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CTeHOoBI OOCMIOKEHHS BMNNUBY
acuUMeTpIl MOTOKY Ha METPOSIONiYHi
XapaKTePUCTUKU rigpoanHaMivHNX

BUMIpIOBaSIbHUX MNepeTBopoBaYiB

Y cmammi nagedeno pesynvmarmu 0ociodieHt BUMIPIOBATIVHUX NePEMBOPI06adié PIOUHHUX NATUBHO-eHepeemuy-
HUX pecypcis, uio 6a3yiomvca Ha 2i0poOUHAMIYHOMY Memoodi peecmpauii 06’ emy ma 06 eMHOT sumMpamu nomoxis, Axi
Mawomv 8UCOKY OUHAMIKy iX nauny. Buceimneno pesynvmamu HanisHamypHux eunpobysarv npunadié 6 ymosax, Ha-
OnusiceHUux 00 eKcnLyamauiiinux, 3 Memoro 6UsS6IeHHS 6NIUBY AcUMermpii po3nodiny 10KANLHUX WEUOKOCHeTi NOMOKY
HA Memponoziuni XapaKmepucmuru 2i0poOUHAMIMHUX BUMIPIOBATIVHUX NePemeEoposaie 6Umpamu.

Knrouosi cnoBa: BUTpaTa, ManMBHO-eHEPreTUYHI pecypc, BUMipIOBaHHSA, HEOHOPIIHICTD Tedil, TOYHICTB, 3a-
co61t BUMipIOBAaHHSL.

B cmamve npugedervl pe3ynvmamvt Uccre008aHuUll USMePUMENbHbIX npeobpasosamerneti HUOKOCHHbIX MONAUB-
HO-9Hep2ermu4eckux pecypcos, OCHOBAHHBIX HA 2UOPOOUHAMUHECKOM Memode pecucmpayuu 00vema u 06vemMH020 pacxo-
0a NOMOK0B, KOMOPbLe UMEIOTN BbICOKYI0 OUHAMUKY UX mederus. OceeuieHbl pe3ynvmamol NOLYHAMYPHOIX UCHbIMAHUTE
npubopos 8 YCnoBUSX, NPUOIUNEHHBIX K IKCNIYAMAUUOHHDIM, C UETbI0 BbIT6/IeHUS 6IUSHUSL ACUMMEMPUL pacnpede-
JIEHUST JIOKAZIbHBIX CKOPOCMETi NOMOKA HA MemponozutecKue Xapakmepucmuky 2u0poOOUHAMUHECKUX USMEPUEeNbHbLX

BUTPaTU
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npeobpasosamereti pacxooa.

KroueBplie cmoBa: pacxofi, TOIVIMBHO-3HEPTETUYIECKIE PECYPCHI, M3MEPEHNA, HEOMHOPOAHOCTD TEYEHN A, TOI-

HOCTb, CpEICTBA U3SMEPEHMA.

The article gives results of researching measuring transducers for liquid fuel and energy resources, which are based on
the hydrodynamic method of volume and volume high dynamics flow rate registration. It also shows results of seminatural
tests of devices in conditions, close to operating ones, in order to identify the impact of asymmetric distribution in local flow

velocities on metrological characteristics of measuring transducers.

Key words: flow rate, fuel and energy resources, measurement, flow heterogeneity, accuracy, measurement tools.

Ilepen cycminbcTBOM CTOITh Ha/I3BMYANHO BaK/IMBe
3aBJIAHHA XKOPCTKOI €KOHOMIil IUIMHHMX €HEProHOCIiB, AKa
He MO)Ke OyTHU >KUTTE3[JaTHOO 63 TOYHOTrO Ta HafliffHOTO
ix o6miky. [anyseBa mpakTuka norpebye CyTTEBOrO mifBM-
LIeHHsA TOYHOCTI peecTpalii BUTPaTu Ta KiIbKOCTiI piguH.
IlepemyciM 1je CTOCYETBCA CTPATEriyHO BaXKIMBUX IX BMU-
ZiB, 30KpeMa HaTOIPORYKTIB, EHEPTOHOCIIB CIIelianbHOrO
HpU3HaYeHHsA, TUTHOI Bofu Tomo. OTxe, MpobneMa TOY-
HUX BYMIiPIOBaHb BUTPATHU i pPEECTpaLlil Ki/IbKOCTI piiHM B
TEXHOJIOTIYHMX MepeXKax IOCTAE€ CTPATErivHO BAXK/IMBOIO i
aKTYa/IbHOIO /1A YKpaiHM K rapaHT ii CTa/oro po3BUTKY B
O4iKyBaHOMY MaiOyTTi.

