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Abstract: This study deals with the study of the flow of a dusty viscous fluid though
a circular pipe. It is assumed that the fluid and the cloud of the dust particles were
both static the motion begins as the magnetic field is induced the fluid is assumed
to be electrically conducted. The analytical solutions are obtained by solving the
partial differential equations using variable separable and Bessel function.
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Considering the motion of a dusty viscous fluid in a tube of various cross sections
was first studied by Saffman in 1962, in 1963 F.E. Marble has carried out a
detailed study on the dynamics of dusty gas then in the direction of z axis
Rudinger(1965) and Neyfeh(1966) gave the equations of motion in Cartesian
coordinates taking into consideration the volume fraction of the dust particles
which are expressed as:

_HN_q_gl-®, [0, 2 _
pl-9) =0 ¢){ az+u(axz+ 8yzﬂ+*<No(qp )

aq op d%q o%q
m#:¢|:_g+ﬂ(ax—2+$ +KN0(q—qp)

Where u and v are the velocity of the fluid and dust particles respectively in the
axial direction, ¢ is the volume occupied by the dust particle respectively in the

axial direction. ¢Is the volume occupied by the dust particle per unit volume of the
axis. No is the no density of the particle .Nag and Jana have considered the flow
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through a rigid tube, Kishore and and pandey have discussed the same problem but
they found the effect of particles size on velocity of sedimentation, Dutta and
Dalal studied the motion of unsteady flow of a dusty fluid through circular pipe
with impulsive pressure gradient , Gireesha and Bagewadi have also studied the
flow of an unsteady dusty fluid through porous media in a uniform circular pipe.

Basic equations

Consider the flow of a dusty viscous fluid through a circular pipe with radius rlet
the particles and the fluid be electromagnetically charged and the motion is
considered under the influence of the electromagnetic field of strength B,along the

axis of the motion. Using Saffman model the equations governing the flow of the
dusty fluid may be written as (Dutta and Dalal)

aq 1 dp d*q 10q) KN, Bio
1.1 1-g)—=|| -=—2 R Bt —-q)|-
@D ( ¢)6t' H pazjw(arﬁrar} (q'“ q) p f

a9, K
(L2) K—Nom(q a,)

Where qis the velocity of the fluid phase
q, Is the velocity of the phase particles
¢ is volume fraction of the particle

tis the time

p 1s the density of the fluid

1 1S the coefficient of viscosity

op

X is pressure gradient of fluid

N, is coefficient of Momentum transfer

o is electrical conductivity of fluid
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B, IS the magnetic induction

r is the radial distance from the axis of the tube

m is the Hall Parameter

K Is the Stroke’s resistance cofficient

Let us assume that

iwt

op

1.3 ——=cC+de
1.3) P
Let us introduce the following non dimensional quantities
CT:E’ qp:q_pliziyy:llzzisfzysfzgi fszol
U U L L L L L P
KNoL:KmNoin’ ﬁ: p R:$, T:%

pU pmU 7 pu?’ v

Using these non dimensial quantities (1.4) equation (1.1) and (1.2) will become

_N0@Y) | 1a(ppu?) 0’(qu) . 1 o@U)) KNo | By
( ¢)8(fL/U)_K 5 o(zL) ]W(a(n)z R 6(FR)]+ P (@ qu)} qu
o@qu) _ 1 _la(ﬁeuz) ) az(_qU)+_ia(U_U) +KN0<_U__U) _ BIMPu qU
o(ELIU) ([1-¢)|\ p a(zL) a(rL)* TR a(FL) p " PBZLE(1- ¢)

oq 1 ) v (o log KmNoL(_ _) M2
— =T sl el e o el B O —0) |~ O
ot (-¢)|\ az) uL\or? T LU(1-¢)

o9  L|( ep) 1(o*g 1ag) f. | MZ?_
1.4 i ]l D i B I BRI 1
(44) £ gl_( azj+R(ar2+rarj+r(qp qﬂ R |

Where M? =B L/o/x =Hartman number and &/ =ﬁ
After dropping bars from the last equation it can be rewritten as
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After dropping bars in above equation will become

oa, 1
(L6) = T(q a,)
Let
L.7) q=Q,(r+Q,(re™ and q, =V,(r)+V,(r)e™

Using equation (1.6) in equation (1.5)

i(Qo +Qe™) = 81{(— a—p}r R( ‘ 5 (Qy +Qe™) +——(Q0 +Q1e'Wt)J+i{(V +V,e™)-(Q, + Q™ )}}

0z
M 2g? i
- ~(Q, +Q.e™)
iw iw d Q sz i l dQ dQ iw f iw i
(1.8) iwQ,e t_gl{c+de t [dr 0 drzlem+_{d_ro+d_rle t +?M +V,e t—Q(,—Qlew‘]
MZ 2 :
(0 + Q™)

By comparing the coefficients of ™ in equation (1.8) we get

1d%Q, 1on M7
R dr Rrdr | [ QO] QO_

1 d2Q1 1 dQl M 25le1
— + R —_— = =
R dr? Rr ar ( Q) R

(1.9)

