%58 A2 (e T Es it Vol. 58 No. 2
2007 2 2 H Journal of Chemical Industry and Engineering (China) February 2007

manx SHFRREE N B R NES
H S RS 5 i AR

LTE, HWRT, THEK
(R K2R S H b TRF%BE, K 300072)

FEE . A5 B3 5 50 B vk 0 A B0 T AR O DU i S A5 S T, IR IR T OGBS BN A S G T R ) [R) AE
TEUCHAN 1 FF S LT REFIN 80 AU WP MI 22 R sh & I sl 55, $E BT B AR AT 5 5 1 T, K o5,
Gttt . MEAHERMHEE/NT 0.02 m« s B, A SOM UL H BTN IR 3L BE AL AT A5 19 38 2l 4 A 2 5 m R
Hah Iy R AR AT B 2% MAMBEWEE KT 0.02 m« s ', FEFR DR G B2 A 2, BEE
AL B R K, R I Ak 14 Bh 7 2 R R A A A A B AR R B R R R A R, BN
FARR R BE S0 . WRR A S Sy A R A A A2 . BRI AR R WY, B RUOR AT v Ty, K o GET TS
A5 I FRAE IR T A AL L B 1 BB AR R 25 X S G T B R A A I 8 S B0 Ak A B T R A B A
TR AH I 0 8 3 2

KW WP WRRAE: 50 F S0 B o 56 o BT

FES%ES: TE 312 SHKFRIRAG: A MEHE: 0438—1157 (2007) 02—0327—08

Symbolic sequence statistical analysis of differential pressure
measurement fluctuating signal of gas/liquid two-phase flow

JIN Ningde, MIAO Lingyu, LI Weibo
(School of Electrical Engineering & Automation, Tianjin University, Tianjin 300072, China)

Abstract: The symbolic sequence statistical analysis method was applied to analyze two-phase flow
measurement fluctuating signals and the key parameters affecting the symbolic statistical quantities were
discussed. Based on the above study, eighty groups of differential pressure fluctuating signals of gas/liquid
two-phase flow in vertical upward pipes were gathered and the statistical quantities of time irreversebility
Ty, and chi-square statistics X?b were extracted. When the gas superficial velocity was less than 0.02 m
s ', the randomly variable motion features of bubble flow became stronger and the dynamic characteristics
became relatively more complex with increasing gas superficial velocity. When gas superficial velocity
exceeded 0.02 m « s ', with increasing gas superficial velocity the flow pattern changed from bubble flow
to slug flow and the dynamic characteristics became relatively simple, while with further increasing gas
superficial velocity the flow pattern changed from slug flow to churn flow and the dynamic characteristics
became more complex. This study showed that time irreversibility Ty and chi-square statistics be were
sensitive statistical quantities characterizing gas/liquid two-phase flow pattern and the dynamic
characteristics of gas/liquid two-phase flow pattern could be better understood by observing the change of

these two statistical quantities with changing two-phase flow parameters.
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Fig. 1 Oil/gas/water three-phase flow loop and

measurement section of differential pressure sensor
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Fig. 2 Differential pressure signals of five typical

gas/liquid two-phase flow patterns
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