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The absence of computer-aided design systems with the choice of flow transducers (FT) for energy resource sup-
ply systems determines the relevance criteria developing for evaluating flow transducers effectiveness for liquids and
gases. It is advisable to carry out FT optimization with flow bodies by determining rational forms and parameters of
hydraulic channel and sensitive element (SE).

The FT accuracy can be estimated depending on its purpose, operating conditions and the nature of the measured
medium movement: from a probabilistic accuracy index, by the dynamic error index and the generalized efficiency cri-
terion. The last criterion is based on the criteria for the interaction effectiveness of the measured medium flow with the
transducer SE and ensures high sensitivity of the system and measurement accuracy with minimal impact on the pa-
rameters of the measured medium.

The article presents the results of the evaluation of the flow asymmetry influence induced by the spatial knee on
the operation of transducers with sensitive elements of various spatial forms. The measurement means with a cone-type
flowed body directed apex towards the flow are the best under the conditions of minimum error and minimal effect on
the measured medium. The obtained results make it possible to clearly determine the instrument installation place in the
technological network under conditions of maximum accuracy and minimal impact on the measured medium.
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Introduction

The task of measuring transducers rational
choice arises when creating modern effective systems
for measuring liquids and gases flow and quantity.
Such systems should provide flow registration with
high metrological and operational performances. In
addition, recently there is an urgent need to measure
the fuel and energy resources and water (FERW) flow
and quantity with their flow different dynamics.

This determines the need to develop criteria for
transducers comparative evaluation taking into ac-
count operating conditions and measurement require-
ments.

Formulation of the problem

There are some requirements for modern FERW
flow rate transducers (FT) such as the measurement
accuracy improving, the achieving measurement re-
sults for maximum independence from changes in the
measured medium parameters (density, viscosity,
pressure, temperature, velocity profile and others), the
minimum dependence of metrological performances
on operating conditions, increasing reliability, repeat-
ability, and improving dynamic qualities, extending
the measurement range to low flow rates, linearity of
the transformation characteristic, the improving in-
strument performance not only at normal conditions
but also at extreme conditions (at very low or high
temperatures and pressures, vibrations and other), the
metrological base sufficiency and other [1-4].

These requirements variety has led to the devel-
opment of a large number of different measurement
methods and instruments based on them. Flow trans-
ducers with sensitive elements (SE) in the form of
flow bodies in the measured medium flow are widely
used to measure the FERW flow and its quantity.
These instruments based on the methods of variable
pressure drop, vortex, hydrodynamic and tachometric
(impeller and turbine).

The need to choose the most appropriate instru-
ment type and design from their wide variety is one of
the main problems in organizing a system for FERW
flow and quantity effective measurement. The practi-
cability of choosing the FT type is considered at the
angle of creating efficient measurement systems. The
technological process of FERW supply requires regu-
lation. Process control automation is an integral part
of its operation efficiency increasing and reducing
irrational FERW losses. Emergencies late identifica-
tion and elimination causing FERW leaks due to in-
sufficient control of the energy flows values lead to
their significant losses.

Methods for determining the rational FT type for
particular operating conditions today are not defined,
despite the increasing prevalence of methods and in-
struments for measuring the FERW flow and quantity.
Hence their exact mathematical models are missing.
Works in this area are mainly devoted directly to the
measurement principles, have approximate solutions
for the flows interaction with primary transducers, and
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were obtained for cases of particular flows (laminar
and turbulent), and do not take into account the hy-
drodynamic processes that occur in the interaction of
fast-flowing and fast-variable flows with flow trans-
ducers moving elements [1-7]. Such a rather simpli-
fied description of the energy carriers flow rate meas-
urement processes does not reflect the whole variety
of phenomena that arise during the FT operation.

The absence of computer-aided design systems
with the choice of FT for energy resource supply sys-
tems determines the relevance criteria developing for
evaluating flow transducers effectiveness for liquids
and gases.

