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Measurements of Panel Response to
Turbulent Boundary-Layer Excitation

Lucio MAEsTRELLO*
The Boeing Company, Renfon, Wash.

Nomenclature
f = f{requency in cycles per second
M = Mach number
p0? = mean-square wall pressure fluctuation
PWL = total acoustic power radiated
R = correlation coefficient ‘
U duet centerline velocity
U, convection velocity

mean-square panel displacement

total mean-square panel displacement
incremental distance in direction of flow
time delay

wall shear stress

PN
oy
N
N

1 I [

“
5

OME preliminary results of an experimental investigation
are presented concerning the motion induced by a turbu-
lent boundary layer in rigidly supported panels and the ra-
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Fig. 1 Wall pressure fluctuations.
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Fig. 2. Total acoustic power, PWL total mean square dis-
placement, (Y?.

diated acoustic field generated by such motion. The measure-
ments were conducted .at. the Boeing Boundary Layer Test
Facility consisting of 25 £ of duct with cross sectional area of
approximately 7.3 X 3.5 in. with velocities up to 700 fps.
The thicknesses of the panels tested were 0.020;0.040, 0.060
and 0.080 in. They were made by milling out an area of 7 X
12 in. from 2-in. aluminum plates to the required thickness.

Forcing Field

A careful study of the pertinent parameters of the turbulent
field in the duct was made with the following results: 1) the
mean veloeity distribution and the shear stress 7., obtained
from the standard technique were found to be consistent with
the published result of turbulent duct flows; 2) the measured
mean square pressure fluctuation p,2 on the rigid wall of the
duct are in excellent agreement with those presented by
various investigators® 2 (Fig. 1); 3) the space-time correla-
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Fig. 3 Longitudinal space correlation of the displace-

ment of a 0.040-in. panel: a) space correlation for Mach

number 0.52 at various modal frequencies; b) space corre-
lation for 1200 cps mode at various Mach numbers.
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Fig. 4 Longitudinal space-time correlation of the panel
displacement.

tion of the pressure fluctuations substantiates the well known
results, that the convection velocity U, of the pressure field is
U. = 0.79 U where U is the duct centerline velocity; and
4) the power spectrum distribution with the frequeney has
the same general form found by various authors.

Panel Motion

Subsequently, the response of the previously described four
panels to these pressure fields has been investigated. The
temporal mean square displacement of the panels along the
longitudinal and lateral centerlines was measured. The
spacially integrated values along these two lines are shown in
Fig. 2 as a function of the Mach number. The motion of the
0.040-in. panel exhibits a substantially different behavior
than that of the 0.080-in. panel.

A detailed study of various individual modes of excitation
reveals the following interesting picture. In the lower modes,
the thin panels vibrate in a standing wave pattern producing
a square wave shaped space correlation (Fig. 3a). The panel
motion in the higher modes and higher velocities changes
character, however, as indicated by the sine wave shaped
correlations (Fig. 3b), suggesting a moving wave pattern.
Indeed the broadband longitudinal space-time correlation
measurements of the displacement fluctuation (Fig. 4) clearly
give evidence of a moving wave motion consistent with that of
Ribner® who was the first to predict the existence of such
running flexural waves. Also, the mean square displacement
of the individual mode for the 0.040-in. panel (Fig. 5) indicates
falling off in (¥2) in the regions of high Mach number and
mode number. The falling off is considered an effect of aero-
dynamic coincident. It is significant that the phase velocity
coincides with the convection velocity of the turbulent pres-
sure fluctuation in agreement with the observation of
el Baroudi.* The correlation also indicates the existence of the
moving surface waves having phase velocity of £U.. A
tentative interpretation of this diagram is as follows. Super-
imposed on standing waves, running flexural waves are propa-
gating downstream with velocity U.; at the downstream edge
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of the panel they reflect and propagate backward producing
the correlation pattern seen in the region U.r < 0.

