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Rei.Rez,Re3 :

Homenclature

Porosity of each phase.

Dvnamic viscosity coefficients of the phases.

Kinematic viscosity coefficients of the phases.

Coefficients of the phase interaction.
Radius of cylindrical pipe.

Reynocid's number of the first, second,
phase respectively.

Pressure

Shear stress for each fluid.

Eddy viscosity for each fluid.

Turbulence constants.

Half the spacing between plates.

The electrical conductivity of the medium.
The magnetic permeability.

The external magnetic field.

The magnetic induction, Bb=yH°.
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The =zim of this thesis is %to investigate some problems
CONnCErNing the laminar and turcielent flow of a multipnase
electrically conducting and non conducting fluids inside a

cylindrical pipe, also between two long plates.

The thesis consists of six chapters :

IN CHAPTER I, we present a literature survey on the subjects

involved and their historical developments.

CHAPTER I1I

Turbulent flow of a nﬂituﬁe cbﬁéisting of two fluids
near a plane wall

This chapter deals with the twc component turbulent
I flow near a plane wall. Equations governing the motion are
| derived, a new model for the eddy viscosity is suggested and a

formula for the velocity distribution is cbtained.

The results show that the increase in the phase

interaction parameter works to decresase the difference between

|
|
|
|
|
| the velocities of the two fluids.
l CHAPTER I11

{ Magnetohydrodynamic turbulent flow near a plane wall for
a mixture consisting of two fluids

—i-



2 2ddy wviscosity as in the orevicus chapter, this nodel gives

near the wail with satisfactory accuracy. The effects of
magretic fisid parameters m and mz,the interacticon phase

caraTeter 12 on the velocity are shown graphically.
IN CHAPTER IV, we have studied two rroblems:

{1} Morion of an incompressible viscous three-phase media in a

circular ceaxial annular conduit.

Steady flow of incompressible wviscous three-phase media
with constant peorosgities in a circular coaxial annular conduit
is considered. The general feature of.the flow phase is given
when the pregsure :gradrie-nti .j.sﬁhheg-éri:ti.v-e.' Es-pécially,' it ié
shown that the velocity field éf the three-phase medium is the
same a8 that of the incompressible Poiseuille flow. The
variation of the wvelocity profiles and flow rate with the
various parameters are shown graphicaily . From the results we
see that:

{i} The wvelocity at any peoint of the fluid increases with
increasing the pressure gradient parameter N and the
maximum welocity nearly occurs in the middle

fiiy} The increasing of the phase interaction  parameters
batween any two of the three components works to
decrease the absolute wvalue of the difference between

the wveloccities of these two fluids.

-1ii-



{2) Moticn of three-prase media in the space between similar

We are interested in the flow of three-phase media in fhs
o2 kestween similar pipirg. The behavicour of the wvelocity
file and the flow rate with the wariation of warious

parameters are shown graphically.

CHAPTER V¥

Viscous flow of three component media between fixed arcs

of concentric circles.

The aim of this problem is to study the effects of the
pressure gradient parameter, vwviscosity and phase interaction
parameters on the flow of three component media between fixed
arcs of concentrie circles which is considered plane parallel.
Analytical soluticns to the egquations governing the welocity
and flow rate are derived, and it is found that the wvelocity
and the flow rate increases with increasing of the pressure
gradient parameter, and the less wiscous of three media moving
in combination has the greater wvelocity, the flow rate
increases with increasing of the radius of the outer circle.

CHAPTER VI

Staticnary flow of a three-phase media one of the phases
is electrically conducting in the presence of transverse
magnetic field.

-iv-
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thres-prnase tedium Detween two para.lisl planes is dewveloped in

rn
th
I
i
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s

s electricaiiy conducting. Specifically, rhe eguations
governing the fiow of a three-component mixture are derived.
These relatively general equations are then reduced co a system
of coupled ordinary differential eguations describing a steady
flow of the mixture between flat plates. The resulting boundary

value problem is solved analytically.

The object of this study is to discuss the effects of

the magnetic field parameter B, the electric field
parameter E_, the phase interaction parameters and the
E

parameter R_ , Rt=if%r on the velocity and induced magnetic
[ ]

field profiles. It ie found that:

fi} The wvelocity of the fluid decreases with increasing the
magnetic field parameter B and increases with increasing
ocf the electric field parameter E{

{ii} The induced magnetic field has negative values for 0O<z<l
while for -1l<z<0 it has a positive values for thl, while
for RE<1 ., the induced magnetic field reverses it’s
direction, and we notice that the induced magnetic field
vanishes in the middle o©of the distance between the two

plates.

