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Abstract- In this paper MHD flow of a non-Newtonian fluid
with volume fraction have been studied. The flow of fluid is
through an inclined rectangular channel. The magnetic field
applied is transverse in nature. Depending upon the physical
nature of the problem equations has been made and results
have been derived. In the end graphs have been made
depending on the values chosen. Findings of the study reveal
that on increasing the value of magnetic field parameter the
velocity of the fluid and particle increases.
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1. INTRODUCTION

The importance of the flow of dusty viscous non
Newtonian through various channels in the presence of
magnetic field is increasing day by day, as it is very helpful in
the industries like power generation, chemical processing,
nuclear reactor, space sciences and mechanical engineering.
As a result many scientists are attracted towards this
field.Reddy (1972) discussed the effect of presence of dust
particles with velocity profiles for the unsteady laminar flow
of a fluid with uniform distribution of dust through rectangular
channel.Gupta and Gupta (1976) obtained the expressions
using operational method for velocities of gas and particles in
a dusty gas flow through a rectangular channel Kumar and
Singh (1991) observed the unsteady MHD flow of a dusty
viscous liquid through an open rectangular channel. Kundu
and Sengupta (2001) observed the unsteady flow of a visco-
elastic Oldroyd fluid with pressure gradient through a
rectangular channel.Madhuret (2009) discussed the motion of
a dusty gas through porous medium in an open rectangular
channel and found out the expression for skin friction at the
boundaries. Gireesha (2010) worked on the unsteady flow of a
dusty fluid through a rectangular channel under the effect of
pulsating pressure gradient with uniform magnetic field. Rai
and Khare (2012) also worked on the MHD flow of a Dusty
non Newtonian fluid through rectangular channel under the
influence of a uniform transverse magnetic field and found out
the relation for the mean velocity of the flow and magnetic
field which includes other parameters like nonNewtonian
factor, electrical conductivity of the fluid, non dimensional
parameters and viscosity of the fluid.
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Il. FORMULATION OF THE PROBLEM

Consider the motion of an unsteady incompressible
non—-Newtonian electrically conducting viscous fluid with
uniform distribution of dust particles through inclined
rectangular channel placed under the effect of uniform
transverse magnetic field.

The velocities of fluid and dust particles are u and
v respectively.

Then the equation of motion are given by

V.u" = 0 (for fluid phase) 1)

ou’

1L - )55+ W. V) = —2Vp + vV + 1 (v — ) -

aBgu' .
Sch) + g sinf
)
So the equation for fluid phase becomes
ow _  1dp a%u' | 9%’ Lor oy
(1_(1))5__pazl+v(6x’2+6y’2)+r(v u)
B o sin
p(1+c?) 9
©)

Where g is the gravity and @ is the angle of inclination of the
channel
V.v" = O(for dust phase) 4)

ovr ’ A A
2 O =~ ) ®

So the equation for dust phase becomes
ovr 1

oo =W =) (6)

T

Pressure gradient

—%% = A(1 + ge'@?) 7

Where

u: velocity of fluid ,

v: velocity of particle ,

m: mass of dust particle,

p: density of fluid,

P: static pressure of fluid,

No: number of dust particles per unit volume,
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K: Stoke's resistance coefficient,
Bo: external magnetic field,

o : Electrical conductivity of fluid,
v Kinetic viscosity of fluid,

f =mN0
p

T= %: Relaxation time parameter,

¢ : non-Newtonian factor,
6: Angle of inclination of the rectangular channel,

g: gravity.

The boundary conditions are

u=0,v"=0at y' =0,
u'=0,v"=0 aty' =h,
u =0,v"=0atx'=—-d
andu' =0,v' =0atx' =d (8)

Where h is the distance between the plates
Where A and w are constants.

Non Dimensional parameters are

— u'w — viw — — xr — yr — zl —
ur="5, vaEOE St g =l =50 =0 p e
’ wh?
L and Re = 2= 9)
Aph v

Using the non Dimensional parameters above equations for
fluid phase and dust phase becomes

dux _  dp a%u*  9%u* o oy
(1_¢)E_ 0cp+v(6q2+6[]2)+ra)(v u)
oBZu*
p(1+c?)w +R
(10)
Where R = g sinf.(gravity parameter)
fvr — i(u * —U %) (11)

dtx

Now for the sake of simplicity removing the (*) from the
above equations we get

ou 2
-5 =5

(62u 0°u
4
0]

9¢? an2) +fB(v—u)—au+R

(12)
3_1: =Bu—-v) "
Where

_  oBg B= 1
p(1+cz)a) '

——==(1+eet)

Then accordingly the boundary conditions are
u=0,v=0at 11 =0,

u=0v=0atl] =1,
u=0v=0atg=—-r
andu=0,v=0atg=r

Wherer = %.

