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Abstract

The numerical solution of compressible dusty fluid considering finite volume fraction has been studied. Assuming the velocity
and temperature in the jet to differ only slightly from that of the surrounding stream, a perturbation method has been
employed to linearize the basic equations. The linearized boundary layer equations have been solved by using double
transform technique. Numerical computations have been made to discuss the profiles of velocity of the fluid and particle. It is
observed that consideration of finite volume fraction reveals that the magnitude of perturbation velocity of both fluid and

particle is reduced significantly

Index Terms: Induced Magnetic field, Differential equations, Dusty fluid flow,

1. INTRODUCTION:

Compressible jet mixing of a dusty fluid originating from
a circular jet has been studied by Dutta and Das [1990],
Heat transfer of an axially symmetrical jet mixing
compressible dusty fluid, studied by D.K.Dash & Chand
Ram [2014]. The Effect of Brownian Motion on the bulk
stress in a suspension of spherical particles studied by
Batchelor,G.K  [1977]. Modelling  Dispersion  of
suspended particulate matter (SPM) in Axi symmetric jet
mixing studied by Panda T.C., Mishra S.K., Dash
D.K.[2005] and many more has studied jet problem in
case of negligible volume fraction of SPM. But this
assumption leads to an error which ranges from
insignificant to very large. Also this type of assumption is
not justified when the fluid density is high or particle
mass fraction is large. In the present paper the effect of
finite volume fraction in an axially symmetrical jet
mixing of a compressible fluid with suspended particulate
matter has been studied. Assuming the velocity and
temperature in the jet to differ only slightly from that of
the surrounding stream, a perturbation method has been
employed to linearize the governing differential
equations. The resulting linearized equations have been
solved by using double Transform technique. Numerical
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computation of the integrals giving velocity of both the
fluid and particle phase have been made to discuss the
results. Consideration of finite volume fraction reveals
that the magnitude of perturbation velocity of both fluid
and particle is reduced significantly.

2. GENERAL GOVERNING EQUATIONS:-

The equation governing the study compressible two-phase
boundary layer flow in axi-symmetric case can be written
in cylindrical polar coordinates as
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Assuming the flow from a circular, opening under full
expansion i.e. no pressure variation occurs throughout the
flow, and flow variables of the jet differ only slightly
from +0that of the surrounding stream, it is possible to
write the velocities, temperatures and particle density in
the following form as
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U=Uy+Uy, V=V,Up=U, +U,, v :Vpl’TzTOJrTl’Tp =Tpo +Tp1’

ptop
Pp=Pp, T Py,

where  U; <<Uy, U, <<u, , T, <<T,
TP1 <<Tpo ! pp1 <<ppo'

The quantities with suffix ‘0’ are the values at the
opening and those with suffix ‘1’ are perturbed quantities.
Again, the suffix p denotes those variables for the
particle. Under the above assumption the governing
equation (1) to (2) can be written after dropping the * and
suffix one in the non-dimensional linearized form as
follows

(l—q)]u{, % = (T% g [r %} +ap, Ty (up —u] (3)
éu
v, —2=l-u, )+ o, @

The boundary conditions are
u(0.r)=u,0.1)=T (0,r)=T,(0.,1)=p, (0,r)=0forr>1

v(0.r)=v,(0.r)= % (2,0)= ‘Z_T(z,o)= 0

u (Z,oo) =U, (Z,oo) =T (z,oo) = Tp (Z,oo) =p, (Z,oo) =0
3. METHOD OF SOLUTION:

The governing equations (3) to (4) are linear
partial differential equations having seven unknowns
uu,,v,v,,T,T, and p, . These equations have been
solved by a double transform technique. First employing
Henkel transform with respect to the variable r, which is

denoted by * and then Laplace transform with respect to
the variable z, which is denoted by

Taking Henkel and Laplace transforms respectively of
both sides of the above equations and using the boundary

conditions we obtain.
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The inversion of (6) to (7) gives
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Where F(S)=5"+S(A+C)+ C(A-B),
Q=./BC+ (%jz

CPATiHap, T,
(L-)uq

B= @y, Ty c=t

-0, u,

4. DISCUSSION OF RESULT AND
CONCLUSION:

In the present paper numerical computation have
been made by taking P, = 0.72, Ujg = Up1o = Ty = TPy =
ppro = 0.1, @ = 0.01. The velocity at the exit are taken
nearly equal to unity. The improper integrals have been
evaluated on using the gauss-three point quadrature rule.

Table 1.1 and table 1.2 shows the profiles of
axial fluid perturbation wvelocity u and longitudinal
perturbation particle velocity u, for o =0.1, 0.2,0.3 and
for different values of Z. It is observed that the axial fluid
velocity u is greater than the axial particle velocity u,
near the nozzle exit whereas ug is greater in the mixing
region downstream. Also the magnitude of both fluid and
particles are changed as we proceed in the downstream
direction. Exit whereas u, is greater in the mixing region
downstream. Also the magnitude of both fluid and
particles are changed as we proceed in the downstream
direction.

It is observed that consideration of finite volume fraction
reveals that the magnitude of perturbation velocity of both
fluid and particle is reduced significantly to that of the
result obtained by other researcher where volume fraction
of SPM was neglected.
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