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Abstract: The flow of a dusty viscous fluid between two infinite plates
filled with porous medium is of great importance in the field of liquid
metal, cooling of nuclear reactors, plasma confinement,
electromagnetic casting, fluidization process, gas purification,
sedimentation, pipe flow and transport process. In this paper the effect
of inclined magnetic on the flow of a dusty fluid between two parallel
plates having porous medium has been considered. After forming the
governing equations of the flow under the assumed conditions and
solving them using non-dimensional parameters, the expressions for the
flow of fluid phase and dust phase have been found. Later on they have
been used to draw the graphs between magnetic field and velocity of
both phases .It has been found that velocity of dust phase decreases
very rapidly while the velocity of fluid phase increases very slowly for
every set of values.
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1. Formulation of the Problem

Consider an unsteady laminar flow of a dusty, incompressible,
electrically conducting, and viscous fluid through a channel filled porous
medium of uniform cross section h, when one wall of the channel is fixed
and the other is oscillating with time about a constant non-zero mean. Let
x-axis be along the fluid flow at the fixed wall and y-axis perpendicular to
it. An inclined magnetic field is applied to the flow occurring in y direction.

Assumptions:The governing equations are written based on the following

assumptions:

(i) The dust particles are solid, spherical, non-conducting, and equal in size
and uniformly distributed in the flow region.
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(i) The density of dust particle is constant and a particle is uniform
throughout the motion.

(iii) The iteration between the particles, chemical reaction between the
particles and liquid has not been considered to avoid multiple
equations.

(iv) The volume occupied by the particles per unit volume of the mixture,
(i.e., volume fraction of dust particles) and mass concentration have
been taken into consideration.

(v) The dust concentration is so small and the continuity equation is
satisfied.

Governing equations of the flow: The study of the dusty viscous fluid
through an open channel has been carried out by many mathematicians;
Attia' studied the flow between two infinite plates in the presence of
magnetic field through porous medium. Then the study was further carried
out by Sandeep N. (2013) under the effect of temperature variant plates one
of which was oscillatinting. Further by keeping the temperature fixed, the
effect of magnetic field on the fluid flow was studied when the channel was
inclined at angle @ with X -axis. Modifying their equations suitable for the
present flow, they are written as:

2 2 2
(11) a_u: _£@+V6_L21 +i KNO(V_u)_iU_Musinzg ,
ot pox oy | 1-¢| p K, p
N o | o du K
1.2 —= ——+u—+—(v-u
(1.2 ot Nom{ OX 'uay2 m( )}

The boundary conditions of the problem are:

t=0, u(y, t)=v(y, t)=0,
t>0, u(y, t)=v(y, t)=0,
u(y, t)=v(y, t)=1+ee™,

where,
u(y, t)= velocity of the fluid particle,

v(y, t)=velocity of the dust particle,
m=mass of each dust particle,
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N, = Number density of dust particle,

¢ =Volume fraction of dust particle,

f =Mass concentration of dust particle,
K, =Porous parameter,

K =Stake’s Resistance Coefficient,

o =Electrical conductivity of the fluid,
= Magnetic Permeability,

H , =Magnetic field induction.
The problem is simplified by writing the equation in the following non

dimensional. Here the characteristic length is taken to be h and the
characteristic velocity is v .

X« « h?
X :ﬁ’ y :%, p = FZ)’
(1.3) pv
«~ vt « uh « vh
t 2—2, u =,V
h 1% 1%

Substituting the above non dimensional parameters equation (1.3) in the
governing equation (1.1 and (1.2). and after removing asterisks it is found
that,

%u: Zp+—+glv [6,+ &M +&;]u
X
(1.4) 2
ou  op &
— =t tav-Au,
ot OX

where A=¢ +&M +&,

Equation (1.2) becomes

v op %
(1.5) fa—(p{ 6X+8y :|+IB(V u),

where,
f mv
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, M=phPHE 2,
7,

M =M’'sin’ @ (Magnetic parameter) f _ Mg

particles),

M (Porous Parameter), g = il (Concentration resistance ratio)
Ki(1-9) Oy
The corresponding non-dimensional boundary conditions are:

2
82:

t<0, u(y,t)=v(y, t)=0, for 0<y<1,
(1.6) t>0,u(y, t)=v(y,t)=0, at y=0,
u(y, t)=v(y, t)=1+ee™, aty=1.

