The need for increased efficiency and performance of high-speed aircraft has led to the need for a
reduction in aircraft weight. One option is to use thinner and lightweight skin panels at different regions
of the aircraft, such as the fuselage, wings, engine inlet, and control surfaces. When such an aircraft
operates at high speeds, the shock wave generated or impinging on those surfaces interacts with the
surface boundary layer, leading to the well-known phenomenon of shock wave boundary layer
interactions (SBLI). SBLI on rigid surfaces has been heavily researched in the past and a sufficient
understanding of parameters affecting SBLI has been obtained, including its detrimental effects on the
flight vehicle. However, there is a lack of sufficient understanding of the effects of SBLI over thin surface
panels that led to fluid-structure interactions (FSI) and high cycle fatigue damage of flight vehicles and
detrimental effects on the lives of the crew operating on such missions.

Previous studies have shown that FSI on a compliant panel is a highly coupled problem depending on
several parameters such as the shock impingement location, pressure and temperature gradients, shock
strength, boundary layer thickness, Mach number, material properties, etc., and therefore difficult to
analyze compared to the SBLI on a rigid surface. The present study aims to decouple the effect of some
of these parameters to simplify the analysis and better understand FSI at high speeds. In this
experimental investigation, one parameter is varied at a time to study its effect on the mean and
dynamic characteristics of FSI on a compliant panel at supersonic speeds.

Experiments were carried out at the Florida Center for Advanced Aero-Propulsion (FCAAP) supersonic
and Pilot wind tunnels. The model geometry consists of a compliant panel with a cavity on its underside
embedded in the tunnel wall. The cavity was pressurized to different values simulating various flight
conditions, resulting in different levels of static deflection of the panel. The panel was subjected to an
impinging shock generated by a shock generator at two locations, namely, the central and 3/45*{th}$
length of the panel, and three cavity pressures equal to ambient, upstream static, and vacuum were
tested. In addition, the effect of two shock strengths (by varying the shock angle), two Mach numbers (M
=2, 5), and two boundary layer thicknesses were studied. Several flow diagnostic techniques such as
high-speed shadowgraph, surface oil flow measurements, panel dynamic measurements, and steady and
unsteady pressure-sensitive paint measurements were employed to study the mean and dynamic flow
features of the coupled interaction.

The results show that the interaction over the panel is curved or three-dimensional, compared to the
nominally two-dimensional interaction over a rigid plate for the parameters tested. The level of
curvature of the interaction or the separation line is a function of the parameters tested, such as the
shock impingement location, cavity pressure, shock strength, boundary layer thickness, and Mach
number. The mean separation bubble length along the panel centerline was modified in the case of
interaction over the panel compared to the rigid plate. Increased width of the upstream influence region
was observed in the case of the compliant panel compared to the rigid plate for most of the cases
tested, indicating increased unsteadiness. The centerline pressure distributions over the panel are a
strong function of the shock impingement location and pressure gradient across the panel. The response
of the panel to the turbulent boundary layer at supersonic speeds was observed to be multi-modal and
excited by the turbulent structures within the boundary layer of varying lengths and time scales.
Compared to the natural structural modes of the panel, these interaction modes were observed to shift
to higher or lower frequencies depending on the cases tested. Different panel modes were excited
between the no shock case vs. the shock impingement case. In general, the SBLI was observed to excite
higher-order modes of the panel.



Some of the panel frequencies/modes were amplified in the presence of an impinging shock, indicating
coupling between the panel and the SBLI features. For a fixed shock impingement location, the effect of
the cavity pressure was to amplify and excite different modes of the panel. While the higher cavity
pressures excite the lower order modes, the case with cavity at vacuum was observed to excite higher
order modes. The pressure spectra corresponding to cavity at vacuum is relatively broadband indicating
reduced coupling. For a fixed shock strength, an increase in the boundary layer thickness was observed
to increase the separation bubble length over the rigid plate and the compliant panel. The sensitivity of
the separation line to cavity pressure modification was observed to increase in the case of a thicker
boundary layer. The mean separation bubble length was observed to increase with an increase in the
shock strength for the panel as well as rigid plate interaction. An increase in the Mach number was
observed to stabilize the interaction. The amplitude of the panel vibration was observed to be lower at
the higher Mach number tested.

The results from this study will help designers and analysts to design structures that can withstand the
detrimental effects of the aeroelastic coupling encountered at high speeds. It will also aid in generating
an experimental database for validating numerical solvers for FSI. It will help develop higher-order
aeroelastic models with detailed structure modeling and separated flow effects using the reduced-order
modeling approach.