It is advisable to carry out FT optimization with
flow bodies (hydrodynamic and vortex) by determin-
ing rational forms and parameters of hydraulic channel
and SE. At the same time main optimization calcula-
tions goal is to create an efficient instrument with en-
hanced metrological performances. This becomes pos-
sible by determining the design parameters optimal
values; to create a measuring channel and SE with
well-streamlined shapes that do not create significant
head losses and do not complicate the manufacturing
technology; by reducing FT sensitivity to the nonuni-
formity of the flow velocity profile at the inlet; with a
decrease in the transition zone between the laminar
and turbulent regimes due to the actual elimination of
the fluid motion transient regime.

Hydrodynamic class flow transducers optimi-
zation criteria definition

The FT accuracy can be estimated depending on
its purpose, operating conditions and the nature of the
measured medium movement:

a) from a probabilistic accuracy index (the mathe-
matical expectation and variance of the static error);

b) by dynamic error index (transient process dura-
tion, frequency transmission width, ratio of the useful
signal to noise, dynamic error magnitude, etc.) [8];

c) by generalized efficiency criterion [9, 10] (this
criterion is based on the criteria for the interaction
effectiveness of the measured medium flow with the
transducer SE; this ensures high sensitivity of the sys-
tem and measurement accuracy with minimal impact
on the parameters of the measured medium).

The hydrodynamic type FT output signal is the
deformation magnitude or SE deflection, caused by
the action of hydrodynamic pressure forces on the
measured medium. SE is an elastic design with a
flowed body (FB) located in the stream. The hydrody-
namic pressure forces value acting on the SE is a func-
tion of the measured flow local velocity, the shape and
sizes of FB and the measured medium density. Flow
local velocity is a velocity in the cross section of the
measuring channel with the exception of the FB mid-
ship area.

On this basis, optimization task is reduced to de-
termining values of the rational parameters of the hy-
draulic channel, FB and SE in general. One of the

main requirements for the FT is the minimum pressure
losses of the measured medium. Therefore, as an op-
timization criterion, it is advisable to take the criterion
of a comprehensive assessment of the instrument in-
fluence on the measured medium while ensuring high
sensitivity and measurement accuracy [10]
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& is the SE damping factor; o is the SE free oscilla-
tion frequency; u, is the flow velocity in midship
section; p is the measured medium density; C, is the
SE drag coefficient; S is the SE midship area; S is
the flow area before SE installation; D is the hydrau-
lic channel diameter; y is the distance between body
and flow axes; 7, is the factor that takes into account
SE shape influence on the change in the hydraulic
channel cross section; m is the exponent factor [8]; k
is the flow velocity distribution nonuniformity coeffi-
cient over the flow section.

Thus, the task for finding the minimum values of
the function (1) is reduced to determining the optimal
values of the damping factor & , the SE free oscillation
frequency o, the SE drag coefficient C,, the ratio of
the areas of the SE mid-section S, and the flow sec-
tion before the SE S, at particular measurement con-
ditions.

The mathematical model analysis of the hydro-
dynamic class FT shows that the damping coefficient
and the free oscillation frequency are functions of
such design parameters [11]: the SE width in the
pinching place (b); SE thickness (h); SE length (I) is
the distance from FB center to pinch line; FB diameter
(d); the SE material elasticity modulus. The SE drag
coefficient C, and the ratio of the areas of the SE

midship section S, and the flow section before the
SE S, depend on the size and shape of the FB and SE
in general (fig. 1).

Bicnux KIII. Cepin IIPHJIA/[OBY/]YBAHHA, Bun. 57(1), 2019. S7



ISSN 0201-744X, ISSN 0321-2211

Haykosi ma npakmuyni npod.iemu 6upooHuymea npuiadié _ma Cucmem

Fig. 1. Sensitive element

Considering the decisive influence of these de-
sign parameters on the hydrodynamic type transducer
metrological performances, it is appropriate to select
them as design parameters.

Interaction estimation of a non-uniform
stream with various spatial configuration SE

Interaction estimation of the non-uniform stream
with various spatial configurations SE and its influ-
ence on the main instrument performances were car-
ried out for flow transducers. The SE of these trans-
ducers have different streamlined surfaces of different
Gaussian curvature: zero (disk) (Fig. 2), positive
(cone) and negative (hollow hemisphere).

