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2 TEFFKAE SIS

AT HEABRRBSEREKBEWE, F2HRAAFFESILN AR EET KGR
BT TN, LR BERERNE 1 i, HRRTPR, SR, WET, 8. EHRE.
SHRIRF, FAANERFESEMPERELERE. P 1mx0.4mx0.4m F7KE 1RE
¥, EE Ul TARIKTEEN 0.01~0.3m/s, MIREN 0.5%, BRELE T 040m?0.27m
WE&BRERLE, SHE Q {EHN 80~500ml/min. LU FHEHIKAERE, HARKER
FRRE T REUABR EHBE, ERIKEIEEEE 10000 HiHHHEE M EERE R
ZIEFREEHRPEE, WA RRAEE OGBS TER THR#T T35t 64 ALR.

SMREHR 100mL/min, BEERFEEN 0.1n/s KEANFHNLRLE RWE 2 IR, x
H RN ERRR A, vy FRASEEE AR, BINELASBRES T4
S AR 2 [E] B R R R AR AR SR TE R R B T, AT ASTER UL RT BB BN Y B
ZRRATERR.
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B 1 PEERKAY S8R R B A 2 A R Y SR 45 R (Q=100mL/min; Ul=0.1m/s)

3 HEipER

BRI SR BB IR RE RN, BIARELSSEERE. MAARNS
WHALERAURSBZEAMAEER, [SWERRIETEZIES (F). REKN
(F,). BEEEERS (F,). BEH (F) URBHES (F,) HEM. ERBEEN
BRET, BAVEHTEEAFMEETT TR ERFEIRREBH¥TE.

F,=F_+F, (1)
F,+F,=F, +F, +F, (2)
AR AFRIEAWMT
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Fy=ngD}(p, - p,)/6, F, =4p,0" | nD}
F,, =noDygcos¢/(z/2)* —¢*) F, =moDysing/ ¢
F, =C,p,xD(u, —dx/df)* 18, Fy, =Cpp,zDX dyld1)*/8
F, = Cpsp, (O, — dx/df) - Qtd?xidr*) , F, =C,, p,(Qdy/de + Otd’yide*)

K Dy ASIBHAEKER: Dy ALAER; u, MRFARRERE: Q #SHR;: p,,p0,
SRR S ERE a4, PRVRBRMSANEE; g REAMEE: o /RE
®A: xyo AARA[NBHAOHME., SEEHFRBEA UK ZAERABRNE,;
H#E u, =40/ (7D}): Cp» Cp WHMMBREAY, 45 11/16 F1 1209,

SYOTRAN: Ds=Dy /Dy, T,=u,luy, p=p,/py, H =M1

t=t/(Dy/u,), Re=puDy/p, , We=pu;Dylo, Fr=pu,/(0,—-p,)eDy)

BB ER pulD} fEASEP], MBKTNSBEHBENFESTEEN L, WKHERE
FHRYEE, BLeRETESE, TR d/d=dD,/2d=Q, / 7D}, {LFBMHEM
X 3 A (4). x HEKES) T BRIE L Runge-Kutta FHEEHIEFMAR (5) #
TR, HI y ARG E AT,

HC\u B AT | 4+ 2C,, 7 (% | dF ~1)/ 4= CotDe(1~ e | ) /8- mpcos g/ We ! (#/2) —¢) (3)
~7/16D,C it + 7/ 16D,C\ i =D, | (6Fr)+ 7P | 4—C,xDj’ /8/16D; — mpsing/ Wel ¢ (4)

t=0:x=x=x =0,y=D,,y =y =0 (5)
SHEHAZTENBRETERERE, FHARUARMG, RABFFEUON (6) Mk
(7) BRAVE KB BRA RIS 2 ) & B EVEE A7 BT B AR R R B B G B
WHE, VBSHEPAROMBRFLOMEESHEFE (8) B, BERBLER.
7C, . d'X/dE* | 4+ 7C, i, (d% | dF —1)/ 4=C,xDi (1~ | dF Y’ | 8—mmpeos ! We | (/2 —¢") (6)
7Cy, it d°y | di* | 4+7C, i dy | dF | 4=nD} | (6Fr)+ D | 4—CoDi(dy | dE Y | 4—mpsing/ Wel ¢ (7))

