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Scaling law and a new LES wall-model for adverse-pressure-gradient turbulent
boundary layer flow
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Using direct numerical simulation %DNS) for turbulent boundary layers under
adverse pressure gradients, we proposed a new scaling law for turbulent statistics. Instead of the
conventional 99% thickness, we introduced a boundary layer thickness based on mean shear. We
confirmed that turbulent statistics in the inertial region align well between zero pressure gradient

boundary layers and those at the verge of separation. Additionally, we derived scaling laws for
energy dissipation rate and vorticity magnitude based on the local equilibrium hypothesis. We
validated them using DNS data, aiming to develop a novel wall model for LES. Furthermore, we
advanced research on the influence and control of secondary flows (flows perpendicular to the main
flow) caused by sidewalls. We demonstrated the potential to control secondary flow patterns using
deep reinforcement learning.

LES



(RANS)

LES
(DNS)
LES
LES
DNS
10
LES
@

(LES) LES
LES
LES
LES
DNS
(DNS)
DNS
LES
(LES)
LES
(DNS) LES
LES
LES
LES
LES
() ( ) DNS
( ) NACA

DNS



DNS

(2) DNS LES
DNS
(3) NACA
DNS  LES
LES
1) DNS
99%
Collapse
DNS
2)
DNS
DNS
3) NACA LES

GPU

DNS LES
LES DNS
DNS
DNS
DNS
LES
LES
LES DNS
DNS
DNS

LES DNS



24(4)

2022

37 - 39

DOl

24(5)

Couette-Poiseuille

2022

23 - 30

DOl

23

GPU

2021

57,64

DOl

25

2023

20

DOl




2022

2022

Atsushi Sekimoto, Vassili Kitsios, Callum Atkinson, Julio Soria

Scaling of Turbulence Statistics in Adverse-Pressure-Gradient Turbulent Boundary Layer Flow

Eighteenth International Conference on Flow Dynamics

2021

IMI

2023

37

2023




61

2024

Takashi Mitani, Atsushi Sekimoto

hermal control of the streamwise vortices in a turbulent square-duct flow by a reinforcement learning

the 6th R-CCS International Symposium

2024

Atsushi Sekimoto, Takashi Mitani

Data-driven thermal control of secondary flow in a marginally turbulent square-duct flow and relevance to the invariant
solutions

12th International Conference on Computational Fluid Dynamics

2024

Sekimoto Lab.
https://sites.google.com/view/sekimoto-lab/research







