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v Large eddy simulation (LES) is a useful way to
predict turbulence and turbulent scalar transfer.

v Recent development of computer power allows us
to do LES for several turbulent flows of

engineering interest.

v However, there still remains a serious difficulty in
its application to high Reynolds-number complex

turbulent flows.
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2D section

3D configuration Typical 3D grid distribution
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High-Re flow around
ye 2 ™\ airfoil

/
DR

(

Y —
-

A ) (Away from the wall)
\ Large scale eddies can be

resolved with grid spacing.

N

(Close to the wall)
Due to coarse resolution in

( ; | z-direction, no eddy can be
. resolved with grid spacing.

(g€ No Eddy Simulation)

(Enough resolution in the wall-normal (y) direction)
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————— Ut=y™* .« | |Nodes:
—-—-—- U*=(1/0.41)logy™*+520
= L o LES _oo° i 61x61x61
o 7 Domain:
20 I o // -
o - 65 x1.56
1
- A . )
o Resolution:
- ] :
0O i MR MR | MR | AZ :250
10° 102 y* 104

Considerable underprediction of wall-shear stress is obtained.
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Filtered governing equations for incompressible flow

oU;
axi B

DU, __10P 0 ( (00, 0
Dt  pdx; O0x; Y dx;  Ox; by

0

Subgrid-scale (SGS) stress tensor

Tij = ULU] — ULU]
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[New anisotropic SGS model]
2
_ SGS
Tij = gksc;s&'j — 2Vg6sSi; + 2ksgsb>77
psos  Fu—(F2v'sy) 1o Ry
Yot = (=28 ) 3V T
v'ij = Cs(U; = U;)(U; - Uy)

T’ijaSij = —ZV,SijSij = —ZV,SZ

(v = 7'y — T8 /3, S =Si;Si;)

{

;oa
TUOY Ry =y - (~2v'Sy)

Ty

257
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[1-Eq. EVM by Inagaki (IJHFF, 2011)])

N 4/3
Ve
Vsgs = Csgsfsgsv ksgsD  fses =1 —exp ( A())

(CSGS — 005, AO = 30)

, (VESGS)1/43’ y
Ye = { Ci—, =4

v A
ke 2vk
esgs = Ce—p—+ yﬁ“, C. = 0.835
Dksas akscs oU;
Dt {(V + Crfses/ Ksesh ) — Tyij 6_xl — &sGs
j
(C, = 0.1)
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30 30

wesse

s+ e . 25 -

20 t o - 20 -

U+

15 -

DNS

10 r

—dx+=40, dz+=10 —dx+=40, dz+=10

= =dx+=80, dz+=20 = =dx+=80, dz+=20

=« dx+=160, dz+=40 =« dx+=160, dz+=40

oo dx+=160, dz+=80 e+« dx+=160, dz+=80

1 10 v+ 100 1000 1 10 v+ 100 1000

Anisotropic SGS model with

no transport equation for kegs Anisotropic one-equation SGS model

v The predictive performance is largely improved by one-equation SGS model.
Reasonable predictions of mean velocity are obtained for all grid resolutions.

v This may indicate that the transport equation for kg;s successfully works to
determine a reasonable level of the SGS turbulence energy.
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40
30 |
+ o"
D -
20 |
==-log law
10 e==Re=1020 (dx+=51, dz+=51)
e==Re=2000 (dx+=83, dz+=83)
e Re=5000 (dx+=150, dz+=150)
0 1 1 1
1 10 100 y+ 1000 10000
BLA/ILZHDONEYHMEFRIBEDT—XTEH, XEFASCSETILE
RAWSEEYICERBRENMEBERTES.
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Governing Equation

DU; 10P 0 oU; 0U;
= —= + vV + — @
Dt pox; O0x; dx;  Ox; ,

LES zone Ty = T

A A AV A A A S A S A S A S A S A S & '7"7","\',"7"7'7'
4

b

/| Transitionzone [, i = (1 = fap)Wilhj o +FnbTij o

y
77 7 7 7 77 7
_JLJ_JL_‘C_L_L_L__4_J--L-‘-_é-ll-é-i;-é-JL_é_lL_J_Jl_é_ZL_é_Vl_é_z;_i

RANS zone Tij = Willj pans)

VAV VDV VY VLV VAV VLV VNV VN VAV

wall
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[FTLWVEEFEASGSETILZEALTLESO fEIZZEYE K]
v LES/RANS/\ATUYyRETJL(HLR)DEAET LILAbe@EFIHT S

sz — (1 B f;zb )uluj (RANS) + hbz-l'j(LES)

n \°) Cw:d4->1 n:EALOEEE
cth> A= [max(AA,,A A AA)

x—"ys T/ y=/zo
52, LESDSGSTET ILIZIFIEE ASGSET ILEXEE AT S

B fip =1 —exp _<

2
Tij(LES) = §kscs5ij — 2Vs6sSi; + EAT

EAT;;: Extra Anisotropic Term

(*)Abe,K. Int.J.Heat Fluid Flow, 26, p204-222, 2005
(**) Abe, K. Int. J. Heat Fluid Flow 39, 42-52 ,2013
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25
HLR without EAT >~ | HLR with EAT
) /
15 g~ .
. g LES with EAT
10 g
~——DNS

