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AHorauisi. HaBeieHO cTpyKTYpHY 1 (yHKIIOHaJIbHY CXEMH CEHCOpPAa T€PMOAHEMOMETPUYHOrO THILy Il BUMIPIOBaHHS
onHo- i aBodasHux (piauHa +Ta3) CepefoBHII 3a MYILCYIOUOTrO XapakTepy MOTOKY. Ha OoCHOBI piBHSHHS TEIUIOBOro OanaHcy
OTPUMAaHO PIBHSHHSA JUIS MOJEIIOBAHHA TEMIIEPaTypH CIPUIIMalIbHUX €JIEMEHTIB CEHCOPA 3aJIeXHO Bifl CIIOXMBAHOI MOTYXKHOCTI,
XapaKTepUCTUK Marepialy eJIeMEHTIB CEHCOpa, iX MacH 1 KOHCTPYKUIHHHX pO3MipiB, TEIUIOTEXHIYHMX XapaKTepPHUCTHK i
KiHEMAaTUYHHUX IapaMeTpiB BUMIPIOBAJIILHOIO CEpelIOBHINA. PO3IIAHYTO IpoLeC MOIIMPEHHS TEIUIOBOTO MOTOKY i3 BHYTPILIHIM
JUKEPENIOM TEIUIOTH BiJi CHPUHMAIIBHOTO €JIEMEHTA CEHCOpa i3 pajiycoM IONEPeYHOro nepepisdy lg, omucaHuil audeHumiaabHuM
PIBHSHHSM IHTCHCHBHOCTI HOLIMPEHHS TEMIEpaTrypu 3 YypaxXyBaHHAM TEIUIONPOBIIHOCTI BHUMIPIOBAIBHOIO CEpelOBHUIIA i
Marepially CHpUHMAJIBHOIO €JISMEHTa CeHcopa. MOoeoBaHHs TeMIepaTypy CIPUHMAaIbHUX €JIEMEHTIB CEHCOpa 1 PO3MOALITY
TEMIIEPaTypHOro OJIsl Y BUMIPIOBAJIbHOMY CEpPEJIOBHIL BUKOHAHO 3 ypaxyBaHHAM KoedillieHTa TerIoBianadi elleMeHTiB ceHcopa i
KoedilieHTa TEIUIONPOBIAHOCTI cepefoBUINa. [HTEHCHBHICTh IOTOKY BUMIipIOBAIBHOTO CepeloBHINa mpuiiManu Bin 16,7 no
58,3 r/c, 3anexHO Bif JiaMeTpa KOpITyCy CeHcopa pPO3paxoByBalll CEPEAHIO MIBUAKICTh MOTOKY. KoedimieHt Terosinnayi o 6yB y
mexkax Bixg 60000 mo 130000 BT/(M2'°C) 3a JHana3oHy IIBHAKOCTEH BHMiprOBalIbHOro cepeposuiia Bix 2,125 no 4,0 m/c i
BHYTpILIHIX JiaMeTpiB kopmycy cencopa 12, 14 i 16 mm. HaBeneHo pe3ynbsTaTd MOZIENIOBAaHHS 3MiHM TEMIEpaTrypH Ha Mexi
TEMIIEpaTypHOro TOJs 1 i Bif#anb BiJA €NEMEHTIB 3aJeXHO BiJ MIBUIKOCTI IIOTOKY BHMIPIOBAIBHOTO CEpEIOBHUINA.
BuMiproBalbHUM CEepeIOBHUILEM Oyl10 MOJOKO 3i LIBHAKICTIO MOTOKY y Mexax 2,125-4,0 m/c, BHyTpimHiil HiameTp Kopiycy
ceHcopa 14 MM 1 noryxHicTs >xuBieHHs 15 Br. Temneparypa Ha Mexi TeMIepaTypHOro Hoist CpuiMallbHUX €JIEMEHTIB CeHCcopa
KonuBaacs y Mexxax Big 29,97 rpaz. o 28,38 rpan, 3a 3MiHH Bijnaii Mexi BiJl XOIOAHILIOrO CIPUHMAaIBHOrO €JIEMEHTA CEHCOpa y
Mmexax 5,02-6,29 mm. Temneparypa Ha Mexi TeMIlepaTypHHX HOJIB 1 BlJU1alb MEXi MOJIs BiJl CIpMHMaJIbHUX €JIEMEHTIB CeHcopa €
3MiHHOIO 3aJISKHO BiJl IHTEHCHBHOCTI HOTOKY (IIBHIKOCTi) BUMIPIOBAJIBHOIO CEPEOBHUINA i HOro XapaKTEePHCTHK, BiIgami Mix
€JIEMCHTAaMH, IIOTY)KHOCTI JKMBJICHHS €JEeMEHTiB ceHcopa. OOIpyHTOBaHa BiJlajlb MDK CHPUHAMAJIBHUMHU €JIEMEHTAMU
TEPMOaHEMOMETPHYHOIO CEHCOpa CTaHOBUTH 10 MM.

KutiouoBi c1oBa: cencop, TemrepaTrypHe 1ojie, TepMOaHEMOMETP, TEIUIOBUI OaaHc, KpuTepii MoAiOHOCTI, BUMIpIOBaY,
MOJIEIIb.

