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Abstract

In thiswork, ways of reducing the hydrodynamic flow measurement error of chordal ultrasonic flowmeter for the
distributed location schemes of their acoustic paths are investigated. The method of calculating optimal location
coordinates of the acoustic paths of ultrasonic flowmetersis considered in detail, using the analytical-empirical power
law of the distribution of the velocity of the undistorted flow. As a result of the work, the authors calculated the
optimal arrangement of acoustic paths for chordal schemes of two— and three-path ultrasonic flowmeters. It was
established that optimization of the location scheme of the acoustic paths of chordal ultrasonic flowmeters allows
reducing the hydrodynamic flow measurement error to the value of 0.05 % (for two-path flowmeters) and 0.1 % (for
three-path). The devel oped approach is convenient when designing multipath ultrasonic flowmeters and their research
in laboratory conditions.
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1. The purpose of the work

Sensitivity of ultrasonic flowmeters (USMs) to the profile of flow velocity is described in many domestic [1-2]
and foreign [36] scientific works. Thus, in the case of USM under the conditions of undistorted flows, a
hydrodynamic flow measurement error (HDE) occurs [5], and under the conditions of perturbation of the structure of
the velocity profile of various local pipe fittings, an additional flow measurement error (AE) arises due to the
distortion of the flow structure[6].

The purpose of thiswork isto investigate one of the ways to reduce the HDE of the USM.

2. Presentation of the material

The occurrence of the HDE of the USM is due to the fact that the velocity of the flow, calculated from the value
of passing of sound vibrations over and againg the flow along its acoustic paths (APs) uy, isaways different from the
actual value of the flow velocity of the averaged over the diameter of the measuring pipdine (MPL) [5]. The
relationship between these vel ocities does not depend on the angle of inclination of the AP to the axis of flow, but is
determined by the number of Re and the location scheme of the APs USM (the number of APs and the way of their
gpatial arrangement).

Currently, a significant number of location schemes of APs USM are proposed. We have carried out the
classification of known location scheme of APs USM (see Fig. 1) and analysis of possible values the HDE of the
USM for different location scheme.
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location schemes of APs USM

v
number of APs| number of sound beam in APs| | type of location of AP to the axis of MPL
v !
single path single beam multibeam | | diametrical A-schemes
multipath chordal combined

Fig. 1. Classification of |ocation schemes of APs USM

In the case of the usage of an USM with a diametric location scheme of APs, when the sound vibrations are
moving either along the MPL axis (inclination angle 0°) or at a certain angle to it (45-60°), the velocity of the USM in
an idealized profile of velocity is aways greater than the average velocity in diameter MPL [5-7]. As a result, the
HDE of the USM acquires the following values: for laminar regime, 33 % [5—7]; for a turbulent regime of 3-8 %
(Re = 10°-10") [5-7]. In order to eliminate the HDE of USM with a diametric location scheme of APs, in their cost
equation, a correction factor isintroduced as a function of Re [5, 7].

In the case of using an USM with a chordal location scheme of APs, in order to eliminate the HDE, the
devel opers of flowmeters of thistype recommend:

1. To introduce into the flow equation of the USM calibration coefficient, obtained by the results of the
calibration of the USM in the conditions close to the operation environment. In this case, not only the influence on the
USM of the structure of the undistorted profile of the flow velocity, but also the influence of other parameters of the
flow (pressure, temperature, composition of the measuring flow) [8] is eliminated.

2. Optimization of the location schemes of APs with the usage of numerical integration methods. This approach
is most often used for USM with the number of APSN > 4[7].

3. Optimization of the location schemes of APs with the usage of anaytic-empirical laws for the velocity
distribution of undistorted flow [6].

In this paper, the third approach is used to diminate the HDE of two- and three-path chordal USM with the
usage of the analytical-empirical power law of the distribution of the velocity of the undistorted flow.

3. Investigation of the HDE of USM

The formula for the analytic-empirical power law of the distribution of the velocity of the undistorted flow has
the following form [3]:

u@i) =(L- r(@)" (1)
where u(i) —normalized (at maximum, axial velocity) value of the flow velocity at the ith point of the cross section of
the MPL; r(i) — normalized (within the radius of MPL) the value of theradia coordinate of the ith point of the cross
section of the MPL; n —number of Nikuradze, which isafunction of Re.

The values of n for any Re are cal culated by the equation [3, 5, 7]:
n=11.269- 3.0194g(Re) + 0.432XIg(Re))’. 2

According to (2), the range of numbers Re = 1.1-10°~1.4-10° corresponds to the values of n = 7, 8 and 9. For the
same range in [9], one-peak analytic-empirica laws of distribution of distorted flow (functions Salami). Therefore, it
is expedient in this work to perform the research for the indicated values of n, which will enable to further compare
the results of research of USM in conditions of undistorted and distorted flows.
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The volumetric flow rate expenditure flowing through the cross-section of MPL can be obtained by integrating
the power law of distribution (1) [3]:

1

q=2p>ggr>udr. (3)
0

Applying the distribution law (1) and the geometric characteristics of the location scheme APs (see Fig. 2), we
obtain the equation of the volume flow rate of multipath chordal USM [10]:
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where: o, T(i) isthe angle of rotation and the width of the plane in which the ith chordal AP USM passes relative to
the horizontal plane; L — length of ith AP, x(i) =0...1 — coordinate of the location of the plane in which the ith
chordal AP USM passes; N — number of chordal APs USM.

