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MHD Pressure Driven Two Phase flow in an inclined channel

contain Porous medium
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Abstract: The problem of two-phase MHD flow in an inclined channel contain porous medium has been
considered. The differential equations governing the flow and heat transfer are solved analytically in both fluid
regions of the channel. Effects of physical parameter such as Pressure parameter, ratio of heights, Hartmann
number and ratio of viscosities on the velocity and temperature fields are shown graphically. It was found that
the pressure parameter on both the velocity and temperature drop as result of magnetic field and porous

material. Results have been presented for a wide range of governing parameters.
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Nomenclature
cpspecific heat at constant pressure

gacceleration due to gravity
hratio of the heights of the region (:—2)
1

h,height of the region —I
h,height of the region - |1

Re Reynolds number ( )

Boug
kpermeability of the porous medium
Kratio of the thermal conductivities ( )

k, effective thermal conductivity of the fluid saturated porous medium in region- |

k,thermal conductivity of the fluid in region-11
mratio of the viscosities (“—1)

)
ppressure

. . . n? dp’
Pnondimensional pressure gradient (— ! —p,)
Hiug dx

Pr Prandtl number (“1 ”)
1

Ttemperature

T,1. T,,» temperature of the boundaries

uvelocity

M Hartmann number (&gh%)
p191

x, y, zspace coordinates

Greek Symbols
pratio of the coefficients of the thermal expansion (ﬁz)
1

gporous parameter (ﬁ)

pdensity of the fluid
YKkinematic viscosity
Uviscosity

@nondimensional temperature <TTZ§—W>
Subscripts

1 & 2 refers to the quantities for region | and Il respectively
wwall conditions
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I.  Introduction

The importance and application of fluid flows and heat transfer in petroleum transport, wastewater
treatment, combustion, power plant piping, corrosive particles in engine oil flows, etc. Particularly, the flow and
heat transfer of electrically conducting fluids in an inclined channel contain porous medium under the effect of a
transverse magnetic field occurs in magnetohydrodynamic (MHD) generators,

Pumps, accelerators, and flow meters and has possible applications in nuclear reactors, filtration,
geothermal systems and others. As a result of the growing interest in the latter, a more accurate understanding of
heat transfer phenomena containing porous continues to attract attention cheng [1] and Al-Nimr and Haddad [2]
studied the convective flow and heat transfer in a vertical channel partially filled with porous media. Jain and
Mehta [3] examined wall suction/injection effects on the Globe problem. Bathaiah and Venupogal [4] examined
the MHD flow between two concentric rotating cylinders under the influence of a uniform magnetic field, with
non-erodable and non-conducting porous lining on the inner wall of the outer cylinder under the influence of a
uniform radial magnetic field of the form B, = A/r where r is radial coordinate, discussing the effects of ratio
of the velocities of the cylinder, the slip parameter, the porosity parameter and the Biot number on the flow
variables Prasad et al [5] studied numerically the influence of Hall currents and Oblique applied magnetic field
on rotating plasma MHD flow in a two-dimensional channel at generalized Eckman numbers. Recently Beg et al
[6] obtained comprehensive network computational solutions for the two-dimensional transient hydromagnetic
flow in a parallel-plate channel containing a Darcian porous material with dissipation and Hall/ion slip currents.
The boundary layer and inertial effects on vertical surface in porous medium have been examined by Hseieh et
al [7], and chien et al [8]. Jet et al [9] studied hydromagnetic flow and heat transfer on a continuously moving
surface. He has studied the effect of parameters such as reference temperature, exponent, magnetic, Prandtl
number and Eckert number on heat transfer.

Therefore, the objective of this study is to present a unified approach to the flow and heat transfer in an
inclined channel contain porous medium saturated with a fluid and a clear viscous fluid layer. The fluid is
subjected to a uniform suction from above and a uniform injection from below and mass conservation is applied
perpendicular to the plates while no electric field is applied and the induced magnetic field is neglected by
assuming a very small magnetic Reynolds number. The effect of the Pressure parameter, Porous parameter,
Ratio of heights of the two layers, Ratio of the viscosities and permeability of the porous medium on the
velocity and temperature fields are reported.

