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Protuberance Aerodynamic Load (PAL) Ramp that was originally intended to protect various protuberances
outside of the Space Shuttle External Tank from high buffet load induced by cross-flows at transonic speed. In
order to establish the buffet load without the PAL ramp, a wind tunnel test was conducted where segments of
the protuberances were instrumented with dynamic pressure transducers; and power-spectra of sectional lift
and drag forces at various span-wise locations between two adjacent support brackets were measured under
different cross flow angles, Mach number and other conditions. Additionally, frequency-dependent spatial
correlations between the sectional forces were also established. The sectional forces were then adjusted by the
correlation length to establish span-averaged spectra of normal and lateral forces that can be suitably added
to various other unsteady forces encountered by the protuberance. This paper describes the methodology used
for calculating the correlation-adjusted power spectrum of the buffet load. A second part of the paper
describes wind-tunnel results on the difference in the buffet load on the protuberances with and without the PAL
ramp. In general when the ramp height is the same as that of the protuberance height, such as that found on
the liquid Oxygen part of the tank, the ramp is found to cause significant reduction of the unsteady
aerodynamic load. However, on the liquid Hydrogen part of the tank, where the Oxygen feed-line is far larger in
diameter than the height of the PAL ramp, little protection is found to be available to all but the Cable Tray.
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