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Abstract: The Characteristics of the drag reduction of a circular cylinder having a small square prism at

the upstream side was investigated by measuring of drag on the circular cylinder and by visualization of

the flow fields using PIV. The experimental parameters were the width ratios(H/B=0.2~0.6) of square

prisms to the circular cylinder's diameter and the gap ratios(G/B=0~3) between the circular cylinder and

the square prism. The drag reduction rate of the circular cylinder was increased and then decreased with

G/B in case of the same H/B. The drag reduction rate was increased with H/B in case of the same
G/B. The maximum drag reduction rate was represented by 90.8% at H/B=0.6 and G/B=1.0. In case of

a circular cylinder having a small square prism, the stagnation regions were represented in the upstream

and downstream sides of the circular cylinder,

increased with H/B but that in the down stream side was almost same.

the size of that region in the upstream side was
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Fig. 2 Vortex generator
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Item Specification
Fast Cam-X panel link board
Image board .
drive

8W continuos wave laser
Cylindrical lens: ©93.8x11.4mm
1280x1024pixel
CACTUS 3.2
Average: about 0.1%

Light source
Sheet light
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Software
Error vector(%)

SRS 7| A e K| H22@ H2%, 2018E 4 15



=oe -

wA A5 FEAE EAS Uehies A
& dEAF ¢, @ B FELLE R, Y
I} o] AHojgrt

D
Cp= ; 1)
U-s
2p
—  Cpo— Cp
, = ————Xx 100 2)
Do

o714 De dFd A&3te IE, Us #¢
F o A9 WE, st 5 ool A e
AFo] FUF WFo g EYAAS Uehdth
=3 G, 2 GE A4 dF 95 2 i A
FHFIE Ae AT BEFYA ol

i |

T
s
I
o 2
N
S
)

— : Without square prism
: With square prism

0 10 20 30 uyB

Fig. 7 Time variations of drag coefficient

16 st=s=7|A15ete x| M223 2=, 2018 4

N

I XH

n)
ofn

e 7 kel 12 Ao}, FRFE AN
QAo A% 7 e 04 A= U 4A e
U gl

Fig. 8o ZH] H/B7} thefgk Aol Slof

HAu] 6B e FA4EEAF ¢, R BHEG
Has R,el WskE uehat
4100
o o -
8oo—"5—=a ]s0Ro
At RE=0——0 | (%)
R ) 4
° —A—:H/B=02
—A—-"H/B=0.2 —o—:H/B =04
21 _a—-HB=04 —o—:H/B=0.6
C —e—:H/B =06 fon
D D
oA, A i—i—s
" —=n '/
04 —
0.0 0?5 170 175 2!0 2?5 370

Fig. 8 Average drag coefficients and drag reduction
rates with G/B and H/B

4714 BFIEAF 0 &
Yebd 1,024709] @=-EAS C @ BET #hol
ok WA Fig. 8olA 2bAW G/Bel wE B
As Cpol Mg ANZeR durd Al 7HA|
ZuloA BE 7HAHY} ZUlaeE gaaE
7} AT G/B = 1.0914 HEge 7HAH,
R2Au7} Z7 e wet e &

Bolx gt} olw] P zHa
7b STVl wEk S7bsith G/B=10°ﬂ/\1

2F AR dehiel, 1 5 At
2 Zraska ok @
78

Yo Zujy} 2

A& Fig. 70l

Table 20 Z+zte] =o AHubs= Zu| H/Bo)
ot HAe] zbAE A Ao P S

7‘<
Cp, @ BEIEPALE R,E JERATE Table 2
o] UERA u}9} o] En =02, 04 3 06

| H/B
25 7HAR] G/B = 1.0Y u HadEdsEo] F
7l g9o a8y He9edd Z2ase ANdF



Zu7} 245 A dedn, 6 HB = 0.6Y

o Hh 90.8%°] FHHALES HATh
Table 2 The optimum average drag coefficients

and drag reduction rates with H/B

FD and?D
H/B at the optimum G/B
G/B C, Ry(%)
0.2 1.0 0.82 31.7
0.4 1.0 0.33 72.5
0.6 1.0 0.11 90.8

3.2 ¥ F9lo| RS 5

Fig. 9o UER vle} o] 43 ZAldA 357
o s 30 B ol oA SAg 4L/
FEMEe] &5 Vel AZPASHE Fig 100 ek
Uitk Fig. 10@)E AWIFE 24 gt 45l
3, (b= Z¥ HB = 04 2 H4H GB = 1.0
ARPFE 2= Afolth

Fig. 9 Pick up point of V-velocity

=0.14 Vo ;

S T P v

gy e T O L

FOOTWTTRILY Ny

05610 Time 3.0(s)

(a) Without square prism

>0.14 :

= i AT,

g Vol v &
O 0] [ AR AN, © T : _/ ________________

>—0.14 :

Time 3.0(s)
(b) HB=04, G/B=1.0
Fig. 10 Time variations of V-velocity at the wake

region of circular cylinder

Fig. 10(a) @ (b)o] UERA nho} o] T A5
swste] F7140 WasAl Uept .
I F1E A9EAE Y Fig 1092 7

b 7

%2%1 M EhA] ke Bieo] YFo] H

b S, me R o

S

ol
% -{n

- B

3¢ 202 A=olth. F 76””%‘—?

