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The accuracy of water flow rate measurement with an ultrasonic flow meter (UFM) is affected by
pipeline conditions. On water pipelines, there is often no the required length of direct section, required
by the device passport or regulatory documents. Therefore, we conducted experiments using UFM to
measure water flow rate in the zone of influence of non-direct sections of the water pipeline. The flow
rate was measured in two planes of the pipeline with an offset of 90° and the average value was taken.
Thus, it was expected to take into account the average water velocity for the asymmetric velocity profile.
The results of water flow rate measuring with UFM on short direct sections of the water pipeline, limited
by pipeline bends sudden constriction of the pipeline, are presented. The greatest influence on the UFM
measurement error is the 90° pipeline bends.

Keywords: ultrasonic flow meter, water flow rate, water flow velocity, velocity profile, pipeline
section, hydraulic resistance.

Introduction

In the practice of the ultrasonic method of measuring water flow rate, time-type of UFM are
preferably used, in which the difference in the propagation time of a sound pulse from the pipe walls along
the flow and against the flow is directly proportional to the water flow velocity. As for the installation of
UFM on the water pipeline, their passports specify a requirement for the presence of a sufficiently long
direct section of the pipeline.

In this paper, we investigate the possibility of using UFM devices on short direct sections of the
water supply system to determine water flow rate with acceptable accuracy. With closely located bends,
narrowings and other indirect parts of the water pipeline, the profile of water velocities in the pipeline
becomes asymmetric. In such sections of the water supply, for measuring the water flow rate, a trial
application of UFM in two perpendicular directions was carried out. It was found that in this way it is
possible to reach the average flow velocity and, accordingly, the real water flow rate in the pipeline.

The technical documentation for ultrasonic water flow meters states that in order to obtain reliable
results, the pipeline must have an existing direct section of a certain length. However, it often happens that
it is necessary to measure the flow of water using an UFM in small enclosed spaces, where there is no
direct section of the required length. At the same time, there is no information on the absolute or relative
values of the decrease in the accuracy of water flow measurements in the case of placing the UFM in the
zones of influence of indirect sections of the water pipeline. Therefore, the study of the degree of influence
of indirect sections of the water pipeline on the accuracy of measuring water flow rate with UFM is an
urgent task.

The main purpose of the study is to establish the possibility of using UFM, in the zones of influence
of indirect sections of the water pipeline, by measuring the water flow rate in two planes. The main
objectives of the work is to investigate changes in the accuracy of measuring the water flow rate with
UFM, when it is installed in the zone of influence bends, narrowings and other indirect parts of the water
pipeline.
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Among the known modern methods of measuring water flow rate, ultrasonic is distinguished by
reliable operation, convenient diagnostics, and a wide measurement range. According to the principle of
operation, ultrasonic flow meters are divided into frequency, phase, single-channel and multi-channel
(Bilynskyi et al., 2015). It is believed that ultrasonic flow meters are promising for commercial accounting
of water consumption (Guiping & Xiaoming, 2019), since they have a fairly high accuracy, however,
ultrasonic flow meters are still quite expensive. Paper (Ivanova et al., 2013) presents the results of studies
of the accuracy of the ultrasonic flow meter when measuring water flow rate in the river. The difference in
the flow rates obtained by the ultrasonic flow meter and the hydrometric current meter was no more than 5
%.

Ultrasonic flow meters provide sufficient accuracy of water flow rate measurement when it is
installed on a straight section of the pipeline where the water velocity profile in the pipe cross section is
symmetrical (ISO 4064-2:2005; Rafik, 2013; Korobko et al., 2016).

By increasing the number of pairs of sensors, it is possible to more accurately take into account the
water velocity profile in the pipe cross section (Matiko et al., 2021). But it is not advisable to use more
than four acoustic channels (Matiko et al., 2021) since the software processing of UFM information
becomes more complicated and the measurement error decreases insignificantly (0.1 %). The speed of
sound signals between ultrasound sensors increases in the direction of water flow, and decreases in the
opposite direction.

In the paper (Roman & Matiko, 2013), the distribution of gas velocity in seven cross-sections in the
section of the pipeline bend was investigated. During the research, the sensors were installed at different
angles relative to the pipeline cross-sections. It was determined that the error of single-beam UFM with
diametral acoustic channels at an angle of 45° or 135° is less dependent on the impact of pipeline bend at
an UFM distance of 30D to 100D after the 90° pipeline bend. This arrangement of the sensors allows for
an error in measuring the flow rate that does not exceed 1 %. The authors claim that single-beam UFM do
not provide reliable and accurate measurements in the conditions of a distorted flow velocity profile.