Abstract. The structural and functiona diagrams of the thermoanemometric type sensor for measuring the mono- and
biphasic (liquid + gas) medium by the pulsating nature of the flow are presented. The temperature distribution in the sensor
environment is considered and the sensing elements are not in contact with the inner surface of the sensor body. On the basis of the
heat ba ance equation, the equations were obtained to Smulate the temperature of the sensing elements of the sensor, depending on
the power consumption, the characteristics of material of the sensor e ements, their mass and design dimensions, the thermal and
technical characteristics and the kinematic parameters of the measuring environment. The results of temperature modeling of the
sensing elements for measuring the flow of milk and water are presented. The process of heat flux propagation with an internal
heat source from the sensing eement of the sensor with a cross-sectiond radius is considered, described by the differentia
equation of the intensity of the temperature propagation taking into account the thermal conductivity of the measuring medium and
the material of the sensing element of the sensor. The equation for modeling the temperature a the boundary of the temperature
field distribution of the sensing e ements of the thermoanemometric sensor was obtained. The results of temperature modeling at
the boundary of the temperature fields of sensor elements are presented. The simulation of the temperature of the sensing elements
of the sensor and the digtribution of the temperature field in the measuring environment is made taking into account the coefficient
of heat transfer of the sensor elements and the coefficient of thermal conductivity of the medium. The results of modeling the
temperature change at the boundary of the temperature field and its distance from the elements depending on the flow velocity of
the measuring medium are presented.

Key words. Sensor, Temperature field, Thermoanemometer, Thermal balance, Similarity criteria, Measurer, Model.

Beryn cepenoBuill. [IpuHIMI TEPMOAHEMOMETPHYHOIO BH-

) MIPIOBaHHS MacOBOIO IIOTOKY CEpEOBHINA OCHOBaHUM

BukopucTaHHs ~ NEPBMHHHX — MEPETBOPIOBAYIB  ga BrMBi MOTOKY pisuHH (31eGiIBIIOrO Ie MOTIK Ta3y)
TEPMOAHEMOMETPUYHOTO TUITY Il BUMIPIOBAHHSA BUTPaT — Ha Temionepeady HarpiBHoro emementa [1]. OmHak
HaOyl0 BEJMKOrO MOIMPEHHS Il ONHOKOMIIOHEHTHHX ~ METOAM TEPMOAHEMOMETPHYHHMX BUMIPIOBAHb YIOCKO-
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HAJTIOIOTHCSI Y HANPSIMKY YJOCKOHAJICHHS! KOHCTPYKINT Ta
opieHTalii y BHMIpIOBaJbHOMY CEpEIOBHIII CEHCOPIB,
iCHye Takox mpobrnema ix kamiOpysanus [2]. Temnosuit
CEHCOp TOTOKY 3a3BHYail MICTUTh TEPMOPE3UCTHBHHI
€JIEMEHT, SIKUI HarpiBaeThCs ENEKTPHYHAM CTPYMOM, IO
3a0e3rmeuye  MiIBUIICHHS TEMIIEPaTypd  UyTIHBOTO
eIeMEHTa M0N0 BHMIPIOBAJBHOTO CEpeloBHIIA. A
MOCTIfHA pI3HULS TeMIeparyp MK CIpUiMaIbHUM
CNIEMEHTOM 1 BHUMIPIOBAJBHUM CepeloBuUileM (MOTiK
pimuEN a0 Ta3y) MiATPUMYETHCS MOCTOBOIO CXEMOIO
BBIMKHEHHSI CEHCOpA, L0 3a0e3reuye 3MiHY ITOTYXHOCTI
HarpiBaHHS 3aJIGKHO BIJ MacoOBOi BUTPaTH BHUMIpIO-
BAJIBHOTO CEepeNoBUINA. [HIIMI BapiaHT poOOTH TEpMO-
aHeMOMeTpa TOJSrac y TOMY, IO TEIUIOBHU JHCHep-
CiliHMII MacoBUIl BUTpaTOMip MpaIIoe i3 IMOCTIHHOIO
MOTY)KHICTIO HAarpiBaHHS CEHCOpa, a pI3HHILI TeMIle-
paryp 3MIHIOETBCS 3aJIeKHO BiJ] MacoBOi BUTpaTu
BUMIpPIOBAHOTO  cepelnoBuma. [IpuHImnu  poOoTH,
KOHCTPYIOBaHHSI Ta 3aCTOCYBaHHS HPOMHCIOBHX Tel-
JIOBUX MacCOBHX BHTPATOMIpiB omucaHo B [3].

