58 M R (A SRR A5 T REROR R Vol. 58 No.7
202547 H Journal of Tianjin University (Science and Technology) Jul. 2025

DOI:10.11784/tdxbz202407013

E T E G ENE EF I RE NS KA HERRE IR 5

o E L HEWAE N keEsL mTEL B OBS°
(1. REAFERS A SEE TR, R 300072; 2. KEHT LRI 530 A 50, KHE 300072;
3. REEBERRINYE E ARG RA R, K 300384)

W OB ARAMAINL, BAGESHAE, FEARKATIHONETREGELRRAE. HBERZFME, AR
BT AR RA T &, RARKRAZIHIARREEAGAE. 43F DNI0 £, 4 0~1000kgh ¢9HKIAE
i, ERMFZTAT 200~900kgh, ABREEE 0~30%0 HmABA AT EE. ArFE0ILE, ASERIE
M, R 1s RAF@ESAERR B, St T BGIOERTRF AR, NENEAISIESE. AR RE
HFBE ., UATRELE, REXASEMEF Tamura SRS, A BRI F4RIAFAE. ¥ S A B4R SF /a0
AAER, A AHES) B, SAFARA AT AR LA, AR R WA AR L, AR h KAERTITIC M AR SO SR SN,
AT SRR, EREY, EHFFEREENAHTIAS 95% A Lag R E, RAEMFA 99%, 5HREMA
. BBV ZRL . LFGENFELFENTkp, SEARPAGERERA TR FELERFAZTEA
B IE L 02K, BBIE T AR G2t . E T RAL R R E — R 2R b, AR E NG AR R AT EH
RH, ARARR PAARGAREERITON, 2B TH—FREN TR, ARRAMANE NG RAETIHEE
BT A AR IRAURYE, A Tit—F it FHiR 24 EHE.

KR RPIAHGIN A WALRG); BIR2E; KERHCIZ (LSTM) 5 HFRIEFZHEL

FESES: 0359.1 MHEPREE: A XERE . 0493-2137(2025) 07-0683-10

Identification of Gas-Liquid Two-Phase Flow Patterns Based on
Image Processing and Time Series Models

2

Sun Lijun"?, Hu Yulong"?, Zhang Jiawei"?, Yang Zihan"?, Yang Duo’

(1. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China;
2. Tianjin Key Laboratory of Process Measurement and Control, Tianjin 300072, China;
3. Tianjin Flowrate Measurement and Control Technology Co., Ltd., Tianjin 300384, China)

Abstract: Under gas-liquid two-phase flow conditions, varying flow patterns considerably hinder the correction of
measurement errors in Coriolis mass flowmeters (CMF). To address this issue, this study proposed a flow pattern
recognition method to identify the flow patterns in the horizontal inlet pipe of a CMF. Experiments were conducted
using a CMF with a DN10 pipe diameter and a flow range of 0—1 000 kg/h. This study focused on two-phase flow
scenarios with liquid phase mass flow rates ranging from 200 to 900 kg/h and gas volume fractions ranging from 0 to
30%. At selected operating points, high-definition cameras captured flow pattern images at 1 s intervals. These im-
ages were processed using a sliding window approach to construct a time series dataset. Various image feature extrac-
tion methods were used to extract features, including grayscale histograms, geometric invariant moments, gray-
level co-occurrence matrices, and Tamura texture features. These features from these different extraction methods
were combined and refined using permutation importance, enabling the creation of a filtered dataset. This dataset then

served as input for a long short-term memory network designed to recognize flow patterns. The results show that this
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method achieves an accuracy of over 95% within a short number of iterations, eventually reaching 99% accuracy.

Compared with conventional identification algorithms, such as random forests, convolutional neural networks, and

support vector machines, this method demonstrates superior accuracy in identifying flow patterns. Generalized testing

with a separate flow rate dataset confirmed the generalizability and ability of the model to accurately recognize multi-

ple flow patterns within a certain flow rate range. Misclassified flow rate points were analyzed to explore potential

areas of improvement in flow regime identification, paving the way for future refinements. This method provides a

strong foundation for improving flow pattern identification, ultimately contributing to effective error correction in

CMFs under gas-liquid two-phase flow conditions, which is beneficial for further improving the accuracy of error

correction.

Keywords: gas-liquid two-phase flow measurement; flow pattern identification; image classification; long short-

term memory (LSTM) ; feature extraction
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pi=2PR (31)
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