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BIIJIUB ITPOCTOPOBOTI'O PO3TAIITYBAHHA YJbBTPA3BYKOBOI'O
BUTPATOMIPA HA TOYHICTH BUMIPIOBAHHS BUTPATH CIIOTBOPEHUX ITOTOKIB

Mariko ®@./1., Poman B.I. BniiuB mpocTopoBoro po3ramyBaHHsl YJIbTPa3BYKOBOr0 BHTPAaTOMipa Ha TOYHICTHL
BUMIpPIOBaHHSI BUTPATH CNIOTBOPeHUX MOTOKIB. B crarTi Ha 0a3i aHAMITHKO-eMITipHYHIX (QYHKIIH IIBHAKOCTI CIIOTBOPEHHUX
moToKiB Salami pospobiieHa y3araapHeHa METOUKA JOCIIIKEHHS TOOATKOBOI TOXHOKH BUMiPIOBAHHS BUTPATH YIIBTPA3BYKOBHX
BUTPATOMIpIB 3 PI3HUMH THIIAMH CXEM pO3TAallyBaHHS aKyCTHYHUX KaHamiB. BcTaHOBIIEHO, IO NMPOCTOpOBE PO3TAIIyBaHHS
YABTPA3BYKOBOTO BHUTPATOMipa BIXHOCHO TOPH3OHTAIBHOI IUIOMIMHM MOXKE CIPUYMHUTH MEPEBHINCHHS HOPMAaTHBHHUX
JIOMYCTUMUX MEX JOJATKOBOI IOXMOKHM BHMIPIOBAHHS BHUTPAaTH 3YMOBJICHOI CIHOTBOPEHHSM CTPYKTYPH IIOTOKY HABIiTh IS
BUTPATOMIPIB 13 BEJIMKOIO KUTbKICTh aKyCTHYHIX KaHAIB.

Ki04oBi ci10Ba: ynmpTpa3sByKOBHH BUTPATOMIp, TOAATKOBA MOXUOKA, CTPYKTYpa MOTOKY, MpOo(iib MIBUAKOCTI, (DYHKIIS
Salami, akycriunuii KaHaI.

Matuko ®./1., Poman B.. BiusgHue npoCTPAaHCTBEHHOI'0 PACIOIOKEHHS YJIbTPA3BYKOBOI'O PacXofoMepa Ha
TOYHOCTH M3MepeHHs PacxoJa MCKa:KeHHBIX NMOTOKOB. B crarthe Ha 6a3ze aHATUTHKO-OMIUPHUYECCKUX (YHKIUH CKOPOCTH
HCKa)KCHHBIX TOTOKOB Salami pa3paborana 0600IIEHHAsS METOINKA MCCIEAOBAHMS IOMOIHUTEILHON TTOPEITHOCTH H3MEPEHHS
pacxoia yabTpa3ByKOBBIX PacXOAOMEPOB C Pa3IUYHBIMM TUIIAMU CXEM PACIION0XKEHMS aKyCTUYECKHX KaHAJIOB. Y CTAHOBICHO,
YTO NPOCTPAHCTBEHHOE PACIIOI0KEHHE YIBTPa3BYKOBOI'O PAaCXOAOMEPA OTHOCUTEIBHO TOPH3OHTAIBHOM ITIOCKOCTH MOMKET
BBI3BaTh IIPCBBIIICHUE HOPMATUBHBIX JOMYCTUMBIX IIPEAENOB JOMNOMHUTENBHOM IOTPEINHOCTY H3MEPEHUs pacxoja
00YCIIOBIICHHOH HCKaXEHHEM CTPYKTYPHI IIOTOKA JAAKe JUIS PACXOIOMEPOB C OOBIINM KOJIMYECTBOM aKyCTHUECKUX KaHAJIOB.

KiioueBble cii0Ba: yIbTPa3BYKOBOH pacxomoMmep, MOMNONHHTENBHAS MOTPEIIHOCTh, CTPYKTypa MOTOKa, Mpodmib
ckopoctH, GyHKIms Salami, akycTidaeckuii KaHa.

