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Turbulent Drag Reduction Using the Sliding-Belt Device
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Key Words: Sliding Belt(7] 1221 2= # E), Drag Reduction(¥ 7t2:), Shear Stress(A @ &8),
Turbulent Boundary Layer Flow(?tH Z A% #+%)

Abstract

The sliding-belt concept introduced by Bechert er al. (AIAA J, Vol. 34, pp. 1072~1074) is
numerically applied to a turbulent boundary layer flow for the skin-friction reduction. The sliding belt
is moved by the shear force exerted on the exposed surface of the belt without other dynamic energy
input. The boundary condition at the sliding belt is developed from the force balance. Direct numerical
simulations are performed for a few cases of belt configuration. In the ideal case where the mechanical
losses associated with the belt can be ignored, the belt velocity increases until the integration of the
shear stress over the belt surface becomes zero, resulting in zero skin friction on the belt. From
practical consideration of losses occurred in the belt device, a few different belt velocities are given to
the sliding belt. It is found that the amount of drag reduction is proportional to the belt velocity.
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Fig. 3 Time history of the belt velocity.
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Fig. 8 Variation of the skin friction coefficient due
to the sliding belt.

Tol HEY &xd AZH C ol AR F7
3] k9] ge g HEWC mtH PE H9
Crét& AE-8 00 H& ¢ § vt

WES ZAHAe A7le C, 9 Sdae d
B &E2 R13d f¥o] W &oivhe A
of & /% Wy $E=® UM A& HA
Cyokel Z718A ®oh ol Fig. 69 WM 9

G HEHA # ¢ ARel x<(1008%N49
U4Y T2 A% Aolrh ol AL HolA
o] Ha zHdo goiAE ITF FHY £F
(cavity flow)o] v} ¥ At 99 F¥(backward
facing step flow)ol| A= W gt}

Y, 42 Ao Yre Co A
Foighe HolAMe &=7} HES &m gholA
#A7l A% =0 022 RIFHI] @i
0ul Oyl gey®) FABA F71E7] WE o] thFig.
5. FY2E AL FARE A {5 }{F2
ol wel C, o] HEF A A ¢
WY frge FHRG ol fivhe Aol tHFig.
5). o YA W fof AXNE FAM EU&
W& Wb RAEO W gAgez A%
WH 729 i) 791t

Fig. 791 WE #} 37 F 7Ae AFHd
W A W F fE WY S AEE B
FA W o] mit I Aot HES ¥
(x=1058%) e ZAAR F¥cl 1A HES]
L@ TeErhA Rt 94E Beltprt WE

14865

and
oa r
] r\_ _____ .‘I
E 0 P — —
[
!
! 1 pet
t
i
0,04 =
[ %0 100 130 00
x/8g

Fig. 6 Variation of the mean pressure due to the
sliding belt ( /*=1000).

7
¥/8
Fig. 7 Mean-velocity profiles ( /*=1000). The belt

locates from x=1008%, to 1426".

Fig. 8 Iso-surfaces of instantaneous streamwise
vorticity. @,/ u’, =-0.25 (black) and 0.25
(grey). o

RER (x=120,1360"%)22 TR #F| 77

& Y@ 23/ 9o dES €d BF AW
dAe ¥u ARZEA0Z A&A o slro] &



1486 e A-HNN,

Vrm /Hon
g

0w
L)

o 7

Vrme fttoo

am r

oa rf

/85
©)

Fig. 9 Variations of (8) % ymp (0) ¥ ,m 80d (€) — %'¢° due to'the sliding belt ( /*=1000): upper figure,
above the belt; lower figure, downstream of the belt. . ' :

5o} AolAg ¥ ATk | EW(so-surface)& Fig. 89 UehAch € 9)
T HER N AH BY HE(0,)d T B A B S5 Fut gasa @E A



vingAe Qe AR o) 4% ¢N 4H F2 1487

A:7gte] By HE Ad gadrhrh 8]
ol REHEH oA ZEE HE¥He Aol B
o, 95 FES #%2E O ®Eg ¢, FA(Fig.
59 YEY wael L

