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some general remarks are in order. The von Karman approxi-
mant (VKA) method is not a stand-alone turbulence simula-
tion model, but should be used with models for gust standard
deviations and integral length scale. These parameters have
considerable influence on simulation realism. The VKA
method is intended for real-time simulations, and the designa-
tion "real time" imposes severe restrictions on computational
complexity. Dr. Trevino has made several points, each of
which I will consider in turn.

Dr. Trevino refers to the emulation of physical forces in tur-
bulence acting on aircraft. Strictly speaking, the only hope of
achieving a totally realistic simulation of turbulence with all
physical mechanisms accurately modeled is by large-eddy or
direct simulation of turbulence using the unmodeled, time-
varying, Navier-Stokes equations. Large-eddy simulation
provides exciting results, however, with present computer
limitations is can model only relatively simple, low-Reynolds-
number flows. Some of the simulations at NASA Ames
Research Center require more than 100 h of supercomputer
time. Alternatives are to use real measured turbulence for
simulations or to use Monte Carlo methods to capture most of
the phenomena affecting the response of the aircraft. The use
fo real turbulence presupposes measurements at high resolu-
tion over a two- or three-dimensional field (for realistic
simulations).

Dr. Trevino refers to the Gaussian nature of the VKA and
other simulation methods as unrealistic and provides figures
showing highly skewed distributions, which he claims are
more characteristic of atmospheric turbulence. He believes
that Gaussian analyses do not even provide a viable limiting-
case analysis of the phenomenon. No one will argue that tur-
bulence is Gaussian, but, in some instances, one-point
statistics closely approximate Gaussian behavior (see, for ex-
ample, Ref. 2, p. 170, Fig. 8.1). In many instances, turbulence
has a larger than Gaussian value of kurtosis, and almost none
of the skewing indicated in Dr. Trevino's figures.3"5 These
higher values of kurtosis can be simulated by modulating the
turbulence with a stochastically varying gust standard
deviation.6'8 Modulation techniques should be applied to
VKA turbulence.

Dr. Trevino implies that the nonlinear convection term is ig-
nored in Monte Carlo turbulence simulation, and states that
without it, "...turbulence is nothing more than diffusion."
His statement is remarkable for three reasons: first, the fun-
damental physical basis for a - 5/3 fall off with frequency is
the predominance of inertial forces,3 hence, the genesis of the
phrase inertial subrange; second, all turbulence simulators re-
quire the frozen turbulence hypothesis, which excludes diffu-
sion; and third, the creation of a chaotic process from the
linear diffusion equation is difficult to accept. The destruction
terms in the turbulent kinetic energy equation arise from the
diffusion terms in the Navier-Stokes equations. Dissipation is
predominant in the dissipation subrange at frequencies of little
interest for most simulations.

Dr. Trevino refers to pilots' complaints that Gaussian
simulated turbulence does not have the right "feel" to it, and
lacks the element of "surprise." The element of surprise can
readily be added by modulating the Gaussian turbulence.
Although Gaussian turbulence may be "bland," Etkin9 points
out that pilot ratings on the Cooper-Harper scale show the ex-
pected trends with increasing turbulent intensity. Physical pro-
cesses other than the stochastic nature of turbulence may con-
tribute to its "feel." In a conversation some years ago, Carl
Terry, an engineer with United Airlines, pointed out that the
"feel" of turbulence may be in large part due to airframe
vibrational response. Airframe ringing is difficult to build into
a simulator.

Dr. Trevino suggests that third-order moments strongly in-
fluence aircraft turbulence response and should be added to
turbulence simulations. Unfortunately, he does not offer a
means for doing this. To my knowledge, no one has done this
yet, especially not for a real-time simulation. A simpler but

similar application illustrates some of the problems that may
be encountered in attempts to improve simulation models; a
problem of filter overspecification was encountered and over-
come, but the resulting filters were not realizable.10 Dr.
Trevino's problem is easier said than done.
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Comment on "The Role of Damping
on Supersonic Panel Flutter"

Alexander H. Flax*
National Academy of Engineering, Washington, D.C.