AKTya/lIbHUMM TOCTAlOThb TNUTaHHA NOCTIPKEHHA He-
OIHOPIZHOCTEN OTOKY, CIIPMYMHEHNX JIOKATbHVMIU TilpaB-
JYHMMY omopaMy pisHOI IpocTOpoBoi KoHpirypauii, ki
MOPOKYIOTh TPAJIi€HT MBUAKOCTI IOTOKY i BUKIMKAIOTh
BUXOpPOYTBOPEHHsI, BIVIMBY 3a0pyfHEHHS Ta HELOLTbHOCTI
06paHOro MiCIst MOHTXXY IIPWIAZiB HAa BUMIPIOBA/IbHIN fii-

JIAHI, BUBYEHHS XapaKTepy i CTyleHs 3BOPOTHOTO BILIUBY
Ha KOHTPOJIbOBAHUII IOTIiK e/leMeHTHOI 6a3u puany, yepes
crienniky JI0ro KOHCTPYKLI, aHaIi3y 1 4ncebHOl OLiHKY
06epHeHOI peak1il IpUIafy Ha IIapaMeTpy IIOTOKY.

OpuyMM i3 BMMipIOBa/IbHUX II€PETBOPIOBAYiB BUTPATH
(BIIB), siki BUKOPMUCTOBYIOTh AJIsl OOMIKY pifivH 3a pisHMX
peXUMIB ix minHy, € rigpoguuamivni (I1l) npuragu 3 9yT-
nvBumu enemenTamu (YE) y BUDIARL mpy>KHOI KOHCTPYKLiT
3 tinom obTtikanua (TO), posMmilleHuM y moToui BuMipio-
BaHOro cepefoBuia. Buxiguum curnanom I'7l BIIB € Benn-
unHa fepopmanii un Bigxwienns YE, ski cnprdnHeHi gieio
Ha HBOTO CMJI TipOAVHAMIYHOIO HATUCKY BMMipIOBAaHOTO
noToKy. TMCK ¢ rifpofiMHaMiyHOTO HATHCKY, 11O Ail0Tb
Ha YE, e ¢pyHKuiero MicieBol MBUAKOCTI TOTOKY y Hepepisi
BUMipIOBa/IbHOTO KaHay, popmu i posmipis TO Ta rycTunm
BUMIPIOBAaHOT'O CEPeNOBUILA.

lppopunamiyai mepeTBOpPIOBaYi Haf3BMYAHO Bpas-
NuBi 1o Aii Heo{HOPiIKHOCTI TOTOKY. [l CTBOpeHH: edek-
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Puc.1. Moxnbka npunagy Ha pisHWX BiACTaHAX nicnsa KoHdy3opa
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Puc. 2. Moxunbka npunagy Ha pi3HWX BiACTaHsIX MiCNs panTOBOrO 3BYXXEHHS
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Puc. 3. Moxubka npunagy Ha pisHUX BiACTaHSIX MIiCNsi KoriHa 3 NOBOPOTOM
Ha KyT T1/2 pag

TMBHMX BY3JIiB OO/IKy eHepreTMYHUX pecypciB, mobynoBa-
Hux Ha 6a3i [']] BIIB, gorinbHO ZOCIifNTY BIIMBY acuMeTpil
IIOTOKIB, AKi iIHAYKYIOTbCA MICL€BUMMU TifipaBIidYHMMMA OIIO-
pamu pisHoi reoMeTpu4HOI pOpMM Ta IPOCTOPOBOI Opi€eHTa-
LI IMiff 9ac MpOXO/PKEHH KPi3h HUX BUMIiPIOBAaHOTO Cepefo-
BIIIA, i TOKAJIBHOTO Ta IIPOCTOPOBOTO PO3MIll[eHHs 3ac00y
BMMIiPIOBaHHA II0 IPOTAXKHOCTI TE€XHOJOTiYHOI MaricTpari
Ha TOYHICTh BM3HAYEHHA BUTPATH.

