
RC-19 COMPLIANT PANEL 
ANALYSIS



GOALS

• Develop computational 
aerothermoelasticity simulation capabilities 
– Implement nonlinear structural model (Freydin 

and Dowell, 2021) 

– PT / NS CFD-based aerodynamics 

• Verification through simulation of LCO 
conditions 



ATE MODEL - FREYDIN AND DOWELL 2021

• Modal expansion 



ATE MODEL - FREYDIN AND DOWELL 2021



ATE MODEL - FREYDIN AND DOWELL 2021

• Generalized force due to  

– PT - pressure variation on the panel due to the panel’s motion  

– Static pressure difference. Independent of the panel’s motion



RIGID SIMULATION (CFD)

• Simulations at 0, 4, and 12 degrees shock-
generator (wedge) angle 

• Compared results to experimental (Schlieren  
images) and computational data (Brouwer et 
al. 2021) available  

• Explored: 
–Mesh resolution  

– Turbulence modeling



FLOW AT 4 AND 12 DEG. SHOCK 
GENERATOR CASES

Wedge shock

Separation shock Reattachment shock

4 deg. 12 deg.



FLOW AT 4 AND 12 DEG. SHOCK 
GENERATOR - FRICTION COEFF.

• Shock location and separation extent 
similar to Brouwer et al. 2020 



VALIDATION, 12 DEG WEDGE



TURBULENCE MODEL

4 deg.

12 deg.



AEROELASTIC SIMULATION

• Matlab simulation of the nonlinear plate model with PT aerodynamics 

• For 0 deg shock-generator angle, investigate the effects of  

– Temperature (constant temp. difference between the panel and 
frame) 

– Pressure difference (constant static pressure difference between 
the pressurized cavity and the exposed panel surface) 

– BC stiffness parameter



VALIDATION - SERAFIM ET AL. 2023



VALIDATION - MODAL RESPONSE



FREQUENCY CALIBRATION

Brouwer et al.



PRESSURE FROM CFD ANALYSIS



OTHER PARAMETERS

• Damping (0.05%) 

• Frequency and damping calibration 

• “Chaotic” setup  

• All yielded amplified second mode 
responses



STABILITY MAP BY SERAPHIM ET AL.

• Large response at  and large  valuesΔT ≈ 5 βBC



• Fix , ,  

• Increasing  -  

– Response magnitude increases (both STD and 
P2P) 

– First mode participation increases

ΔT = 10 βBC = 0.5 : 0.5 : 10 ΔP = 0.01KPa

βBC



βBC = 8.5



βBC = 1000



CURRENTLY

• Fix  to a large value (~clamped panel) and study 
temperature and then pressure differential effects 

• Assuming: 
– Test temp measurements inaccuracies?  

– Test temp measured at a single point might not be 
“mean temp”

βBC