—_

8

=°.1=' it Ho -

[N -1N 0
Lﬁ

30,
.ﬂ

(c) Vb
(1) Without sgquare prism (1) HB=04, G/B=1.0

Fig. 11 Instantaneous velocity = vectors  around

circular cylinder at Vt, Vo and Vb points
of Fig. 10

(1) Without scuare prism (i) H'B=0.4, G'B=1.0

Fig. 12 Instantaneous velocity profiles around
circular cylinder at Vt, Vo and Vb points

of Fig. 10

Fig. 119l Fig. 102] Vt, Vo 2 VbAoA &%
HWE S Yebdth Fig. 11914 (a) Vt (b) Vo 2 (c)
Vb= Z+Z+ Fig. 99 VpAolA v W) &= 3
o] A, 0, H4AR! o] SEWEE YepdTE ¢

St S| Al SRR M22d M2, 2018'FH 4¥ 17



Ev=k

A ARET7E gle 4o A Fig. 11()NA=
FF7} AFsta QQa, 1 ZEIES At w
g} Wata ok aga o] A (a9 (C)°ﬂ"14
FHEE] M2 B e s e Qo &

o FNEe AT + Utk teoE AHY ‘Géf‘r
7b dE 9F9 4% Fig 9i)olME AT Fot
AT Abolo] 359 AAFHol YRt Qa1 o]
7ol Qe ol U HHAHE A7 BAY
o] z11%t =719 AAF Yol Yeht Ut} o] A
Ay HAZole F77F AEsta At

K

Fig. 12°] Fig. 108} Vt, Vo 2 VbR Al9] £

()
oxl
Y
of

= 8
o
dg
N
>

N o
)
lo
e}

U
_&

Fig.
2441 G/Bol) m}
82 ey

rlm

rlo

N

N
Ho

= .
>

o

o

el

Jot

(i) Path lines (i) Velocity profiles

Fig. 13 Average flow patterns around circular

cylinder with G/B (H/B=0.4)

18 TEFHI|AIZRX| HM22A A2z, 2018d 42

aMs

A7)9F BAIGle] ALF T AT Alolols A A
goo] A8t YL, Fig 13(a) L ()= AFe
ol—l:r:]o] o] z%ﬂ]alod
13(c)8] A5 A3
of Ay Fo AAYGLE AF9} s Utk
A=k ""]‘T FZod = Al
e 27t A Eo] e, 2H
G/B = 1.0, 025, 2.0 +=22 FA Yeht Utk =
g Fig. 13(i)%] EEEZAAE & F ARl d
9 GG =271 94 GB = 1.09
7497} G/B = 025 © 2,00 Hl&) 2o} AF ok
Zo HAYHA7|E G/B = 1.09 A7 AY =
. & GB = 1.09 3%/ G/B = 025 & 2.0
vl A5 A, SH| AAFS 2719 A7t 74
A2 E A7) vl Fig. 8o JERA nie}

Zo| FHFEATE 7P AL AoR woEn.
Fig. 140l tZ¥] G/B = 1.00914 AW Fo =
Hl H/Bo| wE HFF99] AP+ F4X4

T2 =
T

rlm
)|AE, J

'\_
BT -r—/] ﬁ?r

; I

(a) Without square prism

=
L2

L

AT i I
.L.

TR

l

() H/B=0.6

(1) Path lines (i) Velocity profiles

Fig. 14 Average flow patterns around circular

cylinder with H/B (G/B=1.0)



oz
oglt

N
N
%0

o
o
Rl

2

=
ok
Lo

rﬁ
o N

=

Q)
=

WYFY EHyL ZNGSE

2717} Z7kste] A3 Lol
szl G gelA Fig 8ol
oME gl
7,

o ) rr &
o il

ot
o

4

9]

(e}
Rt

ZFAgo

ATE

~~
Z
=1
8
(¢}
el
=8
w
B
N
il

thsl 14Hl GBE
G/B = 0.0~3.0 9 WolA 058 Z71A# 714
Al Aol Zg3te
H3 S AT
APAAE Qofetd thed 2k
1AM GB = 1.0¢ W
R
5

oo APEY R K5

= ANy Znprt 5
F7tgom, ¥4 H/B =

o Hth 90.8%2 =7+

21210 A
A% Feiztae

A4 GB = 1.0¥

o]