EdexTuBHUM MeTOOM BUSHAUeHHd BIUIMBY acUMeTpil
IIOTOKY Ha IIaCIOPTHI XapaKTEePUCTUKI IIPUIAJIB € iX CTeH[0-
Bi JOC/I/PKEHHSA NUIIXOM CTBOPEHHS MiCLE€BMX TifipaB/IiyHNX
oropis pisHOI pocTOpoBOi GopMMU 11 OLiHIOBaHHA IeHEpPO-
BaHOI HMMM HEOZHOPIZHOCTI Tedil 10 MPOTAKHOCTI BUMIpIO-
BaJIbHOTO TPAKTY.

I 11poro HeOOXiTHO JOCIAUTY rifpoaNHaMiYHy KapTh-
HY IIOTOKY IIO IIPOTSAYKHOCTI TEXHOJIOTIYHOI MEPexXi 3 Micire-
BUMI TifpaBIiYHNMM OHOPaMy Pi3HOI POCTOPOBOI dopmIL,
a TAaKOXX BU3HAYNTH €IIIOPY PO3IOJiTY IUBUAKOCTI y IIOIepey-
HUX Ilepepisax BMMipIOBaJIbHOTO KaHajy 11 OLiHUTH CTYyIEeHi
BIUIMBY KapTMHM TOTOKY 3a Pi3HMX 3HaYeHb BUTpATU Ta JIO-
KaJIbHOTO PO3MIillleHHA 110 MPOTAKHOCTI TEXHOIOTIYHOI Mari-
CTpaJli Ha MAaCIOPTHI XapaKTePUCTUKA JOCTIKyBaHNUX Tepe-
TBOPIOBAYiB.

HocmimpKeHHs BIUIMBY acUMETpil IIOTOKY Ha MeTpOJIO-
TiYHI XapaKTEPUCTUKM TipOoJMHaMIiYHUX I€PeTBOPIOBaYiB
BUTpaTH, AKi MONATANM y CTBOPEHHI peaNbHUX MiCIleBUX
riffpaBTiYHNX OHOPIB Pi3HOI MPOCTOPOBOI KOH(iryparwil Ha
MIPAMOJIHINHINA JiNAHLI BUMipIOBa/JIbHOTO TPAKTy METPOJIO-
riuHoi ycranoskm I'MIP-2,5 BupobHmirsa Bcepociitcbkoro
HAyKOBO-JOCIIAHOrO iHCTUTYTY BuTparoMeTpii (M. KasaHs),
npoBopmnn y naboparopii HamioHampHOTO TexXHiYHOro yHi-
BepcuTeTy YKpainu «KuiBcbKuil omiTeXHIYHMIT iHCTUTYT».

