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Method development
since K




Approaches applied

Development of DDES that switches to WALE and o
models of Nicoud et al. in LES mode

e WALE: Responds to vortices, not to plane shear
» 0: Responds to 3D structures, not 2D/2C flow states

We have applied this modification alone as well as in

combination with the Ew adaptive length scale definition
formulated by NTS

Significant reduction of eddy viscosity in initial shear layer

Maintains non-zonal and local formulation

* Hence “generally-applicable method”




Wil
o and WALE-DDES Gedtihveet

Coupling WALE and o models with (D)DES:
e We keep the (D)DES length scale unchanged

e The velocity gradient invariant of the underlying RANS model,
S*rans is substituted with the WALE or o formulation in LES
mode regions only

e For S-A based DES, S™gans = /2€;;8;;
Blending function for DDES:

S?W.g)—DDES = Spans — fa POS(Lrans — LLes) (Spans — Bw.o Sw.s)

0s(a) 0 ,if a<o0
S(a) =
P I ,ifa>0

Coefficient B gives same value of C irrespective of WALE/c
modification
By.c = C%V.G/C.%
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Basic tests——

Decaying isotropic VT
turbulence used to show
for “fully-developed”
turbulence: S
» That standard DES, WALE- § | [ ooemt= :
DES and o-DES all give 2 o f;‘ff;fiff;f 10254,
equivalent behaviour 2 090‘; Tnihe -
« With calibrated values of [ [ - WALEDES.A=4
model constants | :_'S,[ZES’“AM
e That Aw gives equivalent 00001 — SRS

Wave number, K

behaviour to A, 4
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grid used to
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ambiguous
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Flat plate boundary layer with

test WALE-DDES and o-DDES shield functions

8 to C41 = 10 needed to give

Recalibration from C 4

equivalent functionality to SA-DDES
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Initial results: Spatial
shear layer test case




Hyb
F2 —testcase setup 63

Pressure-based incompressible solver
Turbulence modelling approach: non-zonal delayed DES

Numerical convection scheme: 2nd order central
differences

Time step size:

e Coarse grid: At =4 x 10

e Fine grid: At=2x 10>
Averaging time for statistics:

ot =08-137s5=25.7-44CTU

avg

(1 CTU based on Uy, =32.1m/sand L=1m)




® 2 grids used so far:

e Fine grid (small domain) as provided by J. Kok (NLR)
e Coarse grid (every 2nd grid point in each direction)

- except for x-resolution on plate to maintain equivalent
velocity profiles at leading edge

I |||\
il
it
0.0 x/L 0.5 1.0 0.0 x/L 0.5 1.0

coarse grid (small domain) — 1.4 x 106 cells fine grid (small domain) — 10.3 x 10° cells
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Hyb
F2 —testcase setup 63

Spalart-Allmaras as RANS background model for all
simulations

Length of BL section and transition location taken from
paper of S. Deck:

0.03
e Upper leading edge -
0.02
0.82m,
transition at -0.708m 001
P~
e Lower leading edge - § 0 QD
O-46m, _001 7
iti % Exp. O
transition at -0.388m oo caml ©
003 10 20 30 40 50
U [m/s]
Small domain seems to be OK for incompressible e P
10 OpenFOAM® solver PP
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coarse grid

SA-DDES SA-WALE- SA-0-DDES
DDES

A, X X X
fine grid
SA-DDES SA-WALE- |SA-0-DDES
DDES
A, X X
s
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® Turbulent structures visualised via Q criterion shaded by
vorticity magnitude LI,
SA-DDES SA-WALE-DDES :
N

Amax

>
g
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* DDES variants with A__.:

v, /v

10 20 30
SA-DDES

SA-WALE-DDES

SA-o-DDES I

|
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» DDES variants with A :

v, /v
! 10 20 30
0 40

SA-DDES
_-——

SA-WALE-DDES

SA-0-DDES
| | | | | | ‘
0.0 X/L 0.5 1.0
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® Streamwise velocity component:

coarse grid

0.03
0.02 -
0.01
P~
E o
2‘
001 b . SA-RANS — |
SA-DDES, Ay —
SA-DDES, Ay, -
SA-WALE-DDES, A, —
002 SRR R ] SA-WALE-DDES, A,
q ‘ SA-G-DDES, Ay —
SA-G-DDES, A,
§ . Exp.. O
003 0 02 06 T 17
0.01 x U [m] + x-position
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* Resolved Reynolds stress component u‘v’:

coarse grid

0.03
0.02 USRS SR ESRRSTSRY oo b SRRSO ORI 41§ WOUETUUU SRS ST S -
0.01 y:

/ i
5{,‘;{,' iy
=
= i k)
SA-DDES, A, —
SA-DDES, A, -
SA-WALE-DDES, A, —
002k oo R R { ~ SA-WALE-DDES, A, -
‘ SA--DDES, A, —
SA-G-DDES, A, -
Exp. O
-0.03 0 02 04 0.6 08 T 12

0.01 x u’v’ [m/s| + x-position
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coarse grid
0.06 :

Exp. O

SA-RANS ——
SA-DDES, Ay ——— | | |
0.05 F SADDES, A oo
SA-WALE-DDES, Ay, ——

SA-WALE-DDES, A, -------
0.04F SAG-DDES, A,
SA-0-DDES, A,
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Exp.