2. Solution of the Problem

To solve the equations (1.4) to (1.5) the below equations introduced by
Soundal Gekar and Bhat equations has been used. When  e£<<1

On solving equation (2.1), (2.2) and using these solution in to equation
(1.4), (1.5

(2.1) u(y, t)=uy(y)+eu,(y)e™,
(2.2) v(y, t)=vy(y)+ev, (y)e™,
then becomes equation:

int

(2.3) P=uy(y)—eu(y) ine™+eu (y)e™ —evy(y)eg v (y)e
+e+EM +&5)uy (V) + (& + &M +&) eu (y)e™.

(2.4) U (Y)— (&1 + &M +&) Uy (V) +&v (Y)=p,

(2.5) u (Y)—(&+&M+g+in)u(y) +&v (y)=0.

From equation (1.5)
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(2.6) B (¥)= [ Us (¥) =P |+ Buo (¥),

2.7) (B +nif Jvi(y)=Bu(y) +eu (y).

The corresponding boundary conditions becomes
(2.8) Uy (Y)=uy(¥)=vo(y)=v(y)=0, at y=0,
(2.9) Uo (Y)=u(Y)=Vo(y)=w(y)=1, aty=1.

Substituting equation (2.6) in equation (2.4), we get from equation (2.6)

(2.10) vo(y)=uo(y)+% [us (y)-p]

=uy"(y)- AUy (y)=p.

Solving second order partial differential equations and using above
boundary condition then obtained the solution of the differential equation:

Py A(y-1) sinh Ay P
(211) Uo(y)—?(e COShAy—1)+e m 1+?
—P—zeAy coshASMNAY
A sinh A

The first order partial deviations of u,(y) are

: =) ) 1
(2.12) uo(y):KeAy(smhAerCOShAy)_W(J-JFA_F)Z)

X(ACOShAy—A(l—y))M+£eAy co_shAy_COSAsmhAy .
sinhA A sinh A sinh A

The second order partial differential equations (2.12) differentiate with
respect to y

(2.13) U (y)=Pe” (sinh Ay +cosh Ay)+Pe” (sinh Ay +cosh Ay)
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PY 1 . sinh Ay PY) 1
_(HFJWA SInh Ay i hA _(H?LA(H)

(SN AY hAY | a2 (1- y)(1+ %) cos hAy—s”_1 hAy e AY)
sinhA A sinhA

~A(1-y) e ") (1+ izj SinhAy _ (1+ izj Ae M)
A” ) sinhA A
,Sin hAcoi hAy 1+£2 oAIY) | pey co_sh Ay + peY S|r_1 h Ay
sinh“A A sinhA sinhA
(2.14) +Pe” cosh AM— Pe® cosh AsmhAy

sinhA sinhA

o ) P 1
coretem o 21

sinh Ay p 1
+1|-|1+— |AcoshAy|1-——
X( sinhA j ( Az) y( "V sinh Aj

—A(1+£2j(1—y) 1 sinh Ay +P eAysmhAy
A e

(I-¥) sinhA sinhA

. cosh Acosh Ay
sinhA '

Substituting equation (2.11) and (2.14) in equation (2.6) and obtain the
equation,