OrniHIOBaHHA NPOBOAWINCA i3 TipoAMHAMIiYHUMU IIe-
peTBOpIOBaYaMU BUTPATH, 110 MAIOTh TiNa 0OTiKaHHS pi3HOI
rayCoBOI KPMBM3HU: 3 UMIHAPUYHUM [MCKOM, KOHYCOM, Ha-
IIpaB/IeHMM BEPIIMHOI0 Ha3yCTPid IMOTOKY, Ta IIOPOXKHUCTOIO
HariBceporo, BBIrHYTOI YaCTUMHOI, 30Pi€HTOBAHOIO IIPO-
TH IUIVHY BUMIpIOBaHOTO cepefoBuina. Taki mepeTBoproBadi
Oy/Iu BCTAaHOBJIEHI HAa PI3HUX BiACTAHSX IIC/ISA TifpaBIivHUX
omopis [1-3]. Pe3ynbpratu CTEeHJOBUX HOCIIIPKEHD 3aCO6IB BI-
MipIOBaHH: IIOPiBHIOBA/INCA 3 JaHUMM iX T€CTYBaHb, IIPOBe-
[IeHUX 3 BUKOPUCTAHHAM MeTOJ[iB 0OUNCITIOBAIBHOL Tigposiu-
HaMiky Ha 6a3i CFD-texHororiit (3aCTOCOBAaHO IPOrpaMHUI
kxoMiutekc ANSYS) Ta oTpuMaHMX IUIAXOM MaTeMaTUYHOTO
MOJI€/IIOBAHHA B3a€MOJI1 ITIMHHOTO CEPEeJOBNIIA i3 e/IeMeHTa-
MU KOHCTPYKIii IIepeTBOpIoBaya.

3acrocysanna CFD-MopienioBaHHA [ae 3MOry IIifi 4ac
PO3pOOKY, MOHTaXY 71 06C/TyrOBYBaHHS BUTPATOMIpiB OITH-
Mi3yBaTy TaKi aClIEKTU: BUSHAYEHHA IPUYMH HETIONAMIOK, 1[0
BMHMKAIOTh Y XOfli BUMIPIOBaHH:A; OLjiHKa BeIMYMHM ITOXMU-
60K Ta edeKTMBHOCTI 3aXO/iB i3 YCYHEHH: HEIONafoK; eKc-
TpANosALisa TabOPAaTOPHUX eKCIEPUMEHTIB Ha MpaKTUYHe
3aCTOCYBAHHSI; OLIiHKA albTepPHATUBHIX KOH}Irypariit mepe-
TBOPIOBAYiB Ta CTYIEHA BIUIMBY Ha eeKTMUBHICTD iX poboTH
IapaMeTpiB BUMipIOBa/IbHOI KaMepH, MiCLIeBUX TifipaB/IiyHNX
OIIOPiB TeXHOJIOTIYHOI MepeXi i Me>KOBIX YMOB, 110 0COOINBO
aKTyaJIbHO A 00acTi Manmx BUTpaT. Takox morpi6HO 3a-
3HAYNTH, WO B IEAKNX BUIIAJKaX J/IA OTPUMAHHA YiTKOI Kap-
TUHMJ B3a€EMOJil BUMiproBaHoro cepefosuuia 3 YE Burparomi-
Pa BiTBOPUTYU HAaTYpPHi YMOBYM €KCIIEPUMEHTY HE BUANAETCSA
MOX/IMBUM.

MopenoBaHHs po6OTH IepeTBOpIOBaYa BUTPATY Tifi-
PONVHAMIYHOTO TUIYy HPOBEIEHO 3 BUMKOPMUCTAHHAM IIpPO-
TPaMHOTO KOMIITIEKCY, KU € YHiBE€PCa/lbHOIO IIPOrPaMHOI0
CHCTEMOIO KiHII€BO-€IeMEHTHOTO aHai3y /I PO3B’sI3aHHS
IPOCTOPOBUX 3ajad MeXaHiKu JedOpPMOBAHOTO TBEPHOTO
Tila Ta KOHCTPYKLill (BKIIOYalo4y HeCTallioOHapHI reoMe-
Tpu4HO i GisuyHO HernmiHilHI 3aa4i KOHTaKTHOI B3aeMOpil
e/IeMeHTiB KOHCTPYKIill), 3aBJjJaHb MeXaHikM pifuHu i rasy,
TeIyIonepenayi i Tennoo6MiHy, €/IeKTPOIHAMIKY, aKyCTU-
KU, a TAKOXK MEXaHiKM 3B’g3aHUX MOMiB. /14 MOBHOIO Bifi-
TBOPEHHA BCiX IpOLECIB y NpWIaji NPOBENEHO MiXANC-
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Puc.4. Moxnbka npunagy Ha pisHMX BiACTaHAX nicns MicLeBoro ornopy: Aga
KoniHa 3 NOBOPOTOM Ha KyTu 1/2 paf KOXHUIA i PO3MILLEHUX B OOHIW NMOLWMHI
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Puc.5. MNMoxubka npunagy Ha pi3HMX BiACTaHAX MiCnsA MicLEBOro onopy — Asa
KOMiHa 3 NOBOPOTOM Ha KyTW 1/2 paj KOXHWIA, PO3MiLLieHi Y Pi3HUX NnoLyuHax

