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LES of rotating shear turbulence flow using the inter-scale transfer model
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‘We have performed large eddy simulations of homogeneous shear turbulence with and without background rotation
to examine versatility of Interscale Transfer (IST) model recently proposed by Domaradzki et al. Subgrid-scale
models in LES are generally classified into two categories; eddy viscosity models and energy transfer models,
and IST-model is latter. It is found that the development of non-rotating homogeneous shear turbulence is well
reproduced by the LES with ISt-model. In the rorating case, on the other hand, the development of turbulence
kinetic energy is underestimeted by LES, indicating that the IST-model needs to be improved for rotating flows.

1. #¥E

EARFUC Ik A2 2 XA TOEIFRIFEIET 5. vIa
L—a v ORER D7Dz ﬁ,p®$9£ﬁb&a
1 TOIROEAEE LT 2 BB ETH 5. I
I, AR VOFEIZL O HRAOEE HERTHE T
IA =7 AHABREZILFEETVEHWTIZ, HEML

DNS(Direct numerical simulation) 23 A ZfTH T W
%, DNS TIdiwNA T — )L DG & CHERIY I KRBT
TLMBENDY, WHTELFNGIEL A ) N AL ED
BN IZIREI N T WD, &L A /b ZEELGR DL
EARAT 247 51213, BLAC X 2 #gffiG % Glik 3 2 W B
HWRETI, DEVIMETNVOEADNBEL LS. D
FLIRE TV D — DD b#fEIC I D < LES(Large-
eddy simulation) T# 4. LES I, FFiE & BehiEo
ek - %@’EH&%E@E’J RADZ LW TE LD, FLTH
*%L’Eﬁﬁﬁﬁﬂ"ét 2, R ZEDTERVFETH 5.

L& FNIT & - THE I NS ELFIREG DRRk%
ahﬁ%%MﬁT améﬂn ZD &SIz, LES A%

KLU VLT & £5C % 34, /i, LES IZiZA
xﬁj)bﬁiﬂz@ﬁ%%fﬁtljfm EDESITINAT =L DR
BT \ND, KREKHEZ SGS(Subgrid scale)
DETMEDOFEEDFES 5.

ZOMBEIZN LT, &AL AW STV SiEEE
TN EIFRIRDMRITEED S ET N E LTI X)L F — i
REETNVDRHE. THE, RAT =P 6DITF)F—
AAT—=RZDEDEREL, SGSIZTRILF—AHE
5 LECEVIEFEXICEIVNTNS.

—IZ, TARIVF—EEE TIVIE SGS I F o 72 T4
WE—DREVPA I THD. D7, WkEET IV
CHRIAGDODETHAING ZERE V. THxILF —ifiiik
ETNDZDRGEMBIEL 72E T VANELE, Domaradzki
et al. IZ&oT, BEIN. B S AT EAREELIRD &
Sal—yvaryzEiw, RELLETVOEMMEEZRL
TWd, KIFETI, JEEERD kR A WELIT & [l
ABTELIRICB W TIRESI N ET VOEMMEZRGEET 5.

2. RNFBIIHBIFBILEARER

RNG %2 SXET 5 AR E UT, A dienigEDIEF
B IC BT DR, Navier-Stokes FiFEs (M
FNS R LR, ) &5

Ou;

du; du; du;
(9 +S 28 o + jal‘] —Sus0;1 —l—QQE”guJ
10
_;8f>+uv%u (2)

ZZT, SIFEAWE, QIXEEEAEE, v I IXERRYER
BERLTVWS.
3. EEF&

AWFETIE, AT MVikEAWTRE HFERZ#<.
-7 OB, RFENE 4 FEE Runge-Kutta-Gill %
Z W THARRIZfi# <

4. SGSEFYVY

41 AVI—RT—=I I ZFVRIT7—FETI
AT, SGS €TV VIO, EERIEI N1
VER=AT =NV T VAT 7 —ETIV (LT, IST-model
95, ) WS, A ZoIST-model 1%, KA —)
ﬁ#b¢x7—wﬁm®lz»# HEZ D DERE
U, TANVF-—DEFEEITRVLEVIMEOET VS
%.