HLR {1HNIH&H Y dx+=160,dz+=80
—=HLR T MNIF 7L dx+=160,dz+=80

__—— LES dx+=160,dz+=80
0

1 10 100 1000
v

HEEDHEASGSETILTIE, ZONTA—EDHEETIEETILN\YI7HENS.
EFEASCSETIVLIZT B, BHhLEN-fEEOFTRBEENRESIND.
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25 __HLR with EAT
HLR without EAT
20
15
5 LES with EAT
10
HLR {4 hN1E3Y dx+=400,dz+=240
5 e==sHLR {F0IE%L dx+=400,dz+=240
LES dx+=400,dz+=240
0 e DNS
1 10 100 1000
y+

« WBFREENMBIRICHIMES, LESOFFETIEIEFASCSETIILEANTHRIGITEEE.
* HLRIZF DI &ICRYEE (2L, EELGREITT A TRANSTHN—ZNTILVD).
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© HEEDFETEMODMEFREETOLL T EEERE TRANSARASNS (ERFA).
« BFRBENTHITIGEELEE CTLESTERT AZENEFLLN(BR).

A A
= [
= LES £ LES
@ (Far from wall) @ (Far from wall)
T T :
© ©
€ € & Full LES
o O i
o <
RANS RANS !
(Near-wall region) Fine enough & (Near-wall region) i
Wall IRELES Wall |
Surface Surface :
Coarse <€ Coarse <€ > Fine
Grid resolution Grid resolution
WREDNAT) YR Fik R NAT )y FiE
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3
fnp =1 —exp {— (az) } (n: BEM D EEEH)

[SRERIFLARET S FE]

3
fo=1—expl—|a g1 (lg: BMSDEBDORDYIZEAT S
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1 k32 JEn

CxLV

3/2
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1.5 15
=-=-C_eqy
Re_tau=180
2| e )
% ——Re_tau=1020 a
~ e
Q? lf ==:C eqy

—C395A (40,20)
3958 (79, 40)
—(395C (158, 79)
—(395D (237, 119)
. —C395E (395, 198)

0.0 0.2 v/5 0.4 0.6 0 0.2 y/3 0.4 0.6
B FIETL A /LM BILA /LA THRFREEMN
L, DATIZEZDFE L, DRHIZEZ L5 E
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0.8 |

Ret=395

= =Conventional, A=0.025, A+=10
= =Conventional, A=0.125, A+=50
= =Conventional, A=0.5, A+=200
—Present, A+=10

= Present, A+=50

—Present, A+=200

0.2

0.0 0.2 04 /5 06 0.8 1.0

s BFHBEBENMEWNGEEIRRETILERERDERFEETRT.
s BFHREEINASWGEIXBMEIEELLES (f,,~1)245.
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Plane channel flow, Re, = 395

Case Grid numbers Domain Ax™ Azt
C395A 65 X 98 X 65 6.46 X 26 X 3.28 40 20
C395B 33 X 98 X 33 6.46 X 26 X 3.26 79 40
C395C 17 X 98 X 17 6.46 X 26 X 3.28 158 79
C395D 17 x98 x 17 9.66 X 26 X 4.86 237 119
C395E | 17 x98x 17 166 X 26 X 86 395 198
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1 —=—=C395A, dx+=40, dz+=20
C395B, dx+=79, dz+=40
08 | 20 T mc3gsC, dx+=158, dz+=79
-
=] a==(395D, dx+=237, dz+=119
38 15 | =C395E, dx+=395, dz+=198
2 = =DNS
=
Q_I
- —C395A, dx+=40, dz+=20 10 L
3958, dx+=79, dz+=40
—(C395C, dx+=158, dz+=79
02 | 5
—C395D, dx+=237, dz+=119
—C395E, dx+=395, dz+=198
0 0
0 0.2 04 y/5 06 0.8 10 v+ 100 1000

B R 3 ), D 0

TAGEE S

s RUVBFREBENSVNVT—R(FRE) TIEBEELESHA+RRAIEETHLHIERHONLH,
MR DGR TIEEEITE TRANS (f),,~0)2735.
« RUVRFREBEASVVT—X(GRE) TIE, HLRIZEY FRABEMETLTLS.
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v An effective switching parameter was newly proposed for an
advanced HLR model. This switching parameter introduced
knowledge of the Kolmogorov microscale that is thought to be
reasonable for representing near-wall turbulence.

v In contrast with most previous models, the present HLR model
is smoothly replaced by a full LES if a grid resolution is fine
enough in the near-wall region.

v Furthermore, the present HLR model adopted an anisotropy-
resolving SGS model in the LES region. By using this SGS
model, the present HLR model can successfully cover a much
wider range of flow domain by LES compared with the model
previously proposed by our group.

o /
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