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Fig. 1 Dependence of flame thickness on pressure and reaction con-
stant.
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Equation (23) gives the amplitude of the surface tem-
perature variation and thus the small perturbation in surface
temperature is given by

have presented a discussion on quantities which are not
measurable, for example, the flame thickness and chemical
reaction rate. Variation of these quantities are shown gra-
phically. The advantage of this analysis is that it enables one
to determine quite easily how the various parameters in-
fluence the combustion mechanism.

Secondly, a range for stability in terms of known
parameters is deduced which can help designers to predict the
influence of changes in propellant's parameters on the un-
stable burning.
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The positive real parts of the solution (24) indicate unstable
behavior. To investigate stability limit, the real part of the
solution is equated to zero, which gives

\l/2 (25)

Equation (25) gives the necessary condition for stability. By
varying the parameters, the influences of changes in physical
parameters of the composition on unstable burning can be
predicted.

Conclusion
Perturbation technique has been employed to investigate

the transient process of combustion of solid propellant. We

M. Pappas*
New Jersey Institute of Technology, Newark, N.J.

RELI ABILITY is a major problem associated with
nonlinear mathematical programming (NLP) op-

timization methods. Eason and Fenton1 in a recent com-
parison study of some 17 NLP codes found that a typical NLP
code solved only half of the ten test problems studies. Thus
the user of such methods cannot assume that merely because
he applies some popular NLP procedure to a given design
problem it will generate optimal solutions. Confirmation
studies and/or some check on the optimality of the solutions
are needed to establish that the NLP method selected indeed
works on the problem to which it has been applied. Any
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presentation of an optimal design procedure using an NLP
algorithm should, therefore, address the reliability question if
the potential user of the procedure is to be properly informed
as to its performance.

The recent article by Bronowicki et al.2 demonstrates the
need for optimality confirmation and a discussion of solution
reliability. The problems treated there are quite difficult in the
NLP sense. Application of the DSDA (a procedure which ap-
pears reasonably reliable, solving 9 of 10 of the problems of
Eason and Fenton)3, to a problem very similar to the type 1
problem of Ref. 2 produced optimization algorithm failure. It
was necessary to resort to variable coupling and mixed
discrete-continuous programming techniques to obtain
solution reliability.4 SUMT procedures such as used in Ref. 2
appear to be substantially less reliable than DSDA. The best
of the SUMT based procedures tested by Eason and Fenton
solved only half of the test problems.l Thus, it seems
reasonable to suspect reliability problems with such a
procedure on this difficult shell problem.

The 1,000 ft study for problem type 1 of Ref. 2 was checked
by a new code using constraint equations, which are identical
to those of Ref. 2, except for the hull vibration and buckling
equations which are quite similar.5 The shall parameter
values of Ref. 2 were used in the study. A value for the
weight/displacement ratio was obtained that is about 5%
lower than that reported in Ref. 2 and some 19% lower than
reported in the original report6 on which Ref. 2 is based. It
should be noted that the design reported in Ref. 2 cannot be
considered typical of the performance of the optimization
procedure used there since it was developed on the basis of in-
formation generated by another similar, shell optimization
capability.2-4 A difference of 5%, although perhaps in-
consequential considering the accuracy of the behavior
equations used, is significant from a mathematical program-
ming viewpoint. Thus, the design for the 1,000 ft, type 1
problem in Ref. 2 does not appear to be near optimum in a
mathematical programming sense.

Furthermore the design presented as optimal in Ref. 6, and
as a local optimum in Ref. 2, is apparently neither. This
design was used as a starting point for a synthesis run using
the program of Ref. 5. The search immediately moved away
from this point. Since the minimum natural frequency con-
straint and shell buckling constraints are not active for this
design, and thus the active constraints equations for this point
are identical to those of Ref. 2 and 6, one can conclude that
the point is not a local optimum. Thus it appears the NLP
procedure used in Ref. 2 simply failed at this point.

This writer concludes, on the basis of his studies,5 earlier
comparison studies,1 the difficulty of the problem,4 the dif-
fering results presented in Refs. 2 and 6, and the starting point
sensitivity cited in Ref. 2, that the optimization procedure
described therein is unsuitable for the problems posed.

Some additional, less important, points are also notewor-
thy. Although the limitation on the vibration mode search to
the range Q<n<6,l<m<6does not affect any of the results
presented, it should be noted that the use of this limitation
could produce invalid designs for the parameters used in the
1,000 ft case if a minimum natural frequency of zero is
specified since an optimal design with these parameters will
have both a boundary (m = l) and interior (m>6) buckling
minimum active.7

The elimination of the inconsistency of using a static rather
than dynamic constraint for the interring shell mode can be
effected without difficulty by applying the frequency
equations of Ref. 2 to the interring shell segment. The treat-
ment of modes shapes for the interring shell panel would not
be inconsistent with the use of an orthotropic shell model2

since the panel is unstiffened and thus the model reduces to
the isotropic case where the limitations cited in Ref. 2 do not
apply.

Considering the form of the objective function and
parameters used in the paper, the procedure appears intended

for the design of shells submersed in water. Yet at least for
some of the paramenters studied, the in-vacuo frequencies
such as those employed in Ref. 2 are a poor approximation to
the frequencies of immersed shells. Studies of a stiffened shell
with R/ts and L/R ratios very close to those of the 1,000 ft
case show that the lowest frequencies in water are about half
of those in air.8 Thus, it seems unrealistic to specify a
minimum in-vacuo frequency when the actual frequencies
may be much lower. Furthermore it seems inappropriate to
employ NLP methods in a situation where one cannot obtain
a reasonable estimate of the merit of a design. Thus the ap-
plicability of problem types 2 and 3 to submerged shells seems
questionable, since in-vacuo frequencies are used in the ob-
jective function of these problems.

Finally the differences between the weights of the designs
presented in Ref. 2 and Ref. 4 are not due in any significant
degree to variable coupling as stated in Ref. 2. Rather they are
due primarily to the inclusion in Ref. 4 of a stiffener buckling
constraint,9 which is apparently unjustified and not used in
Ref. 2.
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> APPAS comments on two main points regarding the op-
timization study in Ref. 1, namely that: 1) the numerical
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