Matiko F.D., Roman V.I. The influence of the spatial arrangement of the ultrasonic flowmeter on the accuracy of
the measurement of the distorted flow. In the article, based on the Salami analytic-empirical functions of the velocity of
distorted flows, developed a generalized methodology for studying the additional error of measuring the flow rate of ultrasonic
flowmeters with different types of layouts of acoustic paths. It has been established that the spatial arrangement of the ultrasonic
flowmeter relative to the horizontal plane may lead to an excess of the standard allowable limits of the additional error of
measuring the flow rate due to distortion of the flow structure even for flowmeters with a large number of acoustic paths.

Key words: ultrasonic flowmeter, additional error, flow structure, velocity profile, Salami function, acoustic path.

IMocTtanoBka HaykoBoi mpo0jeMu. AKTHBHE BIPOBKCHHS YIbTPa3BYKOBHUX BHUTPATOMIpiB
(Y3B) mns 3amay KOMEpIIHHOrO 00Ky IUNIMHHUX €HEProHOCIIB (30KpeMa MPUPOTHHIN Ta3), BUKIUKAHE
psizoM iX mepeBar: BiICYTHICTH BILIMBY Ha CTPYKTYPY HOTOKY; BIICYTHICTh PyXOMHX YaCTHH IO MIBUIKO
3HOLIYIOTECS B Tpoleci poOOTH; HE3HAa4YHI BTPAaTH TUCKY, IIUPOKHH Jiala3oH BUMIpIOBaHHS BHUTPATH;
MOXJIMBICTIO 3aCTOCYBaHHS Ul BHMIpIOBaNbHUX TpyOonpoBoniB (BT) Oyap-sikux JiamMerpis;
MOXJIUBICTIO BUMIPIOBaHHS ABOHAMPABIICHUX TIOTOKIB; MOXKJIUBICTh BU3HAYEHHS TOAATKOBUX MapaMeTpiB
NOTOKY (TYCTHMHH, IIBUJIKOCTI 3BYKY, TEIUIOTBOPHOI 31aTHOCTI) [1].

[Ipore, sk i TpaauuiliHi 3acO0M BHMIPIOBAaHHS BUTPATH IUTMHHHUX EHEProHOCIB (TypOiHHI Ta
POTOpHI JIYMIBHUKH; METOJM 13 3aCTOCYBaHHSM IPHCTPOIB 3BY)KECHH MMOTOKY) Tak i Y3B B 3HauHil Mipi
YyTJIMBI 10 3MIHM YMOB B SIKHX BOHHM KajiOpoBaHi (THCK, BHTpaTa, CTPYKTypa IOTOKY). [ '0llOBHUM
(haKTOpOM 3MEHIIECHHS TOYHOCTI BUMIPIOBAaHHSI BUTPATH SIKUM MOXXE BHHHKHYTH MiJ] 4ac eKcIUTyaTawii
V3B € crioTBOpeHHS CTPYKTYPH MOTOKY BHUKJIMKAHOI HASBHICTIO TEpe]] BUTPATOMIpaMH MiCLEBUX OIOPiB
(MO). 3rigno [1] mocmimkeHHs i po3poOKa 3aX0/IiB MO0 YCYHEHHS BIUIMBY ILOrO (DakTopa Ha TOYHICTH
BUMIpIOBaHHS BHTpaTH Y3B € o0mHOI0 13 HaWBaXIMBIIIOW HAYKOBHX 3aJad yJIbTPa3BYKOBOI
BUTpPATOMETPII.