FE HAT AY, UFe FREH
oM, 1 A7E 4R
I

References

. M. Gad-el-Hak, 1996, "Modern developments in

flow control", Applied Mechchanics, Reviews,
Vol. 49, No. 7, pp. 365.
. E. Achenbach, 1971, "Influence of Surface

Roughness on the Cross-Flow around a Circular
Cylinder", Journal of Fluid Mechanics, Vol. 46,
part 2, pp. 321-335

. O. Guven, O., C. Farell and V. C. Patel, 1980,
"Surface Roughness Effects on the Mean Flow
past of Fluid
Mechanics, Vol. 98, part 4, pp. 673-701.

.H. C. Lim and S. IJ. 2001,
Experimental Study on Drag Reduction

Trans(B).
Society of Mechanical Engineers, Vol. 25, No. 2,
pp. 260-268.

. K. Aoki, S. Lee and M. Oki, 1998, "Drag and

Flow Characteristics around the Circular Cylinder

Circular  Cylinders", Journal
llAn
of

of the Korean

Lee,

Grooved Cylinders",

with Grooves", Trans(B). of the Japan Society of
Mechanical Engineers, Vol. 64, No. 617, pp.
18-24.

. K. D. Ro, 2001, "Drag Reduction of Cylinder
with Dimpled Surface", Journal of the Korean
Society of Marine Engineers. Vol. 25, No. 1, pp.
155-161.

. K. D. Ro. and J. T. Park, 2002, "Drag Reduction

of  Cylinder

Characteristics Having  Square

Dimpled Surface", Journal of the Korean Society

of Marine Engineers. Vol. 26, No. 3, pp.
233-239.
. E. A. Anderson, and A. A. Szewczyk, 1997,

"Effects of a Splitter Plate on the near Wake of
a Circular Cylinder in 2 and 3-dimensional Flow
Configurations", Experiments in Fluids Vol. 23,
pp. 161-174.

. J. Wu, C. Shu and N. Zhao, 2014, "Investigation
of Flow Characteristics around a Stationary

Circular Cylinder with an Undulatory Plate",

St SHI|AISHYX| HM22A A2z, 2018 43 19



10.

11.

12.

13.

20

European Journal of Mechanics B/Fluids Vol.

48, pp. 27-39.

S. Ozono, 1999, "Flow Control of Vortex
Shedding by a  Short  Splitter plate
Asymmetrically Arranged Downstream of a
Cylinder", Physics of Fluids Vol. 11, pp.
1200-1205.

K. D. Ro, H. G. Lee, J. H. Lee, J. M. Lee, J.
H. Shin and K. B. Cheon, 2016, "Characteristics
of Flowfield of a Circular Cylinder Having a
Detached Splitter Plate with High Reynolds
Number", Trans(B). of the Korean Society of
Mechanical Engineers, Vol. 40, No. 6, pp.
373-381.

S. H. Sun, J. Y. Hwang and K. S. Yang, 2001,
"Drag Reduction on a Circular Cylinder using
a Detached Splitter Plate", Trans(B). of the
Korean Society of Mechanical Engineers, Vol.
25, No. 11, pp. 1632-1639.

and T. 2002,

Reduction of a Circular Cylinder in an

T. Tsutsui Igarashi, "Drag

St SH|AISHYA] M22H M2%, 2018'H 4¥

14.

15.

16.

17.

T

Air-Stream", Journal Wind Engineering and
Industrial Aerodynamics. Vol. 90, pp. 527-541.

A. Prasad and C. H. K. Williamsion, 1997, “A
method for the reduction of bluff body drag”,
Journal and  Industrial
Aerodynamics. Vol. 69-71, pp. 155-167.

K. D. Ro, 2016, "Experiments of Flow field of

a Circular Cylinder Having a Front Vertical

Wind  Engineering

Plate”, Journal of the Korean Society of Marine
Engineering, Vol. 40, No. 3, pp. 198-204.

W. C. Kim, M. S. Lee, S. T. Baec and S. W.
Ahn, 2014, "Heat

rectangular convergent channels with ribs on

transfer and friction in
one wall, Journal of the Korean Society for
Power System Engineering", Vol. 18, No. 2, pp.
12-18.

M. S. Lee and S. W. Ahn, 2015, "Heat transfer
and friction in rectangular convergent channels
with ribs on one wall, Journal of the Korean
Society for Power System Engineering", Vol.

19, No. 5, pp. 32-37.



	정면에 정방형주를 가진 원주의 항력저감 특성실험
	Abstract
	1. 서론
	2. 실험장치 및 방법
	3. 실험결과 및 고찰
	4. 결론
	References


