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Comment on "In-Flight Measurement
of Static Pressures"

Dennis G. Mabey*
Imperial College,

London SW7 2BY, England, United Kingdom

REFERENCE 1 includes some very interesting in-flight
measurements of the steady and fluctuating trailing-edge

pressures on an A310-200 aircraft at high speeds. However,
Ref. 1 includes two remarks which could mislead some read-
ers.

When discussing the measured pressure spectra (Ref. 1,
Fig. 11) it is noted that "The harmonics of torsion can be
detected up to eighth order. Such excitation indicates strong
buffet motion." It is true that the peaks in the spectra indicate
motion (better "response" or "buffeting" as defined in Ref.
2). The peaks cannot represent "excitation" (buffet) at those
frequencies. The separations concerned are incipient and of
very small scale. Hence, these are unlikely to be modifying
the excitation. These motion-induced pressures should be re-
lated directly to the aerodynamic damping. It would be in-
teresting to reanalyze the data to see if there are any changes
in the phase of the trailing-edge pressures with respect to the
wing motions as Q increases at constant Mach number.

Later in the article there is a curious reference to buffet
frequencies of 45-70 Hz for aerofoils and Ref. 3 is cited. Such
discrete excitation (buffet) is determined by a frequency pa-
rameter based on the aerofoil chord (only 0.25 m in Ref. 3).
With respect to a local chord of about 3.8 m at 71% semispan
on the aircraft, the frequency parameter of Ref. 3 would imply
frequencies of about 3-5 Hz for flight at sea level. Therefore,
the reference to "/* = 25 Hz" at M = 0.73 is unhelpful.
Attribution of the lower frequencies observed to "three-di-
mensional flow at flight conditions" is wrong. It is well known
that the excitation on aerofoils and high-aspect-ratio swept
wings is, in fact, similar in character (e.g., Ref. 4).
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ABEY's comments are appreciated as he is a reknowned
expert in the field of unsteady transonic flow and buf-
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feting criteria. This knowledge, however, is based mainly on
NACA 6 sections and generic three-dimensional models with
rectangular wings.1 For modern transonic wings his hypothesis
has to be rethought in some respect, and there are also other
authors who do not agree with his conclusions.2

Comment No. 1
There is no definite statement in the article saying that the

peaks represent excitation. The peaks in Fig. 11 were denoted
as "harmonics of strong buffet motion," i.e., that the pressure
fluctuations at the trailing-edge are induced by an oscillation
of the shock wave. Buffeting is then the dynamic response of
the structure as a result of the aerodynamic excitation arising
from the load changes on the wing due to the shock-induced
separation. The result is a plunging and pitching motion of
the wing with corresponding incidence variations which can
also be detected as harmonics in the spectrum of the pressure
fluctuations. Contrary to the comment of Mabey, it has to be
noted that the cited test results obtained in a wind-up turn
with progressively increasing lift up to CL - 0.9 (which is
close to CLmax) is combined with a large shock-induced sep-
aration extending from the shock foot to the trailing edge. It
is a well-known fact for transport wings with supercritical
airfoils, that high-speed stall and buffet-onset are close to-
gether. Through the correlated shock-wave amplitudes and
corresponding reattachment/separation-cycles, the excitation
may well be modified.

A reanalysis of the data to see a phase change of the trailing-
edge pressure with respect to the wing motion would, of course,
be interesting. Unfortunately, no separate measurement of
the wing motion by accelerometers was available on the air-
craft.

Comment No. 2
Mabey's hypothesis that the reduced frequency ^red = 27r-

/• c/t/oo from the two-dimensional results of Ref. 3 has to be
transposed to the three-dimensional wing would of course lead
to 2.95-3.32 Hz for the 3.506-m chord and 35,000-ft altitude
of the A310 test case. It may be that Mabey derives his as-
sumption from his own tests on a NACA 64A010 section and
a simple unswept rectangular wing of the same section.1 This
type of flow does not seem to be relevant at buffet onset on
swept supercritical transport wings. Moreover, Benoit and
Legrain2 performed tests with a similar setup, including sweep
variation and a more realistic transport aircraft wing, and
could not explain their results with Mabey's hypothesis.

Shock-wave oscillations on airfoils are more stable and
quasiperiodic in contrast to wings, where the shock location
is influenced by the pressure field of the inboard and tip
regions which may still exhibit attached flow. This may explain
smaller shock amplitudes and hence, a higher reduced fre-
quency in three-dimensional flow. Note that the observed
"buffet" frequency on the A310 of 25 Hz is equivalent to *>red
= 2.56, whereas, the two-dimensional test from Ref. 3 showed
values of i>red = 0.3-0.34. Therefore, the wording in Ref. 1
where absolute frequencies were compared may have been
misleading.
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