Ha iHTepBanm BHUMIpIOBaHHS MAacoBOi BTpaTH
TEpPMOAHEMOMETPUYHOTO BHMIpIOBa4a BIUIMBAE KOHCT-
PYKIIS JaTduKa, HOro MOJIOKEHHs B IOTOILI Ta XapakTep
motoky. Y [4] 3milicHEHO ONTHMI3aIlii0 ITON0KEHHS
CeHcopa B IIOTOII Ta 3allpOIIOHOBAHO KOHCTPYKIIIO
crnpuiiMansHoro enemenra. Baker R.C. i Gimson C.
JIOCIIJDKYBaIM  BIUTMB EKCHEHTPHUYHOCTI PO3MILICHHS
€JIEeMEHTa, KOHCTPYKIii Ta pO3MIpiB CIPUAMAIBLHOTO
enemenTa [5]. Bmime xapakrepy MOTOKY BHMipHOBalIb-
HOTO CEepeloBHIIIA Ha IMapaMeTpHU CEeHCcopa MpoaHaii3o-
BaHo B [6]. V [7] mpencraBieHO HOBUN METOI BHMi-
pIOBaHHS Ul iAeHTU]iKalii THIy Ta3y B MacOBOMY
TermioBomy Butparomipi. Artur Cebula BukoHaB aHa-
JIITHYHUA Ta YUCIOBHH PO3PaXyHOK MOIEIi PO3MOIiTY
TEeMIIEPAaTypH Y3[0BX TEIIOBOTO BHTparomipa [8].
[Iupokuii CIEeKTp MOCTIIKCHb 3MIMCHEHO I TEIUIOBUX
BUTpATOMIpiB MacoBoi Burpath Tazy y [9]. Tomy
aKTyaJbHUM 3aBJaHHSAM € PO3POOJCHHS aHaiTHYHOL
Mozeli (pyHKIIIOHYBAaHHS TEPMOAHEMOMETPHYHOTO BUMI-
proBaua, ska O YMOXJIMBWIIA MOJEJIOBAHHS TeMIlepa-
TYpPHHUX TIOJIiB CEHCOPIB BUMIPIOBAJILHOI CHCTEMH.

HenoJgiku

PosmisiHeMO Xapakrep TpaHCIOpPTYBaHHsS Oararto-
(a3HUX cepeloBUIN, HANpWKiIajg piamHa + ra3, abo
MOJIOKO + TIOBITpSl Yy JOUIBHOMY arapari, KOJIW TOTIiK
MYIIbCYE 3 YaCTOTOIO MyJbCallil, IO BiJIOBIIA€ YacCTOTI
poboTH myiIbcaTopa JOUIBHOIO amapara, CIIiBBiIHO-
IICHHS MOJIOKO 1 TOBITpS 3MiHHE Y Ipoleci poOoTH
JIOITBHOTO amapara, XapakTep HapOCTaHHS N 3HMKEHHS
LIBHIKOCTI  TpaHCHOpPTyBaHHS HecraOutpHui. Tomi
HEeCcTaOUIbHICTh MOTOKY CEpeAoBHIIA OJTHOYaCHO
CTBOPIOE TMHAMIYHUIA XapakTep 3MiHH TeMIlepaTypu
CaMoro CepeloBHINa, NIBUAKICT SIKOTO MH BHMipIOEMO.
Bigomi TexHiuHI ¥ MporpaMHi pillleHHsS HE BPaXOBYIOTh
SK TIOYaTKOBY TEMIIEpaTypy CEpelOBHINA, TaK i 3MiHY
TeMIepaTypud I Yac BHMIpPIOBaHHI. AHaJIOTIYHI

TEXHIYHI PIIICHHS TEPMOAHEMOMETPIB PO3paxoBaHi Ha
BUMIpIOBaHHS OfHO(A3HOrO CEPENOBHIINA, PiAMHU abo
razy. Tomy 3acrocyBaHHs iX ais ABo(a3HHX IOTOKIB
NPU3BOANTH JO 3HAYHUX IOXUOOK BUMIDIOBaHHS, a
KamiOpyBaHHSIM HEMOXIIMBO BpAaxOBYBaTH HIMPOKHIA
CHEKTp ITMHAMIYHHUX 3MiH IapaMeTpiB MOTOKY, 3BaXKal0un
Ha MeBHY HEBH3HAYEHICTh TEMIIEpATypHUX HapaMeTpiB i
rpajiieHTa BTPATH THCKY.

Mu po3poOmin CeHCop TePMOaHEMOMETPUYHOTO
TUIY, ONHAK CHOpUNAMAIbHI EJIEMEHTH Oy PO3MiIIeH]
OesrocepesHbO Ha CTIHII CEHCopa TajbBaHIYHUM
HaneceHussm [10]. Ile 36inblryBamo BTpaTH TEILIOBOI
€Heprii, a BIAMOBIAHO 1 CIIOXMBAHOI MOTY)KHOCTI €JIEKT-
PHUYHOI CXeMHU TepMOaHEMOMETPHYHOTO BUMIpIOBaYa.

Merta poboTu

Mera [OCHiDKEHb — PpO3POOUTH aHANITHYHY
MOJIETIb TEPMOAHEMOMETPHYHOTO BUMIpIOBa4ya KiHeMa-
TUYHHX TApaMeTpiB JBO(GA3HOTO MYJIBCYIOYOro MOTOKY
JUISL MOZICNIOBAHHSI TEMIIEPATYpHHX IIOJIiB CEHCOPIB, HIO
YMOXXJIUBUTh  30UIBIICHHS JWHAMIYHOIO IHTEPBAITY
BUMIPIOBAIEHHUX IIBHJKOCTEH 1 3MEHILIEHHS CIIO)KUBAHOL
MTOTY)KHOCTI BUMipIOBaHHSI.