P sinhAy | P a1
2.15 vy (y)=—¢e" cosh Ay| 1— REPU
@15) o(¥) A2 y( sinhAj+A2

X

sinhAy+£
sinhA g

x sir_1 hAy _ e AY) ( P+ A ) rerfag P Rulila 2 hAy
sinhA A ) sinhA

_(A+%cosh ij—(l— y)(A+%)+(l— y)e‘A(l—y) (A+%j

[[PeAy (cosh Ay +sinh Ay)} _ ) (Az N P)
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NN AY hAy P(eAy +CO0S hA)—S'_n hAy.
sinhA sinhA

On solving equation (2.5) and (2.6), we get
u(y)—(g+&M+e+in)u(y)+ev(y)=0,
(B +nif )vl(y):ﬁul(y)ﬂp[uf'(y)] .

Solving above equation and obtain the equation

_pu(y), o[u )]
(210 W)=t
or

ui(y)-B*u(y)=0,

& (1= B)+ &M +& +in

where B® = (,B+nif)+el((0)

Solve ordinary differential equation (2.16)
(2.17) u,(y)=e®(C,coshBy+C,sinhBy)
Applying above boundary condition, and obtain the value

B 1
2 eBsinhB

Putting the value of C; and C; in equation (2.17)

1) Sinh By
2.18 u (y) =20 3Nnsy
(2.18) 1 () sinhB

Differentiate Equation (2.18) with respect to y, we get

_ h By B(y-1) SINh By
2.19 (y)=—eB0 IO EY gy 1)gB0 ,
(219) 4 () sinhB +B(y-Y) sinhB

Again differentiating eq. (2.19) with respect to y

77
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! ~y) sinhBy B(y-1) COSh By
2.20 = BzeB(y l)L_ B2 1)e (y-1)
( ) UI(y) sinhB (y ) sinhB

- hBy sinhBy 2 _B(y-1
_B?(y—1)eBH EOSNEY | B2(y—1) 2D
(y ) sinhB sinhB (y )

+BeB(y,1) sinh By
sinhB

Substituting equation (2.18) and (2.20) in equation (2.7), we get

§ inhBy B?¢p sinhBy
221 =B, p| AN 2_2y-1
(2.21) w(Y)=8s P sinhB B {(y Y )sinhB
coshhBy
2(y-1)—— =%
(y ) sinhB
—nif
where BO:%.
pe+nf
§ inhBy B%gp sinhBy
2.22 =B, | MNOEY B Pz oy g
( ) Vl(y) o° P sinhB+ £ {(y y )sinhB

cosh h By
209"

Substituting the equation (2.11) and (2.18) in equations (2.2), it is obtain,

P ) SiNh Ay ay-1) Sinh Ay

2.23 u(y,t)=—(e” cosh Ay —1)+e V) 221 | oAly-2) ST Y

(2.:23) (.1 AZ( y )+ Sinh A sinh A
P sinh AY 4 geBlDgint sinh By

—e”' — cosh A - .
A sinh B

Substituting equation (2.15) and (2.22) in equation (2.3) and it is obtain

P sinh Ay P a(y-1) sinh Ay
2.24 v(y,t)=—e" cosh Ay| 1— +— A 2D TY
(2.24) (1) A? y( sinhAj A? sinhA

)sinhAy

@ A ; A(y-1) [ a2
+=| Pe” h Ay +sin Ay) |- A +P
[ e (COS Y +SIn y)] e ( sinh
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_eA(y—l)(p+A2)+eA(y—l)(A+EjM_(A+%) cosh Ay

A ) sinhA
P A(yl)( Pjsinh Ay
—(1-y)| A+— [+(1-y)e A+—
( y)( +A]+( y) +A sinh A

i sinhB

+P (e +cosh A) smhh,?:/ +.{BO e®0 ﬂ{sm hBy
sin

O of. 2 sinh By coshBy | | i
+-B -2y-1 -2(y-1 e'™.
Vej (y d ) sinhB (v=1) sinhB H

Hence the equations (2.23) and (2.24) represent velocity of the fluid, and
velocity of the dust particle. Now choosing suitable values of the parameters
and draw the graphs.

