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Reply by the Author to R. L. Glick
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T HE author wishes to thank Glick and Caveny for their
interest in his Note,1 and to comment briefly on the issues

which they raise. In their Comment, Glick and Caveny make
two points. First, and most important, they emphasize that
an internal ballistic analysis of a solid rocket motor (SRM)
ought to be coupled to a grain structural analysis to properly
analyze SRM performance, since grain deformation can sig-
nificantly alter the internal geometry. Second, they suggest
that it may be possible to create more efficient segmented
SRM designs than the simple modification proposed in Ref.
1, where alternate segments are installed in the motor upside
down (relative to the usual orientation of segments in SRMs).
Their prime candidate appears to be a design in which all of
the segments are installed upside down (see Fig. Ic of Glick
and Caveny's Comment), and the individual segments are
tailored so that the resulting port flow area increase across
slots is filled by the flow which emerges from the slots.
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In regard to the second point, I would agree with Glick
and Caveny that the design change proposed in Ref. 1 will
not necessarily optimize an SRM from the standpoint of re-
ducing the initial stagnation pressure loss or reducing the
danger of catastrophic grain collapse. The idea in the original
Note was that a simple rearrangement of the segments would
improve the motor in both of these respects, and that this
could be achieved with the propellant segment shapes cur-
rently in use.

Concerning their first point, that a coupled flow/structural
analysis is required to properly analyze SRM performance, I
would also agree with Glick and Caveny on this matter. The
fixed grain geometry calculations, for which results were pre-
sented in Ref. 1, are only valid if the propellant deformation
is small, due either to a stiff (high modulus) propellant or to
the nature of the design. And the standard SRM design (Ref.
1, Fig. la), which has forward propellant segment corners
that jut out into the bore flow and experience large aerody-
namic loading, is a design which by its very nature is prone
to deformation. In cases where the grain deformation is not
small, such fixed geometry calculations can only provide a
preliminary assessment of SRM performance. A coupled flow-
structural interactive calculation is needed in the final anal-
ysis. It should be added however, that my modified design
(Ref. 1, Fig. Ib), and Glick and Caveny's alternate design
(their Fig. Ic), are both less prone to deformation under the
expected aerodynamic loading, as are chamfered (i.e., Ritchey
radius) designs.

Finally, I would mention that, in addition to the pioneering
work done by Glick and Caveny in this area,2 a coupled flow/
structural numerical procedure for SRMs has recently been
developed which addresses these concerns.3 This computer
code simultaneously models the developing flowfield and the
associated propellant grain deformation during the ignition
transient period of SRM operation.
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