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Development of Numerical Tool for the DNS/LES of Turbulent Flow for Frictional
Orag Reduction

H.S. Yoon'", B.G. Koo™, Osama A. EI-Sammi”, J.C. Park™ and H.H. Chun™"

Advanced Ship Engineering Research Center, Pusan National University”
Department of Naval Architecture & Ocean Engineering, Pusan National University™

Abstract

The friction drag reduction of a ship is of prime importance for the design and
production of high-valued/high—tech. ship. Thus, this study carried out the development of
reliable numerical tools to identify the friction drag reduction mechanism for turbulent
boundary layer on the ship surface and to deduce the optimum reduction technique by
numerical experiment. The developed LES and DNS numerical tools were applied to
simulate the turbulent channel flow. These results were very well matched with previous
results not only qualitatively but also quantitatively. The parallelization using MPI (Message
Passing Interface) technique implemented in the developed code to speed up the
simulation and to obtain the accurate results from the fine grid system was testified its
computationat efficiency.

#Key words : CFD(E AR EE), DNS(EELXIZ AL, LES(THREAZ AL, Channel Flow(JE28S),
Friction Drag Reduction(0t& M & 2t 4), Parallelization(& & 3t)
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Fig. 9 Contours of u fluctuation in the (x, z)
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Fig. 10 Contours of u fluctuation in the (x, y)
plane.

Fig. 11 Contours of v fluctuation in the (x, y)
plane.

Fig. 12 Coherent structures defined by
streamwise vorticity near the wall.

o

o

THS=FE M4 W13 2004 28

51

Fig. 9= HOIM SO Z0HM UA=(y* ~85) x—
ZBO0AM «" & SH8E 20EL 0 S
M= Fig. 82 M2 FEE FL82 U Ol
LIEILEN =0 Oetd, Ts2 433 AER
40112 HOlM ZHANE OS2 UEL

_Qﬂ
Ji
0x

22 (SaH)9 #HeE s gH9E St x-y
BHNM o 2 v & LIETHC Fig. 110IME &
o VAN AM)2 2o yuE RE8 LB 8
o v gl(BN)Z 32 yEE |KsS LIEHLL
g 2N DERSY H2E( 40 )2
sweep(Fig. 101+ Fig. 112 W2ta A4 O]
SECh & ot HEZHUHAE v<0 022 &
O Z™MUAM=E V>0 0ICH CIE EH2Z N
=5 259 4B UBEoE H FAUOZRH
=Z(ejection, Fig. 103 Fig. 112 T2t &)t
Ch. 2td sweep I ejection evente i/ &

SO A g0l s S0h

Fig. 122 =8 ZXUIAM F=FSYE2 A=0
olgt SEFAEE BUHEL. =Ryl s
SHED o 139 JISIIE AP HE =
M Il= RE 2 It UL

Olatel Zit= Moin/Kim 5(1982)2) Zitet
& eXIEHCH

5. FVM £ 0|88 LES Ol &t JHELHO

X

A2Z, Ofeiel AKX e 0l
& ddal & o A0 2 AMUM AMSE
&AL
: 7 2. o1
au,+_8_(ﬁil_lj)=_8_p+ 1 0% 9% (g
or  ox; ox; Re; dx;ox; ox;
IL;
i 4
o (4)



52

20

S-Model

——————————— DS-Model
[ GNS-Model
s SF-Model
0 A . '1 = ‘Jz
10 10 " 10
y

Fig. 13 Mean velocity profiles using different
turbulent models.

20
r 358
[ B.@-“‘f—"’
I E’B"
15 iy e
/
i
+ I = * -
x10F u =25Ilny +5.5//// ;
t ) wsmimemes Present LES, 32x65x32
I Present LES, 64x65x64
5 % . Kim et al. (1987, DNS)
o Tafii et al. (1997, LES)
10° 10’ 10°
y+

0.8

———e—ee Present, LES, 32%65%32

7 —————————— - Present, LES, 64*65%64

i = Kim et al. (1987, DNS)
A Tafii et al. (1997, LES)

[
[
0.4(
[

shear stress

o.A_LA_Lv,.‘I‘,L.l..AL‘

20 40 60 80

Fig. 15 Reynolds shear stress in wall
coordinates.

| e AHLY (resolved scale) S0l
&2 UEHHA, CHESD 20 T Lo d

284, 223, Osama, HEH, 2 &
4

wsmemmremem= Present LES, 32x65x32
Present LES, 64x65x64
L] Kim et al. (1987, DNS)
= Tafti et al. (1997, LES)
) I R
40 60 80

»
ST

--------- Present LES, 32x65x32
Present LES, 64x65x64
[ ] Kim et al. (1987, DNS)
Tafti et al. (1997, LES)

rms

- ,~-.—"_.— - -
o E
i)
v
£
Kd
.
b
£4
0 i 1 1
20 40 60 80
1}
w
25 I
@ wsesmimew Present LES, 32x65x32
e Present LES, 64x65x64
L Kim et al. (1987, DNS)
2} Tafii et al. (1997, LES)
o — B - |
0 20 40 60 80
+

Fig. 16 BMS velocity fluctuations.

