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Improvement of sub-grid model in large eddy simulation
and applications in turbulent channel flow

XIAO Honglin/, LUO Ji-sheng
(The Department of Mechanics, Tianjin University , Tianjin 300072 ,China)

Abstract : If large-eddy-smulation methodis used to caleulate the turbulent channel flow
with strong shear , the commonly used sub-grid stress model's, including wall modification
model ,-will generate excessvely high mean velocity profiles. It indicates that sub-grid stress
model cannot\describe the stuation-nearby the wall. To this end, the wall function of the
sub-grid Reynolds stress model was-modified to obtain a better result. The mean velocity
profiles, the RM\S(root-mean-square) velocity profiles and Reynolds stress profiles calculated
by the modified’model are consistent with the results of DNS.

Key words: aerospace propulson system; turbulent channel flow; large eddy smula
tion; sub-grid Reynolds stress; eddy viscosty; wall function

(LES ,
(DNS) (MT)
Smagorinsky
1 2006-04-25; 1 2006-10-16
(10232020)
(1978) , , , : . Email :xhawk @eyou.



584

22

) Smago-
rinsky ;
1(a) . Horiuti K™
: (dynamic Smago-

rinsky model) (dynamic mixed

model) , ) 1
(b) , Gullbrand J®
(DSM) (DMM)
, 1
2 —
20f P
IS
~ 1ok
Spalding
5 B OurLES
- - - -DSM
0 L 1
10° 10" L 10°

10 --- = - DMM
Spalding
5 o QurLES
-\- - -DSM
O 1 1
100 10 U o
y
(b)
1
Salding (@) Kiyoshi
Hori uti (1997) +(b)

Jessica Gullbrand(2003)
Fg.1 Mean velocity profile

Piomelli U ,Balaras E™ D
U:,D D(y)
=1-exp[- (y"'/25)°%]. Fureby C
D D(y) ={1- exp
[- By )°])%. D ,
Ur UT

1
2 .
"
|
/ z,u"/ /
2
Fig.2 Sketch of the channe flow
200
150 — D
Q100
50+
0 1 3
0 100 200 300 400
v
3 D
Fig.3 Adjusting function D
Navier-
Stokes , ,
du _
ax 0
du Ujm _4P, 1. 49 9.,
Jdt d X; d Xi Re 9 X; 9 X;
1 _a_[UT FETRET ]
Re 9 x; dXj 09X
,Re= Uah yUm , h
)
v U
2
Smagorinsky ,

U = (A)?] S|



585

4
, C , 0. 1,A = , Soading
/AVARYAY) R AxAy Az X,y (k=0 4,B=505) , Soading
z , S= k=04,B=87,
(25ijSij)l/2 , Si=(dul/dx;+duldx)l2. Sadng ,
, Soading (k=0.4,B=55) :
Smagorinsky , 6(a) :
1 25
! 20 °
1 1 15-
D , &
10 ___DNS
Di =1-exp[- (y' /A")° DNS
: PL- ty' /A )] ) ° it
D: = @{1- th[a(y - y')]}/2+1, o ¥kt
D =D:- D2 00 Il é 3
AT =25y =80, =32,2=200. 3 log(x)
D , , 4 BNS
) ( 387) ,
( 387) ,
U = (cDA)? | S| Robert D. Moser DNS ( 395) .
Fig.4 Comparion of the mean velocity with DNS
3
25 -
A
Re :ﬁ—h, u 20} d:P?”
.h v 15}
6 7 2 =
X,y,z il il ]0 o Ej{j&ﬂi}
L1 32 x33x%x32, X, Z K=04,B=5.5
5 o Mtk
VY - - K=04,B=8.7
4 % 1 2 3
DNS log(y*)
, , 5 Spalding
, Re =387, Moser R D' Spalding
DNS ,Re =395. ,
DNS 5 Fig.5 Cbmparlss);ndéf the r:lean velocity with
ing profile
adng , 9P
1.0 1.0 1.0
0.8 . EREL 08 M e 08} e
' TM al / Tonal ,'. T Tl
_; 0.6~ Fo06 g 0.6-’."
& 04H 2 0.4H F04f
02f 02 0.2}
0 1 1 1 0I 1 L L 0 L 1 L
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
y y* ¥
(a) BRLTE A SR (b) Btk Ja G5 R (c) Hiroyuki Abe % A DNS (45 ¢

6

Fig.6 Reynolds shear stress and total shear stress distributions



586

22

00 02 0?4 0t6 O.IB 1.0 06 0f2 ()f4 Ol.6 078 1.0 00 0f2 0.14 0?6 0.18 1.0
ylh ylh y/8
(a) B A 25 (b) MR F (c) Moser R.D % AZER
7
Fg.7 Rms veocity profilesin globa coordinates
6(b) , Re = 25
387, 6(c) AbeH , Re = 20
395. 6(c) ,
15
7(a) 10
, 7(b) 5
, Re =387, 7(c) Moser R D 0
5] 10°
, Re =395. ,
DNS ,
Fig.8 Mean velocity profile for different
7 Reynolds number.
20
15k Re =240
T\ \ \T==---- Re =480
1.0 -:=="=_= Re =560
205
0 TN R T N T -
05 .
'l
-10 5 0} 53 -10 05 0 03
y y
(a) 3L 10 B30 3 75 A DR 464 FEE (b) ¥ o Bk 51 i B B0 W AL FE
10 10
9k Re =240 o+ — Re =240
-] R Re =480 8 --=--- Re =480
7 <O Re =560 7T —-== = = Re =560
S 6F oy
& SE & St
4 al
3 3
2+ 2
1 L L 1 1 1 | 1
-0.5 0 0.5 1 -05 9 05 1
Y
(c) P [ BK B H BE Y V- 31 (d) 3116 Bk 3 3 B A4 Y- 3L
9
Fg.9 Skewness and flatness
, Re =387
7 y )
, Ur:ns 0.8 X y ’
Vr?ns WrTns
, 0.6 Moser RD ,

DNS



587

8 Spalding
, Re =240, Re =480,
Re =560. ,

, DNS

DNS

(1]

(2]

[3]

[4]

[5]

[6]

Horiuti K. A new dynamic two-parameter mixed model for
large-eddy-smulation[J]. Physics of Fluids,1997,9 (11) :
3443-3464.

Gullbrand J. Gridtindependent large-eddy smulation in tur-
bulent channel flow usng three-dimendonal explicit filte-
ring[ R]. Center for Turbulence Research ,2003 ,Annua Re-
search Briefs:331-342.

Pomelli U ,Baaras E. Wall-layer model sfor large-eddy sm-
ulations[J]. Fluid Mech ,2002 ,34 :349-374.

Fureby C,Menon S,Svanstedt N ,et al.Large-eddy smula
tion of high-reynolds-number wall-bounded flows[J]. AIAA
Journal ,2004 ,42(3) :457-468.

Moser R D ,Kim J ,Mansour _N-N-Direct numerical smula-
tion of turbulent channel flow up to Re'\=590[J]. Physcs
of Fluid,1999 ,11(4) :943-945.

Abe-H', Kawamura H ,Matsuo Y. Direct numerical smula-
tion.ef-afully developed turbulent channel flow with respect
to the reynolds number dependence[J]. Journal of Fluids
Engineering ,1987+,123(2) :382-393.



