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During the last decade and halfy, a new scienc- as well \
as technology has made 1tself falt, memely magnetohydrodynamics,
Simply, magnetohydrodynamics comes sbout vhen sn electromegnetic
field is coupled with the flow field of an eleetrienlly conducting
fluid such se mercury or an ionized gas, Originally developed
by sstrophysicists to gtudy steller phenomens, the subject is
novw elaimed by engineers es well, becsuse of 1ts meny potential
technologlesl applicntions, Amg those we might mention the
foilovingt Controlled thermonuclear fusion, magnetosercdynamie
drag for re-entry, thrus* production for propulsive devices,
mphgo:&nm& metals, high temperature rsesistant coating,
cutting of high temperature alloys, chemical synthesis end liquid
metal lubrication, In recent yaars, the studies relesting to flows
threugh porous welled channels have contributed to n large
extent to the expanding field of Imoviedge which is appliesble
not only %o gaseous diffusion teshnology but also to aerodynamie
studies fnvolving the statbilization of boundnry lavers ocn wings
end diffuser surfaces end transpirationn) cocoling of rocket
engines, The study of tho motion of visco-eluastic fluide- in the
absence snd presente of a magnetic field has applicntions in
nany areas, A fow exsmples are the flow of muclear fuel clurriu,'
flow of plasma, flow of mercury amelgems, handling of bdiologieal



fluids, flow of blood and lubrication with hesvy oils and greases,

The purpose of this thesis is to investigate the flow
end heat tranafer in hydromagnetiec flows in both ordinary Newtonian
fluids and viseo-elastic fluids, taking into account of the elect-
rienl conductivity and porosity of the wells, In wiew of the
complicated nature of system of equations involved, eonsideration
has been restricted to problems of incomnressible, electriecally
gonduating 1iquids through channels of differsnt crosas-sections,

The work contained in this thesis has been divided into
eight chapters, In chapter I a eritissl survey of the 'iterature
in Magnetohydrodynamics has been carried& out.

The stesiy state solution for the laminar flow of
incompressible, viscous and electrically conducking limuid in the
presence of transverse magnetic field has been investignted in
detail in chanter II, Teking into account the porosity of wellse
we have obinined the wveloocity profiles, the profiles for the
induced magnotie »nd electrie fields, Consideration has slso been
given to the rectangular channels in the féllowing two esses
(a) vhen the totsl current is zero and (b) vhen the %total current
is not sero, It is found that the general solution contains two
unimown constants, By properly choosing these constants we have
shown that the same general solution c¢an be made to fit with the
solution for all two-dimnesional channe}d (reatsngular and annular)
vhose geometry approaches in the limit to thot of the one dimene
sional channel, It is found that near the suction wall the viseous
fordes are much more proncunced than at the injection wall,

Chapter III deals with the problem of investigating the



influence of trensverse magnetic field on the lesminar radisl flow
of an incompressible fluid between two closely spaced parallel
plates, The governing equations and boundary conditions are
established and a solution 1s earried out by verturbing the
ereeping flow solution and an asymptotie expansion is made out,
The extent of the effect of the magnetie field on the flov is
determined by the magnitude of the Hartmann number and the
nmerieal results for the pressure distribution are presented,
Entreance effects are being meglected, It has been concluded that
the pressure increrses with the inerense of the magnetie field,

Two~dimensional steady-state 1neeiprusiblo hydro=
magnetie flow through a rectasngular channel in the presence of
uniform transverse mmst;c field has been investigs.ed in
chapter IV vhen the fluid being vithdrawn through both walls of
the channel at different rates s~y v, and v, , Perturbation
solutions have been obtrined for small values of the cross Raynoldc‘
numbers for the velocity components and pressure distribution,

It has been noticed that the pressure drop in the major flow
direction inereases with the inerense of the Hartmann number, M,
wvhich determines the intensity of the magnetic field; and decreases
vith the inerense of the suction parsmeters R_ando; , Some more
interesting results have been recorded for theskinefriction

near the walls and stresmlines have been drawn,

In chapter V we study the effect of the magnetic field
on the flow of viscous, incompressible and electrieally conducting
ﬂgx&d in the presence of a trangverse magnetic field through long
rectangular ducts under the condition that the axial pressure
gradient is an arbitrary function of time, The solution for an



impulsive pressure grrdient is first derived by transforming

the governing emustion of motion to a homegeneous ¢ne along with
appropriate changes in initial conditions, The cases of otheg

time dependent pressure gradients, such as (1) constant pressure
gradient (11) harmonicelly oseillating pres-ure gradient snd (114)

