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Physical role of anisotropic term in anisotropy resolving SGS turbulence model
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Recent studies on subgrid-scale (SGS) turbulence modeling suggested that effects of anisotropy on SGS play a key
role to improve the numerical accuracy of large eddy simulation (LES). To investigate its physical mechanism,
we perform LES of turbulent channel flow through several types of models involving SGS anisotropic terms.
The present result shows that the Bardina term gives a better prediction than other models on the streamwise
correlation of streamwise velocity fluctuation. Phenomenological analysis suggests that the Bardina term plays a
role of an effective momentum transport of streamwise velocity fluctuation to the solid wall at a streak, leading

to an enhancement of sweeping motion of turbulence.
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Fig. 1: Streamwise mean velocity profiles for each case.
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Fig. 2: Reynolds shear stress profiles for each case.
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Fig. 3: Turbulent kinetic energy profiles for each case.
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Fig. 4: Profiles of energy spectrum at y* = 20 for each
case.
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Fig. 5: Profiles of streamwise correlation of streamwise
velocity fluctuation at y* = 20 for each case.
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Fig. 6: Profiles of spanwise correlation of streamwise
velocity fluctuation at y* = 20 for each case.
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Fig. 7: Spontaneous streamwise velocity fluctuation at
yT = 20 for (a) [A-original (b) IA-Clark.

EREZUTVWARWI LB TES. ZOEDFig. 4D
IRNF—ARYZ MUIKBXINTWS, EEE, Bardina
Iﬂ’ﬁ:fﬁb\f?‘l FNT7ANR—=%x, 2D 2 HEADAIZ U7
BUHEH RS TA-original & EEHRIEE N IZIEE D S
BMWZ L EERALTWAS. LS T, ##ﬁ@@%@
B2 DBERZ DB D TR <, LWL AN
VD 2 BEHMSIIERNINTVWELEXDLZTHSD.
4.2 BardinaIlE& X MY — 2 #EEDRER

TR, WU EEO ERAMA LD — e
Bardlna EOHBENZODWTEET S, BTk LIXLIR
AV a v INBEEA N — 7 LEENSEEND
W EDQHEEPSE, AL —TLIHTNEEEZA N =2
LEHTED S X DEED S5 ED A Ry AL, AL
S (uhu!) DFFSIZKRE CHFFLTVA EEXSNTY
5. ANV — 2GR ARV G AN HREs AR A B Tl
Bz, ANY—=7EEOFIMBEIZBWT 0%, /022,
82u;/6z2 FENnENn o, ufy R L i B EERRN
ég?% I. UEDoT, 2 FAIDT AN 74 VR —%E
A

2—/ 2/
Bardina o 0 Uy 9 uy
Y 022 022

LB, TOEE ppardina F RS EEED y T Ty
A%, A M) — RGO ML T B
ZBEIZ[A D SAIANCHE S 5. BERLIRIZ B W THMNEN
I X EEDURAAFAES 5728, Bardina HIFA 1 —
THEEE L ORI OLO RS ETHEEZIOND.
Figure 8 % IA-original D FHAAEH A 61‘?&) 7z Bardina
D% R L TW5. Figure 7(a) O mﬁﬁkﬁ@

<0 (15)

Copyright (©) 2019 by JSFM



LEDOAMERET L, LIRLIXEEA MY —2 D
T pPardina R E RADMERTHAPRSND.
5 U7 SHBIEMI R A N ) — 7 RgzEhk (2429 2,
EURA I E D LR (1) 70 223 5 U CBEEL R O R %
BELUTWSAREES RIS, —7F, Clark BHId#
EO—BEHaTRINEZH, AR —2DF0L0LDE
LAZDABTHGT B EZON5. LihoTA b
U — 7 HEZ D6 DEL(LI R HKENE <, TG
CEWA N — 23S R TLES 205 Y F U AN

EZoNb.
122" |A-original
DT N - , - |Fq 06
wo o W = Mo
s = Jt{oz2
w4000 Time  EERR 20— [
I -
300 | @ _IN G N |
200 UL il a1 Akd04
100 | " ”j‘jﬁ" — 1{B4-08
%0 500 1000, 1500 2000 0
X

Fig. 8: Spontaneous profile of TBardma at yt = 20
for TA-original where gray lines denote contour of
Uy — (Ug)zz-plane = 0 and black lines denote contour

of Uy — <Hm>zz—planc =5.

5. I

3'5:—‘?75@#@ SGS HLFHEE T 01 = 3515 B IEE S IHD
YEA R % B RS B 78, BkA 7&#%7’52@”@5@% L7
%Tw%%wt%¥$wﬂm®ﬁ@ﬁﬁ%£ﬁbt.%
DOfER Clark 8 (8) ¥, Bardina JH & [A155 O BEE DM
% & IH (10) Tl Bardina 3 (3) Z WA Y Y FILE
T FARREDEEEE, LR VF—omERT I
EMMTERD STz —75, Bardina JE % W /2 € TV
BWT, TANTI 4 NVER—% 2 ARV L 2z FRDMAIZ
PR AE UBai, AL 72356 &R E LD RN
RPFONT. FIRAFEEDOHBEX 2 W mn o,
Bardina %z H\W /= E T VD Clark IHEZHWZET IV K
D DNS (ZEWA MY —ZEEAHHINT NS Z LA
ol F-BRmWLMEN A S, Bardina HA A b
U — 7 FE O i bE TEEGRAND EFREL T T v 7 A
ERIGY D I BRI NS, KB, Bardina HAGRW
BEEZ R IHEBIEEERA MY =7 DALELEL, A1 —
EENE LD BT S & 573‘@3% TBIENEZON
. Sk, EBRORE R DOTLR G, A MY - R
LM% & OO B R (24,25) 2 >3t i B
FARBLZ VRIS HHETH 5.

