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Motivation
oe

Motivation

Research question :

o Will the complexity of numerically solving Poisson’s equation

increase or decrease for very large scale DNS/LES simulations of
incompressible turbulent flows?

DNS! of air-filled Rayleigh-Bénard convection at Ra = 10 and 101°

!B.Sanderse, F.X.Trias. Energy-consistent discretization of viscous dissipation with
application to natural convection flow. Computers & Fluids, 286:106473, 2025
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Two competing effects
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Poisson’s equation: a quick reminder
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Two competing effects
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Poisson’s equation: getting more tough or not?

Research question:
@ Will the complexity of numerically solving Poisson’s equation

increase or decrease for very large scale DNS/LES simulations of
incompressible turbulent flows?

[vzpn+1:AitV.apJ

Two competing effects: who (if any) will eventually win?

Ret __wAxd—> N 1> Larger system
T~ Atd —» Better initial guess T
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Two competing effects
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Smaller and smaller, but how much?

Two competing effects: who (if any) will eventually win?
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Two competing effects
ooe

Smaller and smaller, but how much?

Two competing effects: who (if any) will eventually win?

__w» Ax¥—> N, 1 —> Larger system |
Ret
T Atd — = Better initial guess T

In summary:
1 _Ax n —3/4
N L NTOCRe
a=—1/2 ( K41 or diffusion dominated )
ENRe“

t, a=—3/4 ( convection dominated )
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Residual of Poisson’s equation
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Residual of Poisson’s equation
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Residual of Poisson’s equation
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Residual of Poisson’s equation in Fourier space
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Residual of Poisson’s equation
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Residual of Poisson’s equation in Fourier space
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Non-homogeneous turbulent flows

Flow around a square cylinder Air-filled Rayleigh—Bénard

Re = 22000 (330M grid points) Ra = 10'% (604M grid points)

Re = 55000 (2.6B grid points) Ra = 10 (5.7B grid points)
Re = 100000 (10B grid points) on-going
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Non-homogeneous turbulent flows
Flow around a square cylinder at Re = 22000
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Non-homogeneous turbulent flows
Flow around a square cylinder at Re = 22000
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Non-homogeneous turbulent flows
Flow around a square cylinder at Re = 22000
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Non-homogeneous turbulent flows
Flow around a square cylinder at Re = 55000
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Non-homogeneous turbulent flows
Air-filled Rayleigh—Bénard at Ra = 10%°
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Non-homogeneous turbulent flows
Air-filled Rayleigh-Bénard at Ra = 10*!
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Solver convergence

{a&, 3} phase space

0Qc| s
\ ot i
Neutral 3
/ More difficult
”rHHZOC__EEE__ﬁifi__
Easier ) (2n+1)3+1/2
® 5=
NS \
11
1 b=+
3 5 _o 7.3 _4 a1
2 42
q=2 q=1

20/23



Results
000000080

Solver convergence

{a&, 3} phase space

0Qc| s
\ ot i
Neutral 3
/ More difficult
n2 Re a+p
Easier ) (7" OC—(2n+1)B+”2
® 5=
NS # nocRe’
1 E_z(a+§) 9
T OB+1/2 7
3 5 _5.7.3 _4 S=oa—1
2 42
q=2 q=1

20/23



Results
00000000e

Solver convergence for Burgers' equation
{d“B} phase space
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Solver convergence for Burgers' equation
{d“B} phase space
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Poisson’s equation have been identified.

22/23



Conclusions
®0

Concluding remarks

@ Two competing effects on the convergence of
Poisson’s equation have been identified.

e The {d, 3} phase space is divided in two regions
depending on the solver convergence. Ui

22/23



Conclusions
®0

Concluding remarks

@ Two competing effects on the convergence of
Poisson’s equation have been identified.

e The {d, 3} phase space is divided in two regions
depending on the solver convergence. LR

@ Numerical results match well with the developed
theory prediction  ~ 11/6
o For HIT v R

22/23



Conclusions
®0

Concluding remarks

o Two competing effects on the convergence of e :

Poisson’s equation have been identified. > .

Ns

e The {d, 3} phase space is divided in two regions
depending on the solver convergence. g

@ Numerical results match well with the developed
theory prediction § ~ 11/6 P
o For HIT v P
e But also for non-homogeneous flows

a0 —

22/23



Conclusions
®0

Concluding remarks

o Two competing effects on the convergence of e :

Poisson’s equation have been identified. > .

Ns
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@ Numerical results match well with the developed
theory prediction § ~ 11/6 P
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On-going research:

@ Numerical analysis of the scaling of number of
solver iterations with Re
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