(1.10) Q,iw= gl{d +
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Using equation (1.6) in equation @.7)will become
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By comparing the coefficients of " in equation (1.11) we get

(1.12) Q, =V,

And

(1.13) VR
1+iw

Using equation (1.12) in equation (1.9)

1d2QO+idQO_M2

- =—C
R dr’ Rrdr R R
d’ 1d
2
r dd ?0 +rdd%—r2M ?Q, = —Rcr?
r
dQ dQ Rc
r2 dr20+rd—r0—l’2|\/|2[Q0 +Wj:0
Rc
@yt
2
(1.14) er I'Jrrd—l'—rzMzL:O
2
dr dr

The solution of equation (1.14) is given as

(1.15) L = A, (Mr)

Rc
2

Qp = Ay (Mr) + K, (Mr) — M

Where J,and K,are the zeroth order modified Bessel function of first and second
kind respectively and 2and  are constants. Here we note that since the velocity at
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the centre of the cylinder is zero, K,(Mr) -« as r — 0, makes the constant y =0.

In this way the solution of the above equation will be reduced to and given as
Rc
(1.16) Qo :/IJO(Mr)'F}’Ko(Mr)_W

Using the boundary condition Q,(1) =0

B Rc
M*J,(M)

Putting A in equation (1.16)

Rc Rc

@ =g, M Ty
__Re _JO(Mr)
(1.17) Q, = Mz(l JO(M)J

By using equation (1.12) we get

(1.18) V- Rc 1- J,(Mr)
' oM J,(M)

Again by equation 1.10 we will have

1d?Q 1 dQ M?2g2Q
_ d 1 1 1 X1
|WQ1 81|: +— R dr +— Rr dr T ( Ql):| R

N

N

1 d2Q1 1dQ,  f Q, M2512Q1
= TR+ S —Q, ||-—2L _Q,iw=-
ARar TRear T rlrim R Qiw=—ad

N

&

—-Qjiw = —¢/d

-

1d°Q 1dQ,_fQ [#wz +isz'_ M 252Q,
R

R dr?  Rr dr r | 1+7%w?

2 2
1d°Q, 1d0 wif Rfaw  M*) oo, f o g
R dr? Rr dr R|l(1+7°W?) w d+77w%)
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LdQ 109 Wi, ip ) =—d

Rdr? Rrdr R
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r

dr?
,d%Q, &_ , ) B Rd(6,-i6,) |
1.19) r ot +r ar rew(e, + |92)|:Ql W0z + 67) }_O
Taking
(1.20) 0, - Rd(6, -i0,)

w62 +62)
Substituting in (1.20) equation (1.19)

2
2 dd lj +r(;—H—r2W(91+i92)H =0
r r

(1.21) r

Solution of equation (1.21) is given as

H =C,J,(r/w(e, +i6,))

Using value of H equation (1.20) will become

Q, = ad, (W@, +10,) )+ K, (rfw(@, +10,) )+ FAG=16%)

w(o; +6,)

Where J,and K,are the zeroth order modified Bessel function of first and second
kind respectively and «and g are constants. Here we note that since the velocity
at the centre of the cylinder is zero, ﬁKO(er(elJriez))—)oo as r— 0, makes the

constant g =0. Becouse of the stated reason the solution of the above equation thus
reduced to

(1.22) Q=“%G$WE:@SLRM@_WJ

w(e; +0;)

Using boundary condition
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We know that q=Q, +Q,

By equation (1.17) and (1.23) will become

(1.25) q-—Re {l_Jo(Mglr)}ew RA(G, =i6,) |, _ Io( rfw(d, +i6;) )
| wis | e | wei e | a0,
Vlz—Q.l
1+iww

Using equation (1.24) q, will become

w) v RAG=i6) [ 3w i0))
| Criwow@; 6| 3, [fwe, +i6,))

Using equations(1.18) and (1.26)

q, =V, +V,e™

“Re { JO(Mglr)} . Rd(6,-i6,) 3,(rW(, +i6,))
2.27) q, = 1- +e - 1- -
PUMZE]T 3,(Msy) A+iwr)w(d: +07)|" 3, w6, +i6,))
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Shearing Stress (Skin Friction)
The shear stress at the boundaries R =1 and R =brespectively, is given by

128  D,=_F¢ {_%(Mel)}em Ra(6,—i6,)[ 3,(Jw(g, +i6,))
. 1 M2€12 JO(Mgl) W(012+922) Jo(m)

Mean velocity of the fluid can be given as

_ -1 1- J, (Mgr)
M?g/ Jo(Mé,)

U

Graph between radius of the pipe and velocity of fluid phase and velocity of
particle phase
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Graph between magnetic flied (hartmann number) and velocity of fluid phase and
velocity of particle phase .
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By viewing both the graphs it is evident that the fluid velocity is more influenced
by the varaing parameters and by increase in the parameters the velocities of both
the fluid phase and particle phase are increasing.
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