SYROPSIS

Unsteady bowndary layers asre of considersble
importance in many problems of engineering interest.
However, the theory of unsteady flows is much less
advanced. This is due to the 1nc1uéicn of one more
independent varisble in the equations of motion. The
gituation is further compliceted by the faet_that w-
steadiness may enter a problem in s veriety of ways;
Recently unsteady boundsry layers have received wide
interest in view of their applications in mony fields
of recent origin such ss in ihe rotating stell of a

turbine, wing flutter qf an aircraft etc.

The present thesis comprising of six chapters
deals with the study of unsteady boundary 1ayers‘1n
viseous, incompressible fluids.

Chapter 1 i3 of review nature, a briefl sJ;éy of
the various espects of unsteady boundary layers relasted

to the present work 1ls given.

Chepter II 1s devoted to the study of wnstesdy
free convection from 2 semi-infinite horizontal plste,
whose temperature varies harmonically in time about &
non~zerc mean. The mean {low 18 dus to buwyancy Torees
caused by the temperature differences between the plate

snd the free-stresm, The anelysis is restricted to



small amplitudes only. This enables us to affect
linearisation of the equations and still retain the
first order effects of temperature fluctustions.
Asymptotic solutlons valid for low snd high freguency
ranges are developed. It is found thst for low fre-
quencies, the osclilleting component of the Nus;elt
nunber incresses as the Prandtl number incresses. Tor
very high frequencies, temperature field is of the .

! shear wave' type uneffected by the steady mesan flow.

In Chapter III, we study the periodic boundary
layer Tlow of certslh second-order flulds srouwnd a
periodically oscillating cylinder. The amplitude of
oscillations is sssumed to be smell. The veloecity
field 1s obtsined by m process of successive approxims-
tions. It 1is found that & steady secondary motion is
induced ot & large distance from the cylinder ss in
ordinary viscous fluids. The results 2re applied to
the case of an oscillating circulsr cylinder. The
stresm lines of the seéondary flow are drawn for various
vslues of the parameter charascteristng the sacond-order
fluids. It ia found thet in the region near the cylin-
der the stresm lines of the secondary flow are closed

loops whille sway from it they asre U-shapéd.

Chapter IV 1s concerned with the unsteady flow
due to 8 rotating disk whose angular velocify is sud~
denly changed by a amell empunt proportionsl to ¢

@
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where ¢<<| . The unsteady equations sre lineari-
sed with respect to ¢ using Yon Karman solution

ss the non-zero mean. Separate solutions sre develo~
ped for smell and large time. It 1s found that the
unsteady flow in the initial stages is of the Rayleigh
type maffected by the mean flow. The flow fleld then
gets modified as s result of the diffusion of vorticity
outwards. Strong interaction occurs between the -
gteady nmean Tlow and the superimposed {low which sets

up demped torsionsl oscillsetions in the fluld.

Chapter V 1s devoted to the study of the Tlow
due to an infinite plate moving with 8 wniform velo-
elty in 1ts own plar;e in an infinite liquid rotating
with a tinme dependeut. angular velocity. 1In pert one
of this chapter, we consider the case when the sngulser
veloeity of the liquid consists of a weak osclllating
component superimposed on & basic stesdy distribution.
It is Z“ound that oscillations of 0(€¢) modify the
steady mean flow (due to the rotation 2. only),
to 0(‘-18"), where ) is the square of the
ratic of the Ekman layer snd the Stokes layer. In part
twe of the chapter 1s considered the case when the an<«
gulsr veloecity 1s = slowly varying srbitrary function
of time. Moore's method of serles expsnsion 1ls employed

snd the deviation of the sctusl instantanecis state of



the flow from the qussi-steady state 13 determined.
A simplified ecriterion .o s0-¢ 07 18 eatabli~
shed to define the conditions under which the flow
can be considered as quasl-~steady for the purpose of

shear stress conmputatlions.

The last chspter is devoted to s study of the
growth of boundary layer between two parallel wslls due
to the impulsive or wniformly accelsrated motion of one
of the walls under s uniform transverse magnetic field.
The fluld i3 electrically conducting and a uniform
suction or blowing is imposed on the moving wall. The
study 13 restricted to small meghetic Reynolds number
so that the induced magnetic field may be nagleci:ad,
end the electric field 13 zero every where. Laplace
Transform is used to find the velocity profile in the
form of infinite series of error functions. BExpress-
ions for the skin-friction coefficient 1s obtained
interms of two non-dimensional parsmeters, the Hartmann
nunber M and the suction psrameter S . The skin~

friction is found to increase 83 ™M or S increases.