1. AnajiTnyHa MoJeJib TEPMOAHEMOMeET-
PUYHOr0 BUMipIOBaua

Jiss  3MeHIIeHHS TOTY)KHOCTI CIIOKHMBaHHS 1
CTaJloi 4Yacy CeHcopa 3alpOolOHOBAaHO HOBY KOHCT-
PYKIiIO, 3 PO3MIIIEHHSM CIIPUHAMAaIbHUX E€JIEMEHTIB Ha
BiJyiami BiJl CTIHOK KOpPIYCY 3 YypaxyBaHHSM TOBIINHH
MOTPpaHUYHOro mapy cepegopuina [11]. OyHKIiOHATBHY
CXeMy, SIKa peajlizye CeHCOp TEepPMOaHEMOMETPUYHOrO
TUIy JUIsi BUMIPIOBAaHHS MapaMmerpiB  ABO(A3HOro
MYIILCYFOYOr0 IOTOKY, HaBeZleHo Ha puc. 1.

Puc. 1. Cmpyxmypna cxema cencopa
MePMOAHEMOMEMPULHO20 MUNY.
1-xopnyc cencopa; 2 — cnpuiimanvhi enemenmu

Fig. 1. Sructural diagram of the sensor
of thermoanemometric type:
1 —isthe sensor’s housing; 2 — are the sensitive d ements
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1.1
ceHcopiB

MaremaTuyHa Mojaedb TEMIIEpATypu

PosmistHeMO posmozinn  TemmepaTypu 'y cepemno-
BUIIII CEHCOpPa, BPaXOBYIOUH, IO CIIPUHAMAIIbHI €IIeMEHTH
HE KOHTAKTYIOTh 13 BHYTPIIIHBOIO MOBEPXHEIO KOPITYCY
ceHcopa. TeMriepaTypHe 1mojie Ha30BHI MPUIMEMO PiBHO-
MipHMM. BiAMoBiIHO KiJBKICTh TEIUIa, MO BUALIIETHCSI
Bil CHpUHMaIbHUX €JEMEHTIB, BUTpAYaeTbcsi Ha
pO3irpiBaHHSI €JIEMEHTIB CEHcopa i Ha HarpiBaHHS JIBO-
(azHOro TOTOKY. 3arajibHy CXEMY PpO3IOITy TeMIle-
patyp HaBeICHO Ha puc. 2.

Puc. 2. Cxema posnodiny memnepamyp cencopa.

Ta, Te —memnepamypa nepwiozo i dpyzoeo cencopa,
ATX — memnepamypa na mexici memnepamypHux nouie;
Tc1, Tco — memnepamypa cepedosuwya y memnepamypHomy
noni cencopie; |g—eiocmans midic cencopamus; o — paodiye
PO3MIWEHHS CEHCOPIE NO KOy

Fig. 2. The scheme of distribution of sensor temperature:
Ts1, Te arethetemperature of thefirst and the second sensors;
ATx arethetemperature at the boundary of the temperature
fields; Tcy, T are the medium temperatures of the sensors
temperaturefield; 1 is the distance between sensors; ry isthe
radius of placement of sensorsinacircle

OyHKIIOHYBaHHS  CHUCTEMH  TEPMOAHEMOMET-
PHUYHOTO BUMIpIOBaYa OMUCYETHCS 3aexkHicTiO (1):

)
ne Q — KUNBKIiCTh TeIuia; o — KoeQillieHT TeIUIoBiamayi;
S—muoma mNOBEpXHI TEIUIOBiqIadi CEHCOpIB  BHUMi-
proBaua, 1o OMHUBAIOTLCS IIOTOKOM cepenoBuIa; Tg, Tc—
TeMIlepaTypa, BIANOBIAHO, CeHcopa 1 BHMIPIOBAHOTO
cepenoruma; | —cuna crpymy; R — omip ceHcopa 3a
TeMmepatypu Tg. B 3anpomnoHoBaniit cxemi (puc. 2) € nsa
JoKepena Telula BiJ IEpUIoro 1 JpYyroro ceHcopa.
3anumeMo PpiBHSHHS TEILIOBOrO OajaHCy AJIsl OHOTO i3
CEHCOPIB Y TAKOMY BUIJISII:

)
ne Qg —KuUIbKiCTh TeIia, Mo BuIuIge ceHcop;, Qc —
KUIBKICTh TEIUIA, IO MONIMHAETHCS MOTOKOM CYMIIlli;
Qpg — KUIBKICTH TeIUIa, IO BUTPAYAETHCA HA PO3i-
TpiBaHHs CeHcopa.

KisnpkicTh TeIUIa, 10 MONIMHAETHCS IIOTOKOM, 10
MIPUKIIAY, MOJOKO-TIOBITPSHOI CyMilll JUIss TEPIIOro
ceHcopa (puc. 2), BU3HAYAEMO 32 3aJICKHICTIO!

