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Influence of upstream elbow pipe on accuracy of ultrasonic
flowmeter and design of rectification
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Abstract: Aiming at the influence of upstream elbow pipe flow field changes on the measurement accuracy of ultrasonic flowmeter, CFD
is used to numerical simulate the flow field inside the measuring pipe, and a rectifier is designed to improve the obvious secondary flow
and eddy current caused by the bend, so as to reduce the measurement error of ultrasonic flowmeter. The research object is DN15
ultrasonic liquid flowmeter based on time difference method. The flow range is in the range of 0. 1~ 1.5 m*/h. and the distance between
the upstream elbow and the flowmeter is 2 ~ 20D. Compared with the measurement errors of ultrasonic flowmeter before and after
installing the rectifier, The experimental results verify that the flowmeter has a greater measurement error with the shorter the straight
pipe segment when the flowmeter is not rectified. The installed rectifier can improve the speed distribution of the flow field in the
pipeline, shorten the length of the straight pipe section to 10D, improve the ultrasonic flowmeter measurement error to meet within
+ 1.5%, verify the correctness of the numerical simulation, and have certain guiding significance for the practical application of the
project.
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Fig. 1 Schematic diagram of flow velocity measurement

by time difference method
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Geometric model of DN15 ultrasonic flowmeter
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Fig.3 Calculation model of flow field in elbow
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Table 1 Flow error of elbow without rectifier

iR 2D 4D 8D 10D 20D
/(m*-hy /% /% /% /% /%
0.10 17. 68 -13.5 -5.92 -4.45 0.55
0.15 -17.53 -14.39  -6.54 -4.97  -0.25
.00  -18.97 -15.99  -8.84 -7.06  -2.89
1.50  -18.76 -16.37  -9.01 -7.61  -3.23
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Fig.7 Relative error of elbow flow measurement
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Fig. 8 Geometric model of cellular rectifier
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Table 2 Flow error of rectifier installed in elbow

Wi 2D 4D 8D 10D 20D
/(m*hhy /% /% /% /% /%
0.10 -5.92 -1.51 0.55 1.14 -1.22
0.15 -6. 54 -2.61  -0.65 -0.25 0. 14
1.00 -5.75 -3.84  -2.77 -1.99 -1.69
1.50 -5.86 -3.95  -2.92 -2.24 -1.96
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Fig. 9 Comparison of flow error before and after the

installation of rectifiers in elbows
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Fig. 11  Cellular Rectifier Pressure Loss-Flow Curve
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Table 4 Instantaneous flow error of rectifier

installed in elbow
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Fig. 13 Experimental platform
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Table 3 Instantaneous flow error of elbow without rectifier

installation of rectifiers in elbows

WP 15 BRI SR, R R AR R LA B

3 -
iR 20 ") 8D 10D 20D ? [ —
J(m*hhy /% /% /% /% /% ol \/‘\'
0. 10 -16.67  -12.33 -5.40 -4.20 -1.33 =0 |
80 —LSBBRERA RS
0.15 -17.40  -12.59  -5.89  -4.57  -0.80 sy AR B SUBE SHDN C 325(10D)
B — o IR B A A X o (B 2(101)
1.00 -17.71  -14.94  -8.04  -6.64 -1.03 L
1.50 -18.20 -15.79  -8.49  -7.02  -1.27 “6r
-7
R @ 03 Y
ﬁn[g] 14 ﬁ%ﬁ%%bu%%?ﬁ%ﬁﬁﬁ%ﬁq‘%ﬁii%ﬁ ﬁ%/(ln?_hﬂ)\
XL, ]8R Ly 2 2D 4D F1 8D, 7] R4 34 it 25 o R I )
22 1 PR LR TR AR/ 6% AL 14 SR IE K15 SRR AHR 100 il BT
B L, N I R AR 1 2 AR Fig. 15 Comparison of 10D flow error before and

after installing rectifier in elbow

BRAUA Hh AR 22 T FE A 22 0L



108 % # £ ¥ 438
WFFE[T]. AL TR, 2015, 32(2): 175-179.
4 z:lg i/l:\. WU CH H, BAO M. Analysis and correction of bending

