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Measurement of Liquid Film Thickness in Micro Tube Annular Flow
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In the present study, annular liquid film thickness is measured using a confocal method. Glass tubes with
inner diameters of 0.3, 0.5 and 1.0 mm are used. Degassed water and FC40 are used as working fluids, and the total
mass flux is varied from G = 100 to 500 kg/m’s. Liquid film thickness is measured by laser confocal displacement
meter (LCDM), and the liquid-gas interface profile is observed by a high-speed camera. Mean liquid film thickness
is then plotted against quality for different flow rates and tube diameters. Mean thickness data is compared with the
smooth annular film model. Annular film model predictions overestimated the experimental values especially at
low quality. It is considered that this overestimation is attributed to the disturbances caused by the interface ripples.

Key Words : Annular flow, Micro tube, Liquid film thickness, Ripples in interface

1. B

N VERE 2R R R IR RS B~ DG E LT~ A 7 1
BRBBRAHEENTWS, v/ 7 25— LB Th
L E TR S E Tkl e 2 20, JURREEH)
IEREIES DO L ZT 5. BMREEITIRIE D & D 75758 & OV
M X VITbID T, A 7 mENBRTT Ik & i
(GENERE 2 b H IR /ST A — X — L 72 % Hanetal. (D %
L—Y - EE AT~ A 7 BN T 7RO IEE
SEMEL, WHESOMBREZRE L. Fv 7 UHEN
REL DL, MIBETHEEDOBENEETE RN L
MIE SN TS, Tibrica et al. @ j3~A 7 1 27— LR
VBRI S E T iR AR L, R S SRR ISV~ A
7 aEN AR IR ESERE L TV D EHRE LTV 5.
WEE S ICET A RIIINETHLATOIL TN DN,
~ A 7 B ENBRIRTEORIEE S 2B 5 HF7EFIER 5T
B, ERE S I2BT 5 ERA R M LI R, AR T,
~A 7 BENBRFEOWIRE S 2 L S0 X - THIE L,
FENEE N RIS S OB 2 EBRICH LN TIZ L %
Hig& 94 5.

2. EBFE

X 1SRRI EOME 2T, A L7 & ERES S S
DERETNENHEEREB LAY O T ey 70 T Px v
7 aryTCRAESYE, TA M Va VBRI ERASE
5. TARMNEY U a FEAD=03,051.0mm OH T A
AW, EERICET AT A M7 Vg v EEIZL/ID=300
THE— L7, HRIZIiIAk E FC40 2 HVi=, £ 1iIEnTh
DR DA Z R T.

Table 1 Properties of working fluids at 20 'C

Water FC40

p (kg/m®) 998 1860
U (1pa s) 1001 3674
o(mN/m) 888 3207
N 1.33 1.29
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Fig.3 Dimensionless thickness, G = 300 kg/mzs

0.08 Water FC40
® G=100kg/m’s O G=100kg/m’s
© B G=300kg/m’s O G=300kg/m’s
o A G=500kg/m’s A  G=500kg/m’s
0.06 °
s
B eO
%0 04 E oo .
. A E ® 0o
A @ e ° 5
[ ] L] e}
AA Om ®e,0
A A e, 0
AADE g ®e o0
0.02 Al - ®e.0
. A 5
AAp L) [1°8
A K A!AﬂA&m o
g
0 00 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
X

Fig.4 Dimensionless thickness, D = 0.5 mm
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Fig.1 Schematic of the experimental setup
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Fig. 2 Flow patterns for D=0.5mmand G = 300 kg/m’s:
(a) water, x = 0.15; (b) FC40, x = 0.15; (c) water, x = 0.44;

(d) FC40, x = 0.44; (e) water, x = 0.73; (f) FC40, x = 0.73;
(g) water, x = 0.94; (h) FC40, x = 0.94.
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Fig.5. Control volume of the annular film model
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Fig. 6. Comparison between model prediction and experimental
results, Water, D = 0.5 mm



