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Introduction

Rotating turbulent flows
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Introduction

Challenges
A Coriolisforce
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I Conserves total kinetic energy, but does redistribute it

I Anisotropy

I Observationsrotating homogeneous isotropicirbulence
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Silviset al. (2016),Proceedings of the CTR Summer Prog266
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Introduction

Largeeddy simulation of rotating turbulent flows
A NavierStokes equations in a rotating frame
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A Largeeddy simulation without explicit filtering 1
I Coarse grid T W —T

i Extra forcing term model
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Introduction

Nonlinearsubgridscale models
A Focus: velocitgradientbased models:

t ¢ "‘Y - (“Ym‘ m"y

N

Nondynamic vortesstretching

A Eddy viscosity term: based coefficients:

I Describes dissipation

| | 01 eIy )
I Models well established 61 "dl'Y’])

A Nonlinear term:

I Stable part of gradient model
I Nondissipative
I Describes transport?

Marstorpet al. (2009)J. Fluid Mecl639, 403 Silviset al.(2017),Phys. Fluid29, 015105
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Introduction

Nonlinearsubgridscale models
A Rotatlng homogeneous isotropic turbulence
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I Nonlinear model term can tfdecrease energy transport

Silviset al. (2016),APS DFD Meeting
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Introduction

Code

A IncompressibléNavierStokes solver

A Finitevolume method on a staggered grid

A Pressure projection method

A Oneleg explicit secondrder time integration method

A Secondorder symmetrypreserving spatial discretization
I Kinetic energy conservation by
A convection
A Coriolisforce
A nonlinearsubgridscale model

Verstappen& Veldman(2003),J.Comput Phys187, 343
Beddhuet al. (1996),J.Comput Phys128, 427
Remmerswaal2016), MSc thesis, University@foningen
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A Domain size¢ * QcQ “ Q
A Periodic inmandadirections
A Rotation about thespanwiseaxis

A Characterized by
YQ — owv YE — T PTTT

Grundestanet al. (2008),J. Fluid Mecib98, 177
Brethouwer(2016),arXiv1612.00254
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Spanwiseotating planechannel flow

Typical observations¢ dependence

A Mean velocity profile A Reynolds shear stress
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I Linear slope "Y¢ I Turbulent and laminar side

T Flowlaminarizeswith Y¢

YQ 0 wUYE T PTTT
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Spanwiseotating planechannel flow

Typical observations¢ dependence

A Streamwisestress
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T Turbulentand laminarside
T Flowlaminarizeswith 'Y¢

Winckelmanset al. (2002),Phys. Fluid$4, 1809

A Deviatoricstreamwisestress
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Spanwiseotating planechannel flow

Typical observations: resolution dependence

A Mean velocity profile A Deviatoricstreamwisestress
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I Ample opportunity for LES, even'®@ ¢ wv
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Largeeddy simulation with eddy viscosity model
A Mean velocity profile
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Trend: eddy viscosity model
Improves results

Silviset al. (2017),Phys. Fluid29, 015105
Winckelmanset al. (2002),Phys. Fluid$4, 1809

A Deviatoricstreamwisestress
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Largeeddy simulation with nonlinear model

A Mean velocity profile A Deviatoricstreamwisestress
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I Slight improvement o ¢ result I Nonlinear model improves
stresses w.r.t. eddy viscosity
model case
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Summary & Outlook

Summary

A Focus:
I largeeddy simulation of rotating turbulent flows
A Observations:

I vortex-stretchingbased nonlinear model captures energy transport in
rotating homogeneous isotropic turbulence

A Test case:

I spanwiserotating planechannel flow

I rich and interesting test case for largeldy simulation, even a¥YQ o wv
A Subgridscale modeling:

I vortex-stretchingbased eddy viscosity model leads to improved
predictions ofspanwiserotating planechannel flow

I vortex-stretchingbased nonlinear model further improves prediction of
the Reynolds stresses
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Summary & Outlook

Outlook

A Further study of nonlineasubgridscale model:
I behavior on different grids
I influence of model constants

A Combinesubgridscale model with different length scales:

I Triaset al.— A newsubgridcharacteristidength for LES
Session SWSLES modeling (room A2, 14.00h)
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Thank you for your attentidn
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