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Abstract

A new technique giving significant drag reduction in turbulent shear flows has been
proposed by using the buoyancy effect to generate periodic spanwise motion. Such
spanwise motion can be obtained by arranging heating and cooling strips periodically
aligned in the spanwise direction of a vertical channel, where the streamwise mean flow is
perpendicular to the gravity vector. The strip size has been changed in order to obtain the
optimum size corresponding to the maximum drag reduction. The bulk Reynolds number,
Re,=U,6/v is fixed at 2270 while Grashof numbers is changed between 108 to 10", As
Grashof number increases, considerable drag reduction can be obtained. At the highest

Grashof number, an optimum strip size of about 250 wall units gives drag reduction of -

about 35%. The greater the Grashof number, the smaller the strip size attains the maximum
drag reduction.
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HOl), DNS(RE X2 AN

1. A8 WEJIe Edgel gal, L= JtAHY o2l
grNY 2 RS A39 Lia= HES URMOE
HERSHOHS SHIASUA IHE F2 g= EolM €2 It AL 61, HSHOUE SE 1t
= Z0E S0l StLIOICH AADIUe &8 ¢ & Ol 2iel, 301 & HdY SHAMe OtEHE 2
A= dEY FHE ojdd&sS 2O N 40

42211 2005 78 24 Y, 2012: 2005 EH 108 28 Y H O ZoF ZAtls AR A0l EIORLH
+FE XA, E-mail: lesmodel@pusan.ac.kr £2, Kim (2003)2 Karniadakis and Choi (2003)
Tel: 051-510-3685 S UE ZAE9 2ad 0IoiEg JIx= HEE



e TME REzT S 2R bW®MS oSy
o . - =] Bq = b= =
2 _ﬂ_______ o%mﬁ%;mm £ togmaﬂag_%_ﬁM
> waw W g s © W ok U5 T g o Of
o < fom B0 g <ok _Asm_aﬂuoaoﬁm__woﬁwﬂ
s Ygm Kozw sWRsmpaog ot
S S L= s A . W _ R ™ gy s K
o <+ 2= ol ) A ol M B ) Rr
S Ul IpagWg 57 Mpwm®™ Wy sog
o RAD g g g9 s@aolyss W
) b B 0 o R = 5 R o o H opr & _ X
< O_‘_ __oc — _uu_ < m.-._ jo S o0 O_ a_. =3 |__o i)
© = 30 R o g W0 o ™~ U OF _ =y &r IF o —
= Shgo®gpUEFa- Lkms _s@XFygxo
5 SpmbumEsTopgarSFapwt .y
g T OOREY R g BHWT 0g LoyysoX 0K g M
@ @K Sk W o w230 3 D o ok ol B WS
o o T &R Wg s BWO e ot
z R 10 X s%%_._._%m,%._mo,w.__@
3 Saiaw S S W s e oo R T oo S
- s Y sHF TRRTVYSERN_ yNTzHAD
— c o5 00 3l S 8 .3 Al T2 - - ©
o S k2ol B o M0 O Wz RS W0y
i otk O oW s We ool g @R UK
WS WS U < SR IS S Mooy R
W Fmm =SOSR LTS wwpszsm S5 2T WX X DM
N W HS0ESm . sWE s o p <l .d FrE® gI SR, HEaH
Bl FISERD W58 gsel® Pdwkaooo L S sWEo WD
Un e Ui = 20 cme SWoT 5o 7 A0ORE LS o Xwl o= = = o
= i of — —~ 9 T O < & = S K 00 &5 10 00 R oo ) A ic 0l S
O moq_rﬁc_owymmw.mmEdLCo%DO_EEE%%EO%Mg o . . MW Bo w0 DK
U Xy 2938 22rsacscammdompErn, 2305y Ralg
WA 2o 8 o8- 24 9293 8SRAERWES x4 Wy M e wup'd
s KEE D W IERE223S kR TaRNry s Bess omol
= T e "oz s 0 BB 00 M0y S S s H o Ol g o1 =
& U ol = o K & 2 o o lo + X W nb 3 o & B 00 24 Ko 5
5 Bopwe - Sm82 485288385k _whg® T 0 oUWl D 20 o4 = O
mEs Yrnos¥iUezHES550 TSmLWU=5 IR S A L
m _L.H = - = . 2 = o — g iy . Yl o) [ e
RUPS M_%_ammqaﬁmmawm@ww(wﬂwwmg%mi_om Sm Ry g R0Y
fry = —~ = [0 15} = = = I s L, e b1
WES s " 55 32022520284 S S280a OFOmg o303
U mMW!m»_H_.M:_o..m% nrumﬂ%/hm.ml.mﬂo:d&oﬂl. =] __Io.__.____%:_._ R s oA
B S RN st EdrE S BgRElsaa 5 X 0o T W,
g CRBISBRMEES ) gC>CeRTHY omyp s KA Whspms <R
W s R EHRNSEC LY Ed FSRUERTIK g LW g KB 00 W
R R L LR DS ES Dt Sl T § R SRS Rl 5
. " b, o _ € S L|\),9\/,\/,_|,ID| - _|,\/._. = 5
¥ __amo_eu_.aﬁx._nmm_é_aC&:.mD%‘olu%%_o&mMﬂﬂ_@m%Hmmu._bﬂ%w___x_.oa_%wx_.os
[y 0 .M S w0 oo ar _,_.9.90___=t B JB &S > Uiy 55
0 Dz <KRISMISSHaAaMB-oFoN M HFERA O TAM T RWKW o H®

