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Task
ARFL RC-19 Test Cell1 Dayton, Ohio

3 1 K. B. Brouwer et al., J Fluids and Structures 108 (2022), https://doi.org/10.1016/j.jfluidsstructs.2021.103429



Coupling Scheme
CFD/CFM CFD/CSM
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▪ CFD in-house solver DLR TAU-Code

▪ Flight dynamics solver, CFM (Reent 6D, 6-DoF TAU module solving Newton‘s second law and 

Euler equation)

▪ Structural mechanic solver, CSM (ANSYS, NASTRAN, B2000++pro)

▪ Partitioned approach with „strong coupling“
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FlowSimulator – Scheme FSI
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Contoured nozzle

Nozzle reservoir

Steel panel

Shock generator (12° wedge)

Dirichlet boundary

Computational Domain
Steady-state Initial Condition

66 Surface pressure distribution

Panel size 253.9 x 127.0 x 0.635 mm

Material ASIS 4140 alloy

Density 7850 kg/m3

Poisson’s ration 0.27

Young‘s modulus 2.08 Gpa

Thermal expansion coefficient 11.1 10-6 1/K

Specific heat 460 J/(kg K)

Reservoir pressure 344.85 kPa

Reservoir temperature 385.8 K

Calorically perfect gas (air)

RSM turbulence model



Inflow Profiles
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Panel Grid
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CFD grid CSM grid



Modal Analysis
Natural Modal Frequencies (∆T=0K)
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Flexible Panel Excited by Turbulent SBLI
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Research cell 19 at AFRL

(Mach 2 with 12° shock generator)

Panel response (50x enlarged)  



Flow field
Shadowgraph
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RC-19 Limit Cycle (12° Shock Generator, ∆T=12K, pc = 92.355kPa)
@point E x/L=0.5 y/L=0.25

without structural damping and variable cavity pressure
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RC-19 Limit Cycle (12° Shock Generator, ∆T=12K, pc = 92.355kPa)
@point E x/L=0.5 y/L=0.25

without structural damping and variable cavity pressure
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RC-19 Limit Cycle (12° Shock Generator, ∆T=12K, pc = 92.355kPa)
@point E x/L=0.5 y/L=0.25

without structural damping and variable cavity pressure



Structural Damping and Cavity Pressure
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Vc,init= 0.254 x 0.127 x 0.0508  m3 

∆Vc

x

z

y

Rayleigh damping model

Cavity pressure model
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RC-19 limit cycle (12° Shock Generator, ∆T=12K, pc = 92.355kPa)
@point E x/L=0.5 y/L=0.25
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RC-19 Limit Cycle (12° Shock Generator, ∆T=12K, pc = 92.355kPa)
@point E x/L=0.5 y/L=0.25
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Rayleigh damping and cavity pressure



Time-history Plots
Comparison between Experiment and Simulation (∆t=0.0125ms)
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DLR simulation T = 12KAFRL RC-19 experiment1

1 K. B. Brouwer et al., J Fluids and Structures 108 (2022), https://doi.org/10.1016/j.jfluidsstructs.2021.103429
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RC-19 Panel Limit Cycle, 0° Wedge (∆t = 0.05ms, pc = 50.7235kPa)
@point E x/L=0.5 y/L=0.25

without structural damping and variable cavity pressure
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RC-19 Panel Limit Cycle, 0° Wedge (∆t = 0.05ms, pc = 50.7235kPa)
@centerline y/L=0.25

without structural damping and variable cavity pressure

∆T = 0K ∆T = 14K∆T = 7K



Ongoing Work and Next Steps
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• Simulaion of SeparatedSBLI ongoing

• Cavity pressure influence

• Simulation of NoSBLI case (without wedge) periodic/chaotic transition (AePW3 test cases)

• CSM mesh possibly too fine (too many degrees of freedom) ?

• Analysis tools

• Dynamic mode decomposition (DMD)

• Spectral proper orthogonal decomposition (SPOD)

• 0-1 chaos test

• Lyapunov exponents