LUIUTIHAPHWIT aHasmi3, o BKmoyae B cebe maketu CFX Ta
Structural Static.

YpaxoByrouy He3MiHHICTb 3Ha4YEHHs IONEPEYHOro Iepe-
pi3y, OLIIHKY TOYHOCTi IepeTBOPIOBaYya MPOBOAV/IN MIJIAXOM
3HaXO[PKeHHA CTYIIeHs HeBinnoBigHocTi gedopmanii YE, Bu-
K/IMKAHOI JIi€l0 Ha HbOTO MOJETbHOTO OCECMMETPUYHOTO ITPO-
¢imo Ipero i mBHAKICHOTO HATIOPY Y HOCIIKYBaHOMY IIepe-
pisi. IIpn npomy Ha BXifHOMY Ilepepisi MOJe/IbHOI reoMeTpil
TifipaBIiYHOrO ONMopy OYy/I0 BiATBOPEHO emIOpy LIBUAKOCTEIL,
AKa BiJIIOBifla€ pO3IOAiNY, 110 YTBOPIETbCA IIiJ] 9ac Ipo-
XOJPKEHHS ITOTOKOM BiJIIIOBiTHOTO OIIOPY Ha IIE€BHIiN BifcTaHi
BiJl TOYaTKOBOTIO Ie€pepisy.

J1s1 iteHTMYHMX YMOB 6y/I0 IIPOBEEHO MaTeMaTUYHI MO-
JEe0BaHHA B3a€MOJil IIOTOKY BMMiPIOBAHOIO CEPENOBUILA i3
enemenTamy KoHcTpykuii I/l BIIB 3a pospobmennmm Matema-
TUYHUMY MOJEISMU 0O OTMiIBHOI il

Y pmocnmifkeHHAX BUMIPIOBaJbHI I€peTBOPIOBAYi Main
pisHe JIOKa/IbHE pO3MillleHHA ITiC/IA TifpaBIiYHNX OIOPiB, AKi
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€ CK/IafIOBOI0 YaCTMHOIO OiIbIIOCT] peanbHMX BYS/iB OO/iKy
pinyH Ta rasis: KOHQY30p, PalTOBi PO3LUIMPEHHA Ta 3BY>KeH-
Hs, KOJIHO 3 TIOBOPOTOM Ha KyT Tt/2 paf, /iBa KOJIiHa 3 II0BO-
poTOM Ha KyTu T/2 pajfi KOXKHMIA, 110 po3MillleHi B OfHiil Ta
Pi3sHUX IUIOIIMHAX.

VY nilt cTarTi HaBefleHO pe3ynbTaTH TeCTYBaHHA Tifipo-
JUHAMIYHUX BUMIiPIOBA/IbHUX II€PETBOPIOBAYiB BUTPATU pi-
IMHHO(DA3HOTO CepefoBMIIA i3 0OTiYHMMY TimaMy y BUITLAAL
JVCKY Iifl Jac Jil Ha HMX acMMETPii MOTOKY, 10 IOPOIKY-
€TbCA TiffpaBIiYHNMK oopamu: KoHysop (puc. 1), pantose
posmupenHs (puc. 2), KOIiHO 3 TIOBOPOTOM Ha KYT T/2 paj
(puc. 3), nBa KoJIiHA 3 IOBOPOTOM Ha KyTM T1/2 paj, KOXKHMIA,
po3MileHi B opHilt (puc. 4) Ta pisHMX ITOmMHAX (puC. 5).