g 3719

HetoldE 282 AJle &

=
=

Journal SNAK. Vol. 42. No. 6. December 2005



610

SOl HASS DAGAUCL 2O M9 2
A MIJHSl CHE Grashof numbers (Gr), 105

4x10° o 107 2 DA6IYC. 2t Grashof
numbers O 2tolAl, =0 OFENHE 2AE JIRL
= ZNo W FEmEo 3JIE )| DM KA
WOl CHE Do) W ImES AESHACH

2. XIohgEA & XIoHA ey
2 HAA 2EE e RA2 20 EH6H/d
= Boussinesg approximation € &8I, Lt
HA KM 24dxs2 LFsCD Df’éé}o“'l}
ek, &8 E4X12 "4 S0 s XIoH
AIOZ Ofchel 3XHE HIZEA HE 2EHA 2

AL &,
SEEZE YFA @ iU Z2EA00-2 HAUA
AZEIACH

%=0, (1)

axl-

2
Oy O _10p 0%

ot ox; pox  ox 2)
+803P (T —Ty),

oT 6T 8T 3)
__+ —
or ax ox’

Ao 2SS YA (A (2)) WY g, 3, BE

Z2JISE, Kronecker delta, ZEHAHHS (thermal
expansion coefficient)& 22t LIEHALE 4l (2)2)
T. = BIME(DbuK) ST2 0§ AIZFAE OICH A

AOIALDL X WEA (A @)U o= &
£ A $0IC

SHASE B =4 20|, &5 Y SE2 &
2015, B2 25 U, 9 D20 (7,)1 He@
(1) 2% xto! B Al

el AT JF AHEEIRACH XibHg
o Fx&s 2 T PXE B4E, bulk
Reynolds number, =U,6/v U Grashof
number, Gr=gpAT(25)/v? O ZOIZCH & 2
SOIME Re,=2270 B KW CTHE Gr=10°,

LS T LW e B RE oS DHENE 24

4x10% 1t 107 O] AFREILH,
SAdhsYgoR e, SUMNE2 24 B X2
HE Doz g KRt =
A two-step time—split scheme £ HE3IRILL 0l
AZEXHE-#HE Kim and Moin (1985), Zang et al.
(1994)0 &8A S (2004)2 8" AFsE Jlgt
oz sIct. d4E0 UaHlM= Crank-Nicolson
gl HIdE S0 A 2Xt Adams—Bashforth
£ ALZEoHULE
Xl

U}g
& e o ==

|

bl
%
1o
=
i
Pal

q
=

(=]

BRI 428 FRE Y
g2 [zt W S0l FINCR #Xg 2 ¢
2O Ha FHE2 Fig. 110 &0 Fig. 10IM 2=
HI®l 201 Lg = BiLtel @Bre| 3djolm, 2
Grashof number 0Ol 01’°'JH94 02 2019 4 &
oEE2 D2GICH Mels, & 181y W SWEs
Of 28l HA?IF £ HOHS\‘E} x, yo zE F8
Sutsr HEAXIgE 2Ys IEE 22 LIE
LHD, 2F 28 Eedie 55= u, v wollh
Ha HES FRsYs, HEHSAYEN SIUEo
2 4zox26x w8 Ol AEE AL H e
146x 65x 66 OICt 2AXF| LHE HE ME =S
2 =3 =N FZOESE| CHaH A Fae|
(homogeneous)dt2|0l, 0 HEE0 = =HS
20 5D, 2 HEHElsE FHZAH0| HSEHU
Ch 8t BE AN Frsusicz 22 24F

St SHALCH

3.1 DIENE

O1JIM, & EBE0 ajm x-z BO WP o
PINCHE, (du/dy) & AIHOI ME PSHl OIXl=
ABS JIE YEG| OB & U= G6r=10'2 B
L0k Fig. 2 0l LIEHAQACH Yol 310} 2z &
O =2 ZR0= BP HHEDS0| BRYEC
HHMCSEC 0K, 2 2AE Ly =21/3
A LOIHCH Ly =27 OlME, BR HHNGSE
0] BEIGO HHUMHSBI A= A2 & £
Jb ACH

Fig. 3 & HIJHSl THE Grashof S0 CHaH, &

=2 H423 M 65 2005¢ 128



[0
i
>
P
o
mﬂ

13
I s Plaine
S L,=/6
f2r e - L3
o 1l
b\O B
—*,
=
§ 71
L 9¢

Lo v 000 Ve
0 100 200 300 400 500 600

tU,/s

Fig. 2 The time histories of plane—averaged wall
shear rates for different strip sizes at Gr=10".
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