SYNOPSIS

The present thesis comprising of six chapters
deals with problems in heat transfer by laminmar Tlow of

viscous incompressihle fluids,

A brief review of the previous studies mainly

related to the present work is given in Chapter I.

Chapters II, TIII and IV deal with problems on
| free convection while in the last two chapters forced
- convection problems with variable physical properties

are discussed.

Chapter IT is devoted to a study of transient
free convection flow along a semi-infinite vertical plate
moving arbitrarily in its own pléne.- The boundary layer
equations for flow and heat transfer are linearized and
the first two approximations are considered, The first
- approximation corresponds to the case of steady free
convection flow while the second approximation corres-
ponds to the response of velocity and temperature fields
to the motion of the plate. Laplace transform technigue
is employed and asymptotic solutions valid for large
times and for small times are obtained. In the pafti-
cular ease, when the.plate is given an impulsive start,

-

the velocity and temperature distributions for large
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times are déscribed by the quasi~steady values while
for very small times, the unsteady flow and temperature
fields are of the tshear-wave! type unaffected by the

basic steady flow.

In Chapter III, the unsteady free and forced
convection flow from a semi-infinite horizontal plate
is studied when the plate temperature varies periodically
in time about a non-zero mean, Separate solutions for
low énd high frequency ranges are developed, It is found
that for low frequencies, the oscillating component of
the heat transfer rate from tﬁe plate'to the fluid pre-
dicts a phage lead of 90° over the plate temperature
oscillations where as for high frequencies, the oscilla~
ting component of the temperature field is of the !'shear-
wave! type unaffected by the steady mean flow, predicting
a phase lead of 45° in the heat transfer rate at the
plate. The phase lead of the fluctuating éart of the

skin frietion in tshear-wave! flow is found to be 90°
over the plate temperature oscillations,

Fully developed free convection flow, arising
due to non-linear variation of density with respect to
the temperature difference, between two vertical para-
1iel plates maintained at constant temperatures is dealtl
with in Chapter IV, Results are compared with the cla-

ssical case of linear variation of density with temperature,
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When one wall is at the ambient temperature, the convec-
tive velocities are less than the corresponding veloci-
ties for linear density-temnerature variations while for
other combinations of the plate temperatures, the res-
pactive velocitiss and temperatures are either equal to
or greater than the corrosponding values of linear den~

sity variations,

Chapter V is devoted to a study of the ef’ects of
temnerature-devendent thermal conduchtivity. The snecilic
problens considered are - (i) the steady laminar flow and
heat transfer from a semi~infinite flat plate, and (ii)
unsteady flow and heat transfer from plates and surfaces
undergoing & sten change in temperature. Case (i) is
analysed for two thermal boundary conditions; viz. for
constant plalte temperature and for constant heat flux at
the nlate and it is found that a Linear variation ol ther-
mal conductivity with temperature causes a lincar varia-
tion in the temnerature distribution. For an isothermal
nlate, the rate of heat transfer at the wall increases as
the coefficient of thermal conductivity increases. Tn
case (1i) it is assurmed that at time 't-;() y the bhody
undergoes a thermal transient which suddenly increases its
temperatuwre by a constant. An integral method is emnloyed
to solve the resulting ~quations. Tt is observed that.a

linerar variation of thermal conductivity with temperature

-
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results in a linear variation in the surface heat flux.
In the particular case of heat transfer from a semi-

infinite flat plate, it is found that the steady state
is reached earlier or is delayed according as the ther-

mal conduetivity is more or less than its constant value.

In Chapter VI, a study is made of the forced con-
vection flow of liquids past a heated flat plate with
temperature~dependent viscosity and thermal conductiwvity.
Using the Kédrmén-Pohlhausen technique, velocity and tem-
perature profiles as well as skin friction and heat
transfer characteristics are obtained for Prandtl number

S">1 . It is shown that the velocities decrease
while the temperature increase as the coefficient of
viscosity increases. The velocity and the temperature
within the boundary layer decrease with the increase of
Prandtl mmber, For constant viscosity, the temperature
increases lineariy with linear increase in the coefficient

of thermal conductivity.





