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Fig. 1.1 The position of the present work
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bRRENKERDIEHEEZHND,

%4%@5%11 EHE FHRRBEEOREREME) OB E

EE EARRBEEOE S MR ZHEIIBBEBRELOKREIIILEERELERE

THILIRHICEHLOA, TRETELNTWAERNT — 2551t it TREL RS

HH M OFEZICONWTOMBITIZEAE BTV, ERITIREET FFER

xRl TE#HFMEBICEIRBEESB IR EEORZEFHBES KL LFD

WEVRIEL ., BRMBEEOR e ZHEICETIHLVA RE2BLLLBIC, SEITOE

MERDEEERT —H BT DR BHEUT, BT, MR F i ks L e

Wi AT = X LORERICE T2 BATRBEE S D28k IO EL Ik o0 @18 4t % Bh & IR Bt

R LEELZ, BONTRERIIUT oL EEDHNS,

(1) LFD Z AW TAEAD IR & SIS T 28R R IR D Kt % 8 7 M OB $ S IEY
EAREICHIEL . IR 5 M R Z AR L BRS8NI T 23R T —F X —
AEBETHLEBITHRZOH LV AR EET,

(2) WIEESI3B) E BB OEIMIZ VB 35, Zhud, B FmENBRAEOHIC
THTIIRBEE py 2/NE2D, > TRIBOHEM FENKELRD1ZDTHD, K
RO ThbbREREILRBOREIIRERAM D LEELBERIHDD, &
NODRERND, BEEMEZER CERVEEFEROBRKCIIEEREZEST
DILIFEL WOV ZENTE 2D, ERBREREIIMBFMET LIRS B0 H
Ba R L22H0, By EEBEOHEMIZE > TREBIZEBA L OV ER DIz, B
HOENOEAD BT REBICHFEL TREESOESBEL CWHAEERDH D
CEEE MR DT R R DR LT,

(4) BEBE OBBESEE IR KBREREIORERLRRIC, B EEVRERLZ230 8 £ H
DEMZE>TRAL, @ mO—EFROFR THON - ERAELIT R4
W R RERERoT, TBELIE B EEAE OFRIIIRIFRAANZ IS T2 O Bk St &
EOERK - HRAN =X b5 EZEBTILENDD,

S) B/NMRERILIZFEARBEBEOEXICHY L, AARBRENLZ BB T RERK
R FABEEL LRBBBREIOEMIIGE L T—EDMEE R THEMICHY., BiEE
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B SR BEOEEIID KRR EDORENRKEN THD,
6) Z/NBREESEZTFRATI2ERBEXL2E, ORI AEZEREAEB BV TE
5%LINOREE CR/NRIEE SR PRI T3,

1. 3 &F

Nomenclature
A wave amplitude (m)
a dimensionless wave velocity [Cw/Ud] )
a; interfacial area concentration (m™)
Cw pipe velocity (m/s)
D tube diameter (m)
d distance between laser head and window

fraction of liquid flux flowing as droplet )
Eq4 area fraction of liquid entrained in the gas core based on liquid area  (-)
Eo E6tvos number  [gD*Ap/o] )
Fr Froude number [j/(gD)"] )
/o frequency of disturbance wave (1/s)
Semin frequency of bottom point of interfacial wave in buffer layer (1/s)
fw wave frequency (1/s)
g acceleration of gravity (m/s?)
h wave height (m)
h average wave height (m)
J mixture volumetric flux (m/s)
Jt superficial gas velocity (m/s)
Je superficial liquid velocity (m/s)
K kurutosis )
Kr physical properties group [P’ V'glo] )
L entry length (m)
Le distance necessary to reach an equilibrium condition (m)
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N refractive index

New dimensionless wave velocity [C,/( ng)m]
N dimensionless entry length  [L(g/ vz)”3 ]

Nsmax  dimensionless maximum film thickness [ Omax(g/ 1])” 3 ]

Nw dimensionless wave frequency  [fw(V/g 2)" 3 ]
Nz dimensionless wave separation  [A(g/ VZ)U 3]
p pressure

R pipe radius

r radial coordinate

Re Reynolds number

Sr Strouhal number  [fpD/j,]
t time

Uo average liquid velocity [ /7 —5—]

u' friction velocity
; mean transport drift velocity
We Weber number

distance from wall, focal point

dimensionless distance from wall  [y(zw/9)' /v

Z distance between the beam spots
Greek Symbols
o gas void fraction

eore fraction of area occupied by annular core

a4 droplet fraction in the gas core alone

r volumetric ﬂow‘ rate per unit wetted perimeter
o film thickness

5 average film thickness

5 dimensionless film thickness [& "/ v]

S dimensionless film thickness [ (g/v/)"? ]
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angle of the incident laser beam to the optical axis (deg.)

wave separation (m)
v kinematic viscosity of liquid (m*/s)
0 density (kg/m3)
o surface tension : (N/m)
T interfacial shear stress (N/m?)
5 dimensionless interfacial shear stress [ 7i(g/ v/ pig] )
w wall shear stress (N/m?)
(4 standard deviation (mm)
w phase angle (deg.)
Subscripts
AFW air, fluid, wall
f g liquid phase or film, gas phase
max, min maximum, minimum
r, m real, measured
XY, Z tangential direction, diametric direction, tube axis direction

Mathematical symbol

<> cross-sectional area averaging quantity
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