©)
Je S— mioma NOBepXHI CIPUHMAIBHOTO elleMEHTa
CeHcopa, VISl TIOIEPEeYHOro nepepizy y BUINISIL Kpyra, Ta
OTPUMAEMO:

(4)
Je g —pamiyc MOMepedHoro mepepisy CIpHiMaibHOro
eJIEMEHTa CEeHCOopa.

KinbkicTs Temia, HEOOXiTHOTO IJIs PO3IrpiBaHHS
CeHCopa JI0 TEMIIEPaTypH Ts;, PO3PAXOBYEMO 3a:

(5)
ne Cg — TeTuIoeMHICTh Matepiaity, 3 SIKOTO BUTOTOBJICHUI
ceHcop; Mg —Maca ceHcopa,
pE — TYCTHHA Marepiairy CeHCcopa.

[poriec TeruIoBiAIaYi y MOB3IOBKHBOMY HAIIPSIM-
Ky IWTIHAPUYHOTO MPOCTOPY B MEPIIOMY HAOMMKEHHI
BBakaemo amiabatnunuM, dQ/dX=0. Tomi piBHIHHS
TemioBoro Oamancy (2) 3 ypaxyBaHHSIM 3aJ€KHOCTEH
(1), (3) i (5) nabyne BurIAMY:

(6)
3BicH BH3HAYaEMO TEMIEpaTypy CeHcopa 3a
posirpiBaHHs #oro crpymom / :

- (M
AHAJIOTIYHO PIBHAHHS TEMIIEPATYPH IS APYroro
ceHcopa HalOye BUIISAY:

(8)
ne Rgi, Rgx— BiAMOBIAHO, Omip MEPIIOro i JPYyroro
€JIEMEHTIB CEeHCOopa.

Pigusuns (7) i (8) momentoroTh Temrmeparypy
CIpUIMaBbHUX EIEMEHTIB CEHCOpa 3aJIeKHO Bifl CTPYMY
HANpyrd KUBJIEHHS, XapaKTepUCTUKU Marepiainy 1
KOHCTPYKIIIHHUX TapaMeTpiB ceHcopa, a TaKoK Iore-
pemHbOi Temmeparypd 1 KkoedilieHTa TEIUIOBiAIaYi
BUMIpIOBAHOTO cepefoBHIa. J[Jsi KOHCTPYIOBaHHS Tep-
MO2HEMOMETPHYHOTO0 BUMIpIOBaYa HEOOXiJJHE KOMIIOHY-
BaHHS CEHCOPIB y KOPIYCi, IO 3aJIeKUTh BiJ (i3HUKO-
TEXHOJIOTTYHHX (PaKTOpiB MPOIECY BUMiPIOBAHHSI.

1.2. MareMaTn4Ha MOIeJdb TEeMIEPATYPHOIO
M0JIsl CeHCopa

Po3mimeHHst cnpuiiMaiabHUX €JIEMEHTIB CeHcopa
BCEpEMHI IITIHAPUYHOTO KOPIIyCY BHUMIpIOBa4a Ha
JlesKii  Bijamani Big BHYTPIIIHBOI ITOBEPXHI Xapakre-
PUBYETBCS BIACTaHHIO MDK HUMH, SIKa 3aJ€XKHTh BiJ
TIOTY)KHOCTI, 1110 TiJIBOIUTHCS 10 MOCTOBOI CXEMH, 1 Tel-
JIOTEXHIYHHUX XapaKTEPUCTHK CEpEelOBHINA Ta Marepiaity
CHpHiMaJbHUX EJIEeMEHTIB ceHcopa. BiacTanb oOrpyH-
TOBAHO TUM, OO TEMIEpaTypHi ITOJIs Bifl JBOX €IEMEHTIB
HEe BIUIMBAJIM Ha TEMIIEpaTypy OOHOrO 3 HHUX. MoxHa
MPUIYCTHTH, IO ICHYE Taka MeXa PO3MOIULy TeMIe-
paTypHUX MOMiB, ne TemmepaTypa Ha 10+ 15 % Hmwkya Bin
TEMIIEPaTypPH XOJIOIHIIIOTO eJIeMEHTa CEHCOpa.
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PosmissHeMO mpollec  MOMIMPEHHS — TEMJIOBOIO
MOTOKY 13 BHYTPINIHIM JDKEpENIOM TEIUIOTH, UIO0
PIBHOMIPHO PO3MOAUICHE IO MEPUMETPY IWIiHApa, i3
€JIEMEHTOM CEHCopa 3 pajiycoM MOMEPEYHOro Mepepizy
rg. IHTeHCHBHICTH 00 €MHOIO BHIICHHS TeIUia Qy
MO)KHA pO3paxyBaTH TaK:

qv = q/AV, ©)

