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ABSTRACT,

An exploratory experiuental study and theoretical analysig
of the relationships between various nathcenatiecal descriptions or
'models' of linear packcd bed heat transfer dynemics has been carrd v
out. Some coutributions have also been nade to the theory and
practice of dynanic testing.

Physicol phenomena allowed for included fluid phase
axial dispersion, inter and intra-phase heat transfor and.
bulk fluid convection, 'Two phase' finite stage and continuous
models were compared and shown to yield close correspondence ovoy
8 wide renge of parameters,

The conditions under which o single paranetor nay be wgwd
to characterise the dynemie response of g backed bed were clonified.
It was found that the 'equivalent conductlivity' model of Babeook
and co-wrorkers could be uscd only when o parameter known as thae
Theat capacity ratio', VH vas near unity. Tor large valuas of
heot capacity ratio, the Schumann mode) could be applied, Lumping
oxiel dispersion and solids conductivity effeots into an equlvaloent
Schumann heat transfer paroneter by ncans of o simple eguetion,
provided the 'bed length paramcter?, YX, defined Ly Babeock wog
greater than 5 to 10,

The eriterion broposed by Hendley and Heggs for asgesslng

o

the importance of "intraparticle! {or internal particle conduction)



effects on breakthrough curves was exanined. The criterion was
found to be incorrect since it d4id not distinguish between
"dispersive' and 'curvc shape' effects.

General integral formulae for determining breakthrough
- curves in a packed bed from any linear transfer function werc
derived and used, through an orthogonal polynomlal Fourier transform
inversion procedure, to obtain theorctical breakthrough curves for
a wide range of paramcters. Points on the curve werc then correlated
empiricelly egainst the sinpgle parameter referred to above, allowing
rapid construction of any breskthrough curve salbisfying the constraints
on bed length porancter ‘and heat capacity ratio.

Relationships between frequerllcy response tesating and moments
analysis were derived and orthogonal polynomial approximation
procedurcs for pulsc to frequency response conversion devaloped,
Acritica.l agsessnent of errors inherent in vearious methods of
dynanic testing has been prescented with eriphasis on the cyelic
test method of frequency response and on two step response procedurcs.

A technique for duproving the rellability of pulsc testiné
experinents was developed and used to apply thermal pulse and step
inputs to packed beds of lead, soda glass und Perspex through which
air was flowing. Theoreticsal conelusions roegarding the effect
of the bed length parancter ¥YX on curve shape were verified
although enomolous results were obtained for snall values of yx.

Tt is suggested that the models considercd do not provide a good



description of packed bed dynamics in this case. Conparison of
experimental values of the Stanton number with those predlcted by
the steady state heat transfer correlations of Denton and others
led to the conclusion thet these correlations are 'contaminated!
by axial fluld dispersion effocts. Correction for axial fluids
dispersion would thercefore De expected to yield erroncous results
in predictions of braakthrough eurves, when those corrclations are
used. The theoretical offcets of fluid phese axial dispersion on
various steady etate packed bed experinents werce also considered

by use of the F-factor approgceh of Epstein.
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