AHani3 JocaifKeHb. 3rigHO OISy HAYKOBO-TEXHIYHOI Ta HOPMAaTHUBHOI JiTEpaTypu MO
yABTPa3BYKOBii BUTpaTOMeTpii [1] yCYyHEHHsS CIIOTBOpEHb CTPYKTYpH MOTOKY mepen Y 3B 3miiicHIOIOTH
JIBOMA IIUISIXaMH: BCTAHOBJICHHSIM NPAMONIHIAHUX AiUIssHOK BT noctaTHbOT MOBXKMHM (111 IPHPOAHBOTO
BUPIBHIOBAHHS CTPYKTYpPH ITOTOKY), 200 3aCTOCYBaHHSM CIICIIaJbHUX MPHUCTPOIB JUIS KOHAUIIOHYBaHHS
noToky mepen Y3B (s mpuMycoBOro BHPIBHIOBAaHHSI CTPYKTYpH HOTOKY). OOuaBa Ha3BaHi HiIXoau
MAaIOTh HENOJIK!: BCTAHOBIICHHA MPAMONiHIMHUX IinsgHoK BT goctatHROi JOBXKHMHU HE 3aBXKAN MOXKIIUBE,
a TaKkoXX Mae BHCOKY BapTICTh peaji3amii; 3acTOCYBaHHS KOHIHIIOHEPIB IOTOKY NPU3BOIUTH IO
30UTBIIEHHS BTpAT THCKY. CIi BiIMITUTH, 110 BCTAHOBJICHHSI KOHJIUITIOHEPA MTOTOKY HE 3HIMA€E MOBHICTIO
MUTaHHS BUOOpPY JOBXKUHHM NpsMoniHiiHUX nustHok BT, ockinmeku s Y3B i3 BcTaHOBIEGHHM
KOHJHIIIOHEPOM TaKOXX HEOOXiHO BUTpUMATH NEBHY MiHIMainbHY iX HOBXKUHY. OTKe akTyalbHUMH
3aJIMIIAIOTHCS TMOIIYK IHIIMX MiAXOHiB sKi O 3a0e3nedyBalii BUCOKY TOYHICTh BHUMIPIOBAHHS BHTPATH
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CIIOTBOPEHNX MOTOKIB MJIMHHUX EHEProHociiB 0e3 cyTreBux 3MiH B KoHQirypauii BT Ta xoHcTpykuii
V3B.

B naniii pob0Ti MPONOHYETHCS BUPILIYBAaTH OKPECIECHI MUTaHHSI MaTeMaTUYHUM IIJISIXOM. B sikocTi
MOJIeTIel CIIOTBOPEHOTO TOTOKY PEKOMEHAYETHCS 3aCTOCOBYBAaTH EMITIpUYHI (YHKIIl MIBHIKOCTI
npodecopa L.A. Salami [2]. 3acrocyBanus ¢yHkuid Salami nus BupimieHHs 3amad yIbTpa3ByKOBOT
BUTPATOMETPIi pO3MIIIHYTO B Oaratbox 3akopaoHHKX [3-6] Ta BiTum3HsHuX [7-10] HayKOBHX mparsix.

B [7] aBropamu miei craTTi 3 BHUKOPHCTaHHSM MaTeMaTHYHOro amapaty ¢yHkuiin Salami
JOCIIPKEHO SIK OJWH 13 cHmoco0iB YCYHEHHs BIUTUBY CIOTBOPEHb CTPYKTYPH TOTOKY Ha TOYHICTh
BUMIpIOBaHHs BUTpaTH Y3B 36insuienns xinoxocmi ix axycmuunux xawnanié (AK); moTodHa cTarts €
JIOTTYHUM TPOJOBKEHHAM LMX JOCHIIKeHb. ToMy B wHili poOOTI aBTOpaMy MOCTABJIEHO 332 MeETYy
JMOCTIIUTA BIUIUB 3MiHU npocmopogoi opienmayii Y3B (no eionowennio 0o MO) Ha TOXHUOKY
BHMIpIOBaHHS BUTPAaTH B YMOBaX CIIOTBOPEHb CTPYKTYPH MOTOKY.

Buknaa ocHoBHOro Marepiajy. SIk BioMo, MOTIK IUIMHHOTO cepenoBHIIa yepe3 BUpoOHu4i BT
UWITIHAPUYHOI (OPMH Ma€ CIOTBOPEHY CTPYKTYpy MOTOKy. [IpumumHoro Takoi cutyamii € te, mo BT
MarTh B CBOEMY CKJIaJi (BMOHTOBaHI B TPyOOIpPOBiN) piI3HOMaHITHE pEryjrorye oONaJHaHHs, 3aIipHy
apmartypy, MO pi3zHoro tuny (koiiHa, rpyna KOMNiH, TpiiHUKH, qudy30pH, KoH]y30pu), GinbTpu i Tak
Jai, Kl CIy)KaTh JDKepenaMy CIIOTBOPEHb NPOQUTI0 MBUIKOCTI TOTOKY (oro crpykrypw) [1, 2].

