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Abstract: An analytical study of the MHD flow of a conducting dusty fluid
through an inclined channel under gravity in Anholonomic co-ordinate system
has been studied. The flow is due to the influence of time dependent pressure
gradient along with the effect of the movement of the plates and uniform mag-
netic field. Flow analysis is carried out using differential geometry techniques
and exact solutions of the problem are obtained using Laplace transform and
variable separable methods, also which are discussed with the help of graphs
drawn for different values of inclined angle, time parameter and number den-
sity of dust particles. Further the expressions for skin-friction are obtained at

the boundaries.
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1. INTRODUCTION

The inclined channel with a free surface has many important applications in the designs
of drainage, irrigation canals, flood discharge channels, coating to paper rolls and in the field
of hydraulic engineering. Hence the flow of a liquid in an inclined channel with a free surface
under gravity has long been studied experimentally and several empirical results have been

reported by many investigators like Vanoni [26] and Johnson [10].

The analytical results for velocity distribution and shearing stress of an unsteady lam-
inar viscous fluid flow down an open channel with permeable bottom under the action of
gravity has been discussed by Satya Prakash [21]. Ghosh and Debnath [§] have studied the
hydromagnetic flow of a visco-elastic fluid between infinite parellel plate. Verna and Vyass
[25] derived analytically, the velocity distribution and flux under steady laminar flow down
an open inclined channel. Also, Singh [19] investigated the unsteady laminar flow of an

incompressible viscous fluid between porous parallel plates.

The basic equations for the flow of dusty fluid were formulated by Saffman [I§]. Since then
many researchers have discussed the problem of dusty fluid. Some researchers like Micheal
and Miller [14], Mitra [I5], Norey [16], Amos [I], Liu [12], Saxena and Sharma [22], Kaur
and Sharma [I3], Ghosh [8], Agrawal and Varshney [2] have studied various problems under
different intial and boundary conditions. Shri Ram, B.K.Gupta and N.P.Singh [20] have
studied unsteady flow of a dusty viscous stratified fluid through an inclined open rectangular

channel.

Frenet frames are a central construction in modern differential geometry, in which struc-
ture is described with respect to an object of interest rather than with respect to external
coordinate systems. To investigate the kinematical properties of fluid flows in the field of
fluid mechanics some researchers like Kanwal [I1], Truesdell [23], Indrasena [9], Purushotham

[17], Bagewadi and Gireesha [3], [4] have applied differential geometry techniques. Further,
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recently the authors [3], [4] have studied dusty fluid flow in Frenet frame field system, with

appropriate boundary conditions.

In the present paper we have discussed an unsteady flow of a conducting dusty fluid
through an inclined rectangular channel with naturally permeable bed, impermeable vertical
walls under the influence of uniform magnetic field and an arbitrary time varying pressure
gradient in Frenet frame field system. Here we have taken, the boundary conditions at the
interface of the free flow region and porous medium is as suggested by Beaver’s and Joseph
[7]. Also we considered fluid flow in porous medium governed by Darcy’s law and fluid in free
flow region governed by Navier-Stoke’s equations. Further by considering the fluid and dust
particles are at rest initially, the analytical expressions are obtained for velocities of fluid
and dust particles using Laplace transform and variable separable techniques. The changes
in the velocity profiles for different values of inclined angle ~, time parameter ¢ and number

density of dust particles N are shown graphically.

2. EQUATIONS OF MOTION

The equations of motion of an unsteady viscous incompressible fluid with uniform distri-

bution of dust particles are given by [18§]:

For fluid phase

(2.1) V-u =0, (Continuity)
u 1 kN B?
(2.2) a—u—l—(ﬂ)-V)ﬁ:——Vp+uV27+—(7—7)+gsin’y—0—7
ot p P P
(LinearMomentum)
For dust phase
(2.3) V- =0, (Continuity)
ov — — ko -
(2.4) 5 T (v -V)v = E< w —v)  (Linear Momentum)

We have following nomenclature:
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. —velocity of the fluid phase, © —velocity of dust phase, p—density of the gas, p—pressure
of the fluid, N —number density of dust particles, v—kinematic viscosity, k = 6mau— Stoke’s
resistance (drag coefficient), a—spherical radius of dust particle, m—mass of the dust particle,
pu—the co-efficient of viscosity of fluid particles, t—time, g— the acceleration due to gravity,
o— is the electrical conductivity, B— is variable electromagnetic induction, v— is an inclined

angle.