An assessment of the influence of the flow velocity profile on the UFM measurement errors was also
performed in the paper (Bratslavskyi & Pysarets, 2019). The authors performed numerical modeling of
UFM operation process for hydraulic resistance located at different distances from the flow meter, which
allowed to determine the required length of the direct section before of the UFM location place.

The paper (Jagatheesaperumal et al., 2020) is devoted to research on reducing the measurement error
of single-beam and multi-beam UFM by means of their improvement. The issue of increasing the accuracy
of UFM measurements, which are equipped with a special module that records the difference of several
pulses in one package, was separately investigated (Grzelak et al., 2014).

The operation characteristics of an UFM in non-ideal conditions (after the pipeline bend) on a
pipeline with a radius of 300 mm were studied using laboratory experiments and numerical hydrodynamics
models (Stoker et al., 2012). Comparing the velocity profiles with those for the ideal flow, a method and
formula was applied to correct the measurement result. The measurement error, which was previously
16 %, has decreased to 2 %.

Some UFM researchers suggest reducing the amount of electronic calculations in them
(Yazdanshenasshad & Safizadeh, 2019). As a result, its required power will decrease and additional errors
that arise in such a modified approximate method are eliminated by mathematical procedures. Such UFM
is most suitable for measuring the velocities and flow rates of gas flows.

For example, portable UFM are beneficial to use at water supply facilities where there are many
individual water intake wells (Bosak et al., 2019), or industrial water users (Cherniuk et al., 2019). At such
objects, as a rule, there are no ideal conditions for the direct section of the pipeline, so it may be useful to
make a corresponding correction of the results of the UFM measurement.

In the analyzed publications, there is not enough research and information on the use of UFM in the
zone of influence of indirect sections of the water pipelines. Therefore, we consider the topic we have
chosen for research to be quite relevant from the point of view of the practical application of UFM.
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Materials and methods

The research was carried out on the equipment of the laboratory of the department of hydraulic and
water engineering of the Lviv Polytechnic National University.

A series of experiments were carried out to assess the influence of various types of indirect sections
on the accuracy of measurements by the ultrasonic flow meter*Dnipro-7U”: the influence the pipeline bend
(90°); the influence of sudden constriction of the pipeline from the diameter D, = 100 mm to D, = 75 mmy;
the influence of the pipeline branch (90°).

Before starting the research, a parallel control of the accuracy of UFM measurements with the
results of measurements of standardized 90° triangular sharp crested weir (Fig. 1) was carried out. Flow
measurement with an UFM was carried out on a water pipe with a diameter of D = 100 mm in the water
flow rate range of 0.94-4.70 dm’/s.
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Fig. 1. Scheme of experimental parallel measurement of water flow rate in the pipeline using
UFM*“Dnipro-7U" and a standardized measuring spillway: 1 —water pipeline in which the water
flow rate was measured by the UFM device,; 2 — UFM*“Dnipro-7U"; 3 — measuring 90° triangular sharp
crested weir; 4 — level gauge; 5 — outlet flume

Water head, over the 90° triangular sharp crested weir, were measured with a level gauge with an
accuracy of 0.5 mm. Water flow rate Q over the triangular weir was determined by the King's formula
(Zhuk et al., 2020):

0 =1343H", (1)

where H — water head over the triangular sharp crested weir.

The method for measuring water flow rate in the water pipeline system was adopted in accordance
with the instructions for using UFM“Dnipro-7U”. In each experiment, after stabilization the water flow
rate, 6—8 readings were recorded from the monitor of UFM, from which the average value of the water
flow rate in the pipeline was taken.

The results of checking the accuracy of water flow rate measurement by the UFM“Dnipro-7U” are
presented in graphic form (Fig. 2).

The deviations of the values of water flow rate measured by two methods are insignificant within
0-5.2 %, which in absolute terms amounted to 0.00—-0.13 dm’/s. It should also be taken into account that
the accuracy of calculations when determining the water flow rate over a triangular weir is not absolute and
is within 1-5 %. Therefore, the accuracy of measuring the water flow rate with the UFM“Dnipro-7U" is
confirmed and corresponds to its passport parameters.
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Results and discussion

The measurement of water flow rate with UFM“Dnipro-7U” was performed at a distance of 1.5D
(Fig. 3) before the sudden constriction of the pipeline from the diameter D, =100 mm to D, =75 mm.
Before the pipeline branch, the measurements were performed at a distance of 4.5D.
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Fig. 2. Graph of UFM accuracy change within experimental water flow rates 6 = f(Qury)

