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I[aHHaH CTaTbhs NPCACTABIIACT co0oii MEPBYIO 4aCTh UCCICAOBAaHUS, TOCBAIICHHOTO
H3YyYCHUIO TCUCHUA BJIAJKHOT'O BO3QyXa 4€pE3 APOCCCIIbHBIC KaHAJIbI. Takas I/IH(I)Op—
Manus H606XOILI/IMa JJIsA CO3JaHU s 6GCC€HapaI_II/IOHHOFO MHOI‘O(l)aBHOFO pacxoaomepa
B BUC <<HO,Z[pBIBHOﬁ)) WHHOBAIIUH. B pa60Te JAaHO OIMMMCAaHUEC MOACPHUSUPOBAHHOT'O

Iurnposanue: Bakynuu A. A. TeueHne BIaKHOTO BO3IyXa Yepe3 APOCCEIbHBIIN KaHal (LITY-
1ep). DKcrepuMenTanbHas 9acth / A. A. Bakynun, A. A. Bakymus, JI. A. [Tynsnac // BectaHuk
TrOMEHCKOr0o roCyIapCTBEHHOTO YHUBepcUuTeTa. DU3MKO-MaTeMaTHIeCKOe MOJICIHPOBAHHE.
Hedrs, ras, suepreruka. 2018. Tom 4. Ne 2. C. 67-82.

DOI: 10.21684/2411-7978-2018-4-2-67-82

© ®PT'AOY BO TioMeHCKHI rocy1apcTBeHHbII YHHBEPCUTET



68 Bakynun A. A., Bakynun A. A., Ilynsoac JI. A.

CTeHJa MHOTo()a3HBIX IOTOKOB, HA KOTOPOM NPOBOJAMIIMCH SKCIIepUMEHTHI. [IpuBe-
JeHbl potorpaduu 1 cXeMbl (parMeHTOB SKCIIEPUMEHTAIIBHOTO CTEHAA, TpeIHa3Ha-
YEeHHBIE JUISI U3YUCHUS Fa30BOT0 M Ta305KUIKOCTHOTO MOTOKOB. OOCYKIat0Tcsi METO-
VKU U3MEepeHuid 1 00paboTKa pe3yabTaroB it onHO(a3HOro U AByX(a3HOro mo-
TokoB. IlpencraBneHsl TUMIMYHBIE TPAQUKU PACXOIHOW M PACXOAHO-TIEpenaaHOMI
XapaKTEPUCTHK LMJIMHAPUUYECKOTO APOCCEIIsl, PEKOMEH/IyEMOT0 K NCTIOJIb30BAHUIO B
KauecTBe mrylepa. [IpuBeaensl noiayueHHble Ha cTeHae pororpapun AByX(pa3HOTo
MOTOKA C Pa3AesbHBIM TeueHHEM (a3 1 NOTOKA TUCTIEPCHON CTPYKTYPBHI.

KaroueBnle cioBa

MHorogasHble TTOTOKH, MHOTO(a3HbIE PACXOAOMEPBI, IKCIIEPUMEHTAIbHBIA CTeH]I, Jia-
MUHApPHOE U TypOyJICHTHOE TeYEHUE, LIMIUHAPUUECKUE IPOCCEIIN, PACXOIHO-IIepeliaHasl
XapaKTepHCTHKA, TOAPbIBHBIE MHHOBALH.