FY, IXANF—ARZ PV EBNIRT L5 (2
Ry, Ry, Ry (T &> TRIN D 3 D DBERRIEBRHISIZ 7]
T 5.

Rl . O§k§k1
R2 : klngkQ (3)
Rg . kQSk

S, ky 12 GS TOKRAT — )LD % £ T BRI
, dGS@rmX7 V% KRBT B IS % &
7=, R3 DEIFIE SGS TRIAI N 5 @il EUs %= &£
S’C&i R1,R2 @Fﬁmo)&%‘fn‘f‘ —5_5

DI, %M%mmﬁﬂw) HEL, ZhEh

I
£h

Ry
Ry
R3

LRING. BB, TITRUAEEEIZDWTW S ER
PUIEZNENLES 12513 2K EHED 7 1 L& —

PSRRI

(4)

2l
=D

%

£ & £
&8 &
[T
e

S

(2

Copyright (©) 2015 by JSFM



LIV R AR LTS,
iﬁaﬁ*IJﬁ (2B B xR

ALTH EL{}IL:ET)I/ Bir3s
LES I28 W THA X

IHIZ
8u¢uj _ ZZZNpqm (5)
(9l‘j m P 7

SIZHRTE S, 22T,

0 ouP\"™"
pam _ 9 (pyaym — ((19%
N 3 (uf uj) ( j 31‘j> (6)

Zj
Fp&EHE q FHOBPBEHIROMHEAEIZ & > T m &HH

DPRGHI 2 T 282 KLU TWD. ZONGRED

uin:ZZZNpqm (7)

ERRTHILIIIBLTWS., 22T,

NP = ()™ (8)

TdHDH. NPIm X NPIm 7|3 27 fEDEFENH 50, LES 1T
B MBI EDRIZFR D EFHRIE 8 D LA, NPIm
ZEUTIE, 4 TRULAEEEZHWT,

>

111_22 112_22 Q‘Q

N> =, ug , N2 =wu; — uzuy-

=_ ~_1 =_

NP2 =%w. , N2 =uu. —uu.
: - 9)

211 _ =2 212 ~ =

N2 =g, , N22 =gu. —uu,

7 J 7

. ;o

221 _ = 222 _ = =

N=' =wu; , N*° =uu; —uu;

LERINS.

(u‘if"—@)m BERu DL TOIRXLF—ERERLT

J Oz
VBHEEZLNG. —F, (ulge) BEH UK
MmERLTWBEEEZOHNS. J:’)T N112 ¥, Ry NT
DAT — )V TOMHESE-HD? S Ry 12 BIF 3T 3% —
iﬁjﬁ% N122 &, Ry & Ry ODHIETOMAEMFEHIZE -
T Ry T il;ﬁﬂ/f\f ElERLTWEEEZOHND,
Domaradzki et al. (Z& % & N2, N22 35D 27 —)L
A®I*W¥~%L DD REGBREZRZLTWS.

Z ZTHRET S SGS model 2&’]5\747‘7 (gt
AV F—HRRIE N2 » N12 54105 Rg ANDI )
F—HAZGRTEZTHS. ,JZ'SH"J Z i SGS i
IE’E NU2Z p» N122 2 FEGREA» 551K &5

, BARD &
IZREFHKT D.
o= Nl12s _ 122
iy
Z 0% Domaradzki S 2325 L 7 L b‘IZ‘Jl/ﬂF LTB=S
;wma‘% B, WY UAEEER S L DI N2
NU S5 T (11)

