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Motivation

Research question #1.:

@ Can we find a nonlinear SGS heat flux model with good physical and
numerical properties, such that we can obtain satisfactory
predictions for a turbulent Rayleigh-Bénard convection?

DNS of an air-filled Rayleigh-Bénard convection at Ra = 1010

1F Dabbagh, F.X.Trias, A.Gorobets, A.Oliva. On the evolution of flow topology in
turbulent Rayleigh-Bénard convection, Physics of Fluids, 28:115105, 2016.
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Air-filled RB: Pr = 0.7
Ra = 108

2F.Dabbagh, F.X.Trias, A.Gorobets, A.Oliva. Flow topology dynamics in a 3D phase

space for turbulent Rayleigh-Bénard convection, Phys.Rev.Fluids, 5:024603, 2020.
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Motivation

Air-filled RB: Pr = 0.7
Ra = 108

208 x 208 x 400 768 x 768 x 1024 1662 x 1662 x 2048
17.5M 607M 5600M

2F.Dabbagh, F.X.Trias, A.Gorobets, A.Oliva. Flow topology dynamics in a 3D phase
space for turbulent Rayleigh-Bénard convection, Phys.Rev.Fluids, 5:024603, 2020.

5/2

22



Motivation
[e]e]e] ]

Motivation

DNS: 208 x 208 x 400



Motivation
[e]e]e] ]

Motivation

Ra = 1010 Ra = 10!

DNS: 208 x 208 x 400
LES: 80 x 80 x 120




Motivation
[e]e]e] ]

Motivation

DNS: 208 x 208 x 400
LES: 80 x 80 x 120

0.5 T

S3QR —=— S3QR —=—
QR —e— QR —e—
WALE —e— WALE —e—
04 | No-model —a— {04 | No-model —a— {
DNS —— DNS ——
03 | 1 03t ,
= >
02 | 102t f
0.1 4 01t %} 1
0 . i 0 . .
0 0.001 0.002 0.003 0.004 0005 0 001 002 0.05 006 007

@)



Motivation
[e]e]e] ]

Motivation

0.5

0.4

0.3 -

0.2 r

0.1 -

DNS: 208 x 208 x 400

LES: 110 x 110 x 168

Ra = 1010 Ra = 10!

H S3QR —e— S3QR —a—
a QR —— QR —e—
i WALE —e— WALE —e—
tqm No-model —&— 4 04 No-model —s— -
DNS —— DNS ——
1 03¢+
>
1 02}
1 01t
i ; . 0 v . .
0.001 0.002 0.003 0.004 0.005 0 0.01 002 003 004 005 006 007
('T") (k)



Modeling the subgrid heat flux
@0000

How to model the subgrid heat flux in LES?

i+ (@-Vu=vV?a-Vp —V-r(@; V-u=0
eddy-viscosity — 7 () = —21;5(0)

ve ~ (Cnd)? D (T0)




Modeling the subgrid heat flux
@0000

How to model the subgrid heat flux in LES?

0+ (T-V)u=vV2u—-Vp+f—-V-7(@); V-u=0
eddy-viscosity — 7 () = —21;5(0)

ve ~ (Cnd)? D (T0)

T+ (@ V)T =aV2T -V.-q where qg=ul —T
eddy-diffusivity — g~ —a;VT (



Modeling the subgrid heat flux
@0000

How to model the subgrid heat flux in LES?

0+ (T-V)u=vV2u—-Vp+f—-V-7(@); V-u=0
eddy-viscosity — 7 () = —21;5(0)

ve ~ (Cnd)? D (T0)

o

0T+ (@ V)T=aV?’T-V.-q where qg=uT—
eddy-diffusivity — g~ —a;VT (= g®%)
2

gradient model — g~ T GVT = q")

—



Modeling the subgrid heat flux
@0000

How to model the subgrid heat flux in LES?