Il.  Mathematical Analysis

We considered infinite inclined parallel plates maintained at different constant temperatures, extending
in the z andx-directions. Mathematically the problem involves the coupling of the governing equations for the
fluid region with the equations for the porous region through an appropriate set of matching conditions at the
fluid/porous medium interface. We assume the continuity of velocity, shear stress, temperature and heat flux at
the interface. The region o <y < h, is filled with porous matrix and the region —h, <y < 0 is occupied by
clear fluid. The two walls of the channel are held at different temperatureAT = T,,; — T,,, WhereT,,; is the
temperature of the boundary at y = hand T,,, is the temperature at the boundary aty = —h. In the analysis, the
porous medium is considered to be homogeneous. The fluid within the porous medium saturates the solid matrix
and both are in local thermodynamic equilibrium. The flow is assumed to be steady, laminar and

incompressible. The fluid in both regions is assumed to be deriven by a common constant pressure gradient — Z—z
and that existence of heat transfer does not affect the pressure gradient.
Region | (Porous region)
duy d’u; op'1 oBi[ . E,
Vo— =91 ——= ; [u +— (D
tay' dy?oxpyopy U
dTy kyd?T, (du M?u
Voep b=t og o () @)
dy  ppdy k
Region 1l (clear fluid region)
du, d’u, op'1
VO T =V T oo (3)
y dy* 0x p;
dT, ky d*T, (duz)z uj

V()de—y,—zdy,z W + X (4)
The appropriate boundary and matching conditions for the problem under consideration can be written as
ui(hy) =0
u1(0) = u,(0) (5)
u(—h3) =0
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du1 duz
Mg = B2y, ——aty =0
T1(h1) = Tyy
T1(0) = T,(0) (6)
T;(=hy) =Ty
k1 dTl kz dﬁaty 0
In order to non- dlmen5|onallse the governlng equatlons the following transformations are used
y' u h dp Ey Vohy H1Cp hy
==, u=—, P=- Re = , S=——, Pr=——m"r, = —=
y h Uy 191U0 dx Bouo 191 k1 4 \/E
o, B{h? T—T 9 1
:101, 6 = v 6=—1, - — %)
p191 ugdy U Y
k1
The ratios of different parameters that appears in governing equations are
h, kq 251
h=-— k=-— m=-—

hy’ ky’ 2%
Substitution of the above nondimensional quantities in equations (1)-(4), results in the following equations.
Region-I

du1 d Uuq
SE & —— +P —M(u; + Re) (8)
d91 d291 du1
Pré— = (—) 2uf 9
sPr & e & + yeuf 9
Region-II
L B 10
sha & = 4y’ (10)
shPrdo, d292 (duz)z (11)
B dy dy*  \dy
The transformed boundary and matching conditions are given by
(1) =0
u1(0) = u,(0)
u(=1) =10
duy _ 1 dugop,
E_mh & aty =0 (12)
6:(1) =1
61(0) = 6,(0)
6,(-1) =0
do; _ 1 .d6,
& kA dy —aty =0 (13)

Solving the differential equations (8), (9), (10) and (11) satisfying the boundary and interface conditions (12)
and (13) we obtain

u;(y) = exp (%) [cq cosh(Ay) + ¢, sinh(Ay)] — Re +

5 (14)whered = = il
91 (y) = A sinh(21y) + A, cosh(21y) + Az sinh(1y) + A4 cosh(Ay) + As exp(Ay) + Agy + A5
+c5y exp(sPréy) + cg exp(sPréy) (15)
1
uy (y) = (PT'h?) [y + %] + cysha exp(shay) — c3 (16)

shPry shPry
0,(y) = B1y + B, + Bz exp(shay) + B, exp(2shay) — c;yexp ( ; ) — cgexp ( 3 ) (17)

The constants appearing in equations (14)-(17) are presented in the appendix. The solutions for the equations
given by (14)-(17) are evaluated numerically, fixing some of the parameters and varying the parameters.
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I11.  Results and Discussion

In order to have a physical insight into the problem, we have written a MATLAB programme to
compute and generate the graphs for the velocity and temperature of the two different phases. Some result are
presented in the form of line graphs in fig. 1-8 to interpret the effects of these Parameters, For fixing some of the
parameters namely '=A=Re=y=8=1, a =10, s=5, Pr=0.71, k = 10, and § = 2 and varying
the parameters P, h, M,and m.

The effect of pressure parameter p on velocity and temperature field is shown in figs. 1 and 2. For fixed values
of other parameters pressure drops in region-l as result of porous materials and magnetic field and increase in
clear fluid region, which is insignificant cause is almost flat in region-II

The effect of varying the height ratio h is shown in figs 3 and 4. An increase in the value of h increases both the
velocity and temperature profiles. It is found that the larger the ratio of the height more the amount of heat
transfer. For fixing § = 10 and I' = 0.1 and other values remained constant

The effects of varying the Hartmann number M on velocity and temperature profiles are shown in figs. 5 and 6.
We observed that the effect of electromagnetic force is to accelerate the flow. As Hartmann number M increases
both the velocity and temperature increases.

