598 Holl R (A SRR A5 T REROR R Vol. 59 No. 6
2026 4 6 H Journal of Tianjin University (Science and Technology) Jun. 2026

DOI:10.11784/tdxbz202505012

EYE R RR P RRELR AR

KEw D, BRE N, RES ", D4, B R
(1. KR TR, Kt 3003505 2. RHEREHIVIHIFEBE, TH 3152015
3. AL TR IR A TR CRIRE) . KT 300350)

B MEIRFAENTEXBRABOLE, TRAKERDFMA S22 X2 FHHMARLRMARLERS
EREMA LM, AHNBIEZINDF TR E. BRARRINFTHRMEAEL ERAK, HLFSHERB
M. KRR SRIBEHEETRAEN DRIV HRRAN L%, BT HRBEHHIARRE, &4 16 MNEEN
155 5 5 #F MR, FRIX 0.977 ~250.000 Hz 377 A B 45 4L %E.’ﬁ‘é}riﬂ“ﬁﬁérbi@ 1483 WE=ZAHE R, ~AH
TR SRR MBALS AR 4 XRA. DTSN EN. TRAZMRET L 45%, 2 REEAG
8 REMIMATEF, WA FHMALTETT DS 2 D7 RE, MBRAKAEAHMLE S A AA B4 Noghrehkar
MEF R E R BCEAL BAE R R A R, 2% Hibiki-Takashi A IEE T o S0 RB 5. SR EBH-E N Dk 5
F ik FIARR DRI R EEAK, AL LE RBAAIIIEA R T SAFE S A

KA BUAHTR; WIS, AR

FESES: TKIT72 XEAPRERED: A XEHS: 0493-2137(2026) 06-0615-10

=

>

Flow Regime Identification in Two-Phase Flow Through
Staggered Tube Bundles

Zhu Guorui”>?, Han Peize"?, Chen Zhenggiao"?, Ma Penghui"?, Tan Wei"?
(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China;
2. Zhejiang Institute of Tianjin University, Ningbo 315201, China;
3. State Key Laboratory of Chemical Engineering and Low-Carbon Technology, Tianjin University, Tianjin 300350, China)

Abstract: With the development of high-efficiency compact shell-and-tube heat exchangers, flow-induced vibration
in tube bundles has attracted increasing attention. The external two-phase flow exhibits significant spatiotemporal evo-
lution due to differences in gas-liquid phase properties and the structural complexity of the tube bundle. Traditional
flow regime identification methods relying on void fraction and pressure drop parameters suffer from dynamic re-
sponse hysteresis. To address this, this study proposes a synergistic identification system that combines high-speed
photography with wavelet analysis of circumferential pressure signals. The system captures flow regime transitions
through high-speed photography while performing multiresolution wavelet decomposition on 16 measurement-point
pressure signals to extract energy characteristics in the 0.977—250.000 Hz frequency band. Experimental investiga-
tions on an equilateral triangular tube bundle (pitch-to-diameter ratio: 1.483)identified four distinct flow regimes:

bubbly flow, dispersed bubbly flow, churn flow, and intermittent flow. Wavelet energy analysis revealed a 45%
high-frequency energy dominance in bubbly flow, A8-scale low-frequency energy predominance in dispersed bubbly
flow, mid-frequency energy concentration in D8 and D7 scales for churn flow, and distinct low-frequency periodic-
ity in intermittent flow. The novel flow regime map demonstrated higher accuracy in identifying transition boundaries

than Noghrehkar’s probability density function method and extended the dispersed bubbly flow boundaries beyond
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those of the Hibiki-Takashi model. The integrated high-speed photography and pressure wavelet analysis method re-

duced errors in determining flow regime boundaries, establishing a high-precision experimental foundation for inves-

tigating two-phase flow mechanisms in complex tube bundles.
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