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Abstract: Experimental study of multi-path ultrasonic flowret measurement accuracy in complex flow fields easied
out in the water flowrate standard facility of Natal Water Large Flowrate Measurement Station. B¢ weuti-path ultrasonic
flowmeters with different path arrangement weralitd. The flow disturbances were created by beapkred pipe, diverging
pipe and butterfly valve. By studying the measunetnegrors of different types of ultrasonic flowmesteit is confirmed that
the cross plane ultrasonic flowmeter is more addptto the complex flow field. The installation da@f flowmeter affects
measurement accuracy. The sources of measurementvere analysed by CFD simulation.
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1. Introduction
With the increasing demand of large diameter wtav
measurement in turbine efficiency monitoring, lavgater
transfer project and industrial process controlltimath
ultrasonic flowmeters have been widely used. As a
velocity-type flowmeter, the ultrasonic flowmeter
measurement accuracy is impacted by the flow fields
inside the pipe. To ensure the accuracy of measnem
certain lengthes straight pipe upstream and doeastrof
the flowmeter installation position are requiredutB
sometimes due to on-site condition, this requirenozm
not be met. The flow disturbances caused by beperéd
pipe, diverging pipe and butterfly valve upstreah o
flowmeter affect the measurement accuracy. How to
choose the path arrangement, installation angle thad
distance from upstream disturbance are the crifabrs
for improving the flowmeter measurement accuracy.
Several authors have studied the installation effefc
single and dual diametric path ultrasonic flowmgter
Hojholt et a”! studied the impact of flow field disturbance
on single and dual path ultrasonic flowmeter. Thed$
showed that in order to obtain better measuremestlts,
40D upstream straight pipe is needed for an axially
disturbed flow, and 80D upstream straight pipeth is
not enough for a rotational flow. Heritage €t atudied
the effects of gate valve, single and double bestrgight-
sided reducer on downstream single and dual path
ultrasonic flowmeter measurement accuracy, which
showed single path ultrasonic flowmeter installésD1
downstream of the disturbance still had large eauble
bend had significant impact on both single and gash
flowmeter. Compared with single path flowmetersaldu
path flowmeters have smaller measuremt errors @ th
same flowfield. Hakansson et Phl observed that
measurement error associated with the meter iattail
angle.
Compared with single-path ultrasonic flowmeters,ltmu
path ultrasonic flowmeters can get richer flow dialata,

therefore the measurement accuracy has been greatly

improved*®.  National Engineering Laboratdty"
investigated the installation effects of double arigle
bends on diametric-path and multi-path ultrasonic
flowmeter. Studies show that in a complex flow diel
measurement accuracy is very sensitive to the path

arrangement, mid-radius multi-path ultrasonic floster
need shorter straight pipe length and have higher
measurement accuracy than single and dual dianpstic
ultrasonic flowmeter. IEC4¥) and PTC1B¥ point out
that, in order to obtain a lower measurement eBegrath
cross plane ultrasonic flowmeter need 10D upstream
length and 3D downstream length for normal distndea
and need more than 20D upstream straight pipe domp
disturbance, 4-path single plane flowmeter requiare
than 20D upstream straight pipe.

Although there are many research papers related to
ultrasonic flowmeter installation effect, previostudies

did not involve more than 8-path ultrasonic flowereand

the study aiming at installation effect of batyesfalve is
very limited. In this paper, measurement errorsnofti-
path ultrasonic flowmeter with different path agament
and installation angle downstream of bend, tapgipd,
diverging pipe and butterfly valve were obtained
experimentally. The sources of measurement errenge w
analyzed using Computational Fluid Dynamics(CFD)
method. The recommended path arrangement, ingallat
angle and upstream straight pipe length were obdain