Jns mocmipkeHHs MOTOKIB 13 CIIOTBOPEHOI CTPYKTyporo mpodecopom L.A. Salami B pesynbraTi
O00OpOOKHM 4YHCICHHHUX EKCIIEPUMEHTAIBHUX JaHuX [2], Oyno crBopeHo 23 mnpodini IIBUAKOCTI
cnorBopeHoro notoky. Cepen nux P4, P8, P11, P12, P13, P14 nyxe cxoxi Ha mpodiai MBHIKOCTI
nmotoky micigs MO Tumy «komiHO» Ta Horo momudikamiid; P6, P9, P17 ta P19 naramyroTs mpodinb
LIBUJIKOCTI, SIKWH YTBOPIOETHCS MICI CTPYMUHOBUIpAMIITYA y QopMi ciTku. bararosnepHi mpodini Taki
sk P5, P10, P16, P20, P21, P22 i P23 Oynu 3HatiaeHi i imMiTarlii CKiIagHUX MPOoQiLTiB IIBUAKOCTI MiCIs
MUPKYJISLIHHAX TEIIOOOMIHHUKIB, sIKi 4acTo 3ycTpivatorbes Ha BT [2].

B poborti [7] aBTOpaMu po3poOiIeHO METOIUKY JOCTIHKECHHS OJaTKOBOI TOXHOKH BUMIpIOBaHHS
BUTpaTH OaraTOKaHAJFHUX XOpAOBHX Y3B 3yMOBIEHOI CIOTBOpEHHAM CTPYKTYpU MOTOKY. OCKINBKU B
miii podoti Oynme nocmimkeno ¥ iHmi Tunu Y3B (i3 miamerpanbHUMH Ta KOMOIHOBAaHMMHU CXEMaMHU
posramryBanHs AK), BHKOHAa€eMO Yy3arajdbHEHHs M€l MeTOAMKU. ETanmu y3arajabHEHOI METOAUKH
JOCIIKEHb

1. Bu3HaueHHs TEOMETPUYHUX XapakTepucTHK Y 3B (Tum cxemu posramyBanus AK; kinbkicte AK
Ta KOOPAWHATH IX MPOCTOPOBOTO PO3TALIYBAHHS).

B po6orti nocmimkeHo Tpu Tamu cxeM posramyBanHs AK: miamerpanpHi (quB.puc.l,a); XopaoBi 2,
3 Ta 4 xaHanbHI (HeeeKTUBHICTB JOCTiKeHHs XopaoBux Y3B i3 kinbkictio AK Oinblie 3a 4 omucana
aBTopamu B [7]) (muB.puc.1,0); A-cxema (quB.puc.1,B).

| |

EAHI‘
;1) B)

Puc.1. Cxemu posramyBanus AK V3B: a) niamerpanbHa; 0) XopioBa; B) A-cxema,
N — xinbkicts AK; o — kyT Haxuny Y3B BigHOCHO ropu3oHTanbHOI iomuHy; R — pagiyc BT;
EAII — enexTpoakyCTHUHHUI NEPETBOPIOBaY; X — KoopanHaTa po3TamryBanis AK Y3B

AK1

Koopmunatu posramyBanns xopaoux AK Y3B (puc.1,0) BUOpaHO 3riqHO KIACHYHOT'O YUCIOBOT'O
Mmeroqy inTerpyBaHHs [ ayca-Sko06i [5]:

X(N=2)=[0,5000 -0,5000]*R;

X(N=3)=[0,7071 O -0,7071]*R;

X(N=4)=[0,8090 0,3090 -0,3090-0,8090]*R;

Koopaunaru posramyBanus AK A-cxemu piBHi X123 = 0,5*R. [louaTkoBuii KyT iHCTANALIT TaKOTO
V3B BubOpanuii Tax, mo kytu Haxuiry AK A-cxemu BiTHOCHO TOPU30HTAIBHOI IUTOIIMHM PiBHI:

a(AK1) = 0°;
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a(AK2) = 1357

a(AK3) = 225°.