Fig. 9t W2 9% U, Vomy — €09
WHE Hogrh WES RREIME ZE o
A4 EFT Reynolds Ae§Ho) fF WP
A& FARAT, WES HRNM u,, He O
A BohEr) AR oy, £ G pastn
A W ABE v AR e RAES
o). Reynolds A@$H9 7%, W= SFAA
y/8% =2 e gasAw § w2 #aMe
A2 B89 e HEHE A& RABEY ¢
RAASHEANN HR B B FU&-% 2
SAE 9,0 wat AT ATE 29 F
AL, u 7t ARG TRdN w S
e Be YO |

52 HERXoM WsE &4F D8 YR

oAl Aol WE AA Wl A=W
X718 AA Aol H@He HE HA AHE
gteo] 00l ¥ wW7A HYE &E7t AHAoz F
748t ol WEd fAgds Ze SHE F
Aga o & & de dac 44 HE FA
® A48 b o &43 Ase YES
&=t ol AAR Aerrl g Holzte AL
A 3ic). Fig. 102 YES Z+ Fwe| gt
AeEE-& e fE SR of B
3 {E olgiyie] ¥B o ZZ g
Ay L& o S4=2 a8t ol gAel A

3 g=e &5E [ndA=0° YUY A7

b}, AU 2 A R SuE Lo

W Fig. 102218 A 7} A% #W7A dE
8] &x7} @718 A €t

=31, )
714 7o T dE dWe Wi dddg o
o) gk}, Bechert %€ A RAAARAA C,9 ¥
Bt 32X @onZ diF A MR B
roc dut 8 HAR ARG o BAS A (5)

=
)
F777777 'Ta‘— bl uw_’ ( Vi/
* [ ]
5 _’TQ 1_uw

PITTTIT IO IIITIIITITII IS

Fig. 10 Shear - forces acting on the sliding-belt

device.
. - (fl_i)A
(I1'+T5)A K :

Fig. 11 Force balance lon the sliding-belt device.

2 88 Y (uo—u)? 349 BAN AW

A, o) ZME y, & 0366 u, o WE FEF
97 gk o =& MES oJWd] e
S QY vhAEN B T FES F
&zo] HFEY. o ME FTEREY FEY
Adshe 7,3 vk &40 HPse @ T8
W ogs goh
T = k(o — uy)? = 0.402k2% - (6)
= kb = 0.134 kil @)
o) Ae® T L# adstd Az dE
AAo] Wele Y& Fig. 119 e vl ol
Wes §RPH olRRE) Fae Yo Y
(r+ A% HEZ o 6% (HERH A
o 46%9) ¥ HAR 7O 4 Aok
BW, o $Y gade Hey nAEYE
AN OB AN &de qHHA Fe B4
o23E dod AnTh gebd, AA ds) 3
$HW & &0 Ay, E 0366 u, BT

g g 2A € Aot 1z, ¥ dyd

CAE IR X g, & 01, 02, 04u, 2 LAY

T AN FYta 429 9 paXF T3
k. o] o, HME 42 T Hole o]FHY
A%sk BUALA [T =500, 1000, 20008] A} 717
Aol s 37 P53



1488 ' HFA-JgA

0010

0003

/2

A Py
0 { ,//‘;’. j
f
0008 i

4
= iy, = 056 (ideal case)
0010 .
%0

100 %0 x0
x/8y,

Fig. 12 Variation of the skin-friction coefficient due
to the sliding belt.

Fig. 120 WES FHej7t [ =10002 ¢ o
gtal YES &xo Wi C, FH4E IHct H
29 &Z7b oM AR(u, = 0.56 u,)NA
a2 #o] AolArd YEZ f& wWe FHde=
Cate]l et A% & ¢ Ao E=4, §=
SFEH AREAN dehte S AdERs
Al gol &

Table 1€ 2} §lE FYolo] 8] Y= H=§
YA KA S-S e ¥ g2A® el
t}h Table 104 %, = 0.47, 0.56, 0.63 1., % A%

€ E4& FAY o14HA A [T = 300,
1000, 2000914 T3P Sdde] Zzt g
T Table 1904 7,/7E WE M9 A7 A
4d o Y4ES Q1§ W YE Pl M
e WE AdY 9 HE APFAHAE B
st A Folth E, (7,4 1)/ WEY
A i L% R T,/7p = ul/ul 9
wAR o83 7/ WH Felth Table 1
o gEgr 4%5e 1-(n+n)/ns 793
o} o] FA = & J)AE &A% uB e 4,
b o4l R ol & o WERAC 2
£8e FALY &4 L% nz® gYys
Ao wo @dAclz & 4+ Ut} Table 19
A BT AR, ¥ Fa%e YeEdzd M

HHes vagE ¢ 5 AL vnHAe YE
2 gt HA 10% o)de gHALAR I& F

Table 1 Drag reduction due to the sliding belt.