Considering the motion of the 0.080-in.-thick panel, it is
found that all the modes move essentially in a standing wave
pattern. (The space correlation curves are square waves
similar to those of Fig. 3a.) The correlation diagram of Fig. 6
shows no definite evidence of propagating waves. In addition,
the total-mean-square displacement { ¥'?) varies as M4 through-
out the velocity range in contrast to the thinner panels where
the increase in amplitude is noticeably smaller at the higher
speeds where the flexural waves appear (Fig. 2). A similar
characteristic is observed in the change in mean-square dis-
placement (¥?) of individual modes (Fig. 5). The 0.080-in.
panel displacement increases with Mach number, whereas the
0.040-in. panel displacement reaches a maximum at coinci-
dence and then fall off with a further increase in Mach num-
ber.

Radiation Field

The difference in the motion of the thin and thick panels is
reflected in the intensity of their radiation field and in their
radiated power law (Fig. 2). The total acoustic power radiated
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Fig. 6 Lines of constant longitudinal correlation of panel
displacement.
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(PWL) is proportional to M* for standing or slowly moving
wave patterns and 3?3 for the convected patterns with charac-
teristic speeds equal to that of the turbulent eddies.

The effect of reflections on the radiation intensity is not
well understood yet. Panels of various lengths are being in-
vestigated presently in order to clarify this question.
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Nonequilibrium Electric Conductivity
of Two-Phase Metal Vapors

A. W. Rows* axp J. L. KErrEBROCK T
Massachusetts Institute of Technology, Cambridge, M ass.

ANKINE cycle nuclear-electric power systems, with
alkali metal working fluids and MHD generators used in
place of turbines, show promise of producing considerably
higher powers per unit of system mass than seem possible
with turboalternators. A key problem in the development of
such systems is the attainment of adequate electric condue-
tivity in the alkali metals at the temperatures accessible to
reactors.

Although it appears possible to attain high conduetivities
in seeded noble gases by utilizing the tendency for the elec-
tron temperature to be elevated by Joule heating, it has not
been clear whether this effect would yield high conductivities
in wet alkali-metal vapors.

The intrinsic difference is that formerly the free electrons
and valence electrons formed an essentially closed thermo-
dynamic system that is weakly coupled to the translational
degrees of freedom of the gas, whereas in the present case the
electron gas may be rather strongly coupled to the liquid
phase through the processes of absorption and re-emission of
the electrons by droplets of liquid.

An approximate theory of the wet nonequilibrium gas has
been developed. Its principal features will be indicated.

The theory has been tested by comparison with experi-
ments conducted in a high-temperature (up to 2000°K) potas-
sium loop, whose principal features will also be indicated.
More complete descriptions of both theory and experiment
are given in Ref. 1.

Theory

Consider a plasma in which all droplets are of the same size,
but have varying charges Z. If the probability per unit
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Fig. 1 Nonequilibrium ionization of potassium vapor as
a function of eleciron temperature 7T, for gas temperature
T = 750°K.

time that a drop will change from charge Z to Z — 1 is de-
noted az,z-1, the requirement for a steady population is as
follows:

Nz—x/NZ = az,z—1/az—1.z

where Nz is the number density of drops of charge Z.

A detailed development including electron and ion capture
and thermionic emission, under the assumption of a Max-
wellian electron and energy distribution, leads to the follow-
ing expressions for the a:

_ kTe 1/2 IVZ — ¢s
oz,z—-1 = N, <27rme> <1 + ¥kTe >
4rm. N — &,
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az.z-1 = N, <2];_7;; )1/2 e(Wz—®5)/kT ¢
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where

Wz = ¢+ [&+ Z — 1](e?/4me4)
Vi = (Z — 2) e¥/47red

Here, A is the droplet radius, ¢, is the work function of the
flat liquid surface, and the rest of the notation is conven-
tional.

The resultant expressions for Nz—;/Nz plus Saha’s equa-
tion for the atomic ionization, together with mass and charge
conservation conditions, have been used in a computer pro-
gram to study the ionization of wet potassium vapor as a func-
tion of electron temperature. Figure 1 indicates the es-
sential results. Although the equilibrium ionization depends
on the droplet size, over a constderable range (A greater than
50 A), it is well approximated by

N.=2 <21r7}rz;kT>3/2 -