2. Experimental Test Method

2.1 Test Facilities

The experiment was carried out in the water floandtaird
facility of Kaifeng national water large flowrate
measurement station. The uncertainty of this figcils
0.1% and it uses static volumetric method. The
experimental system is shown in Figure 1. A 20mhhig
tower is used to stabilize the pressure, while feamtrol
valves are used to adjust the flowrate. Part dfliless are
inside the building and the other part are outdddre
indoor test lines can directly calibrated using tatis
volumetric tank. The outdoor test lines use a magne
flowmeter and a 5-path ultrasonic flowmeter as gfen
standards. The experiment was conducted in DN18€0O t
line, which maximum flowrate can reach 3.5m/s. The
experiments of tapered pipe, diverging pipe andebfly
valve installation effect were conducted in thedodtest
line. Due to space limitation, experiment of bend
installation effect was carried out in the outdoest line,
while the electromagnetic flow meter was used as th
transfer standard, and the 5-path ultrasonic flotemeas
used for data verification. Before and after thpeziment,
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Fig. 1 Experimental setup
2.2 Test Meters
A DN1000 18-path wetted-transducer ultrasonic flaten
was used in this study. The flowmeter transducerewe
installed between the protrusion and recessedi@oghe
center points of transducers were located on the piall
cylinderf***® which can minimize the errors caused by
transducer protrusion or recess. The flowmeter patile
is 65°and the meter path arrangement is based ossGa
Jacobi integration. According to PTC18, the trawsdu
positions of 8-path ultrasonic flowmeter are thensaas
A2, B2, A4, B4, A6, B6, A8 and B8 transducer pasit
of 18-path ultrasonic flowmeter, therefore the ftate of
8-path ultrasonic flowmeter can be obtained bygraéng
the relative path velocity values. In addition,adrder to
reduce the impact of non axial velocity on the flate
measurement in the case of not increasing the nuofbe
path, some flowmeter manufacturers use staggered
arranged cross plane ultrasonic flowmeter. Theeetbe
flowrate measurement value of different path areangnt
flowmeters based on Gauss-Jacobi integration can be
obtained using the path velocity of 18-path ultraso
flowmeter. The measurement accuracy in disturbed fl
fields of these meters can be compared. The floemet
path arrangements in this paper are shown in Thble

2.3 Test Procedure

Before each set of installation effect experimeritg
ultrasonic flowmeter was test in long straight loadtion
pipeline as reference condition. The errors causgd
disturbed flow condition were calculated accorditty
formula (1). By subtracting the flowmeter errors in
reference state, flowmeter inherent errors werdueed.
Different path arrangement flowmeter subtractedoits
error in the reference state.

Error= Ermofig,, = EMOfyemece 1)

Install effect experiments include the followingrfs.

(1) Install effect of bend

(2) Install effect of tapered pipe

(3) Install effect of diverging pipe

(4) Install effect of butterfly valve (valve fullgpen, 45°
opening, 20° opening)

The experimental condition varied. The distancds/éen
the flowmeter and disturbance were 1D, 3D and Il
flow rate range was from 0.5m/s to 3.5m/s. In thecband
butterfly valve installation effect experimentsgtimeter
installation angles included 0° and 90°. When the
accoustic plane (consist of two crossed paths)afzat to

the plane of bend, the installation angle is Otrdbver,
when the accoustic plane perpendicular to the vsihadt,

the installation angle is 0°.
Tab. 1 Ultrasonic flowmeter path arrangement
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3. CED simulation method
The commercial computational fluid dynamics softsvar
Fluent was used to simulate the flow fields. Thewation
setup was speed inlet, pressure outlet, and novedilh
boundary conditions, while the upstream inlet vidjowas
assumed to be fully developed turbulent pipe fléviter
comparing and screening, Reynolds Stress Model was
finally adopted, which is considered suitable for
simulation of secondary flow in the pipeline. Thean
wall flow was handled using non-equilibrium wall
functions, the pressure interpolation used SecordetO
scheme, while the convective kinematics used QUICK
scheme. The average axial and transverse veloaifies
each path were obtained by linear interpolationjctvh
were used for installation effect error analysis.

