y + D™ + D™ + D™V + D, ™Y + Dge™Y + D e™oY
' (34)
Usy () 2 Ce™ ™ o Cy@™™ + Gie™ Y + G0 Goe™ P 4 6™ £ G P
Goe™y (35)
7] ( ) = Csemsy + Cﬁemsy-i—Blemly + BzemZy (36)
11y ;
9 ( ) —_ C em13y _+_ C14em14y + Flem'?y + ermlﬂy (37)
21\ 13
where
L:Cig — L
a 6C10 3’62 = L, — G emi-m2
La
G = —Ce™m30,,C, = HET S ¢ g gme-msy,,
' Q10 '
Lys—Lo5C - C
- 24 . 23 14,6'7 (™ 0, Cy = Q32 . 16¥31
18 26
- Lol —LyLy 2
Crp = 208 Oy = (™M — [,

" Q10013 — Q8015

2567




M. S. Dada, C. Onwubuoya, K. M. Joseph

LyzL1g — Lyglas '
— s Cro =i emls—mlé pl Q
B Ly Ly — B R "*‘
2 Q26030 — Q24032
Ci6 =
gszz*B — Q24031 5 _
m
L= T L, = IS iEteuteil] em'l"} = ml — m2emi-Mmz
Ls foot m9-m10 L6 = ﬁmm ﬁmgem9—m10‘ L7 — Bleml L Bzemz’ 7
LB = F1€ m3 + F e”mm Lg == B]_ + Bz,ng [ F1 + FZJLII = Llﬂ == Lg,L-]_z -
L
m1B1+szzaL13 = ﬁmgFl sl ﬁmszvLM— Liz —Lyp, Lis = 3"15’

mis—m14
L20 e—miz’ L21 =l LZZ = Ll? = LZOJLZB

B, Lo
Q]_ = A]_ + A2€m1 + Agemz,Qz = E1 + Ezeﬂmg + Ege_mlu,
Q:3=A1+A; +A3,0, =E; +E; + E3, 05 = Q4 — Qs.
Qs = am9E, + aml10E; —mlA, — m24,,Q, = mg,

Qg1 ‘5 Q7,Q10 = m4 —m3 e™™3,Q,, = Qe + m3Q,,
2 =
Q12 = g-mil’ Q13 = ™12 — 1,014 = Qo — Q12,
le = amllemll_mlz = amlz, le = Qll - amllQiz,
Q17 = D1e™ + D,e™* + D3e™ + Dye™ + Dse™> + Dge™S,
ng = GeT™1 4 G,e ™2 4 Gy e“m9 + Gy e“mm + Gy e‘m13 +Gee s,
Q1 = 7713D1 + m4D, + m1D; + m2D, + m5Ds + m6Dy,
Q22 = amllG; + aml2G, + am9G; + am10G, + aml3Gs + aml4Gy,

Q s
= e%’QZ"’ =1—e"™", Qp5 = Qz0 — Q19+Q23
Q
— Qa1 +M7Qa3, Q25 = —piz

i mé—-m3
=1-e -

Q26 = M8 —m7e™3™ (5 = Q35

— ,ml5-mi6 s e mi5-m1ilé '
Qo =€ — 1,030 = Q25 — Q25,031 = amlbe — aml6,
Q32 = Q27 — am15Q,g,
P GTCI GTCl
i B2 e mZ-my+m2’ "3 mi—my+M2’
__epP o fCoy Wy fCio
bB=pbh=—onasiEah e
a mg—Cmg—d mip—Cmyg—d
D ' Czms 210 Camy TR Aymq+B4 ATH Azma+B;
17 mZ-mz—a' % mi-mg—a’ ° mi-mg-a’ ? m3-my—a’
R Cs P Ce B CCyymyy
B = e e e e A==y .
mc —ms—a mg —m <a my; —Cmy, — h
o C E;mo—fFy _ CEsmyo—fFK —FCi3 il —FCya
3 T2 Cme—n, . MgsGmaoTit Sk o mi,—Cmq,—h’
ot PrCymy - Pri;my T gCg Siw gCig
Bl e

T mZ-Prm,-b mZ—Prmy—b> 1 mi-gme+k’ 2 mig—gmyg+ik’
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JPr2+4 JPriva 1+V1-4m?
m :Pr+——~—£,m =Pr————f- my = ——
1 2 2 2 ] 3 2 >
1-V1—-4m?2 VPrZ+4b VPri+4b 1+/1+4a
my = ——mgs = Pr+ , Mg = Pr—=——,m; = .
4 2 5 2 6 2 7 2
_1=/i+4a _ g+fgi+a __g—g*+4 _ c+VCZ+ad _ C=VC%+ad
il e L S oS w2 Ay — =g N e e
_ g+/gi-4k __ g—Jg*-4k __C+VC2+4h _ C=VC%+4h
My = =50 s My =" S AAHE = S s ==

