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Investigation on Two-phase Flow Dynamics with Discrete Bubble Model

Takeyuki AMI", Hisashi UMEKAWA ", Mamoru OZAWA " and Masahiro SHOJI®

Abstract

Conventional modeling including drift-flux model and two-fluid model is based on “continuous flow hypothesis”,
being constructed by time-averaging, and thus both phases are defined in every spatio-temporal space. This makes it
possible to apply to a variety of two-phase flow dynamics, while the intrinsic void fraction fluctuations, typically
observed in slug and churn flows, are hardly simulated. In order to break through such a problem caused by
time-averaging, discrete bubble model based on one-dimensional mass conservation equation, i.e. void propagation
equation, has been developed. This model takes into account, as momentum effects, the wake effect induced by
preceding bubbles, the local pressure fluctuation and the compressibility of gas phase together with the phase
re-distribution due to geometrical constrains. Thus obtained spatio-temporal fluctuation characteristics of void fraction
well simulated inherent two-phase behavior not only in a steady flow but also in an oscillatory flow.

Key Words: Two-phase flow dynamics, Discrete bubble model, Void wave propagation, Flow pattern,
Probability density function, Oscillatory two-phase flow
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Table 1 Simulation conditions.
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Table 3 System configurations.
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Fig. 8 Characteristics between void fraction and pressure drop
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Fig.9 Void fraction fluctuations.
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Fig. 18 Flow pattern map(Left: Simulation, Right: Experiment).

-207 - ©2007 The Heat Transfer Society of Japan



Thermal Science & Engineering Vol.15 No.4 (2007)

W5, FHERETIIKIAORED S Fii~DEH £
THEBRRER AN TETRND, ZHITERICE
Wi, HETHEZTWD X9 RIERHE 2 E 7z n
O ThHhHEEZOND. RFFARA FREBIZOU
T, AOENBLZRKEDZ D5 H7-0 TRHT
RA FREBOFHIN 20— BDREELTEY, =
AU EBRFE R LOGHERM RICBWTHER TS Z
ENTE D, ZHIEHE L KREIAN A D E O
e RS PRI AMAZET 2720 TH D, Lk
DX I, REFEERITRERE MoV TR
ERE LFHTETWA.

ZD XD 7 ED KB R LS RA FER
FBORMEL, B2 EBER7ICB T 5 L O IRl T
b7 — L= LTHWERA RGBS
KU 7 7T 97 AT EDBERA RRMAEXZ
AWTHITES L, —mERET VL >THARE
ThD. 217 LFOBICITBERN RN OREICE
WCTREIRER DAL L, ZHICtE-> TRA RRM
REGVEZ D EOFHENRLE L 72 5170 T
<, FOUEZITIES TRA FEEREICRH R
ZEEAHBL LW E D ICBERIR AT 5 7 B
REENRLE L 2D, ZRUCK LTEREIOET LT
I B W CETELERLR B VL H D0, 0 X
I IR EMEZR LIZ, WhIE HARFE AR 22 KA

TADOREZHFHTE TWDRICKENRERND 5.

(2) mEHRRIRE

TR X O RRENRE) T DR A FRpAmz
W2, EiR A RENE I 2 LT Jge—Jp I T R
v hL, FRFICEERIZOVWTHREICRT L
Fig.18-(a)~(d)» L 1272 %. Z Z T, Fig. 18 NAIX
IIARET L COFEM/REZRLTEBY, AITER
FER[NEZRLTWD. 7, EWMIZONTIE, it
AR OER 2 SN s ERERL R HFHTE
TW5S. KIZ, TENRENRIZIR T 2 Bk UER I
DWTIE, EFIE TOWRBERER & L TER X
7 U, ERBBERIRIES I AU KRR IR FE B SRR
FEELTHWDIOILHL, AT TH—F v — D&
BEFUIE(L L Thiwn. IREIEMIAE 220, Ik
BIEENRKEL R DIE L, EBRAT ZRMEKFAE
FERRAMNCHEZE L CW AN H Y, FHREAESRIEE
Bt R A L<HBTE TV D.

4 FER

BEHR[2,4,5) DB SIE T VIR B 2 L, HAR
IR ERER T2 LickoC, UFoZ &
Y =32% alialt

TEHSR AR FICB T DR A FROERZE 2
BRE A EBHTH LN TE . 2LV, KA,
AT TR, T r— i, BRI OSREER A fER
9% Z &N TE, PDF & 7= sk =ep 5l 2 F) H
4% Z & T, Mishima &, Taitel 512 X % @ik

- 208 -

KEBL—F L. BRI ZHRICBO s iR
FHLEHEBETL 2N TE, KKIAD FHEE S
MHEREDORW—ENE O Z & 2R L, KR
TWOFERH, KRRIEOESIICBWTIXEEMICH
BRRERMNME LN, S OICH R ES R S L TR
A RRERY T T Ty 7 AET )L, BEEEHEEL
% Lockhart-Martinelli AHESIZ XA HEH 2175 2 LT
ERMICBEFOMBENX L L —HT 2 ENM SO
7z