DOI: 10.21684/2411-7978-2018-4-2-67-82

BBenenue

[Ipobnema u3mepenus pacxoaa MHOroa3zHOro MOTOKa (COCTOSIET0, HAPUMED, H3
ra3a, HepTH ¥ BO/IBI) 0€3 ero MpeABapUTEILHON Cenapaluy MPeICTaBIsIeT BechMa
aKTyaJIbHYIO, HO B TO)KE BPEMSI CIIOXKHYIO 33/1a9y. TeM He MeHee TeXHUYECKOe pPelIeHue
9TOH MPOOIEMBI TPEITTOKEHO MHOTHMHA MUPOBBIMH TIPOU3BOAUTENIAMHI HE(DTETa30BO-
ro obopynosanusi. CooTBeTCTBYIOMIHI 0030p uMmeeTcs B [18]. B paborax [5, 7, 13, 14]
Obu1a chopMynHpoBaHa ¥ 00OCHOBAaHA KOHIICTIIIMS CO3/IaHMs OeccernapaiuoHHOTO
MHorogaszHoro pacxonomepa (BMP) B Bune «noapsiBHOW» MHHOBaMH. B cooTBeT-
CTBUU € 3TOH KoHIIeneit BMP nomkeH ynoBneTBOpsTh MUHUMAJIBHO TPUEMIIEMBIM
JUTSL KITHEHTOB TPeOOBaHUAM, U3JIOKEHHBIM B COOTBETCTBYIOIIEH HOPMAaTHBHOHN J10-
KyMeHTarun. Pa3paboTanky HeoOXOAMMO B TIEPBYIO OUEpEh OMPENeTUTh MUHUMAb-
HBIH HA0Op XapaKTepUCTHK, TOCTABUB BOMPOC TAaKUM 00pa3oM: «3a perieHue Kakoi
caMoOl MEJIKOW WJIM HECJIOKHOMW MPOOIeMbl TOTOB IUIATUTh nOTpeduTesnb?» [1]. Oue-
BUJIHO, YTO PAcXOAOMEp AOJDKEH OBITh JICIIEBBIM, UMETh MPOCTYIO U THOKYIO KOH-
CTPYKIIHIO, PEMOHTOIIPUTOAHOCTh, BO3BMOYKHOCTH OBICTPOI MOJIEPHU3AITIH.

Pemmenne 3a1aun co3manns TAKOTO pacxooMepa IpearonaraeT Haanaue GyHma-
MEHTAJBHBIX 3HaHUH 0 TeYeHHH MHOTO(a3HOTO MoTOKa B TpyOe. I[Ipu 3ToM Ha myTHn
MOTOKa MOTYT BCTpeyaTbcs pasjMuHbIe CyKalolfe YCTPOHCTBa B BHJE IITYIIEpa,
U3MEPUTEIBbHBIX Auadparm u T. 1. {711 9KCIIepuMeHTaNBHBIX UCCIIeJ0BaHHUI HE00X0-
JUMO TaK)K€ UMETh JOCTYT K COOTBETCTBYIOLUM CTEHJIaM, B KOTOPBIX MOJEIUPYIOT-
Csl Hy’KHBIE PEeXUMBI TeueHus [6, 8].

B nureparype nmerotcs myoiaukanuu 00 0COOSHHOCTSX JBMKEHUS MHOTO(a3HO-
TO TTOTOKA Yepe3 pa3InuHbIe cykaromiue ycrpoiictsa [10, 15, 16]. Tem He MeHee ux
pe3ysabTaThl He BCerJia MOXKHO MPUMEHHUTH JUIA pelIeHUs] KOHKPETHOW TEXHUYECKON
3aJ1auu.

He meHee BaykHBI BOIIPOCHI APOCCETUPOBAHUS I'A30BBIX U APOBBIX TOTOKOB B HE
CBSI3aHHBIX C HE()TETa30BOM TEMaTHKOM OTPaCIIsAX IMPOMBIIIIICHHOCTH. J|elcTBUTENh-
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HO, TIpH ITyCKOHAIAJ0UHbIX PadoTax, PH OCTAHOBKE, B aBAPHIHBIX CUTYalUsIX BO3-
HUKaeT HEOOXOIMMOCTh YIIPABJIATH PACXOIOM JIBHKYIIEHCS CPebl, T. €. TTOJIeP)KUBATh
B 33JIaHHBIX TPAHUIAX PEKUMHBIC TIApAMETPBI Ha BXOJIE M BHIXOJIE TEXHOJIOTUIECKUX
ycraHoBok [11]. 11 3TOro npoTouHyto yacTh YCTPOHCTB YIIPABICHHS PACXOIOM HH-
TEHCU(PHUIIUPYIOT ITyTeM YBEJIWYCHHUS THIPABIHNYECKOTO COMPOTUBICHHS W TIIOMIA TN
MIPOXOIHOTO CEUCHHUS C IENIBIO TOCTIKEHUS MTPUEMIIEMBIX CKOpOocTel moToka [12].

Wrak, 00bEKTOM HUCCIIe0BaHUI ObLT BRIOpAH MPOIECC MPOXOKICHHS BO3IyXa
(omHo(a3HBIN MOTOK), a TAKXKE CMECH BO3/AyXa ¢ BOAoH (IByx(ha3HbIN MOTOK) uepes
Cy)Karoliee yCTpOMCTBO.