Je  — KUIBKICTh TeIula, IO BUAIISNE CIPUAMAIbHHUN
€IEeMEHT CEHCOopa YHACHIJOK IPOXO/DKEHHS —EJIeKT-
puuHoro crpymy; AV —npupict 00’ eMy BUMIipIOBAHOTO
CepeloBHINa, y SKOMY MOIIUPIOETHCS TEIUIOBUH TOTIK,
AV =7 x-(1p+x)? X — Bigmane NOMHpeHHS
TEIUIOBOIO IOTOKY BiA JpKepena — CIpUHMaIbHOrO
eJleMeHTa CeHcopa. BpaxoByrouW, IO MOTIK BUMipIO-
BAJIBHOTO CEpeOBUINA CIPSIMOBAaHMH B3IOBX OCI,
3anuieMo JaudepeHIriagbHe PIBHAHHA 1HTEHCHBHOCTI
MIOUIMPEHHS TEMIIEPATypPHOTO OIS
da’T q

dx? Amx(rg+x)2’ (10)

ne A — koe(illieHT TEeIuIoNpPOBITHOCTI BUMIPIOBAHOTO
cepenouina. Po3s’ sokemo piBasiaHs (10)
ar q [ 1 In(rp+x) +ln_x

dx Am Lrg(rg+x) ¢ ¢ ] +G. (11)

Crany iHTETpYBaHHsS BHU3HAUMMO 3 TPAHHIHUX
ymoB, 3a X=0, T=Tg 1ang mnepmoro YyTIUBOTO
eJIeMEHTa CEeHCopa, BiJIOBIIHO JJIsl IPYroro YyTIMBOIO
enementra — 1= Tg. Tomi crama inrerpyBanns C;
CTaHOBHTb:

+¢,.(12)

Crauy interpyBanHs C, BU3HaYa€EMO 3 TPAHUYHHUX YMOB!
q Inr, 1
C2=T51+ﬂ' - E-(ro-lnro—ro) .
Tonmi piBusuasa (12) micas HECKIAAHHX TMEPETBOPEHb
HaOyBae BUIVISY:

i
0

X
To+Xx T X \r X

[m L 4 In ot~ In (—0) o +;]. (13)
S0 npUAHATH, MO BiAAadh MK CIPUAMATLHUMUA
eIeMEHTaMH CeHcopa |g, TO BiAJaidb MONIMPEHHSI
TEIUIOBOTO  IMOTOKY Bifl JPYroro CHOpUHMaiIbHOrO
eJIeMEeHTa CEeHcopa BiIMOBIAHO € |g—X, a TemmepaTypa
eJIeMEeHTa BiIOBITHO Tey. OCKUIBKH BiJHOLIEHHS OMOPIB
NpuiiMajIbHUX eleMeHTiB ceHcopiB Rei/Re, = 1/4, To mys
JIPYyroro CIpPUHMAIIFHOTO €JIEMEHTa CEeHcopa PpiBHSIHHS
(13) HabyBae BurIAMY :

4 -
T=Tgy—— .
A-men
o+l —x 7o
[ln Ty +1n (1o + Ly — x)(¥lE=x/ro)
=%

—In (lE—_x) o+ lE—_x]

To To

(14)

3a orpumanumu piBHaHEsMEH  (13) i (14)
PO3PaXOBYIOTh PO3MOJLI TEMIEPaTypHOTO TOJIS  Bif
CpuiiMaNbHUX EJIeMEHTIB CeHCOpa Yy BHMIipHOBAaHOMY
CEPEIOBHIIIL.

PesynbTaTu if 00roBopeHHs

Jlisi MOJIeTIOBaHHS TEMIEpaTypH CIPHHMAaIbHUAX
€JIEMEHTIB CEHCOpa 1 PO3IOALTY TEMIIEPaTypHOro oS y
BHMIPIOBAHOMY CEpEMOBHIN HEOOXiMHO 3HATH Koedi-
IIEHT TEIUIOBIJIaui EJIEMEHTIB CceHcopa 1 KOeQiIlieHT
TEIUIONPOBITHOCTI cepenoBuma. (sl po3paxyHKy IHX
Koe(IIiEHTIB BUKOPHCTAEMO KpHUTEpiallbHI PIBHSIHHS, B
SIKi BXOIITH KpuTepil momiOHocCTi, rigpoanHaMiyni — Re
(Peiinonbaca), Termoi — Nu (Hycensra), Pr (Ilpanar-
nst). SIk BUMIpIOBaHE CEpemOBHIIE UISI MOICTIOBAHHS
BHUKOPUCTOBYBAJIM BOMY, a SK JABO(a3HUI ITyIbCYrOUHid
MOTIK — MOJIOKO y JOINBHOMY amapari. |HTeHCHBHICTh
MOTOKY BHMIPIOBAaHOTO CepeloBHIla npuiiManu Bix 16,7
no 58,3 rpam/c, mo 3ajexano Bim giamerpa KOpIycy

CceHcopa.
Jlnst  BHU3HAuUEHHsS YCEPEIHEHOro KoedillieHTa
TEIUIOBIIaYi  €JIEMEHTIB  CEHCopa, 3 ypaxyBaHHSIM

€KCIIEpUMEHTAJIbHUX JaHUX, 1[0 OMUCYIOThCS PiBHSIHHIM
MixeeBa [12], Ta TEOPETHYHUX PillleHb IS JOKATbHHUX
nanux [13], BUKOpUCTATH TaKe PiBHIHHS:

