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NGTATIONS

ﬁﬁ average thickness of the first phase

A2 average thickness of the second phase

A amplitude of the interfacial wave

B magnitude of wariation in the cross area of flow
E complex valued function of ¥

E'  ith component of the electric field

F complex valued function of ¥

Fe electromagnetic force

Fg non electric force

FxD real vaiued function of x

=H interface curvature

Ho magnetic field intensity

HL ith component of fhe magnetic field

i complex wvariable

i ith camponent of the electric current density
1 wave length of the perioedis solid wall

m Ai s Aé

F pressure

P ambient pressure

FDES partial differential equatibns
e axial flow rate per unit length
(44

Q(Z}, o

0-v , Reynolds number

t T4 me

T stress tensor

Tns normalized stress fLensor
T normalized stress tensor

u x=-direction wvelocity



v y-direction velocity

w z-direction velocity

X Cartesian coordinate

=z Cartesian coordinate

20 Position of the solid wall

Z Fosition of the fluid-fluid interface

Greek symbols

{2 o}

&l B AT ratleo of wviscosities

3 ayHn magnetic parameter

B; s magnetic paramster

¥ Phase shift between flulid-scolid and fluid-fluid interfaces
= B/Az

& p:‘ 2y,

A .uQ/o'iAi . captllary number

M P14 Az < 1

L viscosity

B magnetic permeability

L Kinematic wiscosity

e density

p{i} density for first phase

p{z} density for second phase

= electric charge density

&, sirface tension

¥ conductivity of the mediuam

9] force potential of the field in which flow accurs

stream function

A Laplacian operator



SUMMARY
CHAPTEER I
I.1 Intreduction
I.2 General review
1.3 The present work
CHAPTER 1II Electrical conducting film flow down an
inclined periodic plate .
IT.1 Intreduction
I1.2 Mathematical formulation aof
the problem
II.3 Solution of the basic equations
I1.4 Evaluation of the shear stress
I1.5 Eesults and discussion
CHAPTER III Slow two phase flow through a sinusoidal
channel wiih porous wall
ITI.1 Introduction
irr.= Mathematical formulation of
the problem
II1.3 Salution of the basic equations
IIT. 4 Resultis and discussion
CHAPTER 1V Fwo=-phase flow in a sinusoidal channel when

CONTENTS

Page

40

41

41

42
45

85
S8

s15]

=13

&7
70

one of the phases is electrically conducting 93

IvV.1

Intraoduction

az



Iv.z2

Iv.3

IvV.4

Iv.S

CHAPTER ¥

REFEREMNCES

ARABIC SUMMARY

Mathematical formulation of the problem
and basic equations

Selution of the basic equations
Evaluation of the shear stress

Results and conclusion

Flow of an electrically conducting two-phase

flow through a symmetric sinusoidal channel

Introduction

Mathematical formulation of the problem
and basic equations

Solution of the basic equations
Evaluatlion of shear stress

Results and conciusion

Fage

S4

108
123

183

183

183
is8
is8

205

252



| EncLISH SuMMARY |




SUMMARY

This study deals with some problems suspended with the

motion of multicomponent media in pipes .

The results of this thesis are very important from both a
conceptual and an applicative point of view such that » in
chemical industries , WNuclear reactors » Petrol industry and

in some varfiogs industrial devices .

This thesis consists of five chapters :

Chapter one includes an introductry review and a general
review of research works related to the proposed point under

consideration is presented .

Chapter two contains the preblem " Electrical conducting
film flow down an inclined periodic plate " , the solulion of
the problem depends on the analysis of the flow of one fluld
through a periodic plate , a regular perturbation analysis is
performed to evaluate the velocity field of the one fluid flow
and its interfacial shape , we fouﬁd that the amplitude and the
phase shift of the stream function depends on the parameters
€A, 2, A and DD . The main results obtained in this chapter are
. summarized as evaluatlons of the flow of one fluid through a
periodfc plate show that the magnetic field increasas the
amplitude (A of the stream function and decreases the phase

shift (3} of the stream function . There exist  some resultis



depends on the parameters (3,2, A and D> .

