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Unsteady characteristics of ventilated two-phase flow around
an streamlined cylinder

HUANG Lei, WANG Shengjie, PENG Xueming, HE Chuntao, DUAN Lei

( Beijing Mechanical Equipment Institute, Beijing 100039, China)

Abstract: To explore the unsteady characteristics of two-phase flows and hydrodynamic force, the experiment with
micro-hole array on a streamlined cylinder had been conducted by applying the high speed camera system and six-
component balance system. Reynolds numbers and air entrainment coefficient are defined. Some conclusions can be
drawn as follows: Elastic body area flow field is evenly distributed water and gas two-phase hybrid state, flow
stability, non steadiness is not obvious; Tail areas flow field is more disordered, the unsteady characteristic is
obvious, and the tail periodic shedding causes a cyclical fluctuation phenomenon of vortex cavitation resistance
coefficient. The unsteady characteristic of ventilated two-phase flow around a streamlined cylinder relates to the
Reynolds number and air entrainment coefficient. The fluctuating range of drag coefficient decreases and the vortex
shedding frequency remains unchanged as the air entrainment coefficient increases, and they all increase as the
Reynolds numbers increases.
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Fig2 Drag coefficient versus time (Re = 2.03 x 10°,Q, = 0.014)

TSR G A o SR TR Y SRR RARIBE ) &R
BBk B R, 23 BT BK SRR SR T FET 78 460k 52
AR B 7 2R 85015 5 0 P Sl 2 i A A 1
53T, 8 3 R EH R Re = 2.03 x 10° JlAHK Q, =
0.014 "~ ACHIRH 7 22 B A th £&.

20¢

. 1sF

=

=~ 7.5 Hz
1.0

o

=\

= 05

0 10 20 30 40

f/Hz
3 FRH RESFIE 2L ( Re=2.03%x10°,0, =0.014)

Fig.3  Frequency domain curve of drag coefficient

(Re = 2.03 x 10°,0, = 0.014)
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Fig.4 Pressure coefficient versus time (Re = 2.03x10°,
Q, = 0.014)
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Fig.5 Frequency domain curve of pressure coefficient (Re = 2.

03x10°, Q, = 0.014)
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Fig.6  Unsteady ventilated two-phase flow (Re = 2.03x10°, Q, = 0.014)
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Fig.7 Aspect graph of ventilated two-phase flow
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Fig.8 Fluctuating scale of drag coefficient
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Fig.9 Drag-fluctuating frequency versus air entrainment coefficient

at Re = 1.49x10°, 2.03x10°, 2.48x10°



- 182 - MR O T M ok % % R

5 49 %

MIE 9(a) A1, 24 Re = 1.49x10° I}, %30 <%
T HIBE T3 ZR Ak Bl ) JE I P A S WY 3 D R
B REROR T LA B G 38 AR 0, B Rk
HIRIE E 5 N5.5 Ha, HIE 9(b) () Al 0, B
TR YE I, B3 2R BV N i e SO A s
T JFL Ik 2171 248 i 368 /6 1 A8 b iy 28 DR Dy 1 2 {1
Re =2.03x10° % 2.48x 10°F f fk sh A %435k 7.5
¢ 10.0 Hz. PRIHGIA Sy, 38 408 10 B0 28 XA R BH ) 3
B ok sh 913 JC B S5 i T B A 50 3 e ol B
JIZRBNK S IG 0. 3 H7 TA o B 3 2 IR i 1 T
B 8 2 el R B T T, 5 R SR R O B
7R B LR X 4k i e R 2 3
TR ) AN Wb 45 A B i iR 8 T AR K, I AE 0
YERTNFFER I T5 , [R) B 76 43 85 8 SOTE B0 1Y) 25 Y i
3. H1 T BH 7 3 B0 Dk 21 2 it 00 ) S0P e 7 5 1R
(14, 00PN Ay 308 0386 i 114 3t 7% 3 9 TG B S S i 3
{140 R 7 A 23 I i A 5P 1S I g 3, X 5 8 i
i R V5 B AR AT

3 % #

1) i 7 SR T 00T 38 M AR R B TR shad A
5H B DI S B 24 50 23 A R R SO B IR T
SEAE , AR 5E W RN B R X S B 3
AL AR HARR PRI R s i Y SR R 7 5 kS
FRERIRH T 28 800 B IR ik s B4R

2) BRIV ol § PR i SUPTAHUR B AR RE H R
PR TR VRO I8 R A O R A B ] AR e
TR TP AR 7 1T | P BEL 7 2 0% i 2l i B
X e S 1 ) e 6 451 3 TG W S R Wi Bt o A R
T, e T RS AL 7 T 5 1 A A9 HL g 28 ) e Sl i
JEDE/)N | R T T BB 75 A 3 K

2% ik

[1] WU SJ, OUYANG K, SHIAH S W. Robust design of microbubble
reduction in a channel flow using the Taguchi method [ J]. Ocean
Engineering, 2008, 35(8) :856-863. DOI: 10.1016/j. oceaneng.
2008.01.022.