0,25
Nu = 0,021-Rel® - Pro*? - (Z€) g, (15)
E

e & — TIAPOMUHAMIYHHKA KOC(DIIiEHT, IO BPAXOBYE
BIIHOIICHHS IIMPUHU €JICMEHTa TEIUIOBIIa4i CeHcopa
IO IiaMeTpa MPOCTOpPY B Mepepisi, y SKOMY pO3MIIEeHO
enmeMeHT  ceHcopa, & =19[12]; Prc—xkpurepiit
[panamis, sikuii po3paxoByIOTh 3a MTAPaMETPOM BUMIPIO-
BaHOrO cepenoBuima; Pryg—xkputepiéi Ilpanamia, 1o
PO3paxOBYIOTh 3a IapaMETPOM MaTepialy BHUMIpIO-
BayibHOro enemenra cencopa [13]. Kpurepiii Ipanaris
PO3paxoByeMo 3a.
Pr=p-C,/A, (16)

Je [ — AUHaMi4Ha B’ s3KicTh, Cy — MMTOMA TEMNIOEMHICTB.
Po3paxyHok koedillieHTa TEIUIOBia4i BHKOHAHO 3a
TaKuX JOMYIIEHb. TeITo(i3uyHi BIACTUBOCTI BHMIipIO-
BaHOTO CEPEOBHINA HE3MIHHI y daci; BUMIpIOBaHE
cepeloBHIlle € HHIOTOHIBCHKUM. [lapamerpu s po3pa-
XyHKy Kpurepito Ilpannmis HaBeneno y Tabmwmmi,
MaTepiasl CpUAMaTbHUX €JIEMEHTIB CCHCOpa — HiKeJIb.

KoeoimienT temmoBigmadi a y mexax Bin 60000
o 130000 Br/(M*°C) 3a niamasony ImuBHAKOCTEH
BUMIpIOBaHOro cepefosumia Bix 2,125 mo 4,0 m/c i
BHYTPILIHIX iaMeTpiB Kopirycy cercopa 12, 141 16 mm.

Pe3ynsratn MozenroBaHHS TeMIEpaTypu CIPH-
HMaJbHUX EJIEMEHTIB CEHCopa HaBeIeHO Ha puc. 3.

BakiMBO BU3HAYMTH MEXKY TEMIIEpaTypHUX MOJIB
Bil JBOX CHpPUMMANBHUX EJIEMEHTIB CEeHCcopa, [e
TeMIiepaTypa oqHakoBa. [ padiuHUM MeTonoM 3HaiineMo
3Ha4YeHHs Bimmami X, npupiBHsaBIH piBHsHHA (13) i (14)
Mix co0oro. Bignans Mixk cipuiiMabHIMH €JIeMEHTaMHU
npuitesuin ~ Lg = 10mm.  Pesynmsratm  MozjentoBaHHs
HaBeNeHO Ha puc. 4.
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3HayeHHs napaMeTpiB sl po3paxyHKy kpuTtepito IIpanarns

Value of parametersfor calculation of Prandtl criterion

Temmeparypa, °C | u-10° Tla-c| Ac,Br/m°C) [  2g,Br/m®C) [  Co, Jxl(xr®C) | Cg, Ol (xr°C)

MOJIOKO

30 1332,9 0,5220 90,32 3919,0

40 1041,4 0,5510 89,25 39316

50 8539 0,5800 88,17 38939 a4

60 707,9 0,6038 87,10 3882,0

70 6237 0,6148 86,03 3852,0

80 559,8 0,6330 84,95 3852,0
BOIa

30 8015 0,6159 90,32 4174

40 6533 0,6322 89,25 4174

50 5494 0,6461 88,17 4174 a4

60 469,4 0,6577 87,10 4179

70 406,1 0,6658 86,03 4187

80 355,1 0,6728 84,95 4195

Tpumimka. Inoexc ¢ cmocyemucs GUMIPIOBAHO20 CEpedosuUya, ; —Mamepiany enemeHmis ceHcopa.

Puc. 3. 3uina memnepamypu cnpuiivanvhux enemenmie cencopa
3A1eHCHO 810 WBUOKOCMI NOMOKY BUMIPIOBAHO20 CEPe008UUIa
3a nanpyeu dcusnenns 3 B i cunu cmpymy 5 A:

1 — monoko; 2—6o00a

Fig. 3. Changing the temperature of the sensitive € ements of the sensor
depending on the flow vel ocity of the measuring medium at a supply voltage 3 V
and acurrent 5A: 1-isthe milk; 2—isthe water

Puc. 4. 3mina memnepanypro2o nois Midic CnputiManbHUMU eneMeHmamu
MEPMOAHEMOMEMPULHOL0 CEHCOPA 8 HANPAMKY HOMOKY GUMIDIOBATLHOO CEPe00BUY .
X — 8i00ans 6i0 enemenma; A — naowuHa Medici meMnepamypHux noiie

