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Abstract

In this article an attempt has been made to dscuss the velocity and temperature slip effects on MHD convective two phase particulate
suspension flow in a convergent channel with viscous dissipation .The non dimensionalised governing equations are solved using Runge-
Kutta shooting method.The results obtained are represented graphically for various emerging parameters.The skin friction coefficient and
Nusselt number are obtained and validated with existing results.lt is found that with an increase in velocity slip parameter the velocity of

the fluid increases.The fluid phase temperature decreases with an increase in temperature slip parameter.
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1. Introduction

Flows through oblique walls like convergent or divergent channels
have got lot of engineering applications in aerospace engineering,
bio mechanical engineering, chemical engineering etc. First Jef-
frey [1] and Hamel[2] proposed a model to study flow through
convergent and divergent channels. Many investigators [3]to[7]
have considered different physical properties related to Jeffrey
Hamel flow and investigated flow characteristics . These investiga-
tors used no slip boundary conditions at the walls. First Dorreppal
(8]

considered Jeffrey-Hamel flow and fluid is allowed to slip along
the walls of the channel in both convergent and divergent cases
and solved analytically. Later few reserchers [9] to[13] introduced
the velocity slip/temperature and velocity slip and studied velocity
and temperature profiles in convergent or divergent channels. The
concept of two-phase flows is highly useful in understanding of
various industrial and engineering problems. Two-phase flows are
frequently used in compact heat exchangers, nuclear reactors and
small-sized refrigeration systems. Many researchers [14-15]
studied two-phase flows through channels and pipes analytically
and numerically. Flow of fluid with suspended particles has vari-
ous applications to MHD generators, solid propellant rockets
etc.Usha et al [16] Recently numerical study of two-phase flow of
particulate suspension in non uniform channel has been discussed
by Ramprasad et al [17] . Many researchers concentrated on single
phase flow through convergent or divergent channels. So for re-
ported in the literature no consulted effort has been made to study
velocity and temperature slip effects on MHD convective two-
phase particulate suspension flows in a convergent channel with
viscous dissipation keeping in view of the above facts the present
work has been proposed.

2. Formulation of the Problem

Consider a steady, viscous in compressible buoyancy driven mag-
neto hydrodynamic two phase particulate suspension flow in a
convergent channel. The velocity and temperature slip condition
has been implemented on the flow field taking into the account of
viscous dissipation. The governing equations are
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where I, @ Polar coordinates, & Angle of the channel, U Kin-
ematic viscosity, 4 coefficient of viscosity, p density of the
fluid , 0 conductivity of the fluid, z, magnetic permeability of

the fluid, H magnetic field intensity, U, fluid phase velocity, Uy,

particle phase velocity, S drag coefficient of the interaction for the
force exerted by one face on the other.
The boundary conditions are

o, (0==xa
u1(0)=u0,u1(9=ia)=—sl#; u, (6 =*a)=0;
aT, (6
T(0)=T,-t, i ),Tlp:TW at 6=z+a
' C)
Introducing the following dimensionless variables
_uoroF(g). _uorOG(g). _Voro. h 1 _Tlp
L= PR T r |V1—Tv hp = —Tf =—
" (10)
Equations (1) — (8) are reduces to
F"'+2ReFF’—RF"+AB(G'—F’)+(4—M2)F’—gh':O
Re (11)
or-2%e a6 BiF-6)-S"h-o
R ReR (12)
" , ., R _, R_,
h"—RPri'+ AByPr(H-h)+PrEc| 3F* +4—— +F?-4_—F'|=0
Re Re (13)
—k(h—-H)=0

(14)

Associated boundary conditions are

F(0)=—sIF'(0);G (+a)=0;h(+a) =1-tlh' (+a);

H(+xa)=1F(0)=-1 (15)

Where F is fluid phase velocity, G is particle phase velocity, f, is

fluid particle interaction parameter for temperature, sl is the slip
parameter for velocity,t1 is the slip parameter for temperature, h is
fluid phase temperature,H is particle phase temperature.Reynolds
Y Cross flow Reynolds number= g = Yolo ;
1% v

number =Re =

Ratio of the densities of the particle and fluid phase = al

p
2
Fluid particle interaction parameter for velocity =g = 3" : Mag-
15
3
netic parameter =yz_ °Ho'%" - Grashof number = gr = A9NI"
pU v?
ulr?
Prandtl number = py = #» ; Eckert number = Ec = —22
k r cpTW

Skin friction Coefficient and Nusselt Number

In non-dimensional form

C, =Rie f’(ia) and Nu =—h'(ia)

3. Results and Discussion

Eqns. (10) to (13) with subject to conditions (14) are solved nu-
merically using shooting technique (Mallikarjuna et al [18, 19 and
20]. To validate the method, present results are compared with
Ramprasad et al. [17] as shown in Table-1 and it is found to be
very good agreement. Velocity and temperature profiles are dis-
cussed in this section. For computational purpose the governing
parameter values fixed as A=1, R=0.5, Re=0.5, M=1.5, Gr=5,

Pr=0.71,51=0.5,t1=0.5,Ec=0.5« :%, y=05B=1.