O

SA-WALE-DDES, A, --=-=--
SA-G-DDES, A, --=-=--

results do not improve with grid
refinement so far ®
- Penalty of reduced eddy viscosity in

early shear layer is higher
: : (
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coarse grid

fine grid

PSD(U) [(m/s)/Hz]

PSD(U) [(m/s)/Hz]

Exp. ’ O
SA-DDES, A py ——
SA-DDES, Ay =seesss -
SA-WALE-DDES, A, ——
SA-WALE-DDES, A, =====ex
SA-0-DDES, A, ———
SA-6-DDES, Ay, ======- i

PSD(U) [(m/s)/Hz]

PSD(U) [(m/s)/Hz]

Exp. ) O
SA-DDES, A5y ——
SA-DDES, A, ======-
SA-WALE-DDES, A, ——
SA-WALE-DDES, A, ===ese=e
SA-c-DDES, A, ——
SA-6-DDES, A, ==n=n=x 4

T,
X N SA-WALE-DDES, &, -----
< ’ ;

Exp. ’ O

SA-G-DDES, Ay, =eese .
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ylbiric
NeXt steps—— Gﬂ

Assessment of new methods for “natural” DES
application:

e e.g. NACAOO21

Go4Hybrid test cases until next meeting in October:
e Jet
e Delta Wing

Test o/WALE-DDES for WMLES of channel flow
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Thank you for your
attention
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Go4Hylbric)
«—approach-of NTS e

The maximum cell length is normally used in DES

* Apax= max(Ay, Ay, Ay)
Typically, shear layers are resolved more coarsely in the
spanwise, z direction

°i.e. A Ay Ay

The early shear layer is characterised by 2D structures in
the x,y plane

It seems justified to reduce to max(A,, 4,) in such
situations

Dominance of A, in A, 4, contributes to excessive eddy
viscosity in early shear layer




~ Go4Hybricd
A, , -approachof NTS O

Similar principle to adaptive formulation of Chauvet et al.
(2011), A,

e Sensitised to the orientation of vorticity vector with grid
However, in “2D flow regions”, their formulation reduces to

JBA,

e Undesirable in the same way as the cube root formulation, since
the smallest dimension has too much influence

We propose an alternative:

1
max |(1, —1,,)]

ﬁ n.m=1,8

e where l,=ngyx(r,—r) , risthe cell centre, I, are cell
vertices and nyis the unit vector aligned with the vorticity vector.

This gives O(max{A.,A,}) in “2D flow regions”

A~w:
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Alternative SGS-models-in >0 '
2 2 2

Vsgs = (CS‘g.S‘A) -@.sgs(”) BWTCT — CW.O'/CS
Model ngs @55’5 (H)
Smagorinsky [10] Cs v/ 28ijSi
WALE [7] Cw Sw
o [8] Co Se
DES [13, 12] VA Cpps W Skans
WALE-DES VA Cpps W By Siy
o-DES VA Cprs ¥ Bs S5

Parameter Calibrated value

Cs 0.20

Cw 0.58

Co 1.68

Cpgs (for SA-DES) 0.65

Bw 8.08

Bs 67.8
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Model Smagorinsky (Ref. 1) WALE (Ref. 5) Vreman (Ref. 6) a-model
Operator NLATN Eq. (4) Eq. (5) Eq. (20)
Model constant C, = 0.165 C,. =~ 0.50 C, =028 C,=1.35
Po Yes Yes Yes Yes
Asymptotic 0" 00 O(y) 0(y")
Pl No Yes No Yes
Solid rotation 0 ~0.90 ~0.71 0
Pure shear 1 0 0 0
| No No No Yes
Axisymmetric ~3.46 ~0.15 ~1.22 0
Isotropic ~2.45 0 1 0
P3 No No No Yes
WALE model: o model:
! ~d 3,2
(‘S:;S:;) 63(01 — 62)(02 — 03)

Dn- —

1 I

i _ 2 2
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5/2 5/4
(SySy)”"™ + (S5S5)”

with

H;"} = Bik8k;j-

Dy =

= e |

Q

012 05> 63 >0, the three singular

values of the velocity gradient tensor

g=(gi)
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F2 —flow solver-used by CFDI§5o

Customised version of OpenFOAM®
e Open source software
e Unstructured (arbitrary polyhedral cells)
e Cell-centred, finite volume solver
e 2"d order accurate in space and time
e Incompressible solver employed here
e SIMPLE-like pressure-velocity coupling

e Customised features:
» State-of-the-art, validated & calibrated DES models

« Hybrid convection scheme of Travin et al. for DES

Local blending between 2" order upwind and 2" order central
schemes

« Improved transient solver

27
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SA-6-DDES + A,
fine grid

0.0 X/L 0.5 1.0
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® 2nd order central differences are assured within the shear
layer focus region (,,box solution®):

o

0.025
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F2 -setup ——

Evolution of upper and lower , farfield” values of
reference velocities (coarse grid):

43 L] 23 L}
SA-DDES, Ajgy —— SA-DDES, Ay —
SA-DDES, A, ------- SA-DDES, A, -------
SA-WALE-DDES, A, — SA-WALE-DDES, A, =——
SA-WALE-DDES, A, ------- 79 8 | SA-WALE-DDES, 4, -------
425}  SAcDDES, Apa ) SA-c-DDES, Ay ——
SA-G-DDES, Ay =mmmmes SA-G-DDES, A -nceee-
P—
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E 42
S
-
41.5
41 0 0.2 04 0.6 0.8 1 2 0 0.2 0.4 0.6 0.8 1

x [m] | | x [m]
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® Zoom (0<x<0.2m)
v, /v

0 40

SA-DDES SA-WALE-DDES SA-o0-DDES
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