3. FRENET FRAME FIELD SYSTEM

—
Let 5,7, b be triply orthogonal unit vectors tangent, principal normal, binormal respec-
tively to the spatial curves of congruences formed by fluid phase velocity and dusty phase

velocity lines respectively as shown in the figure-1.

=

E 3

il

L 3
Loy ]

Figure-1: Frenet Frame Field System

Geometrical relations are given by Frenet formulae [6]

.
L ew T T ke, D
as S 9 88 S S 9 88 S
o a0 0%, —
ZZ) %:kl?, %:—U;?, %:O’;b —k;ﬁ)
- — —
iid) %—z e %—Z - 38—2 oW KT
(3.1) W) V.5 = Opy + Op; VT =0y — ke V. b =0
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where 9/0s, 9/0n and 0/0b are the intrinsic differential operators along fluid phase velocity
(or dust phase velocity ) lines, principal normal and binormal. The functions (k;, k., k}) and
(75,00, 0p) are the curvatures and torsions of the above curves and 6,5 and 6,5 are normal

deformations of these spatial curves along their principal normal and binormal respectively.

4. FORMULATION AND SOLUTION OF THE PROBLEM

Consider an unsteady laminar flow of an incompressible electrically conducting dusty fluid
down in an inclined channel. The walls of the channel are taken to be normal to the surface
of the bottom. The bottom is assumed to be inclined at an angle v (0 < v < 7/2) to the
horizontal. The flow is assumed to along the binormal direction ?, and 7 is perpendicular

to it as shown in the figure-2.

Both the fluid and the dust particles are supposed to be static in the beginning. The
shape and size of the dust particles are assumed to be spherical and uniform respectively.
Under the influence of time dependent pressure gradient, the flow is flowing down an inclined
channel with permeable bottom under the action of gravity. For the above described flow

the velocity components of both fluid and dust particles are respectively given by:

where (ug, u,, up) and (vs, v, vp) are velocity components of fluid and dust particles respec-

tively.
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n=h o
s=d s=-d
n=»_
-
S \ B'P
v [

Figure 2: Schematic diagram of dusty fluid flow in a channel.

By virtue of system of equations ({3.1]) the intrinsic decomposition of equations ([2.2)) and

(2.4) using equation (4.1]) give the following forms:

(4.2) 0 = —%% +v (Tsksul; — 20£%>
1
43 0 = 2 (ot Ko —2n 52 )
pon <
o Lop | [Ow O kN B
4.4) =2 = _-Z2Z _c kN, B
( ) ot Pab+7/ |:(9$2 + On2 up| + P (Ub Ub)—l—gsulry . p Up
k
(4.5) % = E(ub — p)

(4.6) vik] = 0

where C, = (72 + 0/ + k%) is called curvature number [4].

From equation (4.6 we see that v2k; = 0 which implies either v, = 0 or k; = 0. The choice
v, = 0 is impossible, since if it happens then u;, = 0, which shows that the flow doesn’t exist.
Hence k] = 0, it suggests that the curvature of the streamline along binormal direction is

zero. Thus no radial flow exists.

The flow in the porous media is governed by the Darcy’s equation,

(4.7) Q= . < 6b—|—pgsm7)
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where (@) is the velocity in the porous media and Kj is the variable permeability of the

medium.