4. Result and discussion

4.1 Installation effect

4.1.1 Installation effect of bend
(a) Axial flow

10D | y

(b) Transverse flow

3D downstream 10D downstream

1D downstream




Fig. 2 Downstream flow field of the bend
The axial velocity distribution is changed aftee tfiuid
flow through the bend, at the same time transviioseis
produced. The flow disturbance impacts the measemem
accuracy of ultrasonic flowmeter installed in the
downstream. The axial and transverse velocity iligion
can be obtained by the path velocities of crosseplaulti-
path ultrasonic flowmeter, as shown in Figure 2.tAs
downstream distance increase, the axial flow griidua
become fully developed velocity profile, at the satime
the transverse flow gradually reduce, so the s
flowmeter measurement error decreases, as shown in
Figure 3. When the distance reach 10D, the meagumem
errors of different path arrangement multi-pathragbnic
flowmeters are within £ 1.1%.
The Flowmeter accuracy is correlate to the meter
installation angle. When the flowmeter installatamgle is
0°, the transverse flow within the pipeline hasgéar
components in the accoustic planes. But when the
flowmeter is installed at an angle of 90 °, the castic
plane is perpendicular to the main direction ohsraerse
flow, and the transverse flow components for eath pre
symmetrical. Therefore the measurement error of the

flowmeter installed in 0°is larger than it installen 90°.
(a) Installation angle of 0°
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Fig. 3 Multi-path ultrasonic flowmeter installation effect in different
downstream distances of the bend (3m/s)

The bend flow disturbance has different impact aritim
path ultrasonic flowmeters with different path
arrangements. When calculate the errors causedoby f
disturbance, the flowmeter inherent errors are adye
subtracted, so the errors only reflect the impatt o
disturbed flow field. The measurement errors offedént
path arrangements flowmeter 1D downstream of thl be
are shown in Figure 4. Compared with other flownste
the flowmeter with cross plane (18AB and 8AB) agbie
the highest accuracy. The measurement errors oB18A
and 8AB installed in 0° are less than + 1.1% anti496,
the errors of flowmeter installed in 90°are lesth 0.4%
and £1.1%, respectively. It is difficult to distinigh which

kind of flowmeters, staggered layout (9AB, 9BA) and
single plane(9A, 9B, 4A, 4B), are more accurate
downstream of the bend, the errors depend on the pi
axial and transverse velocity distribution.

Compared with the multi-path ultrasonic flowmeters,
single and dual diametric-path ultrasonic flowmeter
measurement errors are large, as shown in Figufieh®.
measurement errors of single path ultrasonic flotense
installed in 0° and 90° angle, 1D downstream eflibnd,
can reach -43.2% and -17.9%. Even the downstream
distance increase to 10D, the errors can get -1hiéo-
9.4% respectively. The measurement accuraciesosted
dual path flowmeters are better. The errors cachrea
11.8% and -13.0% for the flowmeters installed ina®dd
90° angle, 1D downstream of the bend, and the ®an

reach -4.9% and -4.3% 10D downstream of the bend.
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Fig. 4 The measurement errors of multi-path ultrasaic flowmeter
1D downstream of the bend
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Fig. 5 The measurement errors of diametric singlerad dual path
ultrasonic flowmeters downstream of the bend