The measurement of water flow rate with UFM “Dnipro-7U” was performed at a distance of 1.5D
(Fig. 3) before the sudden constriction of the pipeline from the diameter D, =100 mm to D, =75 mm.
Before the pipeline branch, the measurements were performed at a distance of 4.5D.
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Fig. 3. Scheme of comparative ultrasound measurements on direct sections of the water pipeline
and in the zone of influence of indirect sections (before the sudden constriction of the pipeline,
before the pipeline branch, after the 90° bend)

The results of experimental measurements of water flow rate with UFM“Dnipro-7U” are given in
Table 1.
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In table 1: Oy, O, — water flow rates in the zone of influence in the horizontal section of water
pipeline measured in vertical and horizontal planes, respectively; O — water flow rate on the direct section
of the water pipeline; Q,, — the average value of water flow rate; Q,, O, — water flow rates in the zone of
influence in the vertical section of water pipeline measured in two directions shifted by 90°.

Table 1

The results of UFM measuring the water flow rate before the sudden constriction
of the pipeline with a diameter of D=100x75 mm and before the pipeline branch (90°)

Direct | The results of the UFM application in the zone of
Pipeline diameter meig:;;fent sectiogl influence O, dm’/s Er(l:/(())r,
O, dm’/s 0O, 0, O
1.60 1.54 1.65 1.60 0.0
Before the 1.46 143 1.47 1.45 0.7
D=75,5x4 mm p‘peh(‘;f)gramh 1.35 133 1.39 1.36 0.8
(1= 4.5D) 1.50 1.48 1.58 1.53 2.0
112 1.17 1.19 118 55
O 0O, O, 0-0,
0.70 0.66 0.65 0.04 5.7
1.08 1.07 1.07 0.01 0.93
Before the sudden ™ ¢ 1.58 1.50 0.02 1.25
constriction of the == 1.64 145 0.07 4.1
D=114%5 mm pipeline
10057510 2.10 2.15 2.06 0.05 238
(I=1.5D) 234 2.20 2.06 0.14 6.0
2.52 2.49 2.44 0.03 1.2
2.602.63 | 2.57-2.56 255251 0.03—0.07 1227
2.79 2.68 2.64 0.12 43

Measurement of water flow rate with UFM before the sudden constriction of the pipeline gives
acceptable results with an error of 1.2-4.1 %. At low and maximum water flow rates in the pipeline, the
error increases to 6 %. Mostly, the water flow rate measured with UFM in the zone of influence was lower
than in the direct section. A concentric transition (narrowing or expansion) on the pipeline does not
significantly change the velocity profile in the pressure water pipeline, according to the results of our
experiment, even at a distance of 1.5D. Therefore, we can conclude that for practical application of UFM,
it is sufficient to have a direct section of pipeline with a length of 5D-8D. In the experimental research
scheme, there is a 90° bend of pipeline behind the concentric transition. This bend in a certain way
influenced the accuracy of UFM readings, however, the sudden constriction of the pipeline before the bend
significantly reduces this influence. Therefore, as we can see the presence of a concentric narrowing or
expansion of the water pipeline (before the pipeline bend) is a stabilizer of the water flow velocity profile
and ensures the accuracy of UFM measurements. Taking into account the velocity profiles in pressure
pipelines, it can be predicted that the length of the indirect section of the influence on the accuracy of the
flow rate measurements with UFM also depends on the pressure value in this water pipeline and decreases
for pipes of larger diameter.

The results of the experiment also showed that in the zone of influence of the pipeline branch, the
accuracy of measurements of nominal and maximum water flow rates is quite high, with a deviation of no
more than 1-2 %. At low water flow rates in the pipeline, the measurement error increases to 5 %. It
should be noted that in the in the zone of influence of the pipeline branch, the UFM readings are usually
slightly higher than the actual water flow rates. This may be the result of a change in the velocity profile —
from rounded, characteristic of a stable turbulent flow, to an elongated in the zone of influence of the
pipeline branch.
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The possibility of using of UFM in the zone of influence of the 90° bend at the pipelines with
diameters of 40—100 mm was also investigated. Measurement of the water flow rate in the pipeline with
UFM was performed at a distance: 4D; 3.5D; 7D before and after the 90° bends (Fig. 3, Fig. 4).