* The coefficient of the skin friction at the upper plate is given by

o i WS 7
Tu = [( dJljo ) y=1 tee a(—%}i)y:l ] (38)
while the coefficient of the skin friction at the lower plate is given by
e i i o AU
T[ [( dy )yzll +tee (—‘_i;ZL ) y=-1 ] (39)

In addition, the rate of heat transfer in terms of Nusselt number at the upper plate is defined by

de o d9
Nu = _ el ) i +€em)! v e 40
u [( dy )_1—1 ( dy )}—I ] ( )
and the Nusselt number at the lower plate is given by
Nuz = _[( dezo )yz_1+ e emu ( d921 )_v:‘——l] y (41)
dy dy

: RESULTS AND DISCUSSION
In the present analysis, we study the effect of radiation on unsteady MHD free convective
twe mmiscible fluid flows through a horizontal channel. The upper channel (Region I) is
assumed to be porous while the lower (Region II) is clear. The partial differential equations
governing the fluid flow are transformed into ordinary differential equations and solved
analytically. The solutions are presented graphically for different values of the fluid parameters.

, Figure 2 depicts the effect of Grashof number, Gr on velocity. It is observed that as Gr
" increases, velocity also increase, that is Grashof number and velocity are directly proportional to
‘cach other. Figure 3 shows the effect of Prandil number on temperature. The prandt] defines the
ratio of momentum dif fusivity to the temperature diffusivity. It is noticed that as Pr decreases, the
temperature props up. Chis is because, if Pr increases, the thermal diffusivity decreases and these
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phenomena lead to decreasing of energy ability that reduces the thermal boundary layer. Figures
4 and 5 respectively show the effect of conductivity ratio on velocity and temperature. It is found
that as the conductivity ratio decreases, both the velocity and the temperature increases. Figure 6
depicts the effect of viscosity ratio on velocity .it was observed that as viscosity ratio decreases,
the velocity increases across the two regions.

1 1 1 1 1 i
0.4 06 0.8 1 1:2 14 16
velocity u

Figure 2. Velocity Profiles for different values of Grashof number when E =01, A=009, Pr=
071, a; =1, =1, wt=30, =075, K=1, M=2, P=5,and F =1

| —=—P=1
Pr=2
—8—Pr=3 N
—S— Pr=4

SIS T s O |
Regionll |

1 1 ] 1 1
0.2 0.4 06 08 1 12
Tempertature®

Figure 3. Temperature profiles for different values of Prandtl number when £ = 0.1, 4 = 0.9,
Gr=50=106=1 wt=30,0=075 K=—1 M—2 P=5andF=1

2570




M. S. Dada, C. Onwubuoya, K. M. Joseph Nig. J. Pure & Appl. Sci. Vol. 27 (2014)

1 3 s T T
08

06
04k
02

- 0

02 -
04 -
06 —B—p=10 -
o —b—p=20
Sk —— =30 .
4 1 | 1 1
-1 1 2 3 4 5

velocity
Figure 4. Velocity Profiles for different values of Conductivity ratio f; number when & = 0.1,
A=09, Gr=5 a,=1,Pr=0.71, 0ot =30, =075 K=1, M=2, P=5,andF =1

e el
—a— =05 7|
—Gm P10
~eBz20] |
—s— [1=3.0
[ Fegion | |
| S
i i H H H il 1 i 1
0.1 a2 03 04 05 0.6 07 0.8 0.9 1

Tempsratureé

Figure 5. Temperature profiles for different values of conductivity ratio f; when € = 0.1, A =
09, Gr=5 a;=1,Pr=071, wt=30, ©=075 K=1 M=2, P=5andF=1
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Figure 6. Velocity profiles for different values of viscosity ratio a; when £ = 0.1, 4 = 0.9,
Gr=5,6=1,Pr=071, wt=30, =075 K=1, M=2, P=5andF=1

The influence of the thermal radiation parameter F was shown in figure 7. It is clear that thermal
radiation enhances the temperature in the boundary region. Thus, radiation should be minimized
to enhance better cooling environment. The radiation parameter F defines the relative
contribution of conduction heat transfer to thermal radiation transfer. It is found that as F
decreases, the temperature profiles and thermal boundary layers increases. Figures 8 and 9 depict
the effect of frequency parameter on velocity and temperature. It was observed that as frequency
parameter decreases, the velocity and temperature increased. The effect of permeability K is
shown in figure 10. It is noticed that the permeability parameter reduces the magnitude of the
fluid velocity, this is because fluid velocity decreases with increase permeability.