ARSONE Ui AS A5 X R P U U A B N O b
FIEE AT AT, 15 1 90° 25 48 2% Xof i 7 Ik o 2 110+
PR M TR T I 22 B A% B U A 3 N T
BBEE A A, SEE AR R AR AE LA R
SETTRE A A B B R R B, I 1R 25 A
W/, 2D B 18% 247 I /INE] 20D By 3. 5% LA,
TNAE BT ARG AE 7% LAF 38 ok S 56 52 I 45 s 5500F , A1
b A I 3T g 00 05 2 3 LR /N 6% o 2 A R
i T A R AR A T A AR S B o 1R 25 1 R
AT/ NI B B TS B 21 10D, IF ks T i it

B 254 T
52 3Lk
(1] FFuge, FEATL. m O i i o i T A B )

(2]

(3]

[4]

(5]

[6]

R 22 43 A [ 1] {04 AL 3 5 4, 2009, 30 (12)
2612-2618.

WANG X F, TANG ZH AN. Pipeline model simulation
and error analysis of ultrasonic gas flowmeter [ J ].
Chinese Journal of Scientific Instrument, 2009,30( 12) ;
2612-2618.

R, T, ko, 4 R AR
HIRZEMFH N[ C]. AL T =, 2015,36 (B4 1)) .
304-308.

YANG ZH CH, WANG Q P, ZHANG K, et al.
Influence of elbow on measurement error of thermal gas
flowmeter [ C]. Chinese Journal of Scientific Instrument,
2015 ,36( Supplement ) :304-308.

PIECHOTA P, SYNOWIEC P, ANDRUSZKIEWICZ A,

et al. Selection of the relevant turbulence model in a CFD

simulation of a flow disturbed by hydraulic elbow
Comparative analysis of the simulation with measurements
results obtained by the ultrasonic flowmeter[ J . Journal of
Thermal Science,2018,27(5) :413-420.

YEH T T,ESPINA P I. Special ultrasonic flowmeters for
in-situdiagnosis of swirl and cross flow [ C]. Proceedings
of Asme Fedsm 2001, New Orleans, Louisiana, 2011
110-112.

HLGENSTOCK A, ERNST R. Analysis of insta llation
effects by means of computa tional fluid dynam ics [J].
Flow Measurement and Instrmentation, 1996, 7 (3-4) .
161-171.

A O O BT A R 22 0 BB IE

(7]

[8]

(9]

[10]

[(11]

[12]

[13]

error of ultrasonic flowmeter [ J ]. Mechanical and
Electrical Engineering, 2015, 32(2); 175-179.

ARAK, £, w48 BE T CFD Il i <UA i =
T X NSRS [ 1], o E K, 2021,
47(10) :114-122.

SHAO X, WANG T, GAO L B, et al. Optimization of
flow field detection in the transition zone of ultrasonic gas
flowmeter based on CFD[ J]. China Test,2021,47(10) :
114-122.

TREe, Bk, FEA, S R UEE A Tl oK i
R R AR [ )] MR R B TR A AR,
2018,23(6) :18-23.

SUB H, LYU W, QI G L, et al. Influence of upstream
elbow on the accuracy of industrial boiler water flow
measurement [ J ]. Harbin University of Science and
Technology,2018,23(6) :18-23.

WRZL. b 3t 25 45 X0 B 75 O O ik 11 00 4k 43 22 1 5%
WD UM P E B, 2014,

CHEN H. Influence of upstream elbow on measurement
error of ultrasonic flowmeter [ D ]. Hangzhou: China
Institute of Metrology,2014.

iy BRI B R e /K = R R B  18
WL D]. M MR, 2007.

HE ZH N. Three-dimensional numerical simulation and
experimental research on bell-shaped inlet channel of
large pumping station [ D ]. Yangzhou: Yangzhou
University,2007.

