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Introduction

Conclusions
A Rotating turbulent flows form a rich and challenging test case f

large-eddy simulation

A Our new nonlineasubgridscale model improves predictions of
the Reynolds stress anisotropy
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Introduction

Rotating turbulent flows
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Introduction

Challenge

A Coriolisforce
I Conserves total kinetic energy

I Transports energy from small to large scales of motion,
reduces viscous dissipation of kinetic energy

I Anisotropy

Why a challenge?

A Largeeddy simulation
I Eddy viscosity models: focus on dissipation
I Our focus: also capture transport effects

Thiele& Muller (2009),J. Fluid Mect637, 425
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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 — 7
I Extra forcing term
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A new nonlineasubgridscale model

Y _(Ym_my
I Describes dissipation i St a b lofggragpeat model
I Models well established I Nondissipative

I Nondynamiaoefficients based on vortex stretchingagnitude
0 VelYERary'l) o 61 2alY’l)

I Nonlinear term represents energy transport in rotating homogeneous
Isotropic turbulence

Silviset al. (2017),Phys. Fluid29, 015105
Silviset al. (2016),APS DFD Meeting
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Largeeddy simulation

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 nonlinear term ofsubgridscale model

Verstappen& Veldman(2003),J.Comput Phys187, 343
Beddhuet al.(1996),J.Comput Phys128, 427
Remmerswaal2016), MSc thesis, University of Groningen
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314 157

A Domainsizexc * QcQ “ Q

A Periodic inmandadirections

A Constant pressure gradient dsdirection
A Rotation about thespanwiseaxis

A Characterized by
YQ — owv YE — T PTTT

Grundestanet al. (2008),J. Fluid Mecib98, 177
Brethouwer(2017),J. Fluid Mecl828, 424
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Typical observationsYe dependence

A Mean velocity A Reynolds shear stress
200
1 | |
150 | : 4
+ !
= 100| . : \T/ 0 —
0 () \
e = f
O \ \ \ | \ \
0 0.5 1 1.5 2 0 0.5 1 1.5 2
372/d aig/d
I Linear slopg Y¢ i " Turbulent’ an
I Flowlaminarizeswith "Y€ i Flowlaminarizeswith "Y€

YQ 0 wUYE T PTTT
€ € €& pPQUCULOPCUY
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Typical observationsYe dependence

A Mean velocity A Reynolds shear stress
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Typical observations: resolution dependence

A Mean velocity A Streamwisestress anisotropy
100 | : 5| |
- 327 1.
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wg/d :E‘g/d
I Ample opportunity for LES, even I Tracelessubgridscale models:
atYQ o wv Reynolds stress anisotropy
I Turbulent bursts
I Focuon ‘“tusideul el

Winckelmanset al. (2002),Phys. Fluid$4, 1809 . .y
Brethouwer(2017),J. Fluid Mect828, 424 YQ o0 wUYe PTI TT
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Spanwiseotating planechannel flow

Typical observations: resolution dependence

A Mean velocity A Streamwisestress anisotropy
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I Ample opportunity for LES, even I Tracelessubgridscale models:
atYQ o wv Reynolds stress anisotropy
I Turbulent bursts
I Focuon ‘“tusideul el

Winckelmanset al. (2002),Phys. Fluid$4, 1809 . .y
Brethouwer(2017),J. Fluid Mect828, 424 YQ o0 wUYe PTI TT
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Numerical results

Largeeddy simulation with new nonlinear model

A Mean velocity A Observations
| i DynamicSmagorinskynodel
100 e | provides best prediction
v "N i Eddy viscosity model close to
= no-model result
= o0 N i Nonlinear model does not
Improve or deteriorate this resu
.0 0.5 1.0 1.5 2.0 I Similar observations for
ra/d YE Lt bp B hg v Tt
—— DNS (128 x 256 x 128) — LES VS EV1 (32%)
------- No model (32%) — LES VS EV2 + NL (32%) o _
Dyn. Smag. (32°) I Similar observations for

E € € 0T

Silviset al. (2017),APS DFD Meeting YQ o wUYE PTT TT
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Numerical results

Largeeddy simulation with new nonlinear model
A Streamwisestress anlsotropy A Observatlons
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Silviset al. (2017),APS DFD Meeting

DynamicSmagorinskyrediction
much less good

Nonlinear model improves shaj
and magnitude of stresses a lo

Similar observations for
"Y€ L T bp TThE hg

for the same model constants
Similar observations for
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Numerical results

Largeeddy simulation with new nonlinear model
A Streamwisestress anlsotropy A Observations

I DynamicSmagorinskyprediction
much less good

ot

4 <T{r110d,dcv> +

Similar observations for

s Yé 0 ‘FD( IEp T[Fﬁ Fc ot
0.0 0.5 10 15 2.0 for the same model constants
xo/d

—— DNS (128 x 256 x 128) — LES VS EV1 (32°) Similar observations for
------- No model (32°) —— LES VS EV2 + NL (32°)

Dyn. Smag. (32°) é é é PT, for the
same model constants

Silviset al. (2017),APS DFD Meeting YQ o wUYE PTT TT
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Summary and outlook

Conclusions

A Spanwiseotating turbulent planechannel flows
I Arich test case
I Ample opportunityfor largeeddysimulation

A Newnonlinearsubgridscalemodel

I Improves predictions of the Reynolds stress anisotropy
I No negative effects on the mean velocity

Outlook

A Further study of the nonlineasubgridscale model
I Combine dynami&magorinksynodel with nonlinear term
I Combine with differensubgridcharacteristic length scale,

Silviset al.(2016),Proceedings of the CTR Summer Progggh Triaset al.(2017),to appear inPhys Fluids29
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