4.1.2 Installation effect of tapered pipe and diueg
pipe
The tapered pipe and diverging pipe have less itqac
the downstream flow field. The axial velocity diktrtion
downstream of tapered pipe is relatively flat comnpath
the fully developed tubulent flow. In contrast, trenter




position of the axial velocity downstream of diviexg
pipe is higher, and the near wall flow rate decegapidly.
In the tapered pipe and diverging pipe extremelgkve
single vortex exists. In contrast to the flow field
downstream of the bend, the disturbances created by
tapered pipe and diverging pipe are symmetrical, so
measurement errors are small, as shown in Figarel6
Figure 7. The multi-path ultrasonic flowmeter
measurement errors caused by tapered pipe arewithi
0.5%. As the downstream distance increases, the
measurement error decreases significantly. In 10D
downstream of the tapered pipe, measurement earers
within + 0.1%. Compared with the error caused Ipetad
pipe, the multi-path ultrasonic flowmeter measuraime
errors caused by diverging pipe are slightly largérich
are within + 0.6%. In 10D downstream of the divaryi
pipe, measurement errors are within £ 0.25%. Fertoss
plane multi-path ultrasonic flowmeter, measurengerrs
of 18AB and 8AB caused by tapered pipe are lesstha
0.26% and £ 0.31%, the measurement errors caused by
diverging pipe are less than £ 0.31% and + 0.50%,
respectively. In most cases of tapered pipe anerging
pipe installation effects, staggered layout mudtikp
flowmeters have higher accuracy than single plane
flowmeters.

The measurement errors of single and dual diampéatia
ultrasonic flowmeters downstream of tapered pipk an
diverging pipe are also small. Because the trassver
velocity is small, the errors of single and duahpaeter
are similar. The measurement errors of diametric
flowmeter 1D and 10D downstream of the tapered pipe
can reach -3.9% and -3.4%, and the errors dowmstoda
the diverging pipe can reach -6.3% and -2.5%.
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Fig. 6 Multi-path ultrasonic flowmeter installation effect in different
downstream distances of the tapered pipe (3m/s)

0.70%

0.60%

0i50% A CI18AB
0.40% A 59A
0.30% X
A9B
5 0.20% A
o™ + - X 9AB
ui 0.10% g a & X9BA
9
o D ¢ ©8AB
-0.10% X S
-0.20% o a5
030% —

-0.40% -
0 2 & 6 8 10 12

Downstream Distance (D)

Fig. 7 Multi—path ultrasonic flowmeter installation effect in different
downstream distances of the diverging pipe (3m/s)
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Fig. 8 Single and dual diametric path flowmeters istallation effect in
different downstream distances of the tapered pipand diverging
pipe (3m/s)
4.1.3 Installation effect of butterfly valve

The butterfly valve create strong downstream flow
disturbances. Especially when the valve openingmiall,
strong transverse flow is formed in short distance
downstream of the valve. The path velocity of mp#th
flowmeter shows that the flow field downstream bét
valve is unsteady and nonperiodic. Figure 9 shiwsl8-
path ultrasonic flowmeter path velocity 1D downatreof
the valve, the velocity fluctuation is exceeded dverage
velocity value. Although the flow rate fluctuatisaduces
with the increasing downstream distance, notablecity

variation still exists in 10D downstream of thewal
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Fig. 9 Flow field change magnitude in the downstraa of butterfly
valve

Although the flow field changes dramatically, theeege
path velocities have certain regularity. the vdlpgirofile
can be obtained using the multi-path ultrasonieviieeter
path velocities, as shown in figure 10. When théveva
opening is small, there are significant changethénaxial
velocity. The axial velocity increases sharply ls talve
opening position. When the valve opening increabkes
axial velocity tends to symmetric. Figure 10 (bdwhk the
transverse velocity, double vortex are createdaht 3D
downstream of the valve. As the distance increates,
vortex intensity greatly reduces, when the distaeeehes
10D, the transverse flow becomes a single vortexcsire.

(a) Axial flow
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(b) Transverse flow

Fig. 10 Butterfly valve downstream flow distribution
As the downstream distance increases, flow dishadba
caused by the butterfly valve gradually decreases,
therefore the measurement error are reduced, asnsimo

Figure 11. When the flowmeter is installed 1D
downstream of the valve, part of the multi-pathragdonic
flowmeter measurement errors reach more than 30%,
cross plane 18AB and 8AB ultrasonic flowmeter
measurement errors reach 15.4% and 19.5%, resglyctiv
When the distance increases to 10D, the multi-path
flowmeter measurement errors are within + 2%, whike
cross plane 18AB and 8AB ultrasonic flowmeter
measurement errors are within 0.5% and + 0.9%.