The condition at the interface of the free flow region and porous medium, following Beavers

Oug B
an n=h B
ov, B
on n=nh B

From equations (4.4) and (4.7)),we have

and Joseph [7] is given by

STE
&=
S

kN B?
- Orub:| + —(vp — up) — U_Ub
p p

ouy, — Qu Puy 0wy
(48) ok, Y [asz o

By defining the depth of the channel h as the characteristic length and the mean flow

velocity Uj as the characteristic velocity. We introduce the following non-dimensional quan-

tities.
g 5 M b, uMu, ,  pMu, 0" uM?>*Q
= —_ n = — = — U, = V., = =
h’ h’ oo U ~ ° Uy Us
o ko . ut . pM?*h3uy . pM?h%ug . uT
0 h2 9 0 th 9 1 U() ) 0 UO ) th

The equations (4.5) and (4.8))transformed to( after dropping the asterisks over them)

ou Puy,  O%u l

(49) a_tb = P+v aszb + an; — Chup| + ;(Ub — Ub) — M2ub
ov 1

(4.10) a—;’ = —(w—w)

2 __ oB2%n? _ M?R2T_0p : _ mN _m
where M* = o , P = Ty [ ab—i—pgsm’y},l-—p andw——&kh%.

Since we have assumed that the constant pressure gradient to be impressed on the system

for t > 0, we can write

dp

_ t
% Po + D1
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The initial and boundary conditions are

u, = 0, v,=0 at t=20
up = upet 4 uge= 2! at s = =+d
u, = 0 at n=0 and n=1

where w; and wy are constants. Let U, and V}, are given by

o

(4.11) Ub:/em u, dt and Vb:/e‘m vy dt
0 0

denote the Laplace transforms of u;, and v, respectively.

Then (4.9) and (4.10)) becomes,

82Ub 32Ub l 2
(4.12) 2Uy = P(x)+v < 052 + on2 CrUb) + ;(Vb —Upy) — M7U,
1 U,
4.13 Vo = —(Uy— V) Vp=—-—
( ) Y w( b I (14 2w)
and boundary conditions are,
Po N
P = — 4+ =
(z) e
(4.14) Uy = o, at s = +r
T — 1wy T + 1wy
U, = 0 at n=0 and n=1

From equations (4.13)) and (4.14]) we obtain, the following equation

82Ub (‘92Ub 2 —p(x)
0s? * onz 1 U = v
02U, n 0*U, U, — _M2h2 pox + p1 + pg sin yz?
0s? on? 5 = Ugv x?
0?U,  0*U
(4.15) 87;’ + an2b —¢*U, + R=0
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where

l
2 _ LM T X
1 <C+ +y+1/(1—|—xw)

M?h?
and R = [

Uol/

pot + p1 + pgsin yz?
x?

To solve equation (4.12)) we assume the solution in the following form
(4.16) Up(s,m) = wi(s,n) + wa(s)

Substitution of U,(s,n) in equation (4.15)) yields

8211)1 821112 82w1

0s? 0s? on?

—qz(wl—i-wg)—i—R:O

so that if wq satisfies

82
(9:;2 —wy +R=0
then
2 2
(4.17) Owy | OWn 2

0s2 on?

In similar manner if Uy(s,n) is inserted in no slip boundary conditions, one can obtain

Ub(r7 n) = Wy (7"7 n) + wQ(T) - (mijlzlwl) + (:1:4322102)
Up(—=r,n) = wi(—r,n) + we(—r) = oy T Griny
Us(s,0) = wi(s,0) + wa(s) =0
\ Up(s,1) = wy(s,1) +we(s) =0 )
By solving the problem
5.2 4 w2 +R=0
Uq U2
wa(r) = - + -
2(r) (x —iwy) (T +iws)
wy(—r) = 4 2

(x — iwq) + (x + tws)
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we obtain the solution in the form

(A18)  w(s) = |—M U2 } (COSh(QS)) R [M ~ 1}

(x —iwy) (2 + dwy) cos(qr) q? | cosh(qr)

Using variable separable method, the solution of the problem (4.17)) with the conditions
wl(ra n) = Oa wl(_r7 TL) = 07 w1(37 0) = _wQ(S)v 'lUl(S, 1) = _wZ(S)

is obtained in the form

(4.19) wi(s,n) = 2 i sin (%‘Q {{(x —u;wﬁ " (z f;@)] r2A? Z‘l):h(qr)

B o Uy (=) N R ryT
(x —iwy) (2 +dwy) r2A? q? r2 A% cosh(qr)

R(=1D)"nm  R[1-(=1)"] } ([sinh(A(n —-1))— sinh(An)])
¢ r2A? q? T sinh(A)