(14)
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Now suppose the solution of velocity
u(g 1, £) = uo (g, M) + ey (5, N)e™,
v(g,1,t) = vo(g, 1) + evy (g, e’

(15)

Now putting these values in (12) and (13)
1 (02 0%u; g . 02

1 - d)eiuje™ =1+ ege@t +— ( 6:0 ?uzle“f +Wuz°
saa—;zle“) + fB(vy + evy et —uy — euse't) — aluy +
cu,e®) + R (16)
And
givie™ = B(uy — v,) + Be(uy —vy)e™

(17)

Collecting the coefficient of similar powers of € on both the
sides, we get the following

Steady part (coefficient of £° ).
1 0%uy 0%uy _
+Re ( 6SL2 ++ anz ) + fﬁ(vo uO) auO
Or
1 [(0%uy 0%ug
E(aqz ++ anz) fﬁ(vo_uo)

+R=0

o +R=-1

(18)
and

B(ug —,) =0 (19)

Now

Unsteady part (coefficient of 1 ).
0°uq

(1 - Qhuy +awy = 1+ (550 + 22) + £R (o, — ),
Or

i (662:1 an? ) + fB(vy —uy) — (0-’ +(1- (1)))u1

(20)

,B(u1 —vy) — (21)

vy =
Then accordingly the boundary conditions are
U =0,v0=0at 11 =0,

U =0,vo=0 at1 =1,

U =0,v9=0ateg=-r

and ug = 0,vy =0atg=r,

And

(22)

=0,v;, =
=0,v, =
=0,v, =
and U, =

Oat 11 =0,
0atll =1,
Oatg=—r

O,v;=0atg=r, (23)

Putting equation (19) in (18)

0%uy 0%uy
(6q2 ++ I )+01Reu0 —Re(1—R)

(24)
Now to solve equation we assume

uo(e. ) = X(g.1) +Y ()
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Then equation (24) becomes

a%x %x  d%v _
(E*‘ +W+E) +aRe(X+Y)=—-Re(l-R),

So,
(25)

(26)

Now the corresponding boundary conditions changes to
uo(=r, 1) =X(=r, ) +Y(-r) =0

u(r,) =X N +Y(r)=0

uo(g,0) = X(g,0) +Y(g) =0,

uo(g,1) = X(g,1) +Y(g) =0,

And

ur(=r,1) = Xa(=r, M) +Y1(-7) = 0

uy(r,1) = Xa(r,N) + Y1 (r) =0

u1(g,0) = X1(g,0) +Y1(g) =0,

ui(g,1) = X1(g,1) +Y1(8) = 0,

(27)

(28)

The solutions of the equation (25)
v(g)= complimentary function + particular integral,

Y(g) = BleVaRe s 4 p2ovaRes 4 1
a

v(g)= complimentary function + particular integral,

5= - () 5=l
52= - (<) 5=l

V(o) = - (L) [1 - Zeshvake

2cosh
Now the solution for the (26) is obtained by the method of
separation of variables

X(g 1) = Z(eNM),

Now

(29)

(30)

aRer

=S +aRe = —p(say),

(31)

(32)

Now the solution of equation (31) is

Z = Complimentary function + Particular Integral
Z=C cos pg+ D sin ps,

Now the solution of equation (32)

N = Complimentary function + Particular Integral
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N =

(E; + E,)coshy/aRe + p21 + (E;

Hence the complete solution i

X(g 1) =

(Ccos pe,+ Dsin pe){(E; + E,) cosh/aRe + p21] +
E; —E,)sinh./aRe + p21}

Now applying the boundary conditions equation (27) in
equation (33) we get

— E,)sinh+aRe +p21],

(33)

X(g 1) =

2(1 R) Zoo | sin (nn SL) (sin hs (I’S]i—nl})l;sin hs I’]) x

(1 aRe(—1)" nm )
ni S2nm r2S2coshvaRer

So putting the equations (34) and(30) in
uo(g, 1) = X(g, 1) +Y (=)

(34)

we have

up(g, 1) =
(- sl

2(1 R) Zn ) sin (nn SL) (sin hS (2;112;Sin hS I’]) x

(1 aRe(—1)" nm )
nm S2nm r252coshvaRer/’

Now since we know that v, = u,

vo(e, 1) =
(- sl

2(1 R) Zoo L sin (nn SL) (sin hS (2;112;Sin hS I’]) «

( 1 aRe(—1)" nm )
nm S2nm r252coshvVa Rer/’
Now for unsteady part we have

i (662:1 aa[;l) + fﬁ(vl 1) - (a + (1 — q)))ul =-1,
— Bug
B+’

(35)

(36)

And since v{ =
So

(G + ) + Re{ffirar = s = —e
@

Let

u;(g,1) = X, (g, 1) + Y1(2)

9%x, . 0%x, . 9%y, fBi

Tttt e Relfhrar -0} 00+
Y1) = —Re,

(38)

% _ p, {fb’l ra+(1— (l))} Y; +Re =0 (39)

0¢? B+i
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aazégl a;r‘;(: — Re {gﬁ +a+(1- c]))} (40)
Or we can write

ﬂ —Q2Y, + Re =0,

Where {gﬁ +a+(1- c]))}

And the solution becomes

Y, = B3e@ + B*e~Q% + g—j (41)

Where B3and B* are constants. Now solving for constants
using boundary conditions