Chapter three contains the problem " Slow two-phase flow
through a sinusoidal channel with porous wall “* , the solution
of the flow depends on the parameters ; 7 : the magnetic field
parameter ; oz the ratio of wviscosities ; A:r the capillary
number § A: the geometrical parameter ; m: the ratio between
average thickness 3 gqsthe relation betwean flow rates and ¥: the
suction parameter . A regular perturbation analysis is performed
to evalualte the velocity profile . The main results obtained in
this chapter are summarized as follows , the amplitude of the
stream function C(A) decreases as the parameter of suction (V) Is
increased , the phase shift of the stream function imcreazes as
the parameter of suction (V) is increased . There is also some
results on the parameters (& o0, A, g and m .

J—

Chapter four contains the problem “ Two-phase flow in a
sinusoidal channel when one of the phases is electrically
conducting " . The solution of the problem depends on the
analysis of the two-phase flow through a sinusocidal channel , a
regular perturbation analysis 1Is performed to evaluate the
velocity profile of the two-phase flow and its interfacial shapo.

we found that the solution of the problem depends on the
paramsters (3 a, A, A, m and g . The main resultzs obtained in this
chapter are summarized as follows the magnetic field increases
ithe amplitude CAY of the stream fm'nctj.c;n and decreases the phase
shift of the stream function (32 . The magnetic field increases

the shear stress . The phase shift presents a peak in the solid



fluid interface and presents a bottom in the fluid fluid
interface . There is alse some results on the parameters

(m,q,o,x, A and 33 .

Chapter five contains the problem ™ flow of an electrically
conduciing two-phase fiow through a symmetric sinusoidal channel
when one of the two-phase is electrically conducting n=Limes
than the other phase . The solution of the problem depends on
the parameters (,‘?,.,l’i'l s A A,m and g2 . A regular perturbation
analysis is performed to evaluate the wvelocity profile of the
two phase flow and its interfacial shape . The main results
obtained in this chapter are summarized as follows , the
amplitude of the stream function (A do not change when one of
the two phases is conducting n-times than the other phase and
the phase shift of the siream furmwtiion (D changes slightly .
The magneetic field increases the shearing stress of the flow
field , since the shearing stress due to the magnetic field is
proportional to the magnetic fleld H which will be zero on the
wall . The shear stress Iincreases as the magmetic field is

lncreased .
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CHAPTER 1
INTRODUCTION

[1. INTRCDUCTION =

Magnetohydrodynamics (MHDY differs from ordinary hydrodyna-
mics in that the fluid is electrically conducting . It is not
magnetic , it affects a magnetic field rnot by its mere presence

but only by virtue of electric cwrrents flowing in it .

Mul tiphase systems consist of a fluid phase or fluid medium
and a particulate phase of any mmmber of chemical components .
¥Whern the fluid mediam is a liguid , the particulate phass may

consist of solid particles , gas bubbles , or liquid droplets .

The dynamics of multiphase systems include momentmm ,
energy mass-, and charge transfers between the phases whether
or nol the process is influenced by Lthe preserce of a potential
field . There are many multiphase systems among engineering

equipment and process .

Some of this systems may be obtalned as follows :
a. Gas solid particle systems ; such as dust collectors , cosmic
dusts , and nuclear fallout problems .
b. Gas-liquid droplet systems ; such as atomizers , air

pellution and compustors .



c. Liquid-gas bubble systems ; such as absorbers , air L1ift pump
and aeration .
d. Liquid-liquid droplet systems ; such as extraction .

e. Liquid-solid particle systems ; such as sedimentation .

Studies of dynamics of multiphase systems have followed two
methods of approach [3] :

1- freating the dynamics of single particles and then
trying to extend to a multiphase particle system i an analogous
manner as in molecular Ckinetic) theory .

2- Modifying the continuum mechanics of single-phase fluids

in such a way as to account for the presence of particles .

A study of the phenomena occuring i the motion of
multiphase media is essential for the solution of many theoreti-
cal and engineering problems : the Ltheory of wave propagation in
water=saturated ground and dust-saturated air , the theory of
fine grinding , the theory of mass entrairnment from the swurface
of a body by a high-parameter flow , the theory of the flow
around porous bodies , the theary of the motion of powder gases
containimy unburned particles , the prefecilon of water and
pheumatic transport , petroleum output and petroleum refining
wvhen there is foreign matter in the petroleum , etc. In all
three cases the moving material is a mixture of &two or more

media , i.e. phases .
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