2,21 122
where A = |/ T

Now by substituting (4.18) and (4.19)) in (4.16) we have

o) = [ ) (o)~ oot 1]+
8 go“ sin <%S) [(x - ;wl) e +u 2w2)1 {[Smhﬁéizs;(?) ;nslil?};x()An)]}
- i_gr:()(_l)”“ sin (775) [(a; —u;wl) T fin)}
) {[sinh(A(Zl 1) (—Aiinh(An)] } ! é i (1273

e}

sinh(A(n — — sinh(An T T
{Q_RZ[ hﬁP éinh(il)))cosh(q};() ) } - i_z Z(—l) r1 sin <T$>

r1=0
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y {q_RQ[sinh(A(n — 1)) — sinh(An)] } B % i — Sm (7’1_7rs>

AZsinhi(A) 2 r
) { q_zz [sinh(A(n S—inz()A—) sinh(An)] }

W = e e * ) ()~ #
e e ifnzzoﬁsm(%) [T Ra e

[sinh(A(n — 1)) — sinh(An)] 27 T Uy

X { 1+ o0 A%osh(qr)smh(A)} = ;( rtrsin (77) [m

- +2w2)] {[Sinhgl j—nxc_u)lf)lz ;nsfll(li } - Z“ Sm( )

( =0
R [sinh(A(n — 1)) — sinh(An)] 2 .. (TIT
x {? 1+ zw)A?sinh(A) cosh(qr)} 2 T;)(_l) rst (78>
R [sinh(A(n — 1)) — sinh(An)] 2 = [I—(=1)"] . /7w
. {? (14 zw)A2sinh(A) } T 7;) 1 S (TS)
R [sinh(A(n — 1)) — sinh(An)]
. {? (1 4+ zw) sinh(A) }
o ur (¢ +ige) | uvm = v (2re + )7
w(s,n,t) = GRS DR TZZ:O(—D (2ry + 1) cos {TS}
y {e“t(xg +iwy) (1 4+ x3w)? % (xy + iwy) (1 + z4w)? ] us (3 — ichy)
(@5 + )l + (1 +apw)?] (@ +w)l+ L+ zw)?]] (K2 +L2)
UgT ~ . (2ry + D)7 ] [ €™ (x3 — dwe) (1 + z3w)?
e ;:0(_1) (2rs +1) cos [ or S} [(x% Dt (Lt 2a0)?]
e (xy — iws) (1 + z4w)? J 1
R ERT W)ZJ ~ {X2 cosh (X7 [0+ pit) ( cosh(Xs)

—  cosh(Xr) > + 2V§;<C10;Z(T) ( ssinh(Xs) — rsinh(Xr) ) }
- o) 2 o000 (LD (o) 2ei0n)) | - 2

y i (1) o (2ry + 1)7r8 e™st(1 + :cgwf [p1 + poxs + (pgsiny)x3]
« (2r2 + 1) 2r 5[l + (1 + z3w)?]
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at 1 9 . 2 2 0
e (1 + z4w)” [p1 + pozs + (pg sm’y).?:ﬂ} } + < Z ry sin (7“17T )

—S
23l + (1 4 z4w)?| r? = r

uy (¢5 + i) WUT (22 +1)
{<O2+P2><R32+Ra><02+02> SRl

[sinh(B(n — 1)

sin

ro=0

— sinh(4n)] [ e”3t(z3 + iw ) (1 + z3w)?
g (@3 + wi)[l + (1 4 z3w)?]

)
h(

e (g + iwr)(1 + z4w) U1V o= [1 — (—1)"2] sin(ryn)
(2% +w?)[l + (1 + z4w)? ]} * 1;] > cos(ayr)
e (zy +iwy ) (1 + z7w)? €™ (xg + dwy ) (1 + z5w)? ]
(@2 +w)[l+ (L +zw)?] (2 +wd)[l + (1 + zsw)?]
ug (7 — ics) UgVT < v (272 + 1)
(07 + PR + R)(K? + 17) 2, (D p?

