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MOTIVATION

v' In recent years: Numerous continuous hybrid RANS-LES methods
v’ Common feature: ambiguous definition of the resolved variables
> RANS regions: Reynolds (statistical) averaging
LES regions: spatial filter
> Matching in homogeneous turbulence:
Spatial filter — spatial average when A — oo

Statistical average = spatial average

> Usual configurations: inhomogeneous = fundamental inconsistency

v For inhomogeneous, stationary flows (statistical average independent of ¢):
consistency issue addressed in the frame of temporal filtering = Hybrid
Temporal LES/RANS (Fadai-Ghotbi, Friess, Manceau, Gatski, and Borée, 2010)
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DTijSFS
Dt

RANS and TLES equations are form-invariant = provides a consistent basis for
RANS-TLES hybridization

v' Subfilter stresses 7;jsps : = P, + ¢); + D}, + DV — &y

v w. — 0: SF'S stresses tend to Reynolds

stresses

= RANS equations recovered

v w. — 00: SF'S stresses vanish

= Navier-Stokes equations recovered
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v T-PITM: difficulties to reach the expected energy partition

= Modify the form of the system of equations

T-PITM Equivalent DES
dk., dk.,
Y, — Pm — Dm Y, — Pm — c Dm
P £+ P Y(we) e+
e o fp e p. | Yoo, fp, e D
dt — Lel km m e2\We km € dt — Vel km m eka €
ey
() = Cey +7(0e) (Cey = Cay) wlwe) = T

v' Equivalence (Manceau et al., 2010):

1 function that gives the same energy partition as the C7, function?
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PROCEDURE
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v' Starting from the RANS system: C7, = C.o and ¢ =1
= same equations = same partition (r = 1)

v’ Introducing infinitesimal variations 6C7, and d (perturbation analysis)
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LINK WITH THE CUTOFF FREQUENCY

3/2 3/2 [:3/2
v o= k’mL/e = L= : =Ly where L, = —

1+ (G2 -1) (1-r%) e

INSTITUT



DERIVATION OF AN EQUIVALENT DES

LINK WITH THE CUTOFF FREQUENCY

kg{Z 3/2 [:3/2
v = L/g = L= 4 s~ Lint where L, = ——
1+ (&2 —1) (1-ro) e

v' Evaluation of r as a function of w,

km 1 [
b= = / Er (w)dw Er (w) = Eulerian frequency spectrum

INSTITUT

P’




DERIVATION OF AN EQUIVALENT DES

LINK WITH THE CUTOFF FREQUENCY

kg{Z 3/2 [:3/2
v = L/g = L= 4 s~ Lint where L, = ——
1+ (&2 —1) (1-ro) e

v' Evaluation of r as a function of w,

km 1 [
b= = / Er (w)dw Er (w) = Eulerian frequency spectrum

1 /U 2/3 1\ —2/3
- (5

U, = \/U? + vk is the sweeping velocity (Tennekes, 1975)

P’

INSTITUT



DERIVATION OF AN EQUIVALENT DES

LINK WITH THE CUTOFF FREQUENCY

kg{Z 3/2 [:3/2
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v' Evaluation of r as a function of w,
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U, = \/U? + vk is the sweeping velocity (Tennekes, 1975)

. , m Ugm
v' Cutoft frequency = maximum observable frequency w. = min (— - )

dt” A
P’
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SUBFILTER STRESS MODEL

v’ EB-RSM (Manceau and Hanjali¢, 2002) : a single scalar « accounting for

wall effects

> ()4—|—L2V2Ck =1 jj — &y = 043( 2} — 5z'j)w + (1 — 043)( ;Fj - 5ij)h

v. Modified EB-RSM model

> H-TLES :
( 3/2
dTijSFS * T v kSFS
{ d dt - PijSFS + gbijSFS T D’ijSFS + DijSFs B KspsgijsFS
s — standard
. dt
> T-PITM :
AT
T — standard
! q dt b ,
Esrs srs€srs g )
= (& — %, —=- + Diff.
o de " ksrs 2 kopg
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FLOW OVER A PERIODIC HILL