-v—






CHAPTER |

iNTRODUCT {ON

1.1. Multiphase system

Multiphase flows have kbecome the sublect of considerakls
azzention  kecause ¢f theilr increasing :zmportances  in gany
irdustrial applications. Flowing mixtures consisting <f sciid
particles entrained in a fluid are relevant to a wvariety of

applications such as pneumatic and hydraulic transport of sclid

particles and fluidized beds.

&2 multiphase system consists of “mixtures of solid
particles, liguid droplets or bubbles in fluids, and may also
involve a gas mixture. In a gas mixture, it is understood that
the gases are not reacting chemically. Studies of multiphase
systems are still going through stages of development including
recognition of basic phenomena, development of instrumentation,

mathematical representation, and methods of sclution.

In a multiphase sygtem & fluid phase or fluid medium
contains a particulate phase of any number of chemical
components. If the fluid medium is a gas, the particulate phase
may consist of gas, solid particles or liquid droplets or both.
When the fluid medium is a liquid, the particulate phase may
consist of solid particles, gas bubbles, or ligquid droplets

immisikle to the fluid phase.



ne gvnamlc  of multiphase systems includes momentum,

o 1 =
ngzas, whertrsr
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s, rmass and charge tronef
the process is influenced or not by the presence of a potential
fieid. There are many muliiphase s&ystens ameong engineering

equipment and processes. In what folilow are few examples:

i7 Gas-sp.id particle systems: pneumatic COnVeycors, dus:
collectors, heterogenecus reactors, metallized propellent
rockets.

Gas-liguid droplet systems: atomizers, dryers, absorbers,

——
M-
[
—

combusters, gas cooling, air pollution.

{iii}Liguid-gas bubble systems: absorbers, evaporators, air
lift pump, cavitation, flotation.

{iv} Liquid-liquid droplet systems: extraction, homogenizing,

sedimentation.

To study the dynamics of multiphase systema researchers
have followed two methods of apprcoach:

(i) Treating the dynamics of single particles and then trying
to extend it to multi-particle system in an analogous
manner as inm molecular (kinetic} theory.

fii} Modifying the continuum mechanics of single-phase £fluids

in such a way to account for the presence of particulate

phase.

The subject o©of gas-liquid two phase or in general
multiphase flows have hecome increasingly important in numerous

pieces of engineering equipment such as process system, heat



% study of tne phenowmsna ccocurring in the  mocion of
multiphase media 1s essential £for the sclution of mar:y

Trhagretical and ernglinesring problems: the theory cf wave

L
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ragation in water-saturated ground and dust-satur
= theory of fine grinding, the thecr 0f mass enktrainment
from the surface of a body by a high-parameter flow, the theory
of the flow around porous bodies, the theory of the motion of
powder gases containing unburned particles, the perfection of
water and pneumatic transport, petroleum cutput and petroleum
refining when there is foreign matter in the petroleum, etc. In
all these cases the mcving material is mixture of twe or more

media, i.e., phases.

1.2, Differential equations of motion of the mnultiphase

of fluids{Rakhmatolin Equations}):

Many investigators are interested in finding the
solution for the problem of the metion of two-phase wiscous
medium such as Rakhmatolin, who has studied and deduced the

equations of motion of n-th phase.

i} Rakhmatelin proved that:

"For monochromatic porous medium, the wvolume and surface,

porosity are equal®. This theorem is wvery important, because it
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Where 2 is the gorosity for the n-th phase.

n

—y
0
LA

According to the definition of the porosity we hLave

the n-th media.

£ +f +... ... £ =1 . f1.2.1)
1 2 n
pnc =fnpnl {1.2.2)
{from the theorem of Rakhmatclin] where P,. + P, - are

the density of the mixture and the real density £for the n-th
respectively.
From the relations (1.2.1}, (1.2.2) we obtain the

relation:

=1 . _ {1.2.3)

ii)Equation of continuity (conservaticn of masa):

If the mixture consisting from n media then it is cbvious
from the preceding section, that there are n real densities at
each point of the space and n mixture densities, each medium
is considered continucus. We notice that each point of the
mixture has a number of wvelocities equal to the number of media.

In this case the law of conservation of massg in FEuler’s



