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Optimum design of measuring sensor for circumference
liquid film in gas-liquid annular flow
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Abstract; By taking the circumference liquid films of cross-sectional pipe in gas-liquid two-phase annu-
lar flow for measuring objectives, a novel visual sensor with virtual two-visual angles was designed
and optimized by combining a single high-speed camera and planar reflectors. Based on the virtual bin-
ocular stereo vision principle, a measurement model for visual sensor with two-visual angles was es-
tablished. To maximize the effective measurement angle and to obtain much liquid film flow informa-
tions, the model of the virtual double-view vision sensor was analyzed and its structure parameters
were optimized by considering the field of view, sensor size, measuring distance and the optical path
refraction of the pipe. The theory analyzing and experimental results indicate that the optimized sen-
sor can get a view field closed to 300° effective circumference visual angle, which is far better than that
using a single high-speed camera to capture directly. It provides a theoretical basis for the real-time
measurement of the gas-liquid two-phase annular flow circumference liquid films through the double-

view vision sensor, and has great significance to study the film thickness and analyze the flow state of
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the annular flow.
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Fig.1 Measure model of double-view vision sensor

e g g D AL A S S B B A
SEAR DL WL 0 X 15 T A 5K A1 5 0 O JE UL B AR BL
-5 A SR T A e A s he AT RCL S RN T
S S5 B 21 B R T RS 5 AR N A RO 3 B TR 5 TR
T 23 0y I A T B4 T e T 5 0 O 7 A M 0L 8
AL RE LI 21 64 A7 S8 3 #8504
M X 5 0 D K F0L 48 MR L X 4 N 4 1 1) 4
KA
2.2 BEBBGIABIN

FT L1 AT AR S AR i B AR LAY 37 5K
120 23, PN A HE SO0 B AR LA 37 5K S0 Oy B, HE UL 4%
BHLE0 R O B K 405 AR BIL A 1w Y 1 ) 4
JEFRANIE] 2 fros . B RO A AR L Lo A
18 500 i [ RISAR PL A TARBR RS, & i 4
SRS BN AE 3 19 AL 3% 5K AR JE LA 56 FR T
LML E X ABET 6, KT
YE XA 0 EEE R RN (D R

. d_R
sin > =1 @)

MDA MEFE R R —E WS T,
FUEE XM O B BE B L P Bl L A% 38 K i
W A D TS AR SRR P oA S T T
6°~12°ZH, 5% LZmiR/ N, a] LLEMEES T
ERE S LK,

2.3 RSN SH
Xof A TR TE AT B AR 3 BT URR ) A% [ 25 A5 7Y

P2 B s (S AL A A

Fig. 2 Measurement visual angle analysis of one-si-

ded virtual camera
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Fig. 3 Schematic of sensor with smallest blind angle
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Fig. 4 Optical path schematic of mirror group
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Fig. 7 Circular target image captured by optimized sensor
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Fig. 8 Circumferential liquid film image based on LIF
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