2. Po3paxyHOK eTajJOHHHMX 3HauY€Hb HOPMOBAHOI O0’€MHOI BUTpaTH IMOTOKY Ha 0a3i (QyHKIiH
Salami 3rigao hopmynu [2, 6]:

2n/ 1
OsaL = J{Jr 'VSAL(r’e)erde- (1)
o\o

ne: Vsa, — pynkuist Salami; r,  — panianpha Ta KyroBa KoopauHaTa Touku (yHKIIT mBuakocti Salami [2].
B naniit poboti BukopucraHo ¢yHkuiro Salami P13 ananitnuxmii 3anuc skoi Mae HACTYITHUIM
Burisn [4]:
1 0,1n 1

VSAL=(1_r);_ > r(l—r)§eio'2993in9. (2)

BuxkopucroByroun ¢opmynu (1) ta (2) 3HaliIeHO eTaJOHHE 3HAYCHHS HOPMOBAHOI 00 €MHOI
BUTpATH MOTOKY Ha 0a3i ¢pyHkuid Salami P13: gsa (P13) = 2,4366. ['pacdiune mpeacraBieHHs QYHKIINH
Salami P13 naBeneno Ha puc.2.

¥

Puc.2. 3D nmpodine ¢pynkuii Salami P13

3. Pospaxynok 3HaueHHsS 00’emHOi BuTpatn Y3B Ha 0a3i ¢ynkuiii Salami BukoHyeTbcs B
3aJIOKHOCTI BiJl THITy cXeMH po3ramryBaHHs AK.
3.1. J1nsa niamerpanpaux Y 3B 3rinHo dpopmynu [1]:

Qvyss = R* V. @)
3.2. J1ns xopnoBux Y 3B 3rigHo popmynu [1]:

N
IR0
Qy.y35 = TR IZlT (4)

3.3. 1nsa Y3B i3 A-cxemoro 3rigao popmynu [1]:

SV, i)

Av.yss = nR* IZlT : ()
3HaveHHs MBUIKOCTI TOTOKY Vap B (3)-(5) po3paxoByemo 3a y3aranpHeHOw hopmyioro [7, 8]:
VRZ=x(i)?
v 4 j() vSAL(W/x(i)Z+L2,a+arctg7|'i)jdL+
Vak = 2 e ° - ' (6)
T TO)| R . L
+ j VSAL(JX(I)Z +L2 ,a—arctgmjdL
L 0 i

ne: L — noxuna AK V3B [7]; T — mmpuHa miommHy B sikii sexuts i-tuii AK V3B [7].
4. YcyHeHHs TiapoanHaMivyHoi moxuoku ¥Y3B.
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OnHuM i3 crioco0iB yeyHeHHS TriapoanHamivHol noxuOku Y3B [1] € BBeneHHs B piBHSHHS BUTPATH
BIiMOBiAHOrO KOe(ilieHT HaOMMKEHHS BHUMIPSHOI IMIBUAKOCTI TOTOKY 1O TEOPETHYHO OakaHoi
(eranonnoi). Popmyra mist po3paxyHKy TaKOro KoedilieHTa Mae BUTIISA!

k — qV.Y3B , (7)
qV.EI
1€ Oyet— 3HAUCHHS BUTPATU PO3pPaxOBaHe sl aHATITHYHOI (pOPMYIIM HECIIOTBOPEHOrO MOTOKY. B Teopil
rigpoauHamiku [2] Taka ¢opMyna 3BeTbCs 3aKOHOM po3moninry. HailOumbin po3moBCIOIKEHUM 3aKOHOM
PO3IOITY IBUIKOCTI TYpOYJIEHTHOT O ITOTOKY € CTEIIEHEBHIA 3aKOH PO3MOALTY HIBUIKOCTI.
3Bakaroun Ha Te, mo Qynkuis Salami Bkitodae € B cebe K HECTOTBOPEHH KOMIIOHEHT Liel caMuit
CTEICHEBHI 3aKOH PO3IOALTY, MPOIMOHYEMO BU3HAYATH KoedilieHT K 3a HaCTyImHOIO GopMyIIor:

K = : Qv.yss ’ (8)
2n~jr~(1— r)"dr
0

1e: N — MOKa3HHK CTEIEHsI CTEMEHEBOro 3aKOHY PO3MOITY HIBHIKOCT] MTOTOKY.