For the mentioned transducers numerical model-
ing was carried out for such conditions (Table 1):

Table 1. Instruments under study

nominal diameter DN =32.10° m; measured me-
dium — water; starting flow rate 2,22-10° m%s;
minimum flow rate 1,38-10° m%s; nominal flow rate
4,166-10° ms; maximum flow rate
6,944-10° m%s; maximum pressure of medium

1,6 Pa; measured medium temperature 293 °K; meas-
uring length 131,76-10°m; SE length 73,16-10°m;
the SE width in the pinching place 25,92-10°m; SE
thickness 1-10 *m; FB diameter 8,07-10 > m.

Fig. 2. The transducer with a sensitive element, its FB
is made as flat disk

Transducer
Parameter
Ne 1 No 2 Ne 3
Flowed body form disk cone hollow hemisphere
Flowed body (FB) spatial orientation basis on stream top to stream concave part on stream

Measurement errors are determined depending
on the angle of instrument spatial orientation on the
technological network and the distance from the local
hydraulic resistance.

The transducers investigations made in the pres-
ence at the technological network of various configu-
rations hydraulic resistances.

The FT accuracy can be estimated by determin-
ing the non-conformity degree of the SE deformation,
taking into account the cross section invariance. This
deformation is caused by the action of the Grego
model symmetric profile [12] and of the velocity head
in the studied cross-section. The Grego symmetrical
profile describes a developed turbulent flow in a pipe-
line with a circular cross section.

When assessing the flow asymmetry effect on
the transducers accuracy, the velocity diagram was
reconstructed in the input cross-section of the hydrau-
lic resistance model geometry. This plot corresponds
to the distribution that occurs when a stream passes a

certain resistance at a particular distance from the ini-
tial cross-section.

Studies of the flow nonuniformities effect on the
transducer operation were carried out by evaluating
the measurement errors magnitude, the effect on the
measured medium, and the efficiency coefficient val-
ues. The effect on the measured medium is character-
ized by pressure losses on the instrument. Efficiency
coefficient comprehensively reflects measurement
accuracy and effect on flow (1).

The article presents the evaluation results of the
flow asymmetry influence induced by the spatial knee
on the operation of transducers with sensitive ele-
ments of various shapes.

When simulating the local resistances influence
on the fluid flow hydrodynamic characteristics in each
cross section of the hydraulic channel (fig. 3), the val-
ues of the velocity vectors projections along four axes
(diametral chords) are obtained I-1 (0-0); II-1l (/4 -
/4); NI-11 (n/2 - ©/2); IV-1V (3n/4 - 37/4) (fig. 4).
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Fig. 3. The scheme of scanning the velocity vectors along the hydrau-  Fig. 4. Diagram of velocity vectors projections

lic channel: dy — hydraulic channel diameter; k — cross section

number; m — number of cross sections

Based on the results of assessments of the flows
nonuniformity degree, cross sections at distances of 9,
14, 19, 24, 30 and 50 nominal diameters from the input
section were selected for the studies. The corresponding
velocity profiles were fed to the models input.

Evaluation of the instrument operation qualita-
tive and quantitative features, caused by the flow
asymmetry, was carried out by numerical simulation,
for each of the specified sections, for four cases of
transducer spatial orientation relative to its vertical
axis (fig. 4). In this case, the rotation angle was
counted clockwise with a resolution of 7 /4 radians.
At the same time, a complex criterion of efficiency
(fig. 5), measurement error (fig. 6) and pressure loss
(fig. 7) were determined.

The results analysis shows the places of the
transducer most appropriate placement in the techno-
logical network as relating to hydraulic resistance are
clearly defined. A sharp increase in the efficiency co-
efficient is observed with a decrease in the error mag-
nitude after the 27th cross-section.

The change in the instrument spatial orientation
relative to the vertical axis makes it possible to
achieve high measurement accuracy in cross sections
along the process line with minimal impact on the
flow.
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Fig. 5. The flow transducer efficiency coefficient at
the instrument orientation angle @ =0 radians
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Fig. 6. The flow transducer error at the instrument
orientation angle 6 =0 radians
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Fig. 7. The flow transducer pressure losses at the in-
strument orientation angle 6 =0 radians

The instruments have the smallest error when
oriented at an angle of 6 =3x/2 radians relative to
the vertical axis. At such transducer spatial orienta-
tion, the measurement errors for structures with
flowed cone-type bodies and a bowl after the 25th
cross-section do not exceed 0.1 %. In this case, the
first measuring instrument has a smaller effect on the
flow hydrodynamic characteristics.