[sinh(G(n — 1)
sinh

) — sinh(6n)] {e“’t(mg —iwg)(1 4 z3w)?
(8) (23 + wi)[l + (1 + z30)°]
e™t(xy — twq) (1 + z4w)? ol = [1 — (—=1)"2] sin(rynm)
(22 +wd)[l + (1 + mw}QJ + T Z To cos(aqr)

ro=0

"M (g — dwe) (1 + z7w)? €™ (x5 — dwe) (1 + wgw)? 21 1,
U xm} } 2

. (T uy (g — i¢h10) 2u11/ —[1-(-
sin <73> { BT 5 R0 1 P Z SIH(TQTMT)

r2=

[ " (g +1wy) (1 + z7w)? €™ (xg + 1wy ) (1 + zgw)? } ug (11 + ig12)
(2wl + (L +zmw)?] (@ +od)ll+ (1 +asw)?]] (R + R0 + P
2uz¥ — (=1)"]ry sin(rqnm e (w7 — iws) (1 + w7w)?
" mzo“ sintrann) |
e™! (xg — iwq) (1 + z3w)? 2 = . (TIT 1
(22 +w)[l + (1 + xgw)Q]} } i 2 = S <_S> {X2Y2 cosh(Xr) sinh(Y)
[ (po + prt) ( sinh(Y (n — 1)) — sinh(Yn) ) + pl;fy J ( (n — 1) cosh(Y (n — 1))
pr(sinh(Y(n — 1)) —sinh(Yn)) [ (1 +1) o
— ncosh(Yn) ) } iy o2 (X ) s (V) [ 5 X?Y cosh(Xr) cosh(Y)
+ (12;r Z)XYZ sinh(X7r) sinh(Y) 4+ u 2— ) (X% +Y?)cosh(Xr) smh(Y)] Li:
(=1 [sinh(B(n — 1)) — sinh(5n)]
Z—o (2ry + 1) (32 sinh ()
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e (1 4 z3w)?[p1 + poxs + (pg siny)z3]
23[1 + (1 4 x3w)?|

&ﬂu+xmwwy+mm+wmwmvmﬂ]_ggiiu—«—nﬂ[smwﬂm>]

23l + (14 z4w)?] = T a? cos(ayr)

x [em(l + 27w)?[p1 + poxr + (pgsiny)w]
22[l + (1 + 27w)?]

e (1 + zsw)*[p1 + poxs + (pg siny)z] 21T N~y
23l 4 (1 + zsw)?] ] } wr? m—o( D
X sin (rl—ws> {m [(po + p1t) sinh(Y'(n — 1)) — sinh(Yn)
+ (1y;; ) < (n — 1) cosh(Y'(n — 1)) — ncosh Yn> }
_ pi(sinh(Y(n — 1)) — sinh(Y'n)) [(1 - Z>X2Y cosh(Y) + (1+1)
X*Y*sinh®Y 2v v

x (X?2+Y?) Sinh(Y)} _ 2% i 11— (7;1)7“2] {sin(;:g%nﬂ-)}

GRS z7w)2[p1 + poxr + (pg siny)z2]
22[l + (1 + 27w)?]

™! (1 + 25w)?[p1 + poas + (pgsiny)ad] 2J o~ [1 = (=1)"]
23l 4 (1 + zsw)?] ] } o Z T

r1=0

X sin (rl—ﬂs> {m [(po + pit) ( sinh(Y(n — 1)) — sinh(Yn) )
+ (1V;; ) ( (n —1)cosh(Y(n —1)) —ncosh(Y)n )1
p1(sinh(Y(n — 1)) — sinh(Yn)) [(1+1) (1+1) .
_ XV S (Y) [ 5 X cosh(Y) + ” Smh(Y)]
N (sinh(a(n — 1)) — sinh(an)) [exlt[pl + pox1 + (pgsiny)x?]
(x1 — 29) sinh(«) x?
e 1+ powy + (pg sin y)xz]] +oun Z 1= (—1)"]r, sin(ron)
y e (1 4 z7w)?[p1 + pox7 + (pgsiny)z3]
221 + (1 4 a7w)?|

e (1 4 zsw)?[p1 + poxs + (pg siny)zg]