Sk Buano i3 (2) mis dynxuii Salami P13 n= 7. Jlns aiamerpansuux Y3B koeditieHt K Oyme
3BaTHCh KOPEKTYBAILHUM 1 TIo3HaYaTuMeThes K. s xopnoBux ¥Y3B ta Y3B i3 A-cxemoro koedimieHT K
3BaTHMETHCS KaliOPYBAJIILHUM 1 TTO3HAYaTHUMETHCS Kea. BUKOpHCTOBYIOYM Bei BHIIE ommcaHi Gpopmynu
BHM3HAYEHO HACTYITHI 3HAYEHHS KOe(illi€HTIB!

k.(N=1) = 0,9333.

keal(N=2) = 0,9928;

Keal(N=3) = 0,9942;

Keal(N=4) = 0,9988.

Keal(A) = 0,9928.

5. OOuncieHHs] JONATKOBOI MOXMOKM 3yMOBIIEHOI CIIOTBOPEHHSM CTPYKTYpH HOTOKY y (opmi
bynxkuii Salami (8,) BuKoHYyeThCs 32 hopmyIorO:

SA — k qv.YBB qv.et 100 (9)
qv.et
3a yMOBY BH3Ha4YeHHS ONTHUMAJBHOTO KyTa BCTaHOBIeHHS Y3B mo BigHomeHHIO [0
TOPU30HTAJIBHOI TUIOMMHK (0 CIIOTBOPEHHS CTPYKTYpH MOTOKY) mpuitHaTo Bumoru 1SO 17089-1 [1,
m.5.9.3.2] npo Te, Mo MakcuManbHa JOATKOBA OXMOKA 3yMOBJICHA CIIOTBOPCHHSM CTPYKTYPH ITOTOKY
He MMOBHHHA nepeBuiyBatu 3HadeHHs 0,3 %:

max max 0
o) — Oaerny| <0.3%. . (10)
Ha puc.3 mpencraBineHo pe3ynbTaTH IOCHIHKEHHS MOXUOKH Oa 32 PO3POOJICHOI0 METOIMKOIO B
niama3oHi 3HaueHb kyTta o = 0... 180°.

6 0.4
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1) V3B i3 A-cxeMor0
Puc.3. Pesynabratu mocmipkeHHS Oa A7 pisHUX TUMiB Y3B Ha ¢ynkuii P13

BucHoBkHu. AHamni3yrouu HaBeleHI Ha puc.3 JaHi, MOKHA CTBEpPKYBaTH, 110 JOAATKOBA MOXUOKA
BHUMIpIOBaHHSI BUTpaTH Y3B 3yMoBIeHa CIIOTBOPEHHSIM CTPYKTYPH HOTOKY 3aleKUTh HE TUTBKU BiA
kinpkocti AK Ta cmocoOy iX posramryBaHHs, a H Big KyTa IOBOpOTY BHUTpaToOMipa BiIHOCHO
TOPH30HTAIBHOI IUIOMMHN. Tak, B OMHOMY BHIAJKy, Hindip kyra moBopory Y3B (puc.3,a) BimHOCHO
ropu3oHTanbHOi iommHU (o = 10... 20° a6o o = 140... 150°) mo3BONMB 3MEHIIMTH MOXHOKY Oa (Ha
mozeni P13) no 3amoBinbHOro piBHs B +0,3 %. IIpore mepeBuIeHHs UX Jiana3oHIB 3HAYCHb KyTa O
HABIAKHU CIIPUYMHAE Pi3Ke 30UIbIICHHS MOXUOKH Op B KiIbKa pasiB; Led edekT 3ycTpiuaeTbcsi HaBiTh B
OaraTtokaHaipHUX Y3B, 1 y BciX po3misHyTHX Bumajkax (puc.3) MPU3BOAUTH A0 BUXOLY 3HAUCHHS
MOXUOKH Op 32 HOpMOBaHi Mexi B 0,3 %.

B pesynbraTi MOXHA CTBEpIKYBaTH, LIO MOAIOHI JOCTiKEHHS € BKpail BaKIMBHMHU Ha eTari
npoekTyBaHHs KoH(pirypauii BT B Tux Bumagkax, Ko BiACTaHb MIX JDKEPEIOM CIOTBOpeHHA i Y3B €
JOCHTBH MaJIO. B IboMy BUIIaKy aHali3 MpocTopoBe po3TanryBanHs Y 3B Ha 6a3i ¢pynkuind Salami moxe
B 3HAYHIH Mipi COPUATH YCYHEHHIO 10JaTKOBOI MOXHOKU BUMIPIOBAHHS BUTPATH Op.
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