Conclusions
The researches of hydrodynamic flow meters
with sensitive elements of various spatial forms made
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it possible to draw the following conclusions. The
measurement means with a cone-type flowed body
directed apex towards the flow are the best at the con-
ditions of minimum error and minimal effect on the
measured medium.

Other classes of instruments are characterized by
smaller values of the efficiency coefficient and meas-
urements accuracy with large pressure losses. At the
same time, an analysis of the study results of the gen-
eralized efficiency criterion dependence of a hydrody-
namic type transducer on the degree of the cross sec-
tion filling and the flowed body shape showed that the
most optimal are sensitive elements with flowed bod-
ies in the form of a hollow hemisphere and disk.

The obtained results make it possible to clearly
determine the instrument installation place in the
technological network at conditions of maximum ac-
curacy and minimal impact on the measured medium.
This allows to effectively use the transducers in the
technological networks, taking into account the meas-
urement organization specific conditions. There is no
necessary to make straight pipeline sections before
and after the instruments.

The formulated optimality criterion allows to
evaluate the measuring transducers operation for fluid
flow different modes in the measured flow rates wide
range.

Further work will be aimed at evaluation the in-
fluence of local hydraulic resistances of various spatial
orientations on the measuring instruments use effec-
tiveness.
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Hayionanonuu mexuiunuti ynieepcumem Yxpainu « Kuiscoxuii nonimexniunuu incmumym imeni Izo-
pa Cikopcvrkozoy, Kuie, Yxpaina

OIITUMIZALIA METPOJIOTTYHUX XAPAKTEPUCTUK ITEPETBOPIOBAYIB BUTPATH 3
TUIAMU OBTIKAHHS 3A YMOB BIUIUBY ACUMETPII [TIOTOKY

OpHi€l0 3 TOJOBHMX IMPOOJIEM MpH opraHizamii cucteMu e(eKTUBHOTO BUMIPIOBAHHS BUTPATH Ta KUTBKOCTI HMaJIMBHO-
eHeprernuHux pecypcis Ta Boau (IIEPB) € HeoOxinHicTs BUOOpy HAMOLIBII NOMUIBHUX THITY 1 KOHCTPYKLIT IpHiany 3
X mupokoro pisHoMaHiTTs. He auBis4rcek Ha Bece Oinbliie po3MIMpPEHHS 3aCTOCYBaHHS METO/IIB 1 MPHIIaJiB BUMipIOBaH-
Hs BUTpatd Ta Kibkocti IIEPB, Meromuku BuOopy pamnioHansHoro tumy BIIB 1 meBHMX yMOB 3acTOCyBaHHS, Ha
CHOTOJTHI HE BU3HAYCHI.

OnruMizanio BUMIpIOBaIbHUX TiepeTBoproBavi utpaty (BIIB) i3 Tinamu 0OTiKaHHS JOUUTBHO 3/1iHCHIOBATH [IISIXOM
BU3HAUCHHS PAIliOHATBEHUX (HOPM i ITapaMeTpiB BUMiPIOBATBHUX IUISHOK Ta 9y TiuBHx enemeHTiB (UE).

3aJIexHO BiJl yMOB €KCILTyaTaliifHOTO BUKOpHUCTaHHs TouHicTh BIIB MoXHa o1iHIOBaTH 3a: HMOBIPHICHUM IMTOKa3HUKOM
TOYHOCTI, TOKA3HUKOM JMHAMIYHOI TOXHUOKH Ta y3araJbHEHUM KpUTepieM e(heKTUBHOCTI.
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TectyBaHHS NepeTBOPIOBAYIB 3IHCHIOBAIMCS 32 HAABHOCTI B TEXHOJIOTIYHIA Mepeki MiCIEBHUX TiJpaBIIiYHUX OINOPIB
pi3HO1 KOHIrypartii. JlocmikeHHs BIUIMBY HEOTHOPiTHOCTEH MTOTOKY Ha pOOOTY MepeTBOPIOBaYa MPOBOIMINCS 32 OIli-
HIOBaHHSIM BEJIMYHMHHU MOXHUOOK BHMIPIOBAaHHS, BIUIMBY Ha BHUMIpDIOBaHE CEpPEIOBHIIE, IO XaPAKTEPU3YETHCS BTPATOIO
THUCKY Ha TIPWJIaMi, Ta 3HaYeHb Koe(ilieHTy e(eKTUBHOCTI, SIKMH KOMIIEKCHO BifoOpa)kae TOYHICTh BHMIpIOBAHHS 1
IO HAa IMOTIK.

