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Abstract

In this study a theoretical investigation of penfiance of
multipath ultrasonic flow meters under distortedwfl
profiles is proposed.

The velocity distribution depends on the pipe
configuration, which will produce an asymmetric vilo
profile and as a result will affect the accuracy of
measurement. So, we discover how to minimize tfecef
of distorted flows on measuring process of ultrasdow
meters due to number of chords and their arrangemen

In order to evaluate the performance of the muitipa
ultrasonic flow meters the measurement error is
determined for various asymmetric flow profiles twit
different chord configurations. As a part of therli was
obtained strategy that can reduce the error agedcwith
different flow disturbances. Using CFD analysis
interesting conclusions have been derived. These
conclusions can be applied to specific individualagions
and a significant reduction in error can be achieve

Introduction

Ultrasonic flow measurement is a well-known and edyd
applied technology. Today there are a lot of utiras
flow meters with different number of acoustic paths
Single path meters are less expensive and comnusely
but having not-enough straight pipe sections thag'tc
provide highly accurate measurements. They are very
sensitive to non-ideal flow profiles. Basicaly iation
effects downstream of contraction, expansion, barel
studied. It is known that measurement errors ohstinic
flowmeters with single diametric path are largeartiHor
the meter with dual paths and more. To eliminatis th
problem multipath meters with different chord tapmmpy
are applied. Practically all methods realized inltipath
meters are based on velocity distribution. Them taro
methods of calculation, which are used to derieerttean
velocity of a multipath ultrasonic meter, namelyemged
and integrated methods. The latter involves a weth
sum of the velocities along the individual pathsilgtthe

former involves an equally weighted average of plath
velocities.

For multipath meter numerical integration methodegi
position of each acoustic path together with werght
factor. Quadrature methods were introduced and aoeap

by many researchers. These methods are pretty good
discussed in literature[1-3] but we would like taypmore
attention to averaged methods.

Objectives

In this paper the following objectives were represd:

1. Discovering of the impact of flow in different
installation effects on meter's performance basing
mathematical model for multipath ultrasonic flow
meter.

2. Optimization of topology of acoustic paths in
ultrasonic meters.

Investigation of flow profiles caused by numerous
installation effects is still very important. Every
manufacturer of ultrasonic meters gives its own
recommendations regarding necessary length ofghtrai
pipe sections before and after meter and therenare
general recommendations.
Typical configurations for assessment of flow pexfi
after single 9 bend and spatial bend demonstrate that
even 20 and 30 diameters (DN) are not enough for
complete flow stabilization.
But it doesn’t mean that such conditions are @itiand
absolutely non-appropriate for installation of a#onic
flow meters.
To eliminate errors caused by flow disturbancesetlage 2
methods :

- To calibrate the meter in a piping arrangement

similar to that in which it will be installed

- To add more paths to the flowmeter
Let's analyze what impact has a chord location loa t
performance of ultrasonic flowmeters.
For this purpose we propose the set of following
configurations:



Chords schemes and parameters of their arrangement
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Parameters of chords arrangement

—_—

h;=05"R,¢@; =72°-i,i=1,5

Fig. 2. 5C Scheme
Parameters of chords
arrangement

hi =0,(p,: =36Ol,l= 1,5

—

)

\-—____’/
0.5R |h=—0.58

h=0.5R,_|h=—0.58|

(

Fig. 3. 5P Scheme
Parameters of chords arrangement
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Fig.4. 4S Scheme
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Fig. 5. 4C Scheme
Parameters of chords
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Fig. 6. 4P Scheme
Parameters of chords arrangement
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Fig. 7. 3S Scheme
Parameters of chords arrangement
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Fig. 8. 3C Scheme
Parameters of chords
arrangement
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Fig. 9. 3P Scheme
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Fig. 10. 2S Scheme.
Parameters of chords arrangement
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Fig. 11. 2P Scheme
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Fig. 12. 1C Scheme
Parameters of chords arrangemienst 0, ¢ = 0°




The equally weighted method of calculation is aggblio 2
to 5 ultrasonic paths configurations by implemeatabf
equation for measured velocity

n

1
V= HZ(Vpathi)

whereVpath; is the mean velocity along paith
For non-equal weighted method measured velocitybean

n
1
V== ky (i, Re) - Ty, Re).
i=1

wheren is number of chords; s a distance from a chord
to the center of flow metering sectidg; is a weighted
factor.

