)

Centre Tecnologic de Transferéncia de Calor
UNIVERSITAT POLITECNICA DE CATALUNYA

On a proper tensorial subgrid heat flux model for LES

F.Xavier Trias!, Andrey Gorobets?, Assensi Olival

IHeat and Mass Transfer Technological Center, Technical University of Catalonia
?Keldysh Institute of Applied Mathematics of RAS, Russia

ropean
ermal

x
EUROTHERM
x

iences
T onference
EUROTHERM ) 13 June 2024

2d, Slovenia




)

Centre Tecnologic de Transferéncia de Calor
UNIVERSITAT POLITECNICA DE CATALUNYA

On a proper tensorial subgrid heat flux model for LES

F.Xavier Trias!, Andrey Gorobets?, Assensi Olival

IHeat and Mass Transfer Technological Center, Technical University of Catalonia
?Keldysh Institute of Applied Mathematics of RAS, Russia




Contents

© Motivation

© Modeling the subgrid heat flux

9 Deconstructing the gradient model
@ Stabilizing the gradient model

© Conclusions

2/17



Motivation
[ ]

Motivation

General research question:

@ Can we hit the ultimate regime of thermal turbulence

Nusselt number

10*
-7
102 4
-
& 10
1072
Onset turb-BL —=-=-=- 1
‘water
107 air
liquid sodium ------
10° 10* 100 102 1" 10
Ra

4.5

35

log10(Nu)

3/17



Motivation
[ ]

Motivation

General research question:
@ Can we hit the ultimate regime of thermal turbulence with DNS?

Mesh size for DNS
24
Onset turb-BL
water 22
air
liquid sodium 20
18
16
14
12
10
8
6
4
2

log10(N, Ny N,

3/17



Motivation
[ ]

Motivation

General research question:

@ Can we hit the ultimate regime of thermal turbulence with LES?
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A priori alignment trends?
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Modeling the subgrid heat flux
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Deconstructing the gradient model
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Deconstructing the gradient model

Continuous Discrete
52
qsd = —VuvT 777
—V-qf = C(u,T)+C(u, T) — M@&™? = C(up) Tp + FC(up) Ty
_C(u7 T)_C( 7’) — C(Fup) Tph — C(up)F Ty
62 _, 52 )
C(u,T)—C(u,T)=—4VV (uT) = V V(uT)
52
Clu, T) = C(@,T) = 5, V- (Vu)T)
2
= 5 V" (uV?T)

C(”v T) - C(u7 7—)
10/17



Deconstructing the gradient model
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Deconstructing the gradient model
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Stabilizing the gradient model
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Stabilizing the gradient model
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Idea: RCYP — CPOR instead of RC — CR guarantees stability
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Stabilizing the gradient model

Test-case: passive scalar in a 2D channel flow
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Conclusions
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Concluding remarks

@ A new way to implement the gradient model has been proposed

ngrad C(uh) Th— RC(uh)Th—C(FUh> Th—i—C(uh)RTh

@ Good a priori alignment trends

@ Stabilization has been proposed and tested

_ngrad C(uh) Th — RCUP(Uh) Th — C(Fuh) Th + CDO(Uh)RTh

@ On going research: running a posteriori for more complex cases
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