Ty =wu; —u (5)
GIJIM  subgrid stress scale tensor T; =
Germano et al.{1991)0] H|Ctst dynamic model
£ MEBSIH 28t
2 ZolA ALZE d0IsX == Re, =180 0l
, 32x65x32 2 64x65x64 2] & AXNHE Al
RS

)
SoIATH UHX +XIHAYHE 4180 29
=l

52 21 & 1F

Fig. 132 0 JIXl HR2EE ALS6tH LU
Bt "I 2HXOICH. OIIM  S-Model2
smagoringsky model, DS-Model2 dynamic
smagorinsky model, GNS—-Modei2 generalized
normal stress model, SF-model2 structure

Journal of SNAK, Vol. 41, No. 1, February, 2004



53

LR 252 DNS/LES aii&dd|s2 HE

LXIotACE et

Xt
=2

1Moz

(=2
=1

RO
ol
X0

b

RO
Ul
=

2003). 0Of

=
=)

e
eSS

Ch (

Bt
& Al 22E0 Dynamic 2

fuction modelE& 20|

Ko

om

]
il
iy
ar

3

Dynamic &2

—

[va

A HP0A

=t}

P

ol
un
b0
<

ZUs
Ol A

Kim et al.(1987)3} Tafti/Vanka(1997)2

Aoz

2|

(=)
e

B2l X

-

[a—

=
=

4Lt o

OFZ 3
b Kim et al.(1987)3f Tafti/

XA
Vanka(1997)2 HAHZE DOt LIS,

[== )

5ot 25
0l FEIt BOIEE =2 4t U

=

=

i LESZ

oi

o glw SIACH
Ch

9

Kl
il

2 LES 21 &

ol

O

)+
s

Metd Jdel=ot

2E

gt fIxiet

o NEXRCE ¢

S

ol

A

diolsx AEYA 2OEC

—
[

15
0l clols= AEd

=

=

Fig.
2

diolsx
1200 A1 2

ol=
. Fig.
2 LES Z3IF Kim

0
10

1
il
=

136-139.

al
K-

Iz

R

“ 0

&, 2008,

QHADIRIZ2 Jel&E0t
et al.(1987)

pp. 1-8.

3,

W40, H3

= =
3 =88,

"

00
20
o0

)

o

5 OF

K-

ZHU A2

162

Fig.

2003,

l>!

LES D=2l

i
1ot
Rl

4

Bl
0k

o
30

]

t

8
er

2

-5
,

2 2E Kim et al.
DNSZ et Hi

=

2

=
=

&

2t

ESIEENE-L LI

Bl
Br

oK

60

e g2 o u=20h

M LESZ2E AEA

00
30

<+

1987,
J.

in fully developed

channel flow at low Reynolds number,”

Fluid Mech., Vol. 177, pp. 133-166.

¢ Germano, M., Piomelli, U., Moin, P. and Cabot,
2001,

R.,
Phys. Fluids, A3, No.
H C.,

, A 363, H22, pp. 1-8.
“ A Dynamic Subgrid—Scale

Eddy Viscosity Model,”

3, pp. 1760—-1765.
and Choi,

Moin, P. and Moser,

1991,

D. H.
“ Magnetohydro—dynamic turbulent flow in a

“ Turbulence statistics
Lee,

W. H.,

e Kim, J.,

x
<
=13
=

=

=]} HI

ol op

0

HARZ A, 3 xt

b Ol

o

=

=2 Jf&otll &

[t

J

channel at low magnetic Reynolds number,”
J. Fluid Mech., Vol. 439, pp. 369-394.

o

. Ok

Nk
3l
[

o

=
o

20044 28

k=)

H41AH HA

HA1 Ol

s



{0
o
I
1
i
H
o
w
Q
3
w
o
OBt
r
rx
foi
I

54

e Moin, P. and Kim, J., 1982, “ Numerical
investigation of turbulent channel flow,” J.
Fluid Mech., Vol. 118, pp. 341-377. : ,

e Tafti , O. K. and Vanka, S. P., 1990, “ Large 5 1
Eddy Simulation of Channel Flow using Finite— A , S_&
Difference Techniques,” CFD Lab., Dep. Me. <EBEA> <2 &3> <Osama>
& Ind. Eng., UIUC, Report No. CFD 90~01.

Journal of SNAK, Vol. 41, No. 1, February, 2004