MCCORMICK M E, BHATTACHARYA R. Drag reduction of a sub-

mersible hull by electrolysis [ J]. Naval Engineers Journal, 1973,

85(2):11-16. DOI.10.1111/j.1559-3584.1973.th04788.x.

[3] MAVAN N K, DEUTSCH S, MERKLE C L. Reduction of turbulent
skin friction by microbubble[ J]. Physics of Fluids, 1984, 27(2) .
356-368. DOI:10.1063/1.864620.

[4] JINHO J, CHOI S H, KIM B, et al. Experiment investigation of
frictional resistance reduction with air layer on the hull bottom of a
ship[J]. Ocean Engineering, 2014, 6 (2) ;363 - 379. DOI: 10.
2478/1JNAOE-2013-01385.

2

[

[5] YOSHIAKI K, TAKAHITO T. Experimental study on microbubbles
and their applicability to ships for skin friction reduction[ J]. Inter-
national Journal of Heat and Fluid Flow, 2000, 21(5) .582-588.
DOI:10.1016/50142~-727X ( 00) 00048-5.

[6] KATO H. Experimental study on microbubble injection method for
frictional drag reduction [J]. Journal of Marine Science and Tech-
nology, 1998, 3(3): 122-129.D0OI:10.1007/BF02492919.

[7] KATO H, MIYANAGA M, HARAMOTO Y, et al. Frictional drag

reduction by injecting bubbly water into turbulence boundary layer

[ C]//ASME Fluids Engineering Division summer meeting. New

York: ASME, 1994 . 185-194.

OUYANG K, WU S J, HUANG H H. Optimum parameter design of

—
oo
i

microbubble drag reduction in a turbulent flow by the Taguchi me-
thod combined with artificial neural networks [ J]. Journal of Fluids
Engineering, 2013, 135(11) :1-11.DOI.:10.1115/1.4024930.

[9] DEUTSCH S, CASTANO J. Microbubble skin reduction on an axi-
symmetric body[ J]. Physics of Fluids, 1986, 29(11) ;3590-3597.
DOI;10.1063/1.865786.

[ 10]CLARK H, DEUTSCH S. Microbubble skin reduction on an axisym-
metric body under the influence of applied axial pressure gradients
[J]. Physics of Fluids A, 1991, 3(12):2948-2954. DOI. 10.
1063/1.857837.

[11]SANDERS W C, WINKEL E S, DOWLING D R, et al. Bubble
friction drag reduction in a high-Reynolds-number flat-plate turbu-
lent boundary layer [ J]. Journal of Fluid Mechanics, 2006, 552
353-380.DOI:10.1017/50022112006008688.

[12]ELBINGL B R, WINKEL E S, LAY K S, et al. Bubble-induced
skin-friction drag reduction and the abrupt transition to air-layer drag
reduction[ J|. Journal of Fluid Mechanics, 2008,612; 201 —236.
DOI:10.1017/50022112008003029.

[13]H#3CA, Jil Ut TR, Il (2 B R M B IR 5[] 188

T REREEZEIR, 2011,23(3) :5-9. DOI; 10.3969/.issn. 1009 -
3486.2011.03.002.
DONG Wencai, ZHOU Chen, ZHANG Jun. Gyrodidal model exper-
iment on resistance and noise reduction by bubble layer[ J]. Journal
of Naval University of Engineering, 2011, 23(3).5-9. DOI; 10.
3969/j.issn.1009-3486.2011.03.002.

(14 ] R, PR IR BB BB S e PR o B [ 0] I R U

TRER A, 2015,36(10) : 1297-1302.DOI; 10.11990/jheu.
201407002.
FU Huiping. Numerical simulation of microbubble drag reduction in
a plate and factors in fluencing its practicality process[ J]. Journal of
Harbin Engineering University, 2015,36(10) : 1297-1302. DOI.
10.11990/jheu.201407002.

(15 R, 252, BB B A0 0 v M RT3z [ 0] B

MRS K22, 2016,50(2) ; 278-282.DOI; 10.16183/j. enki.
jsjtu.2016.02.020.
FU Huiping, LI Jie. Numerical simulation of micro-bubbles drag re-
duction and scale effect[ J]. Journal of Shanghai Jiao Tong Universi-
ty, 2016,50(2) . 278-282. DOI. 10.16183/j. cnki. jsjtu.2016.02.
020.

[16] E R 8 SH K T AT AR S SR [ D], MG /R IR /R
BTl R, 2013.

WANG Wei. Experimental research on effect of ventilation parame-
ters on hydrodynamic characteristic of under water vehicle [ D].

Harbin: Harbin Institute of Technology,2013.

(BB B %)