Y craTTi HaBeICHO PE3yabTATH OIIHIOBAHHS BIUIMBY aCUMETPIi MOTOKY, IHIYKOBAHOT MPOCTOPOBUM KOJIHOM Ha POOOTY
HepeTBOPIOBayiB i3 pi3Hoio popmoro YE.

OuiHIOBaHHS SIKICHHX 1 KIJIBKICHUX OCOOJIMBOCTEH pOOOTH NMPHIIay, BUKIMKAHUX aCHMETPHYHICTIO ITOTOKY, TPOBEJICHO
YHCEIbHUM MOJICITFOBAHHSAM, IS TIepepi3iB, pO3TalIOBaHUX Ha BincTaHsx 9, 14, 19, 24, 30 ta 50_HOMiHANBHUX JiaMeT-
PiB Bij BXiHOTO mepepi3y, 3a YOTUPHOX BHIAJKIB IPOCTOPOBOI OpieHTALl MepeTBOpIOBaYa BiTHOCHO HOTO BEPTHKAIb-
HOT BiCi, TIpH BiIUTIKy KyTa TIOBOPOTY 38 TOJMHHUKOBOO CTPIJIKOKO i3 MUCKPETHICTIO T/4 pad.

JociipkeHHs TiApoANHAMIYHAX BUTPATOMIpPIB 3 UyTJIIMBUMH €JIEMEHTaMH Pi3HUX HPOCTOPOBHX (opM J0BENH, 10 HAii-
KpalyMH, 32 yMOB MiHIMaJIbHOI MOXHOKY 1 BIUIMBY HA BUMIpPIOBaHE CEPEIOBHILE, € 3aCO0M BUMIpIOBAaHHS 3 T1IOM OOTI-
KaHHs y ()OpMi KOHYCa, HAIPaBJICHOTO BEPIIMHOIO Ha3yCTPid OTOKY.

OTpuMaHi pe3yabTaTH JAI0Th YiTKY KapTUHY MICIlh JJOKAILHOTO PO3MIIICHHS MPUJIaAiB Ha TEXHOJOTIYHIN Mepexi Bif-
HOCHO T1JIpaBIIi9HOTO OTIOPY 32 YMOB MaKCHUMaJIbHOI TOYHOCTI i MiHIMaJbHOT J1ii Ha BUMipIOBaHE CEPEIOBHILE.

Ki11040Bi ci10Ba: epeTBOPIOBaY BUTPATH; TUJIO OOTIKAHHS; aCHMETPIs TIOTOKY; MICIEBI TiApaBIiqHi ONOPH; ONTHMI3aMis.

H. B. Kopooxo, A. B. IIncapen

Hayuonanvnoiii mexnuueckuu ynusepcumem Yxpaunwvl «Kuesckuii nonumexnuyeckui uHcmumym
umenu Meops Cuxopckozo», Kues, Yxkpauna

OITUMM3ALIUS METPOJIOTUYECKUX XAPAKTEPUCTUK ITPEOBPA3OBATEJIEN
PACXOJA C TEJIAMU OBTEKAHUA B YCJIOBUAX BIIMAHUA ACUMMETPUU ITOTOKA

Hecmotpst Ha mmpokoe pacnpocTpaHeHHE METOAOB U MPHOOPOB ISl M3MEPEHUS] PACX0/a U KOJIWYECTBA TOIUIMBHO-
SHEPreTHIECKUX PECYPCOB U BOJIBI, METOANKH OIPEIeIICHIS PAllMOHAIBHOTO KJIacCa M3MEPHUTEIBHOTO IIpeodpa3oBaTess
pacxona (MIIP) ans onpeneneHHBIX YCIOBUN SKCIUTyaTAIlMK HA CETOIHS HE OTPECIICHBI.