AmHaris oTpuMaHMX Pe3ynbTaTiB BKa3ye Ha Te, 1[0 XapaKTep
KPMBMX IIOXMOOK ITepeTBOPIOBAYIB 110 IPOTsHKHOCTI BIUMIpIO-
Ba/IbHOTO KaHa/ly, OTPMMaHUX MAaTeMAaTUYHUM MOJENIOBAH-
HAM Ta 3 BUKopucranHAM CFD-TexHosOrii, MiATBEPAKY€ETh-
Csl CTEHJIOBUMM Pe3y/IbTaTaMy, KOPeIIEThCA MK co60k0 Ta
TIOCUTDH YiTKO Bi;[o6pa>1<ae 3aJIEKHICTb TOYHOCTI BUMipIOBaHb
BiJl TiIpOAMHAMIYHOI KapTUHU ITOTOKY B JIOKAaTbHOMY MiCIIi
BCTAHOBJIEHHS 3aCO0Y BUMIpIOBaHH [0 MIPOTSDKHOCTI TEXHO-
noriunoi Mepesxi. Lle mae 3mMory 3 MeTo0 3abe3meyeHHs BICO-
KOi TOYHOCTI BMMIipIOBaHHA BUTPATHU IPUIIMATU IIPABUIbHE
pillleHHs CTOCOBHO JIOKaJIbHOTO IPOCTOPOBOTO PO3MillleHHA
IIpUIAY Y TEXHOTIOTIYHIN MEPeXi.

Amnasoriusi focaimkeHHs 6ym/1 IIPOBENIEHI i3 3aCTOCYBaHHAM
HPIIafiB, 10 MAIOTh Yy T/INBI €/IEMEHTI 3 OOTIYHUMM TiaMu y
¢dopmi KOHyca, HalpaBIEHNMI BEpIIMHOK HAa3yCTPid MOTOKY,
Ta MOPOXKHNUCTOI HaliBcepy, BBIHYTOK YaCTMHOKO 30pi€HTO-
BaHOI ITPOTY IUIMHY BUMIipIOBanbHOro cepeiouina. OTpumani
Ppe3y/IbTaTy BKa3yIOTb Ha Te, IO IIepeTBOPIOBadi 3 0OTI4HIMMU
Titamu y popMi KOHyca MEHIIT 9y T/IMBi JO acMeTpii IOTOKY, Hk
HpUIafy i3 4y T/IMBUMM eleMeHTaM, sIKi MAIOTh Tijla OO TiKaHHs
y $bopmi mrackoro Aycka Ta IIOPOXXKHMCTOI HaIliBCepi.

BucnoBok

OTpuMaHi pe3ynbTaTii TeCTyBaHH 3aCO0iB BUMIPIOBaHHSI
BUTPATH PiiVHM Ti[pOJMHAMIYHOrO KJIacy LIJIAXOM MaTeMa-
TUYHOTO Ta YMCEHbHOTO MOJIETIOBaHb, OJJHOYACHO i3 CTeH-
DOBMMU BMIIPOOYBAaHHAMM, BKa3ylOTb Ha BMCOKUII piBeHb
Bi[IIIOBIAHOCTI TEOPETUYHUX Ta €KCIEPUMEHTA/IbHUX HOCIi-
IPKEHb, BM3HAYAIOTh MiCls [JOLIJIBHOIO JIOKQJIBHOTO PO3Mi-
LIeHHS IPWIALIB 110 MPOTAKHOCTI TEXHOIOTIYHOI MePeXi.

INomanpIi fOCTiKEeHHA COPAMOBaHi Ha BU3HAYEHHS CTY-
IeHsA BIUIMBY ITapaMeTpPiB BUMipIOBaHOTO CepeNOBNUIIA Ha Me-
TPOJIOTi4YHi XapaKTEPUCTUKM TiIPOAMHAMIYHUX II€PETBOPIO-
BadiB BUTPATH Ta KiIbKOCTI PifMHHO(AZHOTO CEPENOBUIIA.
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