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Large Eddy Simulation Study on the Effect of Drag Reduction using Riblets
Applied to the Surface of a Circular Cylinder

RONG Rong,LUO Da-hai,NIU Zhi-gang
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, China, Post Code: 200093)

Abstract ; In order to reduce the drag of bluff bodies, a circular cylinder was selected as the research ob-
ject and riblets were applied to the cylinder surface. Flow over a circular cylinder at Re =3 900 was simu-
lated numerically using the large eddy simulation (LES) method. The effective flow control was achieved
using surface riblets under its influence to the near-wall flow. The influence of V-shaped and L-shaped
riblets , which were arranged on the smooth cylinder surface in horizontal and vertical forms, respectively,
on the drag coefficient of the cylinder was analyzed and the drag reduction mechanism of the flow over
bluff bodies by arranging surface riblets was explored according to the detailed comparison of wall friction
coefficient, flow separation point and near-wall flow field structures between the smooth and rough cylin-
ders. The numerical simulation results show that after the riblets with specific depth and spacing are ar-
ranged on the surface, the drag coefficient of the rough cylinder can be reduced by up to 12. 5% com-
pared with the smooth cylinder, and the separation point of boundary layer is also more rearward; when
the fluid flows through the surface of the riblets, a stable rotating vortex will be formed at the bottom of
the riblets, which reduces the wall frictional drag.

Key words: flow over a circular cylinder, large eddy simulation, surface riblets, drag reduction

s HER 2022 -09 -27; {&iTHHEF 2022 -11-14

BB : [T R A0LE 5 90 R 5 AR FWH (XWDA2021104)

Fund-supported Project: Degree Guide Layout and Construction Cultivation Project of University of Shanghai for Science and Technology ( XWDA-
2021104 )

EZEEMN R 21997 -) .5, b

BIRAIEE B KIE(1986 - ), 3B, I+

TR SAA A A

.
W TR R BUR.



- 114 - W 3

2023 4F

51

i3

W INEEAR SRR ) B ) — BB AR 2223 R )
W, IS R R ARG AR R AR T/
PSS M SIS LA S BUEBIF SR X &, ERS T
HFE B L RS 2 EE s A .
SEPR AR AR L B AR S A B 2 e A R R
R 7, 335 X5 4544 1) 22 4 P Az s AR 1) REFE 1 Bl
—RE S, PR R A ] T B RE AR RE 7 1 4 E
FRAE B8 AR TG ) B 5, BH ) KAh— S5 Wik &
AT (A REDRE B A LG, 2R T Bl A AT T% 7 2 2 R0 i T
PSR, X — B g T, pFoe & R Bliz
Bl RIE B R A R e, 2 A
T/INATEI R 25 ), 33X o 235 K AT DA e 7 3 Rz B3 1) 3
Gy, (i ERE R SN

(53] A 28 7 AF Ay 25 L 1) 3t AR g 2 m) R, S A
P F 3 5 T v KL (Large Eddy Simula-
tion, LES) 75k, SEMINR' 2 [ Py A 5 0o R AE S8
AT IR T i 58 1 2 3, R AR b R4S T
5 SIS W) AR TR, Uk T BB TR A
FEPE . Kravehenko 28 A7 F1 Kim'® 43 31 %} Re =
3 900F01 Re = 1. 4 x10° {4 [B A1 S8 b 47 T KR A4
W5, IR TR R S S B R e T TR B XS L,
[N 4347 1 AR 3 B2 X6 B U 2 56 IR 52, Par-
naudeau 25 A" Xf Re =3 900 f 5 4% 58 i 4T 1 52
IHEIE , WFSE A B 00 3 5 0 S 50 00 Bt 5 22 1 o
TAEE T 2 FAUE S8 A%t 2 ., Breuer ™
XF Re =3 900 1 [E A LE i 4T 1T BUEB , T2
AR T 3 BB A AsE 78 7 T 0 PR RE , DA L E(E
FEHIO I I8 55 480 1% oK M b B2 Al 85 OC 8, Niaz 5%
AN MIEAET Re =3 900 (1R FE 4% 3% LES 13 W %
PRI R A0, 15 T A B A
I E 3 Gr R N o) NP S 5 1o R AW
OpenFOAM SR FH K I BEALL 7 72 0t — 4k [R]4: 58 3t 7] At
AT TEUERAUMGE , 3 B0 T WA e A i
s NI R SE 4 N X Re =3 900 1 [F]
FEFEAT T RGBT, S uE T RKIRELEL  k AE
UL 15 - 75 1A 5 B A S v 1) 5 B