+
! uw/uco tl/ Ty (f1+ tﬂ)/ 9] reduction \(%)
0.1 | 084 085 15
02 | 0.68 0.72 28
01 04 |o23| 039 61
0.47 6 ] 0
(ideal)
0.1 0.83 0.84 16
02 | 0.68 0.72 28
10000 54 lo3s| o5 49
0.56
0 0 100
(ideal)
0.1 0.87 0.88 12
02 | o7 0.75 .25
20001 04 | 043 0.59 4
0.63
0 0 100
(ideal)
AUt
6. @ &

B Al WyezN vndAe YE
AR o83 G/ AAE fFAMY ¥Y P
28 HEfHY vnyAe dEY FHJ] oy
A 48 glo] Byl ExE vFIg Ye9
T5 o ojg¥tte sgoeltt o o, YE9
&7 AXNA =HA A{ FF SFxo e
&E Ael7l gol® Ac2Z wly ¥ee) A
& 71g 5 Avek 34N dF AARE {F¥A
Hde 94 F¥g UE FAZ gt 7Y
TAHNG A YE Fddxs) W= 4
2 gdol Atelol ¥ wu,/u, o logl/tBA7
£& 93T ¢ TER ANEY HE §
ANEE F4 g stxe Fmrb A wA
RE7 #¢ A3 o] ¥z A4 Gsfxtir}
fe o= AHFRH Al HEEE RE ¥ 4
UK o2 QY WE M2 P AXF A
3 5 Re Wy olAAsE HES fl§ WrTd



fluae R FAF o)§¥ ¢R YW T2 1489

Fol R},

°) HE AXNEF AM2 FEHTH o8 &4
of Ssja YWESY T ojAHel AL T
HES xR FA gt} o #lgez gE
8] &% 01, 02, 04 e & TR Z42t9] 7

ol YES ¥Y P& ¥ § WES Yolo w
2} T 9 TDAYL PdEuE £ MYy
Moz HHsle Aoz et dEY &%
7 0.lue Bt 3 fAe ¢ vty nw
¥ A, gEHIdLe HA 10%o] Aot} o2
AN FEAA Aol ¥y Yo+ Qes ¢
H fael ATH WHAd§ AL}

% 7|

€ A7 #oried A4 BAFATIEAN
ol 8 FHERoM olo] FAE=H,

S gyl

(1) Bushmell, D. M. and McGinley, C. B., 1989,
"Turbulence Control in Wall Flows," Annu. Rev.
Fluld Mech., Vol. 21, pp. 1~20.

(2) Walsh, M. J., 1982, "Turbulent Boundary Layer
Drag Reduction Using Riblets," AIA4 Paper

82-0169.

(3) €hoi, H,, Moin, P. and Kim, J., 1993, "Direct
Numerical Simulation of Turbulent Flow Over
Riblets,” J. Fluid Mech., Vol. 255, pp, 503~ 539,

(4) °l4¥, ol AP, 1999, WUy TP A
GRAALY £F F2 AT AW AGNE
€3 (®B), A23H, M7E, pp. 937944,

(5) Bechert, D. W., Hage, W. and Brusek, M,
1996, "Drag Reduction with the Slip Wall," Al44
J, Vol. 34, pp. 1072~1074.

(6) Chol, H. and Moin, P., 1994, "Effects of the
Computational Time Step on Numerical Solutions
of Turbulent Flow," J. Comp. Phys., Vol. 113, pp.
1~4,

(7) Lund, T. 8., Wu, X. and Squires, K. D., 1998,
"Generation of Turbulent Inflow Data for
Spatially-developing Boundary Layer Simulations,”
J. Comp. Phys., Vol. 140, pp. 233~258.

®) WA, HHA, 1998, “FluHAE YEAA
& °l8% Y¥YP4," Report No. TFC-MS012,
AEdqtE e 7 A¥ g

(9) Park, J. and Choi, H., 1999, "Effects of
Uniform Blowing or Suction from a Spanwise Slot
on a Turbulent Boundary Layer Flow,” to appear
in Phys. Fluids.