The effect of ratio of viscosities m, on velocity and temperature are shown in figs. 7 and 8. As the ratio
of viscosities of porous region increases, the fluid in clear region is almost flat as result of friction force. The
clear fluid is more viscos than the porous region on velocity and temperature profiles. As velocity and
temperature increases, ratio of the viscosities increases.

IV.  Conclusions

The MHD Pressure driven two phase flow in an inclined channel with porous matrix is considered. The
governing differential equation is solved analytically. The effects of pressure parameter p, ratio of heights h,
Hartmann number M,and ratio of viscosities m. It is observed that pressure parameter increases as velocity and
temperature increases in the presence of magnetic field and porous matrix, which is fixed relative to the fluid.
The magnetic field has a retarding influence on the flow field. Also ratio of the heights increases the amount of
heat transfer. The ratio of viscosities and electromagnetic force accelerate the flow in the presence of porous
matrix.
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Fig.1 Velocity profiles showing effect of Pressure Parameter P
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Fig.2 Temperature profiles showing effect of Pressure Parameter P
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Fig.3Velocity profiles showing effect of ratio of heights h
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Fig.4Temperature profiles showing effect of Ratio of heights h
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Fig.5Velocity profiles showing effect of Ratio of Hartmann number M
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Fig.6Temperature profiles showing effect of Ratio of Hartmann number M
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Fig.8Temperature profiles showing effect of Ratio of viscosities m

Appendix
N{ = Re — E N, = cosh(Q) exp (i) N3 = sinh(4) exp (i) N, = (PT'h?) [L - 1]
1 Ml 2 2 ) 3 2 ) 4 sha
S N2,1 (PFhZ)
N; = (sha) exp(—sha), Ng = (mh) <(§) - (N—3)>' Ng = (sha) — N5, Ng = e
Nymh ) 5 Ny
Nig = Ng — N4 + Ny, Nyg = + NygNg — PTh*, Nip = (sha)® — NgNg, ¢4 = N
12
(% +c2) 2 (5)? S\ 2 1 422 (c? +c2) /52
s ‘ZT[A ~@) |+ Q) 2] me=T57(G)
(cf +¢3) 5\2
Ni5 = > 22, Nig = €16, [(E) +/12], Ni; = c16384,  Nig = Nig + Nis + Nyy
(cf = c3) (cf +¢2)
Nyg = — 20= "> Nyy =ci163, Npp = 7 Re,
_ Nig + (¥M)*Nyg _ Ni7 + (My)*Nyy _ Ni3 — (My)*Nyg
Na3 = 7 N = 7z Nos = S ,
21 — 7 21 — I
2C1N22
26 = )
o N N 1-Pr§
SIN23 SIN24 —r
_ 2¢3Ny; _ ( 21 _NZ‘*)_S(T_NB)( 2 )
27 — l—i’ 1= 21_52(1—Pr6)2
42 22
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B (SN24 - N23) —S (SN23 - N24) (1_Pr5) ~ (7 - N27) —S ( TR N26) (%_:;5)

22

Ay = 3 , Az =
(1-Pré)?2 1 2
Y R L SZ(E—Prc‘S)
21 1 21— — L
sNa7 sN2e 7 Pré
(55— Vao) —5(7—N27)<2 27 )
Ay = )
52(——Pr6)
21 — ”
_ B(PIh?)? 5 ( B )2 (PrR?)?. By 2c4(P1“h2)sha 5 c2(shm)3
1 shPr ' 27 \sPrh 3 r T

sh [a - — [sh (a — E)]
Nyg = A; sinh(21) + A, cosh(21) + Az sinh(1) + Ay cosh(A) + Asexp(s) + Ag + A5

N29 = BZ - Bl + B3 exp(—spa’) + B4 exp(—Zsha), N30 = A2 + A4, + A5 + A7
N31 = Bz + B3 + B4,h N32 = ZAAZ + A4A +A55 +A6' N33 = Bl + B3 (Sha) + Z(Shm)B4
shPr
Nas 5 ) (sPréhk)(1 — Nog)
exp (_ShBPT) exp(sPrd)

N34 = | N33 — N3s = (hk)[1 — (sPrd)]

_ shpPr " New = 14 N3 Now = [N N 1 — Nyg ] Nsy4 N 4 Nyg
3 p ' 37 N3s’ 38 30 exp(sPré) Nss 31 expi?Eé— shﬁPr)
— N + (_ ShPT)
o = N3g o = c7N36 + N34 . = (1 — N,g) — csexpiifsPré) o 29 T C7exp 5
7 = ’ 5— ) 6 — P , g =
N37 N3s expiisPro) exp (_ shBPr )
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