0+ (T-V)u=vV2u—-Vp+f—-V-7(@); V-u=0
eddy-viscosity — 7 () = —21;5(0)

ve ~ (Cnd)? D (T0)

T+ (@ V)T =aV2T -V.-q where qg=ul —T
eddy-diffusivity — g~ —a;VT (

2
gradient model — g~ T GVT (= q")

2
G=Vu q:—f—zGVTJr(’)((S“)



Modeling the subgrid heat flux
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A priori alignment trends®

eddy-diffusivity — g =~ —OthT (_ qeddy)
-
gradient model — g~ _EGVT (= q")

3F.Dabbagh, F.X.Trias, A.Gorobets, A.Oliva. A priori study of subgrid-scale features
in turbulent Rayleigh-Bénard convection, Physics of Fluids, 29:105103, 2017.
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A priori alignment trends
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How to model the subgrid heat flux in LES?

i+ (- Vu=vV?a—-Vp+f—-V-7(@) ; V-Tu=0
eddy-viscosity — 7 () = —21;5(0)

ve & (Cnd)? Dy (T0)

0T+ (@ V)T=aV?’T—-V-q where g=uT T
(

eddy-diffusivity — g~ T = %)
2
gradient model — g =x (152 T (= q")
P
Peng&Davidson® — ¢~ 5oVT (= ¢™P)

5S.Peng and L.Davidson. Int.J.Heat Mass Transfer, 45:1393-1405, 2002.
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Motivation

Research question #2:

@ Is it possible to hit the ultimate regime of turbulence with LES?
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Can we reach the ultimate regime of turbulence?
It may be possible with LES at low-Pr...

Mesh size for DNS Mesh size for LES (without modeling the SGS heat flux)

24 20

10* 2 10* 18

20 16

10° 18 107 14
16 3 h 2
14z z
£ 10 7 & 10’ 10 7
2 g E
El : S
0 £ g

> -2

10 s 10 6

6 4

10 4 107 2

- 4 - - - 2 — - - - 0

10° 10* 10" 10" 10" 10' 10° 10 10" 10" 10" 10"
Ra

Ra

14 /22



Can we reach the ultimate regime?
ooe

Can we reach the ultimate regime of turbulence?
It may be possible with LES at low-Pr...

Mesh size for DNS Mesh size for LES (without modeling the SGS heat flux)

24 20

10* 2 10* 18

20 16

10° 18 107 14
16 3 h 2
14z z
£ 10 7 & 10’ 10 7
2 g E
El : S
0 £ g

> -2

10 s 10 6

6 4

10 4 107 2

- - - - - 2 - - - - 0

10° 10* 10" 10" 10" 10' 10° 10 10" 10" 10" 10"
Ra

Ra

14 /22



Can we reach the ultimate regime?
ooe

Can we reach the ultimate regime of turbulence?
It may be possible with LES at low-Pr...
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Can we reach the ultimate regime of turbulence?
It may be possible with LES at low-Pr...
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0+ (T-V)u=vV2u—-Vp+f—-V-7(@); V-u=0
eddy-viscosity — 7 () = —21,5(0)
Ve ~ (Cn6)? D (D)
0T+ (@ V)T =aV?T—-V-q where qg=ul 0T

A But first we need to answer the following research question:

@ Are eddy-viscosity models for momentum able to provide
satisfactory results for turbulent Rayleigh-Bénard convection?

Idea: let's do an LES for momentum and a DNS for temperature!
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DNS at very low Pr number

Why? scale separation grows as nx/nr = Pr3/4.
1n7: Obukhov-Corrsin scale; nx: Kolmogorov scale
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LES® results at very low Pr number
.14 x 10° [ and Pr = 0.005 (DNS — 488 x 488 x 1280 ~ 305M)
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@ Modeling the SGS heat flux, g, is the main
difficulty for LES of buoyancy-driven flows

e Eddy-viscosity models work for RB (at least
for low-Pr) v

o Ultimate regime of turbulence may be reached
with LES at low-Pr v/

N

LES-S3QR —e—
LES-WALE —s—

Future research:
@ LES simulations at low-Pr and very large Ra

@ A posteriori tests at Pr = 0.7 for the new
non-linear SGS heat flux models proposed?

aF,X,Trias, F.Dabbagh, A.Gorobets, C.Oliet. On a proper tensor-diffusivity model
for LES of buoyancy-driven turbulence, Flow Turbul Combust, 105:393-414, 2020.
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