KT FE DB AR DGR, E N A2 E e T
KAEERIBFE TAE. Walsh 25 571 5% 8, 025 3 1)

A BT N VA RS AT 250 M R P R TRT B 462 7, 3 3k 9T
Ay TR NG w i N B E X R & S S EIE '
4 s Aaron 25 N TR [RIE 2 10 VA H A AR AR
b 38 S B E AR S ) IR AR T R A
LB Bt B AR A T% KA, A
2 F A N VR A S R e AT TS
5, 2 Iek BHL 5 SR 2 5 VA R 1 RS A O TR RS
SEMARN R o R4 N2 7 e A 5 T A v il
FEANF RS By RS AT 1 gk B, & 550 3=
A HE AT/ N2 3% ~ 4% FBH F7, IF 45 B T Al
R RIS R TR AN A RSN T Vo
TR o) A B PR K A L TEAN R R s it
R F ORI R T 3k 28. 4% . BRE AP K
V RUYAREA A R K A B b AR S RS TR
A B R K 7. 17% #6245 . Chamorro 45 A
BEARTRITE 2R/ B VA R A B AE AL SR AT, 15 i
FE RS TC A 5 B RN G &R IR i R
h* =8 Fls* =15 W BHACR et HETEAM ¥
17 LE VA BB AGE FH B T Sepr TRz v 72 2
BN FIENLE RTINS LA A8 T 1% ~2%
BT TR o

ARTCR KAWL 5 1, B 5% 0 I 3% 75 145 4L
(Re =3 900) [B] FF: 3 11 74 R A Do BH AR SR o 38 1 250 ML
D7k e A B A R R 5 B A S
YRR TR AN T L, B0 v SR, SRS R R
AE VBRI L R YA R R RS (R A R T = HEREA,
SUBFFEAS [R) LA T =2 A 3 A 6] 58] A BEL ) 4 M 1 52
W F i i B 2B X L RN S5 a4 434 e A
VR BH A i S ATL B

1 HETE

KRR §l 75 72
ARCHFETF ANSYS Fluent 44X 5] 4 28 3 i 3
HEAT = 2R T A A R R T i . T
JE IR A R A2 , 3R B 1A & R F SIMPLE 43
25, Fe I B9URN 2y e 3 45 [] 25 IR FH B 225046 =X
BB R A Ty s 3 5 B2 DR 0 IS M ah 4t - B
Fere i . AU R T Re =3 900, A i i
oAU, =5.697 m/s, TJ5 AT 4525 <, I AR
L Z BT AT DA G Rt e, R IR 4L
DR B R I N AT E N DR v o NI A

1.1



%59 1] P4

R, 5 ¢ [T 2 THT VAV DR BEL B8 IR AR 52 - 115 -

N - S Jr R IE A 155
ou,

0x;

=0 (1)

ou, . ou,

5 + u; Tx]
P p— AR, kg/m” ; p—UE WL 1 HE 3, Pa;
w,— RIS 0, J7 1) I B EE o, m/s 3 Ty —EA% -]
Tkt

A T 5% F] Dynamic Smagorinsky #4750
R RIS W22 SCHR[30 ] .
1.2 JUAREI R DR &4

BB D(D =1 cm) , SRR TR N30
BB 1 PR o RS RL R o Sy AR A 5
F XAy 40D, B3k P FUER RS AE rpui S
10D, 7 1 H 30 SR 8 8 A v o 30D, 35 5 5
JEHR 20D, AR D, B A, B
i FURCE XS FR I SR R o BIE TS 1A
R N 2 TS RS BE T, A S 1 KB =D,
R [e1) VR iy TR 5 Ay o S0 0 5 2% A

xR

D wy T
= _Lop + vi(%)+ —2(2)
p 0x; 0x; ox; 0x;

30D

pmfEsgted
OEESH

XERRI A
Bl HEEROFEG

Fig. 1 Computational domain and boundary conditions
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Fig. 2 Schematic diagram of riblet geomatric form
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Fig. 3 Different arrangement forms of two kinds of riblets
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