As the valve opening increases, the flow disturbanc
caused by the valve decreases, so the measuremanrst e
are reduced, as shown in Figure 12. When the vislve
fully open, measurement errors of multi-path flovene
1D downstream of the valve are less than £ 2%.

The measurement errors are highly relevant to the
flowmeter installation angle. When the flowmetestailed

1D downstream of the 45° opening valve, the masasir

of the transverse flow is horizontal. As the flowtare
accoustic plane is horizontal when the installatiogle is

0°, large measurement errors were obtained, asrsimow
Figure 13. When the flowmeter installation angle90°,

the accoustic plane perpendicular to the mainstreftne
transverse flow, so high measurement accuracies are
acquired.

when the valve opening is 20°, the valve may preduc
slightly deformation, an additional transverse flas
existed in 1D downstream of the valve, as showridgure

14. The mainstream of the transverse flow exisbath
horizontal and vertical directions, therefore, iwot
different installation angle, the multi-path ultoasc
flowmeter measurement errors are large, as shown in
Figure 15.

In the flow field downstream of the butterfly vajvthe
cross plane muti-path ultrasonic flowmeters achithe
highest accuracy. Staggered layout (9AB, 9BA) rstth
flowmeters measurement accuracies are higher ihgtes

plane flowmeters(9A, 9B, 4A, 4B). However, in 1D
downstream of the valve, even the cross planei+path
ultrasonic flowmeters measurement accuracies &ieudl

to meet the precise measurement needs, it woultbtier
to ensure at least 10D straight pipe between thes\and
the flowmeter. Compared with the multi-path ultraiso
flowmeters, single and dual diametric path ultrason
flowmeters are not suitable to use within 10D daveam
of the butterfly valve. Single path ultrasonic floweter
measurement errors can reach up to 180.0%. Althtlugh
measurement accuracy of dual cross path flowmetebe
improved, the measurement errors still can rea@B%.
Even at 10D downstream of the valve, single and dua
diametric path ultrasonic flowmeter measuremenbrerr

can get -11.1% and -7.2%.
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Fig. 11 Multi-path ultrasonic flowmeter installation effect in different
downstream distances of the butterfly valve(1m/s)
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Fig. 13 The measurement errors of multi-path ultrasnic flowmeter
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Fig. 15 The measurement errors of multi-path ultrasnic flowmeter
1D downstream of 20°opening butterfly valve
(a) Valve opening 20°
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Fig. 16 The measurement errors of single and dualametric path
flowmeters downstream of the butterfly valve (1m/s)

4.2 Error analysis

The transverse flow has great impact on the ullrigso
flowmeter measurement accuracy. The influences of
transverse flow on path velocity measurement arimlyna

in two aspects. Firstly, transverse flow velocityash
projection component in the path line, which intoes
measurement error, as shown in Figure 17(a). Ségcond
for the inclined single or corss plane, the avenagjecity
perpendicular to these planes is constant, which is

v, = Q]ZI:ZH 2




The transverse velocity Mand axial velocity Y all have
projection components inMlirection, as shown in Figure
17(b). The sum of Yand V| projection components in the
direction of \, is constant, therefore, the axial velocity
changes when transverse flow exist.

Cross plane flowmeter can offset part of the trensw
velocity projection error and part of the axial agty
impact error simultaneously by averaging the fldeseof
the two plane. To simplify the derivation processjlti-
path integration error is not considered, so arnitef
number of paths are assumed. After derivation ¥ollo
formulas can be obtained.

