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Research on Drag Reduction Performance of Cylinder Based on Surface V-Shaped Groove
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Abstract In order to study the drag characteristics of grooved cylinder at subcritical Reynolds number, the
drag reduction performance of grooved cylinder is studied by combining numerical simulation with flume test.
Three-dimensional numerical simulation of flow field is carried out to determine the optimal simulation parameters.
The influence of groove parameters, Reynolds number and angle of attack on the drag reduction are studied. A flume
test is designed to reduce the interference of flow around the end face, which verifies the simulation results. The
results show that when the Reynolds number is 40 000, the optimal groove parameters are as follows: groove depth
0.0075D, groove width 0.065D, groove number 36. When the angle of attack of V-shaped groove cylinder is
60°~90°, the maximum drag reduction rate can reach 24%, which has a good drag reduction effect. It provides certain
reference value for the design and use of the groove cable.
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Fig. 4 Variation curves of drag coefficient under
different Reynolds numbers
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Fig. 10 Installation diagram of test equipment

4.3 RIEHES

RIS ) T 6 15 A A3 b 78 R A A 2L
SCRH T, AR R VORI R A R F R R 5
Cy FERHAR n, WA 11 FiR .

FE 11 AT BEE VAR N, 4 FhIE AR
(- ¥IRH ) ZEOE)N, BAETWECH 40 000 A,
BH ) R e/ YRS ECE: Ry 36 B, SP-BH ) R AL
s/, BRI PHASCR S, WBH AR AT I8 25%; TARE 4L
w24 W, P RS G B 2ZE AR,
HEW#wECH 30 000 B, HEE THIRHIIS

FETRUEL Re=40 000 ), FLAER 4 FhORIR] VAAE %L
s EH N0 B R SRR, W 12 Pros.

M 12 AIHT, TERE AL Re=40 000 B, [Ri4
RGN 24 D206, U5 BES R 5 a5 R AR H b
T, ERZBERU T R B, BAER AT
fHRE



- 142 - HEEEE KT A % 5%

16 - - - x- - JGIFREE
o— 36N
144 30 TE A
2444
12t e
S
1.0¢ -
0.8
0.6 : )
20 000 30 000 40 000
R

e
(a) B3 2%

20 )
g5 — B 36/
10 —a— 30Nl

5 244Vl
oI

5 1 J

20 000 30 000 40 000

Re
(b) Uk BH L

11 FEEEECT 50 A AR R 1 BE 25 10 i 2%

Fig. 11 Variation curves of drag reduction performance
of each test article under different Reynolds numbers

15
12

- 0.9

O
06 | )
03 —a— {4 R
0.0 . . )
0 24 30 36

n

12 FEERNRNER LERE
Fig. 12 Comparison between simulation results and
test results

5 ZERIT

ARSCWFGE T N ) 4 EAR R S 506 B0KS B 11
s, DRSS E . FRIECRamm T, v
TE YRR A 1 D PSSR, , I3 a3 56 IE T L5
o BARGESINT .

1) RABME E AR 2, XF e aHr FHBE
JIZREL, B WA FEAEE R 0.015 m,

2) XFERA AT TSRV S s B RE A5
FVHFEERIE h=0.007 5D IHFE G 5=0.065D , 1FH
i n=36 B, V IEIRE B EA S i s B AR

3) ANETREECT, e BA R R 1.2

BRI TE SN, VIR YA B A A BE T 2 5B 7R A A 1
TR, S5 R BHHR 24% .

4) MR AR R 90°HT, v TE T Al [ A i vk BH 35k SR
S OF, B AR AN, BB ARCR AR 25, R A
45° NP EAWPHACR o fEV S8 R T AR, v
TE I FE N A B AR KT MR AR 60° ~ 90° Y H .

5) i GRS AR, R E A
ARV, VEIABUT R, A R AR
AT L o

2% ik

[1] vrX4pe, T8, SCHOM. STk it i & 45k sH
PEREWFTE[)]. BT 5K R BB, 2020, 3 (5):
402-407.

[2] WALSH M J. Riblets viscous drag reduction in
boundary layers[R]. US: NASA, 1990.

[3] BERCHERT D W, BRUSE M, HAGE W, et al.
Experiments on drag-reducing surfaces and their
optimization with an adjustable geometry[J]. Journal of
fluid mechanics, 1997, 33 (8): 59-87.

[4] LIM HC, LEE S J. Flow control of a circular cylinder
with O-rings[J]. Fluid Dynamics Research, 2004, 25
(1): 107-122.

[5] QUINTAVALLA SJ, ANGILELLA A.J, SMITS AJ.
Drag reduction on grooved cylinder in the critical
Reynolds number regime[J]. Experimental Thermal and
Fluid Science, 2013, 48 (2): 15-18.

[6] HUANG S. VIV suppression of a two-degree-of-
freedom circular cylinder and drag reduction of a fixed
circular cylinder by the use of helical grooves[J].
Journal of Fluids & Structures, 2011, 27 (7):
1124-1133.

(7] EVERE, KRS, BB AR SR B A (Y Sl Ry
PERFEG[J]. V42588 K227, 2006, 40( 3 ): 360-364.

[8] BESET. A A 2 I SUR i 81 A% S8 Uit s BEL 14 REF 5 [ D).
JEAHR s PURS LIRS, 2016.

[9] BRAN, EEZE. WG FEEECT V B8 AT 06 FH 4L
(AR, PEREEERE , 2019, 37 (1): 150-161.

[10] SFEF&. AR T LS M 5E[D]. Kk
REBT RS, 2020.

[11] NORBERG C. Fluctuating lift on a circular cylinder:
review and new measurements[J]. Journal of Fluids and
Structures, 2003, 17 (1): 57-96.

(RE®RE: 5