Lenp paboThI cOCTOSIIA B TIOYYEHUH IKCIIEPUMEHTAIBHBIX U PACYETHBIX JTAHHBIX
0 TEYEHHH Ta30BOTO M Ta30KUIKOCTHOTO (TP Pa3TUIHBIX KOHIEHTPAIUAX KUAKOH
(ha3bl) MOTOKOB B TpyOe, comeprkalieM cyxkatoriee ycrpoiictso (CY) B BUIE IIUIKH-
JIPUYECKOTO APOCCEIBHOTO KaHana (mTyIepa).

JKCNepUMEeHTAIbLHAS YaCTh

1. YcTaHoBKka AJIS1 UBYYCHUSA XaPaKTCPUCTUK ABHKCHUA BO31yXa Yepes3
JIpoccebHbIH KaHaJl

OKCIEepUMEHTBI IS BO3LyXa IPOBOAMINCH HA MOIEPHU3UPOBAHHOM H3MEPUTEIHHOM
cTenie MHOTO(a3HBIX MOTOKOB [8]. PoTorpadus pparmMenTa cTeHIa IpeACcTaBIeHA
Ha puc.l.

Puc. 1. ®parmenT m3meputenpHoro ctenaa  Fig. 1. Fragment of the measuring stand for
IUTS M3Y9EHUS ABIKCHIS BO3IyXa uepes studying the movement of air through
JIPOCCETBHOE YCTPOUCTBO cylindrical channels

[TpuHnunuanbHas cxema yCTaHOBKH H300pakeHa Ha puc. 2.
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Puc. 2. Cxema dKcTIepuMEeHTAIBHOH yCTa- Fig. 2. The scheme of the experimental unit
HOBKH [3] [3]:

[Mpumeuanne: 1 — xommpeccop, 2 — pecuBep, Notes: | — compressor, 2 — receiver,
3 — perynupoBouHas 3aaBIKKa, 4 — munmuH- 3 — control valve, 4 — cylinder choke,

JPUYECKHH Ipoccenb, S — 00pa3oBbe 5 — sample manometers, 6 — differential
MaHOMETPBHI, 6 — aAnudpepeHTnaTbHbIH manometer, 7 — valve, 8 —gas meter
MaHOMETp, 7 — BEHTHJIb, 8§ — Ta30BBIN valve, 9 — exhaust cam, 10 — barometer-

CUeTYHK, 9 — BBIXJIONMHAA Kamepa, 10 — 6apo- aneroid, 11 — thermometer. The working
MmeTp — aneponn, 11 — Tepmomerp. Paboumii  piping area is horizontal; the air flows
Y4YacTOK TPyOOTIpOBOIa PAacIoNoKeH ropu3oH-  from left to right

TanbHO. Hampasnenue IBIKeHNS IIOTOKA

BO3JLyXa CJIeBa HAIPaBO

3akadka Bo3myxa B pecuBep (2) ocymecTBisercst kommpeccopom (1). JlaBmenue
BO31yXa B pecuBepe poBoautcs 10 0,3-0,4 MITa (mpumepro 3-4 xkrc/cm?). B pecuse-
pe CTIaXWBaOTCS MYJIbCAIIMHU IaBICHUS CKATOTO BO3TyXa.

[Tocne pecuBepa ycTaHOBIICHA PETYIUPOBOYHAS 3aIBIDKKA (KiTamnaH) (3).

Bo3znyx u3 pecuBepa uepe3 perymupyonIni KiaraH MoCTyaeT B paboduii ydacToK
Tpybonposona auamerpom D = 32 MM nipu paboueit remneparype 7= T (T, — Tem-
reparypa Hapy»KHOTO BO3/yXa B TIOMEIICHHH).

B tpyGompoBoze pa3memaercss UCIIBITYeMBIA IMIHHAPHISCKUAN apoccens 4. B
MpoIIecce BeICHUS SKCIIEPUMEHTOB IIPOU3BOIUTCS 3aMEHa IPOCCENBHBIX IIAIHMHPOB.

JmHa ygacTka 70 apoccens coctasiseT L; = 1 700 mm (= 85 kanmubpoBs), mocie —
L, =650 mmM (= 32,5 xanmu0Opa).

W3mepenne naBieHni 10 ¥ IOCIIE IPOCCENA P, , P, , @ TAKXKE PAa3HOCTH JaBