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process relation [Eq. (4)]f in place of the tangent-gas law
[Eq. (9)] brings in additional nonlinearity that has trivial
consequences, if compared to the nonlinear interaction be-
tween pressure waves and the combustion processes. Al-
though the equations become less transparent, conclusions
derived from the mathematical model are not modified essen-
tially if Eq. (9) is replaced by a polytropic process relation.}
Therefore, in order to make new and interesting phenomena,
clearly evident, convective nonlinearity is suppressed in the
theoretical treatment! by evoking the tangent-gas law.
Emphasizing the shortcomings of a burning rate function like
Eq. (8), a representation of the combustion mechanism which
takes account of vaporization and chemical reaction but can-
not take account of physical mixing and melecular diffusion
(processes that are rate-controlling in many combustion
fields) is earnest criticism. By introducing a time delay
function in place of Eq. (8), by linearizing the system of equa-
tions, and by supplementing the equations that result with
boundary conditions, it is possible to obtain a resonance-type
mechanism for instability, a mechanism that does not appear
in the idealized model of Ref. 1. Yet the issue is not whether
a representation of the combustion mechanism like Eq. (8)
is of completely general practical interest, but rather whether
it is generally less appropriate than the ad hoc introduction of
a time delay function. Tt certainly is interesting that a
mechanism for instability exists even if processes associated
with a time delay (such as physical mixing and molecular
diffusion) are not rate-controlling. In fact, this “friction
term” interaction between pressure waves and the com-
bustion processes must appear in an all-embracing mathe-
matical theory, one with additional equations for mixing and
diffusion, because the idealized mathematical model in Ref.
1 is the limit of such a theory with “time delays” permitted
to vanish. Furthermore, it is questionable whether a reso-
nance-type mechanism for instability can be derived in rigorous
fashion from the complete set of governing equations in an
all-embracing mathematical theory.§ No one can argue
that the complicated and variegated combustion fields of
practical interest are not worthy of analysis from comple-
mentary points of view.

For practical situations that are described approximately
by the idealized model, consider whether the mechanism for
instability is essentially local in character, as asserted in
Ref. 1. Provided that it is appropriate to relate the idealized
mathematical model to an actual combustion field, Eq. (19)
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governs the dynamics of pressure waves in the region of active
combustion. Observe that the equation has the deflagration
solution P = P, = const, with P, interpreted physically as
the average “chamber pressure” for steady, normal com-
bustion. In the neighborhood of the P = P, solution, the
equation has the general acoustical perturbative solution
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1 Equations quoted arein Ref. 1.

1 For example, the necessary and sufficient condition for stable
pressure waves {m < [1 + (2/«)]} still is obtained if one replaces
Eq. (9) with a polytropic process relation, as one may deduce easily
from the results in Ref. 2.

§ Attempts by the author to obtain theoretical results of this
nature were not fruitful.
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where the €’s are arbitrary small constants, €, <« 1, the ks
denote wave-numbers in ¢ space for acoustical disturbances
that are consistent with conditions at a remote boundary
(well outside the region of active combustion), the &'s and
#’s denote phase constants that are prescribed by the same
boundary conditions, and the u’s and »’s are given by
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with the abbreviation
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Clearly, the P = P. solution is stable if all of the u’s are
positive and unstable if any u, is negative. But, inde-
pendent of the magnitude of each admissible wave number
k., (or phase constants ¢, and 6,), each u, is positive (negative)
if the parameter x is positive (negative). Thus the stability
depends entirely on the sign of x and does not depend on
boundary conditions that fix the &’s, the &s, and the §’s.
Hence the mechanism for instability is essentially local in
character. The condition for stability, namely, x > 0, is
recast in a neat form by introducing the effective polytropic
index, as by Eq. (27):

kK = (b/aP.) — 1

X =

Then the necessary and sufficient condition for pressure wave
stability is obtained asl

m < [1 4 (2/1)]

a result derived by alternative considerations and reported
in Ref. 1.
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Comments on “‘Free Vibration of a

Damped Elliptical Plate”

D. J. Jouns*
College of Aeronautics, Cranfield, England

N Ref. 1, results are presented for the two lowest eigen-
frequencies of a clamped-edge elliptical plate. It should
be pointed out, however, that only one of the eigenfrequencies
determined has any physical significance, viz., the solution
corresponding to A% since the assumed modal form ¢ can-
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not be considered to represent any mode other than the
fundamental vibration mode. Using

xQ y2 2 x? y2 3
¢=A1<a—2+55—1> —|—A2<a—2+l§-—1>k (1)
the results quoted for A;2 and A2 were
A2 = 1.6341(24/a% (1 + (22%/30%) + (a%/b%)] 2

and
A2 = 5.3825(24/a9)[1 + (2a2/3b2) + (a%/b%)] 3)

In Ref. 2, the present writer assumed the following modal
form in a panel flutter analysis:

2 2 2 2 2 2
¢=A1<%+§—2f1> +A2x(§~z+§—2—1) @

and the first two eigenfrequencies found for these two un-
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little influence on the value of the lowest eigenfrequency
determined. ‘

To assess the accuracy of the forementioned approximate
results, comparison can be made for the particular case of a
clamped-edge circular plate with the exact results presented
in Ref. 3 for the first two eigenfrequencies, i.e.,

A2 = 105/a* Ao? = 464/a* )
The corresponding results from Eqgs. (5) and (6) are
A2 = 106.67/at A2 = 480/a* ®)
whereas from Eqgs. (2) and (3), one obtains
M2 = 104.58/a* As? = 344/a* 9)

Thus, although the two-term analysis of Ref. 1 gives a
better approximate result for the lowest eigenfrequency than
a one-term analysis, the expression quoted in Ref. 1 for the
second eigenfrequency has no physical significance.

coupled modes are expressed by

AM? = (40/af)[1 + (22%/3b%) + (a*/b%)] ®)

and

A? = (300/a%)[1 + (2¢°/50%) + (a*/5b%)] (6)

It can be deduced by comparison of Kqgs. (2) and (5) that
the inclusion of the additional 4, term in Eq. (1) has had very
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