3. Result and Discussion

Tablel. Effect of Magnetic field on Velocity of fluid phase and Velocity of dust phase at

distance from initial point (y) = 0.01.

(& =0.201, 5, =1.005, 5, =1, f = 2, = 0.005, A = 0.9997,1.4156,1.7344, ..,y = 0.0, P = 1)

Sr.No. [ Magnetic field(M) Velocity of flud Particle(U) Velocity of dust particle(V)
| 0 0.00499768 0.992939
2 1 0.00542017 0.48785
3 2 0.00634819 0.31609
4 3 0.00717712 0.227999
5 R} 0.00795143 0.17331
6 5 0.00868178 0.135311
7 6 0.0093738 0.106851
8 7 0.01003172 0084367
9 X 0.01063923 0.06589

12
1
08 w—Wagnetic field{M)
Velocity of NMuid
06 particle{U)
04 — Magnetic field{M)
Velocity of dust
0.2 particie{V)
0
Q 2 - & 8 10

Figure 1. Effect of Magnetic field on Velocity of fluid phase and
Velocity of dust phase at distance from initial point(y) = 0.01.
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Table 2. Magnetic field (M), Velocity of fluid phase (U) and Velocity of dust phase (V)
(81 =0.201, &, =1.005,&; =1, B =2,90=0.005, A = 0.9997,1.4156,1.7344,..., y = 0.005, P = 1)

Sr.No. | Magnetic field(M) | Velocity of fluid Pasticle(U) Velocity of dust particle(V)

| ] 0.00499768 (1.992939
2 | 0.00542017 (48785

3 2 0.00634819 0.31609
4 3 0.00717712 (.227999
5 4 0.00795143 0.17331

6 N 0.00868178 0.135311
7 i 0.0093738 0.106831
8 7 0.01003172 0.084367
9 8 0.01063923 0.06389

Table 3. Magnetic field (M), Velocity of fluid phase (U) and Velocity of dust phase (V)
(51 =0.201, &, =1.005,&; =1, f = 2,¢p = 0.005, A = 0.9997,1.4156,1.7344, ..., y = 0.009, P :1)

Sr.No. | Magnetic field(M) Velocity of fluid particle(U) Velocity of dust particle(V)
1 0 0.011016 0.991191
2 | 0.011941 0.483767
3 2 0.013979 0.308461
4 3 0.0158 021658
5 4 0.017501 0.157739
6 5 0.019107 0.115176
7 6 0.020628 0.081712
8 7 0.022075 0.053755
9 8 0.023455 0.029313

Velocity of fluld phase(U)
Velocity of dust phase(V)

91'5
- 1
N

0.5

Rl V)

- 0
@ —_—V
> 0 2 4 - 8 10

Magnetic field (M)
Fig.1.2
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Velocity of fluid phase(U),
Velocity of dust phase(V)

1.2

0.8
0.6

0.4
0.2 u

Velocity(U,V)

0 2 B 6 8 10

Magnetic Field(M)
Fig. 1.3

All the graphs are showing the same trend regarding velocity of fluid
phase (U) and velocity of dust phase (v) with respect to magnetic field

(M). This means that the magnetic field is a very dominating factor in the

motion. It is evident that these expressions are containing hyperbolic terms
which are more effective in v than in U. The magnetic field is more
effective on particle phase as is expected by its physical nature. The
inclination of channel is more effective on particle phase rather than fluid
phase as the magnetic field weakens at higher values. The increasing value
of y (distance from the initial point) decreases the nature of curvature of the
graphs which is due to the combined effect of inclination and magnetic
field. This can be explained of the basis of strength of applied magnetic field
together with the effect of other factor. As field is more effective on dust
phase, therefore they can be easily controlled by it. But the field is less
effective on fluid phase, therefore the velocity gains a very little
increment. Thus the model so evolved is justified on the physical nature.
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