L OTTATI1 has analyzed the effect of a form of visco-
elastic damping on the flutter speed of a two-

dimensional simply supported panel in supersonic flow,
employing piston theory for the aerodynamic forces. The
results obtained indicate that even for infinitesimally small
values of the damping coefficient, there is a value of the
speed (or Mach number) parameter above which the system
becomes unstable. This result is similar to the one obtained
by Zisfein and Frueh2-3 for "structural" damping as typi-
cally used in flutter analyses in this country. "Structural"
damping is rigorously defined only for motions harmonic in
time but can be used to determine the boundary between
stable and unstable motions. On the stability boundary, an
equivalence, which is flutter-frequency-dependent, can be
established between the "structural" damping and any form
of linear viscoelastic damping. Thus, it is not surprising that
similar characteristics are found for the effects of viscoelastic
and structural damping on panel aeroelastic stability.

Zisfein and Frueh2'3 arrived at a relatively simple criterion
for the onset of panel instability in terms of the shape of the
frequency-velocity curve for the undamped system, cor-
responding to Lottati's Fig. 1. The validity of this simple
criterion was established by intricate calculations of the mo-
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tion of a panel system in discrete modal form. Their results,
established initially for two- and three-degree-of-freedom
systems, were extended to any finite number of degrees of
freedom by Fonda.4 A much more direct and simple ap-
proach based on small-perturbation theory can be applied
directly to the partial-differential equation [Eq. (1) of Ref.
1 ] for plate aeroelastic stability. The criterion for instability
at infinitesimal values of the viscoelastic damping coefficient
that is found is identical to the result of Zisfein and Frueh
for "structural'' damping, namely, that instability occurs
when

d<j) 1 co
dv 2 v

where the frequency co and velocity v refer to the curve of
frequency vs velocity for the undamped system. A simple
geometric construction on Lottati's Fig. 1 suffices to
demonstrate this point.

The stabilizing effect of uniform viscous damping (i.e.,
force proportional to plate transverse velocity) is also well
known, having been expounded by Movchan,5 Bolotin,6 and
others. For small values of combined viscous and viscoelastic
damping, the real parts of the root of the stability equation
are algebraically additive.

In Lottati's Note, viscoelastic damping was shown to be
destabilizing for all values of the viscoelastic damping coeffi-
cient for which data were given, and this effect was also
specifically noted in the text. In fact, in exact analogy to
Parks'7 determination of values of viscous damping suffi-
cient to stabilize against panel flutter at any velocity using
Liapounov's direct method, it can be shown that a panel
becomes aeroelastically stable for any velocity with suffi-
ciently large viscoelastic damping. This phenomenon also oc-
curs in many nonconservative systems with unequal modal
damping, as demonstrated by Bolotin6 for two degrees of
freedom.
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Reply by Author to A. H. Flax

I. Lottati*
Technion—Israel Institute of Technology

Haifa, Israel

1 WOULD like to acknowledge the interest that Prof.
A.H. Flax has shown in my recent Note.1 The effect of

damping on the stability of systems has been the subject of
many previous published works, some of which are referred to
by Flax and Ref. 1. It is a well-known fact2-3 that the stability
determinants obtained for the undamped system and the very
lightly damped one are not compatible and thus it is not sur-
prising that a light damping may change the flutter speed of
the system remarkably. Nevertheless, most of the results refer-
red to by Flax were obtained by applying the modal analysis
assuming a finite number of degrees of freedom to simulate
the infinite number of degrees of freedom of the continuous
structure. The results reported in Ref. 1 were obtained by solv-
ing exactly the differential equation of the supersonic panel
with the associated boundary conditions, obtaining the critical
speed at which the panel will undergo flutter, subjected to dif-
ferent types of damping. It is satisfactory to observe that the
results of Ref. 1 are in very good agreement with the results
obtained by other researchers applying different methods of
solution for dynamic systems that are not specifically related
to supersonic panel flutter.
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