1 ot - Region |
08 —— =025 - ” >

06+ ——os05 i
—¥—o=10 X Bx
i ——a—8 ; it
02} —¥— =30 ; i
= D
02+ -
04+ =
06+ =
08+ -
4 j -
02 i} 02 0.4 08 5 08 1 1.2 14

velocity u

2572



M. S. Dada, C. Onwubuoya, K. M. Joseph - Nig. J. Pure & Appl. Sci. Vol. 27 (2014)

1 -3
081 e
06 -

>
Region i E
I 1 i SR 1 I 1
0.3 0.4 05 06 a7 0.8 08 1

Temperature €
Figure 7. Temperature profiles for different values of thermal radiation parameters F when
=01, A=09, 6r=5a, =1 g, =1LPr=071, wt=30, w=075 K=1 M=2,
and P=5

M e e T T T T T

08+

Region |
s

02+

06

Velocity u

Figure 8. Velocity profiles for different values frequency parameters €A when Gr =
S5,a0=1, Bi=1LPr=071, wt =30, w=075 K=1, M=2, P=35 and F =1
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1 T T e T T T T

06+ : : ? \ -

0.4+

02

0.4
-06

0.2 -fy Region Ii i

-0.84

+*

R 1 1 1 1 1 1 1 1 1
1] 0.1 0.2 03 0.4 05 06 o7 08 08 1
Temperature 6

Figure 9. Temperature profiles for different values frequency parameters €A when Gr =
5a¢,=1, =1,Pr=071, wt =30, w=0.75 K=1, M=2 P=5andF=1

06

04

Region Il

1 1 1 L 1 1 1
05 0 05 T 15 2 25 3 35
Velocity u

Figure 10. Velocity profiles for different values of porous permeability K when
€=01,4A=09,6r=5a =16, =1,Pr=071,0wt =30,w =0.75, M=
2, P =5 and Fi=1. '

Table 1 shows that the coefficient of the skin friction at the upper plate increases with an increase
in Prandtl number, permeability parameter, Hartman number, and viscosity ratio, but decreases
with an increase in Grashof number, conductivity and radiation parameter. The coefficient of the
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skin friction at the lower plate increases with an increase in Grashof number, conductivity and
radiation parameter while decreases due an increase in prandtl number, permeability parameter,
Hartman number, and viscosity ratio.

Table 1. The coefficient of skin friction and Nusselt number at the upper plate and lower plate

for different values the governing parameters.

£ Pr Gri K M| o | B |LF Ty TL Nuy, Nu;
0 0.71 4 |1(1}| 15 |15]|1|-—3.1337]0.5660 | —1.5660 | —0.0292
001071 4 |11 15 |15]|1]|—-3.1345] 0.5831 | —1.5665 | —0.0292
002 1071 | 4 |1 {1} 215 )15]1]|-—31354]05829 |—15669 | —0.0292
001 40 | 4 |1|1| 15|15 1 |-—2.2534{0.5139 | —4.1980 | —0.0180
001f{ 70 | 4 |1 1|15 |15|1|—-1.8016] 0.4506 | —7.1350 | —0.0019
0.01‘ 071 | 5 | 1{1| 15 |15] 1 |-3.6135| 0.6212 | —1.5665 | —0.0292
001071 | 6 |1 1|15 |15} 1 |—4.0925] 06593 | —1.5665 | —0.0292
001 071 | 4 | 211 15 | 15 | 1. 4=28294 | 63753 | -1.5665.| —0.0292
0011071 | 4 | 31| 15 |15 1 |—26113 | 0.2449 | —-1.5665-| —0.0292
GOL 07| 453 | 1118 RS —26113 | 0.2471 | —1.5665 | ~(11292
G0l 070 4| 3 ¥ 3415 i.S 1} 81621 | 0.0707 | —1.5665 | —0.0292
0011071 4 |3|3| 15 |15] 2 76208 | 00771 |—1.8832 | —0.0238
B0 0T 4 B p 3 1S5 | 53 | 7.1765 Qe817 21599 | ~0.0197
001071 4 | 3|3]| 2 |15 3 |10.5887 |0.0096 % —2.1599 | —0.0197
GOl |07 4 (3 |3 | 15 | 23| 69083 | 00704 (20815 | —0.0084

Furthermore, the Nusselt number at the upper plate decreases with an increase in prandtl
number, viscosity ratio, thermal conductivity ratio and radiation parameter but remained
constant for an increase in Grashof number, permeability parameter and Hartman number,
whereas at the lower plate, the Nusselt number increases with an increase in the prandtl number,
viscosity ratio, thermal conductivity ratio and radiation parameter but remained constant for an

increase in Grashof number, permeability parameter and Hartman number.
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CONCLUSION

The present work studies of the effect of radiation on unsteady MHD free convective two
immiscible fluid flows through a horizontal channel. The upper channel (Region I) is assumed to
be porous while the lower (Region II) is clear. The partial differential equations governing the
fluid flow are transformed into ordinary differential equations and are solved analytically under
the appropriate boundary conditions. It is observed that fluid velocity increases with an increase
in Grashof number and decreases with an increase in thermal conductivity ratio. Finally, it is
observed that temperature increases with a decrease in thermal radiation within the wall of the
channel.
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