Ontumu3ario UITP ¢ Tenamu o0TekaHns 1e1eco00pa3Ho OCYIIECTBIATH IIyTeM ONpEeTICHHS PaloHAIBHBIX GOPM U
apaMeTPOB N3MEPHUTENIFHBIX Y9aCTKOB M YyBCTBHTEIBHOTO (UD).

B 3aBucumoctn ot HazHaueHus UIIP, ycmoBmif paboThl M XapakTepa IBHKEHUS W3MEPSIEMOro IMOTOKA, €r0 TOYHOCTh
MOJKHO OIICHHTH IT0 BEPOSITHOCTHOMY ITOKA3aTEI0 TOYHOCTH; MOKA3aTeNi0 JMHAMIYECKOHW TOTPEIIHOCTH; 0000IMIeHHO-
My KpHuTepuio 3()(HeKTHBHOCTH, KOTOPBIH OCHOBBIBAETCS Ha KPUTEPHIX d(P(PEKTUBHOCTH B3aUMOAEHCTBHUS IOTOKA H3-
MepsieMoit cpenpl ¢ YD npeoOpaszoBatens, 4To o0ecrieunBaeT BEICOKHE YYBCTBUTEIHLHOCTh CUCTEMBI U TOYHOCTh N3Me-
peHMii IpU MUHUMAJIBHBIX NIOTEPSIX AaBICHUS.

HccnenoBanus npeobpa3oBaTesnell OCYIIECTBISUIUCH NPU HAJIWYHU B TEXHOJOTMYECKOW CETH THIPAaBINYECKUX COIPO-
THUBJICHUH Pa3IMYHON KOHQUIypaluu. B crathbe npuBeIeHBI pe3yabTaThl OLEHKH BIMSAHUS aCHMMETPUH TIO0TOKa, HHAY-
LIMPOBAaHHOM MPOCTPAHCTBEHHBIM KOJIEHOM, Ha paboTy npeobpaszoBareneii ¢ UD pa3nuyHoil hopMBbl.

HccrnenoBanus THAPOIMHAMAYECKUX PACXOAOMEPOB C TYBCTBHTEIBHBIMH 3JIEMEHTAMH PA3IMYHBIX IPOCTPAHCTBEHHBIX
(hopM CBHIETENBCTBYIOT O TOM, YTO CPEACTBA U3MEPEHHs ¢ TeloM oOTeKaHHs B (hopMe KOHyca, HalpaBIEHHOTO Bep-
IIMHOW HABCTPEdy MOTOKY, SBIAIOTCA HAWIYYIIMMH IPU YCIOBHAX MHHHMAQJIBHOW IMOTPEUTHOCTH W MUHHMAaJIHHOTO
BIIMSIHUS HAa U3MEPAEMYIO CpeLy.

[TomyueHHBIE pe3yabTaThI MO3BOJISIOT YETKO ONPEIESTUTh MECTO YCTAaHOBKH NMPHOOpa B TEXHOJIOTHYECKONH CETH OTHOCH-
TEJIbHO MECTHOT'O TMJPABIMYECKOTO CONPOTUBIEHHS MPHU YCIOBHUSIX MAaKCUMAJIbHONW TOYHOCTU M MHUHHMMAJIBHOTO BIIMS-
HUS Ha U3MEPAEMBIN IOTOK.

KaroueBsbie ci1oBa: nmpeoOpazoBaTenib pacxo/1a; TeJIO 0OTEKaHHs; aCHMMETpPUS ITOTOKA; MECTHBIE THIPABIMYECKUE CO-
MIPOTHUBIICHUSI; ONTHUMU3ALMSL.

Haoitiwna 0o peoaxyii
06 mpasus 2019 poky

Peyenzosano
15 mpasus 2019 poky

Bicnux KIII. Cepin IIPHJIA/[OBY/]YBAHHA, Bun. 57(1), 2019. 61