a pursly harmonic motion superimposed on a steady flow, are dise
cussed with the help of the convolution integrsl or Duhamel's
integral, MNumericsl wvalues of the important flow characteris“ies
such as transient velocity distribution, mass flow rate, sectional
average velocity, shear stress and energy dissination are presented \
for differsnt values of the Hartmann number and the aspeet ratio ‘
of the duet eross-sectional areas, The following observations ecan

be drawn from the graphs snd tables presented, In the case of
constant pressure gradient, the effect of the magnetic field is

to fiatten the veloeity profiles snd to shorten the flow develope
ment time, .It incresses the frictional factor and decreasesthe
mass flov rate, The velocity nenr the ducet axis and the pressure
foree has a 00 phase shift in tho oase of harmonically oseillate
ing pressure grndient, The presence of the magnetic field

affects considersbly the velocity rrofies and there is a marked
dirference in th@ cnse of fast oseillations than in the ense of ‘
small! values of v , the frequency parsmeter, The maximum velocity

in the canse of karge } , does not oeccur on the axis’ of the duet

but it falls nesr the wall, In the cnse of constani pressure
gradient superimposed on a harmonically oscillating presaure
gradient, the value of the coeffieient of excess work, G( V¥ ),
dearenses as Y 4inereases vhatever may be the values of  , the
aspect ratlio of the Muet eross.section, and M, the Hartmanmn



nunber, which mesns the faster the oseillations the less extra
energy being dissipated, G( ¥ ) inerenses ns magnedic field
strength increases,

In chapter VI the analytical solution to the emuation of
motion is given for the steady laminar flow of s uniformly income
pressible visco-elnatic fluid between two parallel plates when
the plates sre dectrically conducting, The constitutive equation
for viscoealastic fluid employed here is one in vwhich the extra

stress Pj i3 related to the rate of strsin tensor dj in the
form

4
)A
wvhere ¥ 4 the elastic constsnt having dimensions of tm,‘ is the

eoefficient of viscosity \ is the coefficient of eross-viscosity
and fad represents the rate of stress vhich following truesdell
or Oldroyd for incompressible fluids, is given bs

¥ = = ¢ g o
Pi v Py cap dyrapmedsdy, (1)
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The fluid is under the influence of a constont pressure gradient
and is subjected to 2 uniform magnetic fileld perpendicular to

the direction of motion, The extent of the effect of wall eleecte
rieal conductance h=s been determined by the parameters 3, and &,
vhich are the wnll electriecal conductance ratios of the lower and
upper walls, Flow rates, velocity profiles, distribution of
electric current and the induced mémetia field profiles for
various values of<¢ 4 ¢+ 4 M and R, the visco-elnstic parameter,



are presented and compared with those corresponding to Newe
tonain fluid,

Chapter VII contains the investigation of the influence
of wsll conductance on the combined foreedsnd free convection of
an electriecally conducting fluid flovwing inside an o ed
vertical channel @ormed by two identical parallel wnlls in the
presene, of a uniform transverse na;nit.te field, The surface
temperatures of the walls have been considered warying linesrly
along the vertigdal dlstance, Hxsct solutions have been obtained
for velocity, temperature and magnetic field distridutions nege
Recting the visecous dissipation, The effect of constant hest
sources an? sinks has also been investigated, Numerical ealecue
lations haove been earried out on the flow, heat and magnetie chare
acteristies for various combinations of the non-dimensional
perameters involved in the problem, We notice that the effects
of the electrical conductivity of the w-lls on the flow charsctere
istics are considerable, We see that for a given value of ( %+4,),
the sum of the woll conductivity ratios, incre-se in M results
in flattening the velocity profiles while sharpening the tempera-
ture distributions. Vhen vertical temperature gradient is negae
tive a eritiesl Raleigh number is found at wvhich instability
appears and incrensing magnetic field is shown to haw stabilige
ing effect,

The effect of wall conduatance on a laminar flow of a
uniform conduating incompressidble flow is estadlished in chapter
VIII between two parallel walls under a uniform magnetic field
perpendicular to the wallss the temperature distribution Within



the fluid and the local Nusselt mumber are theoreti€slly investie
gated for the thermal entrance region., Boundary conditions ave for
both the ersesof preseribed uniform heat flux at well and that

of uniform wall temperatupe, Joule heating is token into account
but heat produced by viscous force is neglected, The use of
orthogonal functions to solve the mrgyiyﬁ:&s to sn eigenvalue:
problen of SturmeLiouville type differential equation which has
been solved by Ritz method, WNumerical caloulations of the results

are dong,

The nunerical computation of the r esults presented in
this thesis has been earried ocut on the electronic Digital
Computer, IBM 1620 installed at Indian Agrioultural Research
Statistiecs Institute, Wew Delhi,
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