% STk

(1) Bardina, J., Ferziger, J. H., and Reynolds, W.
C., “Improved Turbulence Models Based on Large
Eddy Simulation of Homogenous, Incompressible,
Turbulent Flows,” Report TF-19. Thermosciences
Division, Dep. of Mech. Eng., Stanford University,
Stanford, California (1983).

\1\

O Re

(2) Zang, Y., Street, R. L., and Koseff, J. R., “A dy-
namic mixed subgrid-scale model and its applica-
tion to turbulent recirculating flows,” Phys. Fluids
A5 (1993) pp. 3186-3196.

8 33 @RERGNES VRY D A
A07-3

(3) Salvetti, M. V. and Banerjee, S., “A priori tests
of a new dynamic subgrid-scale model for finite-
difference large-eddy simulations,” Phys. Fluids, 7
(1995) pp. 2831-2847.

(4) Vreman, B., Geurts, B., and Kuerten, H., “On
the formulation of the dynamic mixed subgrid-scale
model,” Phys Fluids, 6 (1994) pp. 4057-4059.

(5) Horiuti, K., “A new dynamic two-parameter mixed
model for large-eddy simulation,” Phys. Fluids, 9
(1997) pp. 3443-3463.

(6) Sarghini, F., Piomelli U., and Balaras, E., “Scale-
similar models for large-eddy simulations,” Phys.
Fluids, 11 (1999) pp. 1596-1607.

(7) Morinishi, Y. and Vasilyev, O. V., “A rec-
ommended modification to the dynamic two-
parameter mixed subgrid scale model for large eddy
simulation of wall bounded turbulent flow,” Phys.
Fluids, 13 (2001) pp. 3400-3410.

(8) Marstorp, L., Brethouwer, G., Grundestam, O.,
and Johansson, A. V., “An improved anisotropy-
resolving subgrid-scale model with the aid of a

scale-similarity modeling concept,” J. Fluid Mech.
639 (2009), pp. 403-432.

(9) Montecchia, M., Brethouwer, G., Johansson, A. V.,
and Wallin S., “Taking large-eddy simulation of
wall-bounded flows to higher Reynolds numbers by

use of anisotropy-resolving subgrid models,” Phys.
Rev. Fluids 2 (2017) 034601.

(10) Abe, K., “An improved anisotropy-resolving
subgrid-scale model with the aid of a scale-
similarity modeling concept,” Int. J. Heat Fluid
Flow 39 (2013) pp. 42-52.

(11) Inagaki, M. and Abe, K., “An improved anisotropy-
resolving subgrid-scale model for flows in laminar-
turbulent transition region,” Int. J. Heat Fluid
Flow 64 (2017) pp. 137-152.

(12) Kobayashi, H., “Improvement of the SGS model by
using a scale-similarity model based on the analysis
of SGS force and SGS energy transfer,” Int. J. Heat
Fluid Flow 72 (2018) pp.329-336.

(13) Ohtsuka, T. and Abe, K., “On the role of an
anisotropy-resolving extra term for a subgrid-scale
model in near-wall turbulence,” J. Comput. Sci.
Technol., 7 (2013) pp. 410-425.

(14) Abe, K., “An investigation of SGS-stress
anisotropy modeling in complex turbulent flow

fields,” Flow, Turbul. Combust., 92 (2014) pp
503-525.
(15) Abe, K., “Notable effect of the subgrid-scale stress

anisotropy on mean-velocity prediction through
budget of the grid-scale Reynolds-shear stress,”
Phys. Fluids, 31 (2019) 105103.

(16) Inagaki, M., “A new wall-damping function for
large eddy simulation employing Kolmogorov ve-
locity scale,” Int. J. Heat Fluid Flow 32 (2011) pp.
26-40.

(17) FEde, /MWK, “H 72w RAT = VELIRE TIVIZE
\F % A REGRIE TR R OGS, H ARSI
432019 (2019) F&H#HE S 230; HARRME S FE5E 72
AN FEERFZE in 422 2019, 72H54, 38(6) (2019)
(to be published).

Copyright (© 2019 by JSFM



(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

Clark, R. A., Ferziger J. H., and Reynolds, W. C.,
“Evaluation of subgrid-scale models using an accu-
rately simulated turbulent flow,” J. Fluid Mech.,
91 (1979) pp. 1-16.

Germano, M., “A proposal for a redefinition of
the turbulent stresses in the filtered Navier—Stokes
equations,” Phys. Fluids, 29 (1986) pp. 2323-2324.

Smagorinsky, J., “General circulation experiments
with the primitive equations. I. The basic experi-
ment,” Mon. Weather Rev., 91 (1963) pp. 99-164.

Morinishi, Y., Lund, T. S., Vasilyev, O. V., and
Moin, P. “Fully conservative higher order finite dif-
ference schemes for incompressible flow,” J. Com-
put. Phys., 143 (1998) pp. 90-124.

WREER, FHROBUEY I 2L —a v BEThR,
(EEH, 2017).

Moser, R. D., Kim, J., and Mansour, N. N., “Direct
numerical simulation of turbulent channel flow up
to Re; = 590,” Phys. Fluids, 11 (1999) pp. 943-
945.

Hamilton, S. M., Kim, J., and Waleffe, F., “Regen-
eration mechanisms of near-wall turbulence struc-
tures,” J. Fluid Mech., 287 (1995) pp. 317-348.

Waleffe, F., “On a self-sustaining process in shear
flows,” Phys. Fluids, 9 (1997) pp. 883-900.

8 33 @RERGNES VRY D A
A07-3

Copyright (©) 2019 by JSFM