From fig. 2 it is observed that an enhancement in M, the fluid
velocity accelerates in the left half of the channel and reverse be-
havior is observed in right half of the channel. The decrement of
fluid velocity in the right half of the channel is due to Lorentz
force ,which opposes the flow direction.It is clear from fig 3, an
increase in Re, the fluid velocity decreases for Re=0.2, 0.7, 0.9
consistently but for Re=0.5, the fluid velocity increase in left half
of the channel and decreases in the right half of the channel. Fig 4
elucidates that an increase in R, the velocity of the fluid phase
decreases in the left half of the channel and reverse behavior is
noted in the right half of the channel. From fig 5 it is clear that an
increase in Gr, the velocity of the fluid phase increases in the left
half of the channel and it decreases in the right half of the channel.
It is interesting to note that the buoyancy effect is more near left
wall compared with that of the right wall.In order to illustrate the
influence of slip parameter s1 on the fluid velocity fig 6 is plotted.
An increment in s1, enhances the fluid velocity in entire channel.
For s1=0, no slip condition there is no change in the velocity of
the fluid phase near walls of the channel.In order to discuss the
influence of different governing parameters on particle phase ve-
locity figures 7-10 are plotted.From fig.7 it is observed that an
increase in M, the particle velocity increases in the channel upto
a=0.3 From ¢ =0.3 to the right boundary reversal behavior is
observed. It can be seen from fig 8 that the particle phase velocity
decreases rapidly for small values of Re, i.e Re=0.2, 0.5, 0.7 indi-
cating the particle phase is highly viscous and flow is laminar.
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When Re=0.9, the particle velocity increases. This behavior is 0.0
seen in Ramprasad et al [17].From fig 9 it can be noted that the
particle velocity decreases for R=0.5,2.5,3.5. Further when R=5.0 -0.5¢
the particle velocity shoots up. This indicates that for large values -1.0t
of cross flow Reynolds number, the particle phase viscosity in- 15 = Gr=3.0
creases there by the cross flow dominates and the particle velocity w Y Gr=5.0
increases. It is clear from fig 10 an increase in Gr, the particle -2.0¢f r=o.
phase velocity increases, the convection cells start growing from _25t Gr=7.0
both sides of walls and shows significant increase in the particle '
velocity in the mid region of the channel. Fig 11 depicts that, as -3.0f Gr=3.0
Ec increases the fluid temperature also increases. The same behav- -35 . . .
ior is noted in fig_12 for an increase in Pr. From fig _13 it is con- -04 =02 0.0 0.2 0.4
cluded that the fluid phase temperature decreases as slip parameter
increases.From fig 14, 15 it is clear that an increase in Ec,Pr the ) o )
particle phase temperature decreases. Fig. 5: variation of F with Gr
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Fig. 8: variation of G with Re
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Fig. 9: variation of G with R
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Fig. 10: variation of G with Gr
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4. Conclusions

With an increase in M, the velocities of both phases in-
crease in left half of the channel and depreciates in the
right half of the channel.

For small values of Re,an increase in Re the velocities
of fluid as well as particle phases decreases.This indi-
cates medium is highly viscous.

An increase in Gr,the fluid velocity increases near the
left boundary and decreases near the right boundary
where as the particle velocity increases in entire channel
due to thermal buoyancy force.

An increase in velocity and temperature slip parameters
separation near the walls increases and temperature fluid
phase decreases.

An increase in Ec,Pr fluid temperature increases where
as the particle temperature decreases.
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Table 1: Comparison results of skin friction

y=0, B=1s1=0, t1=0, Ec=0,4,k=0.,

coefficient (F'(a)) for
M=0, Gr=0,Pr=0, Q=0,

V4
Q=—
6
R | Re| g Ramprasad Ramprasad
et.al et.al Present Present
[17] [17]
1 1 1 -3.01181 4.40023 -3.01125 4.41278
3 -2.27677 6.57888 -2.28097 6.58771
) -1.95449 9.48694 -1.95881 9.49390
8 -1.81670 14.7735 -1.82035 14.7780
1 3 -3.23754 458254 -3.23717 459433
B -3.45904 476762 -3.45880 477874
1 1 -3.05541 4.43305 -3.05442 4.45791
2 -3.22663 4.56492 -3.22508 4.63639
3 -3.04792 4.42570 -3.04088 4.42749
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