| 1 . .. | |
‘ |

o

o

TENVENS T SN N oV SV o N N N NS N NS s N SN N SN SN SN SN N NS SN

TR ENAEDNSE ST

SN, g —




—

C- R ED TN NN EDN N DN NN

>
:I>
>
{
?
>
>

dmalall cls glaall A5
2o daala
(il (4l >

g Saall 5 (g 2SN (Bl

Cad

-

Lelinuudip Lyl g3 a7 A0 Balal) (o aubiell ALy acid
S A g el B Y sl e

i._..'..mmumlu..'.-
@ ASUNET

O
Skl ce huey ANEY) sl Bda
Y4020 (A Aggha g dupda 25-15 a3 a dp 8 A

To be Kept away from Dust in Dry Cool place of
15-25- ¢ and relative humidity 20-40%

N ST AT TN DN N SNE NSNS NS N NS N A= A A S




B AN N R =R e RSN A N N R R =N D R =P e N e N SN N N N X o

\

=9

)9

o

dana
=3

¥




- PROBLEMS OF NON L INEAR
CONVECTION WITH EXTERNAL FORCES

SUPERVISORS

Ass. Prof. Ahhmed El-Meclegy
Dept. of Mathematics.
Faculty of Science.

Tanta University

Dr. Salah El-Kholy
Drept. of Mathematics, Faculty of Science
Minufiva University

1999
£ -Epriioly







CURRICULUM VITAE

Name : Zein El-Abdeen Fathey Ebrzhiern
Date of birth : 5/ 6/1972

Localily : Sheno.Kair El-Sheikh
Nationality  © Lgyptian

University ¢ Tanta

Head of Mathematics Deparunent.

(Prof.Dr. E. 51 Khioly)
E-EthHe'y







i

POSTGRADUATE STUDIES

The present thesis is submificd to ‘lanta University in partial
fulfillment of requirements of the degree of Mathematics. Besida the
research work introduced in this thesis, (he candidate has attencded
five pust-graduaie courses within two years including the oliowing
Topics: _ |
-Quantutn Mechanics {17,

1-Quanlum Mezchanics (2).

J-Fluid Mechanics,

4-Elasticity and Aerodynamics

5-German Language.

The applicant Zein El-Abdeen Fathcy libraliiem has suceessfully

passed the final MLS examination {1996-1997) of courscs.

Head of Mathematics Depariment,
E-£LK He (j
(Prof.Dr. E. El Kholy)







L4

A e

tACKNOWLEDGEMENT

First ot all, praise and thanks to God for avery thing in

my life. To all that helped me directly or indirectly this thesis
to Bght, | send my great appreciation and gratitude, willy
special regards io:
Prof. Dr. Ahmed Ef;MeIegy, Assistan: Professor of Applied
Mathematics at the Facully of Science, Tanta University, who
taught, kelped and encouraged me a lot throughout the days
nf work on the thesis. until | reached the desired standard. |
cannat fulfill htm his true reward. _

Fweould fike to express my deep appreciation fo Dr.
Salah El-Kholy, Deparliment of Mathematics, Facuity of
Science, Menofia University, for suggesting the problem and
for his constructive quidance. My best wishes for him.

The author appreciates very much the good help of all
the stalf of the Faculty of Science, Math., Depart. , Tanta

University during this woik.

P

<%




TABLE OF GONTENTS

CONTENTS
ACKNOWLEDGEMENT
TABLE OF CONTENTS
SUMMAIRY

- NOMENCLATURE

CHAPTER(I)

LINTRODUCTION
k1 The nature of the physical problem
1.2 The Bousssinesq approximalion
1.3 Liquid and melal heat transfer
i.4 The boundary conditions

1.4.11 The solution for two rigid boundaties

1.4.12 The solution for twe free boundaries

1.4.13 The selution for one rigid and one free houndary

5.5 The Benard problem

1.6 The problom of thermat instability in rotating MNuid

1.7 The problem of thermal inslability in the presence of
a magnetic field

1.8 Non-dimenzional numhbers

Pape No.

-~ L

I
12

14
16
17
18
18
18
19
20




CHAPTER(2)

TWO-DIMENSIONAL CONVECTION WITL
NFFERENT BOUNDARY SURFACLES
2.1 Introduction:
2.2 Mathematical formulation
2.3 Rigid- vigid problem
2.4 Stress-free problens
2.5 Mixed boundary problem

2.0 Steady solution

CHAPTER(3)
CONVECTION STUDY UNDER
- INFLUENCE OF ROTATION
3.1 Intraduction ._
3.2 Rigid boundary problem
3.3 Mixed boundary problem

3.4 Stiess-free boundary prablem

21
22
24
28
27
28

29

35
38




CHAPTER(4)

TWO-DIMENSIONAL CONVECTION IN THE
PRESENCE OF A VERTICAL MAGNLETIC FIELD

4.1 Introduction

4.2 Mathematical formulation

4.3 Rigid houndary prohlem

4.4 Mixed boundary problem

4.5 Stress-[ree boundary problem

4.6 Steady solution
CHAPTER(S)

RESULTS, FIGURES, CONCLUSIONS AND
REFERENCES , ARABIC SUMMARY

54-83

41

42




- Summary

Canveclion is one of the most imporiant phenomena in physics.
is a field ol impoitance for a lot of peophysicists and for the applied
mathematicians in general. Among the earlier ‘o be interested in
the scicnee of conveclion was the French scientist Benard 1900,
Mis experimenial studies showed cells which were Eallcd Benard
cells. Then a number of scicnlists swudicd the different fields and
the =effect of convection on (hem. Besides, thz mathcmaticiuns
suggested  Uhe equations and the suitable methods o describe these
phenomena in the existence or absence of external eifeets |
Navier Siokes equation in peneral fonm and the ENerey equation arc
the most important basic equations. Fhe external forces are Larents
force which is the effect of magnetic fields onthe phenomena and

~ the Coriolis force due to rotation in e layer, Throughou
relerences it appears that previous siudies swere interssted in lnding
an answer lo describe these phenomens by using nuimerical
approximations o match experitvental results (21, [3] But no
researcher was able tu obtain analytical sclutions to (hese o
lincar partial differential cquations . In this thesis we used an |

assumption for the fimclion in {2.2.7] which describes the sunt of

variables as [8]. enabled us (o transfonm the hon-[inear partizl




differantinl equation Lo a svstein of oukinary differential equation of
higher order. By using mathematical methads we have been able to
get analytical solutions to describe the phenomena .

We have also prepared a compaler program ie investigate the
relation  between convection and ather variables and o we are able
1o study the fluid conduet winter the effecl of other vatiables and
external lorees . We have also presented somc curves 1o show the
different cflcets and compared our results with previous work to
lind about the accuracy of the metllwd used .

The prescnt thesis consisis of live chaptors preceded by an
Engligh summary and a liat of symbols used and a brief explanation
of the subject of thesis. It cnds with the list of references and an

Arabic summary.
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