Numerical investigation of the hypersonic boundary layer transition [ ¥ rourccmaue \(fj

over a blunt cone using high-order discontinuous Galerkin methods
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Research questions

Motivations

Current efforts using Reynolds-Averaged Navier-Stokes
(RANS) simulations failed to capture acoustic disturbances
emanating from boundary layers in highly compressible flows.
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Objectives
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Heater/ ..................... N ;;; Based on a high-order and high-fidelity solver. investigating the
Test section Yy 75 Y effects of acoustic disturbances (i.e. wavelets or shocklets) radiated
and model = from the turbulent hypersonic boundary layer on the development of

nozzle flows and the laminar to turbulent transition on test models.
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Acoustic disturbances

To what extent the turbulent weak shock waves, or shocklets,
have an influence on the flow expansion ?

What are the shocklets’ impacts on thermal non-equilibrium,
and its influence of the vibrational melting ?

To what extent the noise emanating from noisy hypersonic wind
tunnels have an impact on the sample’s transition onset ?

Are high-order solvers capable of robustly capturing hypersonic
turbulent phenomena ?
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Flow instabilities Turbulent BL
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ArgoDG, a high-order discontinuous Galerkin (DG) solver for turbulent flow scale resolving
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(+) Handling complex geometries
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High-fidelity DG based solver Scale resolving capabilities

SGS models  Computed High level of uncertainty
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(+) Local adaptation in mesh size and

m [urbulence modeling interpolation order (hp-adaptivity)

(DNS/LES, wall models)

s HPC capabilities (extreme
scalability, optimized I/O)

log(E (k)) >

(+) Low dispersion and dissipation

(-) Lack of robustness for capturing
under resolved scales

s  Mutation++ (thermodynamics,
transport and chemistry library)

High-fidelity simulations with

= |mmersed interface fewer degrees of freedom than

Figure 2. DG representation of two discontinuous
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Computational cost

M DNS = Direct Numerical Simulation

s MAdLib (CAD, curved elements using a fourth (left) and second (right) order ~ traditional numerical methods (log@)

meSh aﬂd adaptation) Lagrangian interpolation polynomial in 2D. Turbulence cascade > LES = Large Eddy Simulation Fine structures Captured
Hypersonic boundary layer transition over a blunt cone
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Temperature and pressure fluctuations along the
wall at t = 0.5 [ms] between at x = [16, 17] [cm] :

Noise injection :

| Combination of slow and fast acoustic waves
Rope-like structures and at a frequency given by preliminary LST results
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