TREINREN SR AR TS BT AR A RERDOMzE
WA Z%E %2 £+ 5 2 LN T, KK M
MEBROBRZBLBHTLIENTE R, £,
ARENHE RSB DB RIc W T ERER L B
—H L7
PLEDOFERN G, AREEBEIDE T MLt ERE) &
EOER R OR M A FE A2 BT 52 &0
T&, RN TWD X ) R eSS h
TZETNEIERRY, THRAA I 7 ABEKE
725 &) RIBEBRBIIOW TS AIRER T T L 244
ETEEEZTWD,

ZZTHWEET VX, AT i N— A28
TEBALEET LT, UYROZ LN E 1 IRITHRD
KR THD., TOXHIRIEND, ZOFETNVITA
U v B9 5 BRAICRE IR DR A AN D
ZEITEY, A ERICHEN RO I 2 b
—a UNERRICAR D, KEEIZRE O TS ~D
BWHLEDZ RN LENTHOBENEZ 5 L9 7%
BAICHENH Y, TOXIRBELEDTH TH
S THDH. FEEEWMATNCHE R LTV DR, KR
B DIRE OB S & RERIZ A B VKO
BEHLEZBL ZLIZX > THBHROETT /LR
REIC/2 D, T2 LAMOME S Cik~_7- X 9 7 CHF
RIREICIE 32121, WBEE R ORLAR T, BN
11 C OARENRRE & BE T O ZAZE & OB T34 & {12
HLATe N2 ENIEFICEREIC /R B[, 18] BIfE, =
O ORMEZ R T X GLERFFTHS.

AAFFED—E L 2005-2006 4FFE B8 PH R F R 5E
Bk (GERIAFZE) ICko-Z 2L, #HEAFET
B.

S 3

[1] Ozawa, M., “Critical heat flux induced by flow
instability in boiling channels”, ECI Int. Conf. on
Boiling Heat Transf., Spoleto, Paper No.KL-2
(20006).

[2] Ozawa, M., Ami, T., Umekawa, H., Shoji, M.,
“Pattern dynamics simulation of void propagation”,
4" Japanese-European Two-Phase Flow Group
Meeting (2006), to be published in Multiphase
Science and Technology, 19-4 (2007).

[3] Collier, J. G, Thome, J. R., Convective boiling and

©2007 The Heat Transfer Society of Japan



(4]

(3]

(9]

[10]

condensation (1994), 375-429, Oxford University
Press.

riETs =, B, /NEEST, FERIIESL, “KIR
MR OMERAROE G ERET N, A
HF i X, 70-689, B (2004), 151-158.

Ito, K., Ozawa, M., Shoji, M., “Pattern-dynamics
approach to two-phase flow regime transition”,
Japan-US Seminar on Two-Phase Flow Dynamics,
1 (2004), 103-112.

Schlichting, H., Boundary layer theory, 6" ed.
(1968), 685-695, McGraw-Hill.

Inoue, Y., Okano, M., Umekawa, H., Ozawa, M.,
“Flow pattern transition and void fraction behavior
in adiabatic oscillatory two-phase flow”, Proc. the
4" JSME-KSME Thermal Engineering Conference,
1 (2000), 747-752.

Jones Jr, O. C., Zuber, N., “The interrelation
between void fraction fluctuations and flow
patterns in two-phase flow”, Int. J. Multiphase
Flow, 2 (1975), 273-306.

Mishima, K., Ishii, M., “Flow regime transition
criteria for upward two-phase flow in vertical
tubes”, Int. J. Heat Mass Transfer, 27-5 (1984),
723-737.

Taitel, Y., Bornea, D., Dukler, A. E., “Modeling
flow pattern transitions for steady upward
gas-liquid flow in vertical tubes”, AIChE J., 26-3
(1980), 345-354.

- 209 -

Thermal Science & Engineering Vol.15 No.4 (2007)

[11] GHEER: =, SR AR OB L BT T L,
HR K200 S (2002).

[12] )1, OB, Wals, 2, K
AR Z TR OZEENRENC B D58 (5 1
W, FEENREYDOEERAER) ", AR F =0
£, 36-289, B (1970), 1520-1527.

[13] A, SGT K[ AR N R
v 7 (2006), 191-248, = & F 1.

[14] Zuber, N., Staub, F. W., Bijwaard, G., Kroeger, P. G,
“Steady state and transient void fraction in two
phase flow systems”, GEAP-5417 (1967).

[15] Lockhart, R. W., Martinelli R. C., “Proposed
correlation of data for isothermal two-phase,
two-component flow in pipes”, Chem. Eng. Prog.,
45-1 (1949), 39-48.

[16] Chisholm, D., “A theoretical basis for the
Lockhart-Martinelli correlation for two-phase flow”,
Int. J. Heat Mass Transfer, 10 (1967), 1767-1778.

[17] FiliEkE, M), EFEiE, NEST, “K
15 _FHNRED IR DO RENR & AN A N R E R,
1AV, 17-3 (2003), 285-295.

[18] Ozawa, M., Umekawa, H., Mishima, K., Hibiki, T.
and Saito, Y., “CHF in Oscillatory Flow Boiling

Channels”, Chemical Engineering Research and
Design, 79-A4 (2001), 389-401.

©2007 The Heat Transfer Society of Japan