Re
3 =" T 4 =
B Q22cosh (Qr)’ and B

_ Re _costh)
SoY; = D (1 —

cosh Qr

Re
Q22 cosh (Qr)

(42)

Now for the solution of equation (40)
Let X; = Z;(g)N, (1),

So the equation becomes

1d%zy _ 1 d%Ng 2 _ 2
e = Tmap T =P
Z; dg? Ny dn

4, +p?Z; =0

— (43)
d*N

—(Q*+pH)N, =0 (44)

dnz

Solution of (43) is given as
Z, = complimentary function + particular function,

Z, = (Es cospg + E¢ sinpeg), (45)

And the solution of (44) is
Ny ={(E; + Eg) cosh/p? + Q11 +
E, — Eg) sinh/p? + Q21)}

Combining equation (45) and (46) we get
X1(g, 1) = (Es cospg + Eg sinpg) {(E; + Eg)

coshy/p? + QZ1\(E, — Eg)sinh /p? + Q711},

Now applying boundary condition we get
Xy (&,1) = Egsin("- ){(E, + Eg)cosh T 1) +

(E;, — Eg)sinh TN}
n2m?
T = ’ " ,

Solving by similar method
Xi(g, 1) =

2Re ¢oo nm sin hfB (IN-1)—sin kBN 1
QZ n= 1SIn ( q) ( sinhf ) x (nn'

(D" = ),

1r2T2 cosh (Qr)

(46)

(47)

(48)

nn’B2
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Now
u; =
R_e( . costh) T
Q2 cosh Qr
2Re sinB h (I-1)-sin hﬁl’l)
o T 1S'n( 8) ()
(L _ (- ——— "
nm mTB2 r2T2 cosh (Qr)
(49)
Now
v =
B (Re (1 . costh) T
B+i Q2 cosh Qr
2Re oo . (nn sinB h (I-1)-sin hﬁl’l)
Q2 n=1SIN ( r g‘) ( sin hf x
1@ qyn___
(nn nmB2? ( 1) r2T2 cosh (Qr))’
- £
Asvy = ﬁﬂ,ul,
u(g, 1, t) = (g, N)+euy (g, N)e’,
_ (1-R 2 cosh+a Re q]
=(— o2 VR
u(a’ r]’ t) ( )[1 2cosh+aRer
2(1 R) (nn’ ) (sinhS(I]—l)—sinhSI]) «
Zn 1Sln r & sinh S
(i_aRe( 1)"_ nm )+£R_e(1_
nm S2nm r2S2coshVaRer Q2
costh) +
cosh Qr
2Re nm sinf h (I1-1)-sin hﬁn) «
€ Q2% =M= 1S|n( q)( sinhf
1 _ @ qyn___nm
(nn’ nmB? ( 1) r2T2 cosh (Qr)
(50)

v(gI,t) =
() [T +

2(1 R) voo nm sinh S (N-1)-sinh S1
Zresin(e) () x
(L_aRe( 1)”_ nm ) [,6’ Re( _

nm S2nm r2S2coshVaRer B+i “Q2

cosh Qg 2Re . (nn ) (smBh (N-1)-sin hﬁl'])
SOSRER) 4 28 el

coshQr) g2 ~n=1 sin & sinhpB x

(TLT[ (_ )n - o

r2T2 cosh (Qr)

nnB2

(51)
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Figure 1
Velocity of fluid(u) and Magnetic parameter(M)
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Velocity of particle(v) and Magnetic parameter(M)
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I11. RESULT AND DISCUSSION

The above graphical representation shows the change
in the velocity of the fluid and particle with increases in the
value of magnetic field under the effect of non Newtonian
factor.

Figure 1 shows the change in the velocity of the fluid
with changes in magnetic field of the system while under the
effect of nonNewtonian fluid. It has been observed that on
increasing the magnetic parameter of the fluid the velocity of
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the fluid also increases. Physically it happens due to negative
velocity gradient. The graph of the fluid velocity id an
increasing curve .The result found is also verified by the
mathematical equations.

Further it has been observed that on increasing the
value of non Newtonian factor the initial velocity of the fluid
decreases. This is due to the fact that on increasing the value
of Non-Newtonian factor the fluid becomes non ideal.

Figure 2 shows the change in the velocity of the dust
with respect to changes in the magnetic field parameter and
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nonNewtonian factor. It is found that on increasing the effect
of magnetic parameter the velocity of the particle increases in
the form of a curve because of negative velocity gradient. It
has also been observed that as the fluid becomes
nonNewtonian its velocity decreases. Due to the fact that on
increasing non —Newtonian factor the fluid becomes non ideal.

Hence going through the above results we can
conclude that the effect of both the parameters (magnetic field
and nonNewtonian parameter) is same on the velocity of the
system. The graph in both the cases takes the form of the
curve .Initially the graph starts from a point and then splits
into several curves for different values of nonNewtonian
factor. The difference in both the cases is only because of the
numerical values. The results obtained are true mathematically
also. From the figures the combined effect of both the
parameters can be seen on the velocity of the system.
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