Fig. 2. Picture of location schemes of two-path (a) and three-path (b) chordal USM

Sincein thiswork the case of standard horizontal installation of USM (angle a = 0°) is used, the formula (4) can
be simplified asfollows:
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In this work it is proposed to calculate the HDE of the USM taking for the exemplary value of expenditure,
calculated by the formula (3):
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The optimization of the location schemes of chordal APs using the power law of distribution isto determine the
coordinate x(i) of the AP location in which the HDE of the USM 6¢p will be equal to or close to zero. Fig. 3 presents
the results of the calculation of the HDE 6¢p for two-path chordal USM.
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Fig. 3. Dependence of HDE 4¢p of two-path chordal USM from the relative coordinate
of the location of its APs: a—range x = 0-0.9; b —range x = 0.5-0.6

Analyzing the results presented in Fig. 3, it can be argued that the optimal coordinates of the location of the APs
of the two-path chordal USM are x;, = £0.53R (dcp < 0.05 %). Fig. 4 presents the results of the calculation of the
HDE &¢p for three-path chorda USM.
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Fig. 4. Dependence of HDE 4¢p of three-path chordal USM from the relative coordinate
of the location of its APs: a—range x = 0-0.9; b —range x = 0.6-0.7
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It is shown in Fig. 4 that the optimal coordinates of the location of the extreme APs (AP1 and AP3in Fig. 2, b)
of the three-path chordal USM are values x; 3 in the range £ (0.64-0.65)R (3¢p < 0.1 %).

4. Conclusion
According to theresults of the research, it was established that:

1. Application of the analytical-empirical power law of the distribution of the velocity of undistorted flow is a
convenient method for conducting research on the location scheme of APs chordal USM.

2. Application of optimized location scheme of the APs chordal USM allows reducing the HDE of the
expenditure:

—tothevalue égp <0.05 % for two-path chordal USM at %, , = +0.53R;
—tothevalue dgp <0.1 % for three-path chordal USM at x,; 3 = +(0.64... 0.65)R, X, = 0.
The obtained results can be applied in the design of multipath USM and their research in laboratory conditions.
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3MeHIIeHHSA IiAPOANHAMIYHOI MOXUOKH XOPAOBHUX
YJbTPAa3BYKOBHX BUTPATOMIpIB

®enip Mariko, Biraniit Poman, IBanna KoBansuyk

Hayionanvnuii ynieepcumem “ Jlvgiecorxa nonimexuixa” , eyi. C. banoepu, 12, Jlveis, 79013, Vkpaina

AHoTalisa

JocmimKkeHo cnocoOu 3MEHIIEHHs! TiPOAMHAMIYHOI ITOXMOKM BHMIPIOBaHHS BUTpAaTH YIBTPa3ByKOBHMHU
BUTpaTOMipaMu Il PO3MOBCIODKEHUX CXEM PO3TAalllyBaHHs IXHIX aKyCTHYHHMX KaHamiB. J[eTanbHO pPO3TJSIHYTO
crnoci0 po3paxyHKy ONTHMaJIbHUX KOOPJMHAT PO3TALIYBaHHS aKyCTHYHHMX KaHAJIIB YJIBTPa3ByKOBHX BUTPATOMIpIB 3
BUKOPHCTaHHIM aHAJITUKO-EMITIPUYHOIO CTEIIEHEBOrO0 3aKOHY PO3IOTY IIBUAKOCTI HECIIOTBOPEHOT'O IOTOKY. 3a
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pe3ynbTataMu poOOTH aBTOPU PO3PaxyBajH ONTHUMAaJbHE PO3TALIYBaHHS aKyCTUYHUX KaHAJIB Uil XOPIOBUX CXEM
JIBO- Ta TPUKAHAIBGHHUX YJIbTPAa3BYKOBUX BHTPAaTOMIpiB. BcTaHOBJEHO, IO ONTHMi3alis CXeM pO3TallyBaHHS
aKyCTHYHUX KaHaJiB XOPJOBUX YJIBTPa3BYKOBHX BHTPATOMIpIB Ja€ 3MOTY 3MEHIIHWTH TiJpOIUHAMIYHY ITOXHOKY
BuUMiproBaHHs BuTpatu n0 3HauyeHHs 0,05 % (mis nBokanampHux BUTpaToMipiB) Ta 0,1 % (s TpHKaHATBHHX).
Po3pobnennit miaxij € 3py4HUM IIiJ] 9ac MPOEKTYBaHHS 0araTOKaHAJIBHUX YJIBTPa3ByKOBHX BHUTPATOMIpPIB Ta IXHBOTO
JIOCITI/KEHHS B 1a00paTOPHUX yMOBaX.

Karwu4oBi ciioBa: ynbTpa3ByKOBHH BUTpATOMIp; TiIpOJMHAMIYHA IOXMOKa; CTENEHEBUH 3aKOH; aKyCTHYHI
KaHaJH; XOpJ0Ba cXeMa.