Correlation of axial and transverse velocity

Qsind

Vor = =V, SiNG+V,, COY

(3)V—B=Qsin9

(4)

Projection components of path velocity
Vpy =V, COSO -V, Sind )

=V,gSind -V, cod

Veg =V, COSH+V, 5 SIND (6)
Substitute formula (3)(4) into (5)(6), the indicdte
flowrates are

v' = VPA - Q

-v,cotd-v,, tand

M cosg mRP
Ny, =(:\(I)% = ”??2 +V 5 COLE +V,, tand
®
In these formulas’y Cotig the error caused by the

correlation of axial and transverse velocity, @g&ng is

the error caused by transverse velocity projedtiane
path. As shown in formula (7) and (8), the effefct o
transverse velocity on flowmeter indicate flowraéen be
partly offset by averaging the flowrate of the tevoss
plane. The transverse error can be completely taffgee

e \i
transverse velocities in two cross plane and " are the
same.

(a) Transverse velocity path projection

A
Flow Direction
—_—>

(b) Correlation of axiahnd transverse velocity
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(c) Transverse velocity offset
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Fig. 17 The measurement errors caused by transverfiew and its
compensation mechanism
The flowmeter errors include error caused by trarsy
flow, integration error and others. Different typed
measurement errors can be separated using CFD
simulation data. The error sources of 18-path siinéc
flowmeter downstream of 20° opening butterfly vabre
shown in Table 2. Since the valve deformation, eigyo
profile upstream of the valve and other factorsemeot
considered in the simulation, calculated and expental
results have some difference, but this does netcathe
analysis of the error source.
The horizontal transverse flow is extremely seviaréD
downstream of the valve. When the flowmeter insthih
the angle of 0 °, for single plane multi-path floeter (9A
and 9B), error caused by transverse velocity ptimjeand
error caused by the correlation of axial and trensy
velocity are very large. When averaging the erafrsvo
cross plane, the error introduced by transversev flo
reduces significantly. The integration error isated to the
velocity distribution in the meter body and thigceris
smaller than the error caused by transverse flowhis
condition. When the flowmeter installation angleacbe
to 90° the main transverse flow perpendicular he t
accoustic plane, therefore the error caused byvere
flow greatly reduces. As the downstream distance
increasing, the transverse flow impact error amegration
error gradually reduce, while the integral erroceeds the
error introduced by transverse flow in 10D dowrestne
The measurement errors of different path arrangémen
flowmeters 1D downstream of the valve are shown in
Table 3. The transverse flow introduced error afser
plane and staggered layout flowmeters are smatien t
single plane flowmeters. The integration errorssiigle
and cross 9 accoustic plane flowmeters (18AB, 9¢ 2B)
are smaller than the errors of 4 accoustic plamerfieters
(8AB, 4A and 4B).
When the transverse flow is very intense, the trarse
flow error is the main error source. It is diffitulo
substantially increase the level of measurementiracy
only by increasing the number of path, while crpkme
layout and installation angle optimization needéoused.
When the transverse flow is weak, integration eisahe
main error source, so the measurement accuracybean
improved by increasing the number of path and agém

the integration method.
Tab. 2 The error distribution of 18-path ultrasonic flowmeter in
different downstream distances of 20° opening buttély valve (1m/s)

Downstream distance 10 10 30 30 9o 14D

Installation angle 0° 90° 0° 920 09 aoP

A9 transverse flow

S 22.9%| 5.4% (-2.9%] -0.2%] 0.1%]-0.1%
projection error

B9 transverse flow | 14 5od 5 796| 3.306|-0.1%)| -0.1%)| 0.0%

projection error




AB18 transverse flow

S 4.2%| 4.1%| 0.2% | -0.1%] 0.0% | 0.0%
projection error
A9 axial velocity o i o o o
correlation error 5.0%[ 1.2% | -0.6%]| 0.0% | 0.0% | 0.0%
B9 axial velocity | ., o o o o o
correlation error 3.2%] 0.6% ] 0.7%] 0.0%] 0.0%| 0.0%
AB18 axial velocity | 4 g0 | 0 995 | 0.09 | 0.0% | 0.0% | 0.0%
correlation error
A9 integration error 2.1% 0.5% | 0.3%] 0.2% | 0.2% | 0.2%
B9 integration error 1.7% 0.5% | 0.3%| 0.2% | 0.2% | 0.2%
AB18 integration error| 1.9% 0.5% | 0.3% | 0.2% | 0.2% | 0.2%

