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SUMMARY

our aim in this thesis, which consists of three cha-
pters is to study the Mannetohydrodynamic non~-Hewteonian
unsteady flow in the presence of time dependent pressure

gradient between itvo parallel porous walis.

In chapter (I}, we presented an introduction to the

following topics:

1 - The previocus studies on rheology.
2 - Pheoloaical classification of non-Hewtonlan fluids.

3 - Mennetohvdrodynanics.

In chapter (II), we discussed the following problem:
"Maqnetohydrodynamic non-Yewtonian unsteady flow with
variable pressure gradient hetween two parallel porous

walls"

By applying Laplace’s transform method in the case of the

farst approximation of the Evring Powell mcdel we cbtained ,

the analytical solution for the velocity field in the form of

an infinlte series, To find the numerical results for the

velocity field we used the computer,these results were com-

pared with the Newtonlan case and shown that the velocity

field in Newtonian fluid was greater than that in the corxre-

sponding non-Newtonian fluid and for constant Reyneld suction
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nunber Re +-The difference hetween then decreases with
increasing Hartmann nunkber Ha , while for constant Ha,

this difference increases with decreasing Re .

Chapter (III}was devoted to sclve the non-linear

partial differential equation:

2
Iu Ju ar N 3 u a fdua ,2 qu Ha
——— + e — ) + — --E -— [: —— ] ---—5 — ———— u.
at ay 9% R, 3y ay ay R,

By using a finite difference technique in the case
of the second approximation, for the previous model, we
cbtained a humerical selution for the velocity fileld,

From numerical results we had shown that :

If the first approximation parameter of non-Hewtonian

iy

luid M is constant, the wvelocity f£ield inecreases with
increasing the second approximaticon parameter of non-
# ¥*

lewtonian £luid D , while for constant D , the velocity

field decreases with increasing M.

In appendix (f), we clarified the finite difference
technique, in appendix {B,Bll, ccmputer pProJramns were
represaented to find the numerical results for the veloc-

ity field and to solve the partial differential equation.
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CHAPTER 1
GENERAL INTRODUCTIOM

§(1.1) The previous studies on rheology

Bovle's law (1662), Hookea law {1676} and Newton's
viscous law (168€) which are essential for the study of
many branches of physics are congsidered as sarly rheol-
ogical laws, Polseuille {1847) derived from his experi-
meﬁts the relationship between pressure and volumetric
flow rate for the flow of blood [ which we now know as

nen-Newtonian )} through capillary tubes.

Barus (189%3) also used a capillary tube, through
which he extruded marine glue, and published a paper which
was apparently over looked until more recent years. The
important observation in hils work was that the glue exhi-
bited a time-delayed partial recovery of deformation. As
far as 1s known, this is the first recorded direct ocbser-
vation of neon-Newtonlan behaviour and is especially impo-
rtant as shear elasticlty has now become a major factor

in the treatment of non-Newtonian flow.

There is a standard text by Van Warzer, Lyons, Kim and
Colwell [1i] (1963) which describes many details of visco-
metry. There has also recently been developed a number of
more complicated devices for examining mechanical proper-
ties of fluids such as the Maxwell orthogonal rhecmeter
and the Kepes viscometer. These 3instruments are relatively
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new, and faw results have been reported from them up to the
present time, common types of flow pattern used in viscom-
etric or rhecmetric work are given in the texts by wilkin-

son [2], Lodge [3]and Walters{4] .

The theoretical investigation ¢f non-Newtonlan fluid
dynamicsqare now on a sufficiently sound basi:s and also of
an extent where 1t may be considered that it can take its
place as an established subject, It can not be said that
the experimental side is gquite so firmly based. However,
the accord between theory and experiment may be reached
in non-tlewtonlian fluid dynamics as exists in the classical

theory. This provides a common meeting ground and establi-

" ghes an arca of growth ~f engineering science.

according to the connection between steady shear
properties in steady shearing metion of strongly elastic
liquid and ose¢lllatory shear properties in oscillatory
shearing motion, 1t is proposed that three material func-
tions are sufficient to characterise the flow of incompr-

esslible viscoelastic liquids, namely :

Txx - Tyy o, U}

Tyy = Tzz = 02{ v}

and T = o, v)

Weissenberd [ 5,6 ] has deduced on purely theoretical
Central Library - Ain Shams University



grounds that d, =10 for a general class of such liguids.
This appears to be at least approximately satisfied for

a number of substances such as pelymer solutions, It is
still a matter of research to determine the range of app-
lication of this hypothesis., A through discussion of the

above hypothesis has been given by Glesekus[7 ]in 1973,

The subject of rheometry , which may be defined as
the experimental determination of the mechanical properties
of matters, depends upon producing the laboratory apparatus
by which we obtain the experimental data which may be used
directly in the soluticn ©of an englneering problem without
the entervention constitutive cor rheological equation., Meth~
ods of examining the rheological properties of matter may be
broadly diwvided intc two groups according to whether the
conditions at the rigid boundaries are stationary in time

or variabkle. Variable conditions are usually obtained by

imposing :

1 - A sudden stress at the seolid boundaries which

is subsequently held ccnstant.

2 = A sudden strain at the solid boundaries which is

subsegnently held constant.

3 - A pericdically varying motion at the solid boun-

daries,

The third case is by for the mest important in examining
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