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On the realization of unsteady simulation for extremely high Reynolds-number
turbulent flows
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This study elucidated that an advanced anisotropy-resolving hybrid LES/RANS
model works very well even for extremely high-Reynolds-number turbulent flows together with a wall
model as the wall-boundary condition.

LES RANS



(LES)

LES

Wall-normal direction

Wall

(Far from wall)

T~
—
.
"\_“
RANS e
{ i e
(Near-wall region){ | ( Fine enoueh)
for LES

Wall-normal direction

(Far from wall)

=

Full LES
= i
i
RANS | %\
(Near-wall region) E \

i 4
H i

Surface ]

e ——
Coarse €—— > Fine
Grid resolution

REEDNATIVIFFE

Wiall
Surface |

Coarse €— > Fine
Grid resolution

BREAGNATIvEFE

LES Re

24560197, 16K05042

e LES

LES

(SGS)

LES RANS

f hb=1 -

Re 1.5x10’

=2x10°
Az = 0.01256
Ay*t~1

Re

LES

wall unit

LES/RANS

@

Re

(a) BFBEEDELITHT DT

T hb
e
' s
==—ReT=1000, dx+=25, d2+=13 ! 4
=000, det=100, dr+=50 &
——Ret=1000, dx+=200, dz+=100 1
]

-=DN5

[

--=-Log faw (0.4,5.5)
4 ——ReT=5000, dx+=125, dz+=63

’ s Ret=20000, dx+=500), dz~=250

, ——[é1=200000, dx+=5000, dz+=2500

160 1E+4 1E+5

(b) LA/ NREMOEICHT EHIG
E2 FrerILEROFEELRESS T

1E2 g 1E43

RANS

Ret =2x10°

)

Re 1x10°

()
é

Ax* =5000, Az* = 2500

Ret
Ax = 0.0256,



Ret =2x10°

Ax* = 5000
12 212
212 X 212 — 224
Re 1x10° 10 100
LES/RANS
Re
Re
LES/RANS
e LES RANS
RANS
LES
Re
Re
> LES
> LES/RANS
> LES/RANS
LES/RANS

Re
LES/RANS

Axt = Ayt = Azt ~1

Re

LES

SGS

LES/RANS



(RANS)

Re
(@)) LES/RANS
Re 50

LES/RANS
@ LES  RANS

Re

LES/RANS
LES
LES
3) Ret =6x107
y+=300

8 1.6
10

LES/RANS

) LES/RANS

SGS

LES/RANS

Re

SGS

(LES)
LES/RANS
LES/RANS

60
fh
~---Loglaw (0.41, 5.0) B s 10
==C1E6A, dx+=25000, dz+=12500 ' 1 '
50 e C1E7A, dxe=2.565, dz+=1.25¢5 !
——CETA, dx+=1.5€6, dz+=7.5¢5 ! 1 s
! :
2 ,
5 1
- 06
30 . -
1 SI
] i e
1 .4
20 h ! ] o
I 1 '
1 1 1
10 i g o 1 02
h y
- 7 ’ i
o k7 e g R 00

LE+ 0 1E+1  1E+2 1E+3  1E#4y4 1E+5  1E+6  LE+7  LE8

LES/RANS

60
----Log law (041, 5.0) WL R 10
=—=C1E6B, dx+=25000, dz+=12500 ! ! ]

50 ' C1€78, dx+=2.5¢5, dz+=1.25e5 d
w==(C6E7B, dx+=1.5e6, d2+=7.5e5 ] 1 o8
! .
2 i
s L
g 06
30 i 2
1 )
! [
! ' 04
20 ' i
I 1 f
1 1 i
10 i ! ! 102
1 1 h
- ’ . ‘
o ’
o I S LSS RS i 00

LEHO 1E+1 1E+2 1E+3 1E+4 y+ 1E+5 1E+6 LE+7 LE+8

LES/RANS

60

fh
wssuloglaw (041,50k c c oo ccca s o =1 E _________ 1.0
—C1E6B, dx+=25000, d2+=12500
50 [ mC1€7B, dxs=2.5¢5, dz+=1.25¢5 P
——C6E7B, dx+=1.5e6, dz+=7.55
08
0
*
2
06
30 A
2
’l
» 04
10 02
o k- 00

LE+ 0 1E+1  1E+2  1E+3  1E#4y4 1E#5  1E46  LE+7  LEs8

LES



Abe Ken-ichi 5

Performance of a Hybrid LES/RANS Model Combined with a Wall Function for Predicting Quite High 2020
Reynolds-number Turbulent Channel Flows up to Re tau = 6x10**7

Journal of Thermal Science and Technology 19-00653

DOl
10.1299/jtst.2020jtst0014

Abe Ken-ichi 31

Notable effect of the subgrid-scale stress anisotropy on mean-velocity prediction through 2019
budget of the grid-scale Reynolds-shear stress

Physics of Fluids 105103

DOl
10.1063/1.5121528

Abe Ken-ichi 33

Detailed Investigation of Subgrid Scale Models in Large-Eddy Simulation Using High Aspect-Ratio 2021
Grid Spacing, Physics of Fluids

Physics of Fluids 115120

DOl
10.1063/5.0070183

SGS

2020




2020

Abe Ken-ichi

Investigation of the Effect of an Anisotropy-Resolving Subgrid-Scale Model on Budgets of the Reynolds Stresses

Proceedings of 11th International Symposium on Turbulence and Shear Flow Phenomena, Southampton, Paper No. P21

2019

Abe Ken-ichi

Performance of a Hybrid LES/RANS Model Combined with a Wall Function for Predicting Quite High Reynolds-number Turbulent
Channel Flows up to Ret = 6x10**7

Proceedings of the Asian Symposium on Computational Heat Transfer and Fluid Flow-2019, Tokyo, Paper No. 1314

2019

Abe Ken-ichi

On the Role of Anisotropic Term in Subgrid-scale Model for Enhancing Energy Spectrum in High-wavenumber Region

Proceedings of The 72nd Annual Meeting of the APS Division of Fluid Dynamics, Seattle, Paper No. B19.06

2019




35

2021

35

2021

RANS

35

2021