A9 other error -2.2%-1.7%| -1.1%]| -0.8%] -0.3%| -0.3%

B9 other error -1.1%-1.7%] -0.4%] -0.8%| -0.2%| -0.3%

AB18 other error -1.6%-1.7%] -0.7%| -0.8%| -0.3%| -0.3%

A9 totle error 27.8% 5.4% | -4.3%] -0.8%| 0.0% [ -0.2%

B9 totle error -17.2902.1% | 3.9% | -0.7%| -0.2%] -0.1%

AB18 totle error 5.3% 3.8% | -0.2%]| -0.8%| -0.1%| -0.1%

Tab. 3 The error distribution of different path arr angement
flowmeters 1D downstream of 20° opening butterfly @lve (1m/s)

Installatio AB1 AB5|AB4
n angle Error type A9 | B9 AB8| A4 | B4

8 4 5

Transvers
e flow
projecti0r4'1% %
error
Axial
velocity
correlatio
n erro
Integratiq
n error
Other -
error |1.694 2-2%41-1%
g s
0
Transvers
e flow
S 14.1%5.4%| 2.7%|4.2%93.9%3.8%4 5.0%)| 2.6%
projectior
error
Axial
velocity
correlatio
n error
Integratiq
n error
Other
error
Totle
error

229| - oo norl 4 od 2L.1] -
14.6916:3%2.0%4.5% | 7

0.9%)5.0%|-3.2%1.3%0.4% 1.0% 4.6%)| -2.6%
0°

1.9%2.1%| 1.7%3.2%0.6% -4.694-2.8%

3.8%

5._2% 2._1% 1_'7%-2.0% -1.4%

- 19.0
17 2% 5.7990.8990.0% %

19.0%

0.9%1.2%| 0.6%0.9900.9%0.8% 1.1%| 0.6%
90°

0.5%) 0.5%| 0.5%0.5%0.5% 3.8% 3.8%| 3.8%

-1.79%-1.6% -1.694-1.6%

1.7% 3.8993.6%91.6%
3.8905.4%]| 2.1%|1.8%1.7%6.8% 8.2%)] 5.3%

5. Summery

The measurement errors of different path arrangémen
flowmeters downstream of the bend, tapered pipe,
diverging pipe and butterfly valve were studied.eTh
results show that the flowmeter measurement acgugsac
greatly impact by the butterfly valve. The tapepsoe and
diverging pipe have less effect on the flowmeteruaacy.
The measurement accuracies of mid-radius multi-path
ultrasonic flowmeters are significantly improvednumare

to single or dual diametric path flowmetesr. Thessr
plane multi-path flowmeters are most accurate, avttie
measurement accuracy of staggered layout and single
plane flowmeters depend on the flow field condisiomhe
measurement accuracy is affected by the instatiaiggle,

therefore let the accoustic plane perpendicularthe
mainstream of transverse flow can effectively redtize
measurement error. The sources of measurementserror
can be seperated using the CFD simulation data.nWhe
strong transverse flow exist, error introduceddapsverse
flow is the main error source. As the downstreastadice
increases, the error caused by transverse flow and
integration error are gradually decrease. When the
transverse flow is weak, integration error is thaim
contribution of the errors. In the strong transeeflow
field, cross plane path arrangement and instafiagingle
optimization are the way to improve multi-path aftonic
flowmeter measurement accuracy. In the weak trassve
flow field, increasing the number of path and impng

the integration method are the way to enhance the
measurement accuracy.
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