CONFIGURATION AND NUMERICS

v' Periodically constricted
channel

v Re, = Uph/v = 10595

v' Comparison with a 2D

RANS & ref LES from

(Breuer et al., 2009)
v' 2 meshes

NUMERICS

v Code Saturne: open source finite volume solver developed by EDF

v CDS convection scheme for resolved momentum + UDS for sssquantities
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FLOW OVER A PERIODIC HILL

EFFECTS OF GRID REFINING

v T-PITM results for a coarse and a fine grid, vs 2D RANS and LES

4

4

"o LES ‘o LESBrever

— fineTPITM | i — fineTPITM
-- coarse TPITM --- coarse TPITM
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2 6
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| ‘ |
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003 :
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— fineTPITM
--- coarse TPITM

0,02

Cy

0,01

total kinetic energy & friction coefficient
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FLOW OVER A PERIODIC HILL

v Isocontours of zero-Q criterion : coarse & fine grid

INSTITUT

= refining the grid allows resolving more structures
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FLOW OVER A PERIODIC HILL

EFFECTS OF THE SUBFILTER CLOSURE MODEL

v’ T-PITM results for coarse grid : EB-RSM vs k—w of (Bentaleb and

Manceau, 2011)

4

‘ ‘ 4 ‘ ‘ ‘
o LES o LESBreuer
-- TPITM EBRSM | -- TPITM EBRSM |
= TPITM k-w = TPITM k-w

y/h
N
[

5
g7
7
4
|
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0,02 -
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’ Streamwise velocity, total kinetic energy & friction coefficient
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FLOW OVER A PERIODIC HILL

EFFECTS OF THE HYBRID METHOD

v' T-PITM vs. equivalent DES on both grids, same EB-RSM closure

4 T T T T T T T 4

o LES | | | o LES
— coarse TPITM i — fineTPITM |
--- coarse equiv. DES --- fineequiv. DES

. ¥4 £, g - ‘ 4 - \ A |
% 2 4 6 8 % 2 4 6 8
xh+2U/U, xh+2U/U,
4 ‘ ‘ ‘ ‘ ‘ ‘ 4 ‘ ‘ ‘ ‘
o LESBreuer o LESBreuer
— coarse TPITM I — fineTPITM i
--- coarse equiv. DES --- fineequiv. DES

1 1

OO 5 ‘8 0O )
= = - xlh+12k /U, xlh+12k /U,
Streamwise velocity & total kinetic energy. Left : coarse grid ; right : fine grid
=V
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FLOW OVER A PERIODIC HILL

EFFECTS OF THE HYBRID METHOD

v. T-PITM vs. equivalent DES on both grids, same EB-RSM closure
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— coarse TPITM N i — fine TPITM
--- coarse equiv. DES [ --- fine equiv. DES

— T-PITM ] L — T-PITM ]
--- equiv. DES --- equiv. DES

x/h+2r° xih+21°

Friction coefficient & observed energy ratio r°. Left : coarse grid ; right : fine grid
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CONCLUSIONS

v Temporal filtering : a consistent formalism for hybrid RANS/(T)LES modelling
v Equivalent DES

> as for DES, based on a length-scale modification in the subfilter stress equations

3/2 3/2

k k :
* Lsff,) VS. CDS;SS ~ = DES ~ temporal filtering

> equivalence with T-PITM demonstrated analytically for equilibrium flows
(Manceau et al., 2010)

> more convenient than T-PITM

> main parameter : subfilter to total energy ratio r, can be related to cutoft

frequency we.
v' Application to massively separated flows
> Satisfactory results : RANS << hybrid ~ LES

> Equivalence T-PITM / equiv. DES observed for 2 grids

P,same resolution level 4+ same subfilter closure < same statistics
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Temporal filtering and cutoff frequency

v Contours of Ugdt/A : coarse & fine mesh
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o<

= convective time scale governs temporal filtering
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