FERAE, B 2 AR T S
HJ] AR R 22 24 (AR BH SR L, 2006 (4)
39-41,55.

LI'Y ZH, LI CH X. Modeling and simulation of multi-
channel ultrasonic gas flowmeter[ J]. Journal of Huazhong
University of Science and Technology ( Natural Science
Edition) ,2006(4) :39-41,55.

flfEer X6, BRI 8, . S ER AR RIS E
Bt 2 i 15 BRI [0 ], AR AR = 4l 2011,
32(1):6-12.

HE C F, LIU F, ZHANG L X, et al. Study on the
ultrasonic  flowmeter

adaptability of multi-channel

installation in elbow section [ J]. Chinese Journal of
Scientific Instrument,2011,32(1) :6-12.

HRAAT O, MR B, S AU IR R TR TR R



o555 M 1k

A bW X AR B TR R S R B 109

[14]

[15]

[16]

(17]

(18]

PRES LA BT [ )] a0 A 41, 2022, 43 (1) ¢
46-53.

SHAO J C, YAN W W, LIN J D, et al. Optimal design
of the structure of the rear guide fluid of the gas turbine
flowmeter [ J]. Chinese Journal of Scientific Instrument
2022,43(1) ;46-53.

Pl g, REFIS GEARAAFE[M]. L. HU T
H AL, 2010.

FEI Y T. Error theory and data processing] M ]. Beijing:
Machinery Industry Press, 2010.

BRI RS R R AR [ M ] et Bl
ATl H AL, 2002.

LIANG G W, CAI W CH. Flow measurement technology
and instrument [ M]. Beijing: Machinery Industry Press,
2002.

TR 20k, B 4F. BE T FLUENT R i #A5
SO T L SR S [T ], B AL
2012(4) :121-122,66.

XU J Y, LI B, SHI H, et al. Simulation and
experimental study of thermal mass flowmeter based on
FLUENT technology [ J J.
Communication, 2012(4) :121-122,66.

WV, 52 A T AU S IR N R AR T T
(D], BUM WL R, 2018.

YAO P. Measurement accuracy improvement method of

Science and Technology

gas ultrasonic flowmeter under complex flow field [ D].
Hangzhou: Zhejiang University, 2018.

WREZL, SZevu ], T I 7 st i e i A it Je 4
HELJ]. AL, 2018,39(7) :91-93,102.

CHEN H, NIE X L., DING Y M. Design and verification
[J].
Instrumentation, 2018,39(7) :91-93,102.

of ultrasonic flowmeter rectifier Automation

fEEE N

PR3, 2019 4 TLRLCT AR AL T A2
FREARAR A, B R R R Y
Az FEERIESE T ) 2 R A i
DN IR 0 R REA 2%
E-mail ; ys479433087@ 163. com

Yao Shuang received a B.Sc. degree from the College of
Mechanical and Electrical Engineering, Anhui Polytechnic
University in 2019, He is currently a master student at China
Jiliang University. His main research interests are ultrasonic
technology, fluid flow measurement technology, internet of things
and intelligent instrument.

TEARAB, 2012 4F T g R E A 57
@ ,2015 45T o [ T R 2P R A 2 o,
Ay ] g R T AT BRSEAE 20 /) TR, 32
BT D5 1) A B
E-mail ; cchhddxx@ 163. com

\
ik

Cheng Dongxu

received a B.Sc. degree from Henan
University in 2012 and a M. Sc. degree from China University of
Metrology in 2015. He is now an engineer of China Tobacco

Henan Industry Co. , Ltd. His main research direction is tobacco

metrology.
SEL G5 VEH ) , 2007 AR TR #T 1L K 2%
e iR A Ry 1 ==X VA S ) S A L B e
o MR HOREES R,
E-mail ; zkzb3026@ yahoo. com
‘\; / Zhang Kai ( Corresponding author )

received a Ph. D. in fluid mechanics from Zhejiang University in
2007. His main research directions are flow measurement device

development, microfluidic chips, and the internet of things.