Measurement error can be represented on plots on

different distances from bend: 5DN (Fig. 13), 10[Rg.
14), 20DN (Fig. 15).
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Fig. 13.D = f(n) andE = f(n) for 5DN
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Fig. 14.D = f(n) andE = f(n) for 10DN
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Fig. 15.D = f(n) andE = f(n) for 20DN

Discussion of obtained results

Error caused by flow asymmetry is configured fromot
parts — an error which depends on orientation ofeme
regarding flow disturbance D, %) and error, which
doesn’t depend on itE( %). D- error is charged for flow
asymmetry.E-error is charged for deviation of velocity

profile from developed turbulent. Different chomthtions
in different ways take an impact of these two esror

C scheme better than others minimiZesrror. For &
scheme the error is decreased slowly fremM% to
+0.1%. However forE error such chord arrangement
leads to not so good result becafiserror changes from -
1% to +6% on pipeline section 5SDN-20DN.



S scheme realized in 4S-2S configurations minimi2es
error worse tharC scheme, but at further increasing of
chords approaches t scheme. On 5DN-20DN distance
the E error changes from-0.5% to +2%, what is
considerably less than in caseo$cheme application.

P scheme of chords arrangement gives an ambiguous
result, it provides worst minimization di error. But in
case ofE error minimization on 5DN-20DN distance the
error is changed from-0.5% to +2.5%, which is better
than at C chords arrangement but worse than ampigin
scheme.

From obtained results the best alternative is &rsehof
chords arrangement, but in particular cases (derdifit
number of chords) can comply with another scheme.
Generally theD error decreases for any scheme along with
increasing of chords from1.5% to +0.1%.

Optimal topoloqgy of chords
arrangement

Optimal chords arrangement for multipath ultrasanater
suppose the following:

- Chord topology;

- Number of chords for specific topology;

- Flow profile after certain flow disturbance.

Let's determine chord topology considering numbér o

chords asT;;, where i —number of topology i(= 1,n,)

Jj — number of chords in topology (=Tn]). Velocity
profile is defined asP,; , where k —number of pipe
configuration kzm), s — number of straight pipe
distance after flow disturbance € E). n=3,n =
5n, =5n, =3.

Criteria of quality of chord topology is root-meaquare
error for real flow velocity from velocity given by
multipath ultrasonic meter.

Root-mean-square error will be calculated for eveage
of chord topology averaging results byand obtain a set
of deviations, capacitgij.

Deviation caused by flow asymmetry, we determin® as

€y

Make an average root-mean-square errar (for all
distances from flow disturbance).

1 ng ns
2 _ T
Spij = ZZDksij =1n,,
(nkns - 1) o

j=1n, 2)
Make an average root-mean-square erras ffpr all
distances from flow disturbance), results are bnbirmg
table 1.

ng ng

1 _—
2 .
SEij= T ZZDEkSij ,l=1,nl,
(nkns 1) %=1s=1
j=1n,. 3)
Table 1. Root-mean-square ersgr;, %
5 4 3 2 1
J
i
1 0.29 1.12 1.53 2.04 2.63
2 0.14 0.38 0.64 1.23 2.63
3 1.39 1.47 1.33 2.04 2.63

To obtain optimal topology for certain number obuots
let's plot set of curvesg; = f(j) (Fig.16). Define cases
i=1lasS,i=2asC,i=3asP.
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Fig.16 Selection of optimal chord topology

Conclusions

The set of discovered topologies was created and
simulated under mostly applied pipe configuratioRer
each flow disturbance the most appropriate turkagen
model has been adopted.

The D error caused by flow asymmetry may be better
compensated by C chord topology (chord are crossed
pipe center). At increasing of chords number up the S
scheme (symmetrical chords location @GR from pipe
center) becomes to compete with C scheme. P Scheme
with parallel chords location gives a good comp&oraat

chords numbef <3 ¢,rther increasing of chords number
doesn’t improve the result.

The E error caused by flow deviation from classic
turbulent form may be best compensated by S togolog
and number of chords more than 2 doesn’t impactroor
value. Pretty the same results gives us P scherseh&ne
presents not so good compensation among two others
schemes.
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