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Reply by Authors to
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N a recent Note' we tried to emphasize that pressure

dependence of burning rate of composite solid propellants
may depend on chemical factors and, accordingly, we
postulated a reactor model. Recently, Nelson et al. questioned
the validity of that model. They questioned the basic relation
[Eq. (8)] of that Note,
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which predicts that rate constant & would increase with
pressure P when the volume of activation AV* is negative.
The relation is obtained from transition state theory? and
would be valid for gaseous as well as condensed phase
reactions. Wherever a tightly activated complex is formed,
there is a likelihood that AV* will be negative. It is true that
not many gas reactions have been studied, but it is also true
that the pressure effect would be significant. However, we

agree with Nelson et al. that in our Eq. (8) k£, would depend
on temperature, so that

k;=kyexp[—(I/RT) (E+PAV*)] @

where k, is another constant and E is the energy of activation.
Equation (2) can be substituted in Egs. (10) and (11) of our
Note and a solution can be obtained for some cases,® in-
cluding the case when (E/RT) is greater than 15, which
would certainly be the case in combustion reactions.*

The fears of Nelson et al. that induction of Eq. (2) would
make the subsequent development of the theory of pressure
dependence based on our model difficult are not genuine.
Since we are primarily interested in getting an expression for
pressure dependence of burning rate, considerable sim-
plifications can be achieved. Rewriting our Eq. (9) with the
help of Eq. (2) we get
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Since the magnitude of PAV*/RT under the chamber con-
ditions would be approximately of the order of 10-2, the
second exponential of the first factor of Eq. (3) can be
linearized and the subsequent integration under the proper
limit would yield:
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A further simplication can be achieved by considering that
(PAV*/RT)ta T<1, Eq. (5) can be rewritten as
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and
So(T) =tTexp[—E/RT;] — taTiexp[— E/RT|]

Approximate methods can be applied to estimate f, (7).
However, for the present purpose, it is not necessary to know
them explicitly since we are concerned with pressure-
dependent quantities only. Thus a modified form of our Eq.
(12) would be
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Incorporating Eq. (7) into heat balance equation of Ref. 1
leads to identical results

(F/P)2=(a/P)—b 8)
with
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The objection of Nelson et al. to Eq. (6) of Ref. | is not
sound since 1/p, represents the specific volume of reactants
only. Similarly, in view of the fact that not many
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measurements of temperature profile in the gas phase are
available, the assumption of linear temperature gradient
across the reaction zone is the only way out.

The model which we proposed in Ref. 1 breaks new ground,
although it has to be subjected to further modification. There
have been reports that the decomposition temperature of
ammonium perchlorate® is reduced by increase of pressure,
indicating thereby that the kinetics of oxidizer decomposition
is pressure dependent. Further heat of gasification would also
be pressure dependent,$ since enthalpy for real gases can be
pressure dependent.” There is a need for further investigation
of the model and the underlying pressure-dependent processes
so that a clearer picture may emerge.
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The present volume was prepared as a sequel to Volume 53, Experimental Diagnostics in Gas Phase Combustion Systems,
published in 1977. Its objective is similar to that of the gas phase combustion volume, namely, to assemble in one place a set
of advanced expository treatments of the newest diagnostic methods that have emerged in recent years in experimental
combustion research in heterogenous systems and to analyze both the potentials and the shortcomings in ways that would
suggest directions for future development. The emphasis in the first volume was on homogenous gas phase systems, usually
the subject of idealized laboratory researches; the emphasis in the present volume is on heterogenous two- or more-phase
systems typical of those encountered in practical combustors.

As remarked in the 1977 volume, the particular diagnostic methods selected for presentation were largely undeveloped a
decade ago. However, these more powerful methods now make possible a deeper and much more detailed understanding of
the complex processes in combustion than we had thought feasible at that time.

Like the previous one, this volume was planned as a means to disseminate the techniques hitherto known only to
specialists to the much broader community of research scientists and development engineers in the combustion field. We
believe that the articles and the selected references to the current literature contained in the articles will prove useful and
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