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Modeling Turbulence

Resolving the full turbulent cascade 1s not
possible in astrophysics simulations. Sub-grid
turbulence models attempt to capture the effect
of unresolved turbulence on the resolved flow.

Reynolds-Averaged Navier-Stokes (RANS)
decompose the flow into mean and fluctuating
components and model the majority of the
cascade.

Large Eddy Simulations (LES) use a spatial

filtering technique to decompose the flow into

resolved and unresolved components. Only the
smallest scales are modeled.

<RESOLVED>< MODELED IN RANS
< RESOLVED IN LES

PRODUCTION

C
s,
C.
4o, A

NOIlLvdISSId

[ Smaller scales >

Eddy Scale Grid Scale
Log k

Figure 1. Schematic power spectrum representing
the scales of different modeling methods.

Eddy Viscosity

Turbulent eddies transport energy to smaller
scales where it is dissipated as heat. In this way
turbulence resembles molecular dissipation,
and it 1s modeled with an analogous eddy
viscosity and turbulent stress tensor.
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Future Work

*Compressibility corrections for RANS
*Buoyancy terms for k-

*K-H calibration for k-L

*Dynamic filtering for LES

*AMR for LES
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Turbulence Models
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Diffusion Shear Dissipation Buoyancy

k : Turbulent energy (Kelvin-Helmholtz) (Rayleigh-Taylor)

(Only k-L)

LES[Z] Uses grid as filter. Highly compressible. Poor for organized and under-resolved flow.

k-€ Pl ¢. Dissipation rate. Extensively tested. Good for subsonic shear flows.

k-w ¥ o Dissipation frequency. Good for shear flows. Sensitive to initial conditions.

k-L Bl 1. Eddy scale length. Adds buoyancy-drag for R-T instability. Not calibrated for K-H.
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Shock-Cloud Interaction
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Figure 3. Snapshot from the shock-cloud interaction after 1 dynamical timescale. A supersonic shock wave

impacts a dense cloud. We implement the turbulence models in the Athena hydrodyanmics code [6].

Numerical viscosity can
serve as an implicit LES
model but underestimates
the dissipation at small
scales. This pile-up of
kinetic energy is known as
the “bottleneck effect.”
The explicit viscosity of
LES alleviates the
bottleneck. We test the LES
model with a decaying
adiabatic turbulence
simulation [7].
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kinetic enetgy after 10 decay times. spectrum. The LES model reduces the
excess energy at small scales.
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