SYNOPSIS

The thesis deals, with the‘formnlation and applica-
tion of variational prineciples to the problems of free and
forced convective heat tfanafer in incompressible viscous
fluids. 1In the introduction, the application of variational
techniques in the field of heat transfer is briefly reviewed.

The thesis is divided into five chapters.

Chapter 1

VARIATIONAL PRINCIPLES FOR THE
UNSTEADY HEAT CONVECTION

..A varistional principle for nnsteady forced heat
convection in laminar flow 13 formlated. It is based on
the thermodynamies of llnear jrreversible processes. Ihe
phenomenon of heat convection 1is represented by a heat flow
vector field H  instead of a scalar temperature field €.
The concepts of thermal potential V , dissipation function
D  and genaralized thermal force are introduced. The
variational principleueqnivalent to the equation of heat
.eonvection and leading to tﬁa equations of Lagrangisn type,
is stated as, OVT 5D=He“ -8 3ds ¢ the surface in-
,tegral extends over the boundary S of the domain with
the mnit normal WM  to the boundary taken positive inward.
The efrects of surface heat transfer and nomuniform surface
'tenperatnre are also ineluded. The principle is extended

fte 1lenﬂe systems where dependence of heat capaclty and
A ﬁ’&w}, .
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condnetivity on temperature leads to a nonlinear energy

equation.

Chapter II

VARIATIONAL PRINCIPLES FOR THE STEADY
HEAT CONVECTION IN DUCIS

A varlational prineipls is developed for the prob-
lems of heat transfer in channel flows for large Péclét
npnberst(axial heat conduction neglected). The eguation
of steady heat convection in three dimensions is trénsfor-
mzed into a twn-diﬁehsibnal'ngg&gaﬂx equation by introdn-
cing a time-like variablé. Tharmal_potential and dlssipa-~
tion fumection are defined as in Chapter I and & similar
varlational principle is fozmnlated.‘ Thé effects of Surface
heat transfer, nomniform temperature 6n the periphery of the
duct and of the temperature depsndent parameters are inclu-

ded.

Chapter I1III

APPLICATION OF THE VARIATIONAL PRINCIPLE TO THE
PROBLEMS OF STEADY HEAT TRANSFER IN DUCTS

/

The variational principle formmlated in Chapter II,
is applied to (1) Heat transfer between parallel plates for
(i)lslng flow, (i1) parabolic flow and (2) Heat transfer in
a tube of circular section for (1) slug flow, (ii) parabolic
flow. Comparison of the results with the avallable exact
solutions is made and thq_agreement is found to be good.

A method is developed to estimate the Nusselt number at
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infinity without detailed calculations for the temperature
distribution.

Chapter IV

A VARIATIORAL METHOD FOR COMBINED FREE AND
'FORCED CONVECTION IN CHANNELS

4 varlational method is presented for heat transfer
problems of combined free and forced convection by a fully
developed laminar flow in vertical channels. The momentum
and énergy equations are combined to give an lnhomogeneous
Helmholtz wave equation with homogeneons Dirichlet boundary
conditions. This equation is solved variétionally for the

partigular case of flow In a rectangular channel.

Chapter V

HEAT TRANSFER IN LAMINAR FLOW RETWEEN PARALLEL
PLATES AT SMALL PECLET NUMBERS .

The problem of heat.transfer batween two infinite
parallel piates is studied to consider the effect of heat -
diffusion on the incldent fluid. The valocity distribution
is taken to be parabolic. The heat generated by viscoms
dissipation 15 also taken inmto account. Solutlons of the
energy equation for thé regions X :gO and X>/o are
obtained and the continuity conditions are lmposed on the
temperature and its derivative at the junction x =0 ,
Detailed solutions are given for Pd =1 . Mean mixed

temperatures and Nusselt rumbers are ealeculated. It is
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found that at small Pééiét mmbers the incident temperature
1s affected by the diffusion of heat from right (X )o)
to the left (x{0) of the section X =0 . The Nus-
- selt nuﬁber at infinity for the parabolic veloclty distri-
butien is smgllier than that for the slug flow.