Fig. 4. Changing the temperature field between the sengitive e ements
of the thermoanemometric sensor at the direction of flow of the measuring mediunm
X —isthe distance to e ement; 4 —isthe plane of the boundary of the temperature fields
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Puc. 5. 3anexcnicmo memnepamypu T na medici memnepamypHux nonie
i ii 6i00ani X 610 weuUOKOCmi NOMOKY 8UMIPIOBAHO20 Cepedo8UYA.
X — 8i00a/ib MeICi meMnepantypHo20 noisi 80 CNPUUMALbHO20
eneMenHma 3 HUMHCHOI0 MeMnepamypolo

Fig. 5. The dependence of the temperature T on the boundary
of the temperature fields and its distance x fromthe vel ocity
of the measuring flow: x isthe distance of the boundary of the temperature field
fromthe senditive e ement of the lower temperature

Mu 3MOJIeIOBaIM 3MiHY TEMIEpaTypu Ha Mexi
TEMIepaTypHOro Mmojst 1 11 BimAamb BiJ CJIEMCHTIB
3aJIKHO BiJ IIBUIKOCTI IOTOKY BHMIPIOBAHOTO Ce-
penosuma (puc. 5). BumiproBaHuM cepemoBHUINEM €
MOJIOKO 3 IHTEHCHBHICTIO IMOTOKY B Mexax 16,7-58,3 r/c,
a00 MmBHIKICTIO MOTOKY y Mexax 2,1-4,0 wmlc,
BHYTpIlIHIH JiamMeTp Kopmycy ceHcopa l14wmm i
MOTYXKHICTB JKuBJIeHHs 15 BT.

TeMmmepaTypa Ha MeEXi TeMIEPaTypHOTO IO
CIpUAMallbHUX EJIEMEHTIB CEHCOpa KOJIHMBAETHCA Y
mexax Bix 29,97 K no 28,38 K 3a 3MmiHM Bignam Mexi
BiJl XOJIOJHIIIIOIO CIIPHAMATIBHOTO €IEMEHTa CEHCopa Y
Mexax 5,02—6,29 MM. V pexxuMi peabHOro 4acy Mexa
TEMIICPATypHOrO TONS € JWHAMIYHOI; 3MIIICHHSI B
HampsIMKYy  TOTOKY  BiOYBa€TbCs  3aJGKHO  BIf
IHTCHCUBHOCTI BHMIpIOBAJIBHOTO CEPENOBHINA, a TaKOK
Xapakrepy pyxy.

KoMmrieHCyBaHHS IUHAMIYHOTO KOJMBAHHS MEXI
TEMIICPATypHOIO IO MO)XHA BHKOHATH CXCMOIO BHMi-
PIOBaHHs, BUKOPHUCTOBYIOUH KOMIICHCAIIII0 3BOPOTHOIO
3B'S3Ky 3a HANpPYrol0 y CXeMi KepyBaHHS IOTYXHICTIO
JKUBJICHHS CIPUAMAaJLHUX CJICMCHTIB TEPMOAHEMOMET-
PHUYHOTO CEHCOpa. BHKOPUCTOBYEThCS 3MIHHUMA CTPYM Y
KUJTIOTepIIOBOMY JTiara3oHi.

BucHoBku

AHami3 MoZeNIOBaHHS TEMIIEpaTypH CIIpUHMalTb-
HHX €JIEMEHTIB CeHCcopa IOKa3ye, IO 3a yYMOBH BH-
MIpIOBaHHS MOJIOKa iXHSI TEMIIepaTypa € BUIIOI0, HiX 3a
YMOBHU BI/IMipIOBaHHH BOIU. LIe INIOACHKOETHCA TECILIO-
TeXHi‘IHI/IMI/I XapaKTCpUuCTUKaMun BI/IMipIOBaHOFO cepeao-
BHUIIIA.

Temneparypa Ha Mexi po3IiTy TeMIlepaTypHHX
OB 1 BiMANh MEXKI IO BiJl CHPUAMAIBHHX eJie-
MEHTIB CEHCOpa 3MiHHa, 3aJIE)KHO BiJ| IIBUIKOCTI ITOTOKY
BHMIpPIOBAHOTO CEPEIOBHINA, BIAJANl MiX €leMEHTaMH,
BUY BUMIPIOBAaHOTO CEpPEOBHUINA, a TAKOK HOTYXHOCTI
JKMBJICHHS €JIEMEHTIB CeHcopa.

Jlyis1 3anpornoHoBaHoI KOHCTPYKIIi OOIpyHTOBaHO
Bi[ylaNb MiX CHpUAMAaJbHUMH €IEMEHTaMH TEepMO-
aHEMOMETPUYHOTO CEHCOPa, 1110 CTaHOBUTH 10 MM.

IMoasika

ABTOPH  BHCIIOBIIOIOTH  INIMOOKY — BIASYHICTH
KOJICKTUBY Kaeapu Cremniaai3oBaHuX KOMIT IOTePHUX
cucreM HanionansHoro yHiBepcutety “JIbBiBChKa IMOJIi-
TexHika" 3a JIONOMOTY B MiI'OTOBII CTaTTi.

Konduaikr inTepecis

KoH(uikr iHTEepeciB mix dYac HaIUCaHHA,
iATOTOBKY Ta OMyOJiKYBaHHS CTaTTi BiACYTHIH.
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