In the first case (Fig. 4, a), the measurement of water flow rate with UFM was performed in the zone
of influence of the pipeline 90° bend at a distance of 4D and 3.5D.
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Fig. 4. Scheme of comparative ultrasound measurements on direct sections of the water pipeline

and in the zone of influence of indirect sections: a — before and after the 90° bend on the pipeline with the diameter
of D = 88.5%x4 mm; b — after the 90° bend on the pipeline with the diameter of D = 43.5%3.2 mm

Table 2
The results of UFM measuring the water flow rate in the zone of influence
of the pipeline 90° bends
Pipeline Zone of Dirf:ct The results Qf the UFM applgcation in Error,
diameter measurement SeCtIO;’l the zone of influence O, dm’/s 9%
0, dm’/s O, &) 0., 0.-0
0.72 0.63 0.545 0.587 -0.133 21.1
Horizontal 0.84 0.67 0.59 0.63 -0.210 25
section before 0.96 0.71 0.70 0.705 -0.255 -36
D=88,5%x4mm ..
the pipeline 0.79 0.97 1.10 1.035 0.245 25
bend 0.83 1.05 0.89 0.97 0.210 25
(I=4D) 0.83 1.05 0.90 0.975 0.145 175
0.82 0.94 0.82 0.88 0.060 7.3
1.07 1.15 1.19 1.17 0.100 9.2
Horizontal 1.25 1.17 1.10 1.135 -0.115 9.2
D—75.5%4mm sec.:tior.l after the 0.58 0.53 0.56 0.545 -0.035 -6.0
pipeline bend 1.36 1.30 1.30 1.30 -0.060 4.4
(I=4.5D) 1.51 1.40 1.44 1.42 -0.090 6.0
1.53 1.44 1.48 1.46 -0.070 4.6
Vertical section 0.82 0.68 0.93 0.80 -0.020 2.4
D88.54mm | aﬁer the 0.85 0.65 0.95 0.80 -0.050 5.9
pipeline bend 0.76 0.87 0.90 0.885 0.125 16.4
(1=3.5D) 0.64 0.73 0.73 0.73 0.110 17.2
Vertical section 0.73 0.61 0.63 0.62 -0.110 -15.1
D=42.32,8mm | aﬁer the 1.15 1.02 1.06 1.04 -0.110 9.6
pipeline bend 1.82 1.79 1.80 1.795 -0.025 1.4
(1="1D) 3.11 2.42 2.80 2.61 -0.500 -16.0
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The results of experimental measurements of water flow rate with UFM“Dnipro-7U” in the zone of
influence of the pipeline 90° bend are given in Table 2.

The error of measuring the water flow rate with UFM“Dnipro-7U” after the bend of the pipeline
with diameter D=88.5x4 mm at distance 4D, and the pipe with diameter D=42.3%2.8 mm at distance 7D
was within 1.4-17.2 %. At average water flow rates, the measurement error was within 2.4-5.9 %. At low
and maximum water flow rates, the accuracy of measurement after the pipeline bend is significantly
reduced. Water flow rates measurements with UFM after the pipeline bend and on a direct section on the
pipe with diameter D=42.3x2.8 mm showed close results in the range of average operational water flow
rates. The measurement error at low water flow rates was 14 % or more.

The accuracy of the water flow rate measuring after the bend on a horizontal section of the pipeline
with a diameter of D=75.5%4 mm by the method of two mutually perpendicular planes was satisfactory and
the error was within 4.6-9.2 %. The higher accuracy of water flow rate measurements on the horizontal
section of the pipeline is probably due to the shape of the velocity profile in this direction.

Conclusions

1. The disadvantage of the ultrasonic flow meter is that they are not able to accurately measure the
water flow rate of in case of an asymmetric profile of flow velocities. Therefore, to accurately measure the
water flow rate, it is necessary to have a pipeline direct section of a certain length, which is often absent in
the real operating conditions of water supply systems.

2. The presence of a narrowing or expansion of the water pipeline (before the pipeline bend) is a
stabilizer of the water velocity profile and increases the accuracy of the UFM measurements. Therefore, for
the possibility of using a UFM before the section with a change of pipeline diameter, a direct section of
5-7D length is enough, or shorter with a slight decrease in the accuracy of measurements.

3. In the zone of influence of the pipeline branch to measure the water flow rate it is permissible to
use a UFM using the method of measuring the average value of flow rate in two mutually perpendicular
planes of the pipeline. At medium and maximum water flow rates the measurement error was 1-2 %, and
at low water flow rates — about 5 %.