S-D, /22D, (8)
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—(=mod:Ul=0.1m/s
—O=exp :Ul=0.1m/s
0+ mod:Ul=0.2m/s
~Owexp :Ul=0.2m/s
—0=mod:Ul=0.3m/s
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THAEF B

FER A SRIEE N 0.1m/sy 0.2m/s K 0.3m/s, SIRBRFE 80~500ml/min &M T, 2548
B TRERETRAHERBHMFANILORENSHRT, WE 6 fix, EhBEEEL
RARFBELER, ITFHENAHEERRMNERNRE, SHERERZSERHR NS
SAELLR (1: 1£2) BN, WEZRMERBD, BERANLETRAREL, 43K+6.8%
1-10.67%, HHRIRE (RMSE) A 5.38%.
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ERFATENEM L, KRNMBEHF P TEBRHEY, RETABARREET
SHEAEKMEL, UDERSEASANMSIBHESE—SERSNETRE, UWENET
SR PR 5 S B 4 R

Bl

AR FENEREEEEEHEETE L) RE: FRARESRERFERT
XBAFFEERAREE CGRAE%KT: XDB06041200).

-784-



FHNEEEKSAEFTLRXE

S35 30

1 Elbing B R, Mikiharju S, Wiggins A, et al. On the scaling of air layer drag reduction[J]. Journal of Fluid
Mechanics, 2013, 717(2):484-513

2AJAA, URANS Study of Air-Layer Drag Reduction in a High-Reynolds-Number Flat-Plate Turbulent
Boundary Layer{J]. Aiaa Journal, 2010.

3Nahra H K, Kamotani Y. Prediction of bubble diameter at detachment from a wall orifice in liquid cross-flow
under reduced and normal gravity conditions[J]. Chemical Engineering Science, 2003, 58(58):55-69.

4Loubiére K, Castaignéde V, Hébrard G, et al. Bubble formation at a flexible orifice with liquid cross-flow[J].
Chemical Engineering & Processing, 2004, 43(6):717-725.

5Gerlach D, Biswas G, Durst F, et al. Quasi-static bubble formation on submerged orifices[J]. International
Journal of Heat & Mass Transfer, 2005, 48(2):425-438.

6 Martin M, Montes F J, Galan M A. On the influence of the liquid physical properties on bubble volumes and
generation times[J]. Chemical Engineering Science, 2006, 61(16):5196-5203.

TEEM, XTE RARFRISVIERSI R RD]. SRR, 2006, 26(10):1751-1755.

8 Kawase Y, Ulbrecht J J. Formation of drops and bubbles in flowing liquids[J]. Industrial & Engineering
Chemistry Process Design & Development, 1981, 20(4).

9Kim I, Kamotani Y, Ostrach S. Modeling bubble and drop formation in flowing liquids in microgravity[J].
Aiche Journal, 1994, 40(1):19-28.

Theoretical and experimental research on thesingle bubbles
formation in transverse flow

ZHANG Zhen,YE Bing-sheng, HUANG Jian, XU Chang, WANG Yi-wei, HUANG Chen-guang

(Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of
Sciences, Beijing, 100190, China
School of Engineering Science, University of Chinese Academy of Sciences, Beijing, 100049, China

*Email: wangyw@imech.ac.cn)
Abstract: Underwater bubble motion is a fundamental issue in the applications of underwater

vehicledragreductionandchemical industry. This study focuses on the phenomenon of bubble
formation under lateral flow conditions, the establishment and solution of circulating sink
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experiments and theoretical models included. Our experiments were carried out in a circulating
water tank using a vented flat plate model, and the shape of the air bubbles at various times was
recorded with a high-speed camera device. At the same time, the theoretical model of bubble
expansion stage and detachment stage was established based on the force balance, kinematics
equation and dimension analysis.Usingfourth order Runge-Kuttaalgorithm with initial conditions,
we can obtain the centroid position, inclination and the angle and size of the bubble at every
moment. At last, compared the numerical solution results with experimental results, both of them
have good consistency (RMSE=5.38%), and this study confirmed the reliability of the theoretical
model.

Key words: Two-phase flow; Bubble formation; Numerical simulation; Circulation flume
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