BEBZTWS, I KRS JW:JJ 2B Eizko
T, ZDHFRET NV EZHWZ LES 2175

5% 20 MBERENZS VR T L

F02-2
4.2 EFIVADT 4L —01E
CDETFNVIZHET B 7 4 VX —HIZBEWTHWS
7 4V R — BT
~ 1 1
fam) = 51 =A)f @) + Af(@") + 5 (1 - A)f @)

(12)
f%éhé.::f%bt74»a—%ﬁA®ﬁuD@
maradzki iq Lo THBERESINTE D, TOHTIEY)
REDEMIELHWT WS

5. IST-model DA DIREE

e, [FEEE AL D S BEELRL (2 =0) & Q=
S/2 D2 DODYEEMHITNE L LT, IST-model DAE)
MEEREEL 7. BT, &SRt Z2RT.

5.1 EtEXH

Tab. 1: Computational conditions.

DNS IST
FF R 576 x 576 x 192 | 144 x 144 x 48
FAIE Azy, w0, Axs | 67/576, 27r/192 | 67/144, 270/48
A1 LA 6m X 6 X 21
R A At 5.0 x 1073
KRR AR v 4.34 x 1074
BERSAM x1,x3iM: AR
xo i B AR

IST-model & DNS-downsize |Z 13 & f#4E DNS (25
75 St =2 TORERREYORNEE L THWT
$ D, IST-model TIEHMH DT 4 VX —FEEFHNT
MGEd 5. 728, IST-model & [AZMEOIEARRE D DNS
_E)_g 5. BAFTIX, T % DNS-downsize L IERZ 212

5.2 EHEER ‘
BUROR (13) ALHIIYT 3 0% — % RS R O Kbk
RET5.

EW =" E(k) (13)

k<ke
%CEB, ko1& IST-model 1281} 2R AKBIEHZRLTWH

Fig.1 IXALFEE T 3L ¥ — ORISR Z R LTV 5.
case(a) T, FEMEGEEZD —HE AWELIRDF R 217> 72,
MzH5E, ADFEZKELTHIEFETRILT—HHHI
IR L TWEHEPDN S, £z, ZEEITB VT
Domaradzki 523 —FAMZLRL TV A =2 O5H
@ IST-model 2SEMRAREE DNS 23 U CEMMIZ—FR
b7k A2 R U C\wa. AT, DNS-downsize & 0 $ R
IFefE R 2 R U TWB NS case(a) (1251 5 IST-model
DHEMEDP R T E 72,

case(b) T, case(a) [FIBkD 7 1L & —4%?5( A D%
IST-model IZHWT, [HHREAWELRIZE T 251 HE217 o
7z. M% R % &, IST-model Tl case(a) [ABRIZ A O

Copyright (©) 2015 by JSFM



(2R U T 3L — ST A U \6% Soird
7%, DNS & DL TIE case(a) [ABRD A OAETIZEMER

ICRIFBRER 2R SN o T2

0.05
|  —— DNSs576
- DNS-downsize
o ——— 1sT12
004 —— IST35
> [ ——— IsT2:3
g i ——— IST5-7
2 |  ——— I1sT34
| L
o 003
@ |
£
E i
3
S 0.02f
5 i
2 i
2 L
E -
0.01}
oL L1 L R R
2 4 6 8 10 12
St
(a) non-rotation case (2 = 0)
0.03
L —  DNS576
= DNS-downsize
0.025F ———— IST1-2
3 —IST35
3 [ — IsT23
g 0.02 — IST57
w r ———— IST3-4
o L
‘q‘_)' -
£0.015|
! -
- [
8 [
CIC) -
2 o01f
3 r
2 [
= [
0.005 |-
L v
2

o

4 6 8 10 12
St
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Fig. 1: Time evolution of Turbulence Kinetic En-
ergy. Black and orange lines represent the result
of resolved DNS and under-resolved DNS. LES with
A = 3(blue), 2(green), 2(red), 2 (purple), 2 (lightgreen)
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