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General Labels 

 
Institution: UNSW Canberra, USQ 
Sponsor: Australian Research Council (DP180103480) 
Flow Regime: Hypersonic (M5.8) 
Compliant model: Cantilever 
Principal Physics: General 
FSI or FTSI: FSI 

 
 

General Details 
 

Model Configuration: Cantilevered, trailing-edge, compliant plate at angle of attack 
Experiment Description: A low aspect-ratio inclined cantilevered panel oscillates because of the 

pressure differential caused by the flow 
SBLI? No 
Thermal Effects? No 

 
 

Sketch/Technical Drawings of Model 
 

 
 
 
 
 

Experiment Details 
 

Compliant surface material: Aluminium AL-6061-T6 
Other geometric details: AoA of 20° to freestream 
Facility: TUSQ - compression heated Ludwieg tube at the University of Southern 

Queensland 
Mach number: 5.8 

HYPERSONIC FLUID-STRUCTURE INTERACTIONS ON A CANTILIVERED PLATE 
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Figure 1. Freestream pressure history. 

 
Table 1. Condition used for the numerical simulations. RUN475 refers to the mean freestream conditions 

during the actual experiment. 

Condition M∞ p∞ T∞ Tw Re∞ 
  (Pa) (K) (K) (1/m) 

Nominal 5.85 755 75 290 7.16e6 
RUN475 5.85 659.30 (±50) 70.24(±1.55) 289.15 7.16e6 

 
Experimental model: HyFoil  
The model, designated HyFoil0.3, was manufactured entirely out of aluminium and was composed of two parts, the 
support (rigid) and the oscillating plate (Figure 2). The support was a 100 mm long and 10 mm thick plate, with a 
leading edge wedge angle of 45 degrees, an AOA of 20 degrees and a leading edge radius of 500 µm. Its function was 
compressing the flow over the oscillating plate, which was canWileYered aW Whe VXpporW¶V Wrailing edge (TE), in order to 
ensure oscillations of the desired amplitude. The plate, 130 mm long and 2mm thick, had material properties that 
deviated slightly from the nominal values for Al-6061-T6. The oscillating plate was cut from a large panel with a 
nominal thickness of 2 mm, and it underwent a series of non-destructive tests to establish flexural modulus (E) and 
damping ratio (ȗ). The first was obtained via a static test. The plate was cantilevered and a point load was applied at 
the trailing edge by hanging a known mass from the plate. Thus, the displacement was compared with the numerical 
solution for a plate with the same properties. In a similar fashion, the damping ratio was obtained by removing the 
point load and studying the free oscillations. These measurements were made using a laser scanner with an accuracy 
of the order of 50 µm. The material properties are reported in Table 2.  
 

Table 2. PlaWe¶V properWieV 

Length Width Thickness E ρ ζ 
(mm) (mm) (mm) (GPa) (g/cc)  

130 (±0.1) 80 (±0.1) 1.95 (±0.02) 52.7(±0.5) 2668.75 0.0038 
      

 

 
 

Figure 2. Technical details of the experimental set-up.  
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Test gas: compression heated air 
Test flow characterisation: calculated from stagnation pressure history in nozzle reservoir + nozzle 

area ratio with viscous correction 
Total pressure [kPa]: 1000 
Total temperature [K]: 580 
Freestream pressure [Pa]: 775 
Freestream temperature [K]: 75 
Model wall temperature [K]: 300 
Unit Reynolds number: 7160000 
Flow duration [s]: 0.2 
Test flow (ducted or free jet): Free-jet 
Flow starting: diaphragm burst at nozzle throat to start nozzle 
Model insertion: Model in situ 
Data sets: high-speed schlieren video history (flow field structure), high-speed 

schlieren video history (displacement), Pressure histories from 2 discrete 
sensor  
 

 
 
 

Example Data 
 

 
 

 
 

Publications and Contact Info 
 

Publications: Currao GMD, Neely AJ, Buttsworth DR, Gai SL (2017) Hypersonic Fluid-
Structure Interaction on a Cantilevered Plate, 7th European Conference 
for Aeronautics and Space Sciences (EUCASS). 
 

Date Experiment performed 2017 
Date Entered: May 2019 
Entered by: Gaetano Currao 
Contact email: g.currao@adfa.edu.au 

 
  
Other notes:  
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The type of constraint and the nature of the flow, forced the plate to oscillate mainly following the first mode, which 
is shown in Figure 3. As the plate motion was primarily two-dimensional (2D), the numerical simulations shown in 
this work assumed a 2D flow around the plate neglecting border effects. Such an assumption drastically reduced the 
computational time without introducing decisive approximations, which are discussed in the section devoted to the 
numerical validation.  

 

   
1st mode: f1 = 87.37 Hz 2nd mode: f2 = 308.52 Hz 3rd mode: f3 = 541.97 Hz 

   

Figure 3. Modes of the plate and respective frequency (contours show displacement). 

 
Pressure Measurement and Flow Visualization 
Experimental data were comprised of point pressure measurements and image tracking of the displacement. The former 
were obtained by three pressure transducers, two located on the top of the plate and the third in the recirculation region 
beneath the plate (Figure 2 and Figure 4). The uncertainty in the measurement is limited to ±50Pa. 
 

  
  

Figure 4. a) Schematic of the experiment and b) Mach distribution from numerical results. 

 

   

   
   

Figure 5. SchlieUen floZ YiVXali]aWion and SlaWe¶V deflecWion WUacking. The SlaVWic hoVeV aUe connecWed Wo Whe 
pressure transducers: PT1 (near the hinge), PT2 (near the trailing edge) and PT3 (beneath the plate). 
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