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Simulation analysis of flow-acoustic coupling characteristics of
large diameter ultrasonic flowmeter

Li Kunpeng' Xu Ya' Xie Dailiang' Xu Zhipeng' Cao Songxiao' Hu Heming’
(1. Key Laboratory of Flow Measurement Technology of Zhejiang Province, China Jiliang University, Hangzhou 310018, China;

2. National Institute of Metrology, Beijing 100029, China)

Abstract: The study of flow-acoustic coupling mechanism is crucial to the development of large diameter ultrasonic flowmeters applied in
industrial piping systems. An ultrasonic flowmeter with an inner diameter of 500 mm is simulated, mainly focusing on the coupling
mechanism between the flow field and acoustic field. The distribution characteristics of flow field in the ultrasonic flowmeter are
analyzed. The effects on the flow field and acoustic field caused by the installing structure of transducers are revealed. The acoustic
characteristic and the acoustic pressure distribution on the transducer receiver end face are shown. The flow velocity and the system
deviation of the ultrasonic flowmeter are calculated by the difference in travel times between the downstream and the upstream
propagations. The in-depth study of complex flow-acoustic coupling mechanism has significant meanings for the improvement of
measurement performance of the ultrasonic flowmeter.

Keywords :large diameter pipe; ultrasonic flowmeter; flow-acoustic coupling mechanism; simulation

TR A8 B T8 3 FRL 0 52 o 0 B2 JlC 1 4
RSN , -5 JHOAR G A0 ek ) Uk R fi R
P P A L I T R R A R R HE O

0 35

il

TEIR 4 A AL L BE R A5 T 5T A K ) B i B T A
o, TR AR R AR Tl A 140, 75 i
B T T AR T i R B R S A5 PR
S e AR 1A DN S A V) O AR B T A 7 1Y IE R s
VLR RO W Pt 2R g, SR, Rl 2R A
AR T A T A A 0 v, A2 B AR T 4 4 RS S B 4
PRREINZR A 2R, FCAE I N AR MEE )RS E 35 2 I I 0

ki H . 2020-01-03  Received Date: 2020-01-03
w FEA I H | B K S & TR (2018 YFFO216001 ) %3 B35t H

TSRS R AF L, AN TR BORE BE L 5 3 SRR R 1 3
M, E DR 0 R AN B2 A T A ) B, of i 22
RIS ORI T R B RUK A5 T SO i 4 3 3l
SRR AP T R A A e — e e )
A YA R 14 P2 47 I 1) 220 3R A ) O B Kl . PR
b AR I A A R R M B A I R L K
T S 25 22 B (4 52 W) R 0l 7 3 R 3 =22 8] 1 A2



57 3

R4 A P e B T P A O - P R R 7 B -9 -

ZR AV FH 2 WK b 52 i 8 7 30 3 e 00 o 1) PR
I X P O e B M BT R 3 SRR A AL
PRI SR T DU oG FE 4 T EA ORI

U2 DL 22 g Sk FE A 38 A A T R T
I TSRS S RS RN B AR S8, W Rl
T 238 i o AR S g g . BSOS g4
TR R AR R X SR A s, IF 21T AR
N RBUBIE S AIE TS B B . Zheng %) i f154
TR )27 D TSR T AN R4 e 25 40 26 Ty X0 79 D8 0
THPIER I 3 B A B A R IR, Raisutis'® X 45 3k 25 i
PR TR R T T SE BRI g . XUARHE ST B 9T T R
BB X P K AR R B S 15 B R R S
5 K BB bR 22 2 S 5, T e @ it 4y
HY5SAME G T m AR 25, il PR e R4k
ARLRARI R R 22, B X — DN70 1148 A48 75 %
HELTFIEAT T AR GO B AR B T RS P
TR AR, ARA A EERT—3K DNSO AR A R
WA TFEAT T M S LA IR T AR
PR AL 1] 2, Zheng S5 ) FHJLAA] 75 24 5 2236 5
PSR RAE SIS TSR S AR R S A&, Hiw
R SRR DMBE %, Bexdek % P S4B K S
ZEE AR AREE G, N B 7S I T A B
LI IGIE A R, Sun S5 R T —Fhgi G HIT
SR T2 RS 2E B I 7 I IR AT T e e g B i
P I T T 2 S T PR AR A T o R s RE RS e,
A 2 AT T I T B O R R TR B, 25 A R
AT EES ST Gauss Jaccobi 77 R A1 OWICS 7 RAUH
B S AR R, TEARSE S AR A R R S A
PR APOUE A S FRAE A A R) AT, 45 1R — ] A A i A
W AAF 5 A BRI 15, VG 38 3 AR T I8 SR A5 A% 4 1sf 6] 75 LA
BRI AR

MRS IR T 40, 1737 5 75 45 B9 i 5 % 7
T A RE S A B SR, H RTINS R 2 4R
PR TR I SO R e A A
KO- S S LR I3 Rl e 2 4% 1 an
DN500 P b (R AR A4S T8 75 £ 00 £ 1 P R 5 ) R
BT, BRI, AR SCE XK AR 48 T8 8 7 i 3t B 0 i
B S S i R A AR T T WF5T, EE S 168 7 I
T =2 P AR IRER T A E N IR S o A
PLRGE PR B R A ARG AR

1 tEER
T R BRSO 1 A 3 3 7 g

SrPERY A SCR A FROCE A COMSOL Multiphysics 52
U7 R S R AT AR A IET 1 R BT R A Y

THRRAY Ay 45 RE A 5k 1) A 5 1 K A8 75 i B, 4
T PR R K T AN 500 mm, K JE R 2 000 mm,
e AR EAR A 40 mm , L AERR DL 45075 18 F 0 A 1645
TEPII, i RS AR5 T T 2 A s 2o R e i b it
1T RGP AR BE | 75 7 DA% 11 R TT A TR/ IN U AR 40 75 10 D
KRN — 5 Fe 0 5, LA 14 75 3 0 7 37 54 ) k4
JE S BRI AR e FORS B JE EEK

0.1
0.2

RN

K1 AR MR R R

Fig. 1 Calculation model and grid diagram
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Fig. 3  Comparison of radial velocity distribution of

straight pipe section before measurement
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Fig. 5 Transient propagation of sound waves
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Fig. 6 The sound pressure distribution of the probe in the

middle and last stages of downstream propagation
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