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Development of external two-phase flow prediction method applicable to seawater
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This study was aimed at developing a new analytical method for the external
two-phase flow in the seawater, which contributes improvement of a ship drag reduction technology
based on the air lubrication method.

The database on local flow structures in the external two-phase flow under a model ship bottom was
newly constructed through the experiment using a circulation water tunnel. Experiments for a single
bubble and bubbly flows in the seawater were also performed to identify the characteristics of the
interfacial drag of a single bubble and the bubble coalescence in the seawater. Based on the
obtained experimental data and the analytical results, a modeling of the external two-phase flow was
examined by taking the bubble layer thickness as a length scale and a new correlation for
predicting void fraction under the ship bottom was successfully developed.
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Fig. 1 Schematic of apparatus Fig. 2 Model ship on circulating water tank
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Fig. 3 Void fraction profile in external two-phase flow

(2) AMEBFALD "D R A R RTH X0 B %

AIFGETIX, BT MVIMER CHERINTZHAA FEEIICIZEHEY T 5 4La La: 777 AR
=(0/ dpg)’’, o1 FHIET), dp: KIREEFE, g EIMEE) 2 RS Ar— & LT, RRUITRT
I I K 7 b7 T v 7 ZET NSRRI O ISR Lz, 72385, 4Lalx, BB
KIEN HERZIA~OEBZ L LT UXLIEREROET MEIEH SN A A — 1 Th d 5.

o - - ) Ol

22T, 0 o b U Courald, TR, GABEEE, KO RS EE, KRS EERE, X
HRYZ NEEBLOGMA T A—ZThHY, BFiLsTDO<>ITZEMEREEZ, << >>1FRA
REIME T EEZ T, JES 4La WIZBIDKIKIE S BER R <>, 3k ThHE 255,

<j>4La = <’jf>4La + <jg>4La @

ZIT, GIREMORNTEETH S, SHBIHO “ABHICIHNT, JES 4La PIZR T DR R
FIREEE <> 41, Z LA T O TS 2.




<jr >4La, = (1 B < >4La )<Ur >4La (3)
JES dLa WOFEEPRERFEE <oy, %, 1/7 FHNCESE LD TOXTE X 5.
y 1/7 AL 1/7
4La
<Uf>4La = Ewa’ 0 [%] dy 0 875( 5(1/} /Uoo (4)
£ f
ZIT, SRR OEERESNEES THY, TORNTRES.
/5
-i-=(1382(13—J - 0852 )
vz Rez /5

VI TIEAH DEREERREL, Re 13 2 2 AERER S & LITHEIAL A /LW AHTH 5.
—75, JES 4La WONEEKH R T HE <j, >, 13, AR Qg, TR X Z MW TLUFD
XTHERD.

: Q,
Vi, = T x ©

XIZESE, ERT— X OREFEND, EI 4ALaNOFERA FRIZBET LU TFOXE1G7-.

<jg >4La

<a> = ' @)
e (), o
Cyonn =(l87{1——exp(—24<a>“m)} @®)
K, O K DIES 4La WA A REOFRAEIZ, RITHE & 22500 8 O HEEU 64 2 FEHE
@ﬁm@m%%ﬁﬁ<ﬁﬁf%wg® i O IR R 251 9.8% T b - 7= (Fig. 5).

— . : 1.0 — T

' O @,=10[L/min]

— 04} ‘l LI \ £y ©,=15[L/min H

3 v VLN O ©,=20[L/min] _

% " \ e (e Qg=:.’\[L.-'mj.u]4 '

v 03F :L "‘. ‘\ ©, =30 L/min || -

- Lo T /\_\ < @, =35[L/min ] 5

3 \ RN =

3 NN § 01t ]
£ 020 RORIIN v

£ - S E

¥ ~ y AN = = - =

& 01 TG eI 3 [to%

I -10%

S

i 0.0 L ! 0.0 1

g 05 1.0 1.5 2.0 0.0 0.1 1.0
=

Liquid VEIOCity, Uf_ y=25 [mf"S ] Measured <0y [- ]

Fig. 4 Measured and predicted <a>4z, Fig. 5 Prediction accuracy of present model
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(b) Bubble size: 2 mm

Fig. 6 Single bubble trajectory images
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Fig. 7 Drag coefficient of single bubble
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Fig. 8 Axial changes of bubbly flow in pure water
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Fig. 9 Axial changes of bubbly flow in sea water
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