" R0+ (1 + 2w’ I}
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o wm(didh)  wem s 27“2 -
vp(s,m,t) = (C2 + D*)(1 + ww?) s g:o( e
) { e”3 (x5 + iw) (1 + z3w) et (xy + 1wy (1 + z4w) ]
(@3 +wd)l+ (1 +asw)?] (2] +w)[l+ (1 + 24w)?]
(2r

Y. oo 1
D S eos |2

ro=0

y [ e™s3t (g — iwy)(1 + z3w) et (xy —iwy)(1 + z4w) ]
(@5 +w3)[l+ (L +apw)?] (2 +wi)[l+ (1 + 24w)?]

_ °_V7 {m {(po + pit) (cosh(Xs) - cosh(Xr)> + 21/)1();(010;1?)@)
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(32 sinh(3) (23 + wi)[l + (1 + z3w)?]

e (g + iwy) (1 + z4w) 22UV = [1 — (—=1)"2] sin(rynm)
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m7t<m7 . Z’lUQ)(l + 1'7(4))2 @wst(xg — Z’UJQ)(I + JISW)Q
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X?Y cosh(X7) cosh(Y)

nd+1 pi(cosh(Y) — 1) 1+
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eit(1 + x4w2)2[p1 + poxs + (pg siny)xi]} Y i[l B 1
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27l + (1 + z7w)?] 23l + (1 + zsw)?]
2] o e (T1T 1
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Vo = cosh(ah(n — 1))sin(By(n — 1)), To = cosh(ajn)sin(Byn), S = sinh(azn) cos(F3n)
Us = sinh(ag(n — 1)) cos(f(n — 1)), Vs = cosh(az(n —1))sin(B3(n — 1))

Ty, = cosh(ayn)sin(Bin), o1 = O(Us — Ss) + P(Va—Ty), 05 = P(Us — S5) — O(Va — T)
o3 = O'(Us—S3)+ P (V3—1T3), o4=P(Us—S53)—0'(V3—1T3), & = Cus+ Dibg

S = Dis—Cihg, & =K+ Lips, &= Lipr — Kifg

¢1 = trcos(wit) — asin(wit), g2 = Yy cos(wit) + ¢ sin(wit)

¢3 = gcos(wat) — Yysin(wat), Gy = thycos(wat) + 1 sin(wat)

¢5 = &scos(wit) — Eesin(wit), ¢ = & cos(wit) 4 &5 sin(wit)

¢r = &rcos(wat) — Egsin(wat),  ds = &g cos(wat) + &7 sin(wat)

¢9 = tscos(wit) + g sin(wit),  Pio = ths cos(wit) — s sin(wyt)

¢ = Yrcos(wat) + Yssin(wat),  P1a = g cos(wat) — by sin(wst)

U= it dawwr, W) =t —wwn Py = s awws, P =y — sy
U5 = Gt Gewwr, P =8 —Gwwn Y =G+ Gwws, Yy = & — Gwws
Yy = Y5 —Pewwr, Pig=1hs +Yswwi, Yy =Pr —Pswws, Py = Ps + Prwws
¢y = ycos(wit) —Yhsin(wit), ¢y = ¥ cos(wit) + 1y sin(wit)
¢5 = Yycos(wat) — Yysin(wat), ¢y = ¥l cos(wat) + ¢y sin(wst)
¢5 = wycos(wit) — Ygsin(wit), @ = g cos(wit) + s sin(wit)
¢7 = rcos(wat) — Ygsin(wat), ¢y = Y cos(wat) + iy sin(wst)

P9 = Wycos(wit) + Yigsin(wit), Py = Yo cos(wit) — Yy sin(wit)
¢y = iy cos(wat) + Py sin(wat), Py = i, cos(wat) — ¥y sin(wat)
E' = apsinh(agr) cos(Bor) — s cosh(asr) sin(Bor)

F' = aycosh(agr) sin(Bar) + B sinh(agr) cos(Gar)

A, = (CE' + DF')cos(unt) — (DE' — CF')sin(wyt)
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Ay = (DE' —CF')cos(wyt) + (CE + DF')sin(wst)