4. The use of UFM in the zone of influence of the pipeline 90° bend by the method of measuring the
average value of flow rate in two mutually perpendicular planes of the pipeline is permissible only for low and
medium water flow rates. At large and maximum water flow rates the measurement error increases up to 20 %.
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Haunionanshuii yHiBepcutet “JIbBiBChKa MOMITEXHIKA”,
kadeapa TiIpOTeXHIKK Ta BOTHOI IHKeHepii

3ACTOCYBAHHA YJIBTPA3ZBYKOBOI'O BUTPATOMIPA HA JIVIAHKAX BIIVIMBY
HEINPAMUX YACTHUH BOJAOITPOBOY

© bocax M. I1., Mamnaii 1. 1., I'eo30eyvkuii O. I, Cuoop T. A., 2022

VYipTpazBykoBi Butparomipu (Y3B) BHUKOPHCTOBYIOTHCS IUIsi BUMIPIOBAHHS BHTpPAT B TPYOONPOBOIAX
nmiamerpom Oinbiie 40-100 mm. IlepeBara paHOro MeTola BHMIPIOBaHHS BHUTpaTH BOAW B 3pPYYHOCTI
3aCTOCYBaHHs, 0€3 JI0JaTKOBUX MOHT@)XHHX oOIlepaliii Ha TpyOONpOBOIi, MOPIBHSHO 3 BHMIpPIOBaJbHUMHU
niadparmMaMu. YIIbTpa3ByKOBE BUMIPIOBaHHSI BUTPATH BOJAW HE € OE3MOCEpPEIHIM a YaCTKOBO PO3PaXyHKOBHUM,
30KpeMa II[0I0 BU3HAYEHHS IIPH [[bOMY CEPEIHBOI IIBUIKOCTI BOAU B TpyOompoBoai. st BumipioBanHs Y3B Ha
BOJIOIIPOBOJIAX 4YacTO BiJCYTHs, HEOOXiqHA JIOBXKMHA IPSMOI JJSSHKH TPYOHW, sKa BUMAra€rhbCs MaclopTOM
npuiiaxy ab0 HOpMAaTUBHUMU JOKYMEHTaMH. B IIbOMY acnekTi TakoX HeIOCTaTHBO iH(pOpMaLii Ipo abCcomoTHI
MOXUOKM TOYHOCTI BUMIPIOBAHHSI BUTPATH BOJM B BOJOIPOBOJ B 30HI BIUIMBY HENpPSMUX AUISHOK Ha Takmx
JIIISTHKaX BOAOIPOBO/LY €MIOpa IBUIKOCTEW BOM, SIK TIPABUIIO HECUMETPUYHA, 110 BIUIMBAE HA TOYHICTh TIOKA3iB
V3B. Tomy Hamu mpoBeeHI AOCTiIHI BUKOpUCTaHHS Y3B s BUMIpIOBaHHS BHTPaTH BOJAM HA JUISHKAaX
BIUIUBY, — SIK CEPEHBOI 3 IBOX HAMPSMKIB 31 3MimeHHsM Ha 90°. TakuM criocoboM O4iKyBaIoCh BpaxyBaTH CaMe
CepeHIO MIBUAKICTh BOOH JUIi HECUMETPHUYHOI eIMIOpU MIBUAKOCTEH. B pasi MpUIHATHUX pe3yiabTaTiB MOXHA
30UTBIIMTH Aiana3oH BUKopUcTaHHs Y3B Ha 00’€KTax BOIOMOCTAUYaHHSL.

IMpencraBaeno pe3yibTaTH JOCIIIHOrO BUKOPUCTAHHS YILTPa3BYKOBOrO BuTpaTomipa “‘J{uimpo-7Y”
Ha KOPOTKHMX MpPSMUX [UISTHKaxX BOAOIPOBOMY, OOMEXEHHX IOBOPOTaMH, 3BY)KEHHSM Tomo. Haiibinbie
BIUIMBAIOTh Ha MOXHUOKY BHMiproBaHb Y 3B komiHuacTi moBopotu TpybOompoBoay. Ha Takux minsHkax, Y3B
[OKa3ye BUTPATy BOIOM, SK MPaBWIO, HIKYY (akruunoi. Ilporpamui pecypcu VY3B“IIminpo-7Y”, a Takox
aHasoriuHnX Y 3B, He HaIar0Th MOYKIIMBOCTI BU3HAUCHHS CEPEHBOI IIBUAKOCTI BOJM Y BUIAJIKaX HECHMETPUYHUX
emop. HasBHICTP KOHIIEHTPMYHOrO 3BYXKEHHs1 ab0 PO3MIMPEHHS BOIONPOBOAY IEpel ITOBOPOTOM TPYOU €
cTalLIi3aTOPOM EITIOPH IIBUIKOCTEH BOIM 1 3a0e3MeueHHSIM TOYHOCTI BUMipIoBaHb Y 3B.

KirouoBi ciioBa: yabTpa3ByKOBMH BHTPaToMip, BHUTpaTa BOAM, WIBHAKICTH IOTOKY, emiopa
IIBUAKOCTeH, JiJITHKAa TPyOonpoBoay, riipaBivyHuil omip.