G' = assinh(asr) cos(Bsr) — Bs cosh(asr) sin(Bsr)

H' = aycosh(asr)sin(fsr) + B sinh(asr) cos(Bsr)

A; = (KG' + LH')cos(wst) — (LG’ — K H') sin(wst)

Ay = (LG'— KH')cos(wst) + (KG' + LH') sin(wst)

Xs = [R(Oay+ PB) — Ra(Paly + OfBy)] cosh(ay(n — 1)) cos(By(n — 1))
+ [Ri(Pay — OB;) — Ro(Od)y, — Py)] sinh(aj(n — 1)) sin(By(n — 1))
+ [Ri(Pay + OF;) — Ry(Oayy + P3y)] sinh(ajn) sin(F;n)
+ [Ri(Oay — PB,) — Ry(Paly — Offy)] cosh(ayn) cos(53n)

Xe = [[a(Oay+ PBy) + Ry(Pajy+ Of;)] cosh(ay(n — 1)) cos(fy(n — 1))
+  [Re(Pay — O8y) + R (Ocly — PBy)] sinh(ay(n — 1)) sin(By(n — 1))
+ [Ra(Pay + OF;) — Ry (Oay + PBy)] sinh(ajn) sin(F;n)
+ [R2(Oay — PBy) + Ry (Pah — Ofy)] cosh(ayn) cos(53n)

As = (Cxs+ Dxs) cos(wit) — (Dxs — Cxe) sin(wst)

A = (Dxs — Cxs) cos(wit) + (Cxs + Dxe) sin(wst)

X7 = [Ry(O'ag + P'By) — Ru(P'ay + O'By)] cosh(ag(n — 1)) cos(B3(n — 1))
+ [Ry(P'ay— O'By) + Ru(O'cly + P'f)] sinh(ay(n — 1)) sin(F(n — 1))
— [Ry(P'ag — O') + Ry(O'cly + P'f3y)] sinh(aign) sin(F5n)
— [R3(O'al + P'B3) — Ry(P'al — O'f)] cosh(an) cos(3n)

xs = [Ra(O'ag+ P'By) + Ry(P'oy — O'By)] cosh(ag(n — 1)) cos(B3(n — 1))
+ [Ru(Paf — O'8) — Ry(O'ay + P')] sinh(af(n — 1)) sin(B4(n — 1))
— [Ry(P'ag — O'3) + Ry(O'aly + P'f3y)] sinh(aign) sin(F5n)
+ [R5(O'a + P'f3;) + Ry (P'aig — O'f3g)] cosh(agn) cos(F3n)
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A7 = (Kx7+ Lxs)cos(wat) + (Lx7 + Kxs) sin(wat)
As = (Lxr — Kxs)cos(wat) + (K x7 + Lxs) sin(wat)
Ag = xscos(wit) + xgsin(wit),  Ajg = xe cos(wit) — x5 sin(wst)

Ay = xrcos(wat) + xssin(wet),  Ajs = xs cos(wat) — 7 sin(wst)

Conclusion

The effect of an inclined angle (7 = 30 and v = 90), time parameter (¢ = 0.2 and ¢ = 0.8)
and number density of dust particles (N = 1 and N = 2.5) on velocities of fluid and dust
phase with respect to s and n are shown graphically in figures 3 to 8. From these one can
observed the paraboloid nature of both fluid and dust phase velocities. Further, we can see

that the flow of fluid particles is parallel to that of dust. Also we made following observations.

e The favorable effect of an inclined angle on the velocity field, i.e, the velocity profiles
for both fluid and dust particles increases as an inclined angle « increases.

e The velocity fields of both fluid and dust particles increases as time parameter ¢
increases.

e The velocities of both fluid and dust particles increases as number density of dust

particles N decreases.

As a particular case if p; = 0, then the results coincides with the flow of a dusty fluid with

constant pressure gradient and if the inclined angle v = 0, then the results coincides with

B].
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Figure-5: Variation of fluid velocity with s and n (for t = 0.2 & t = 0.8)
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Figure-8: Variation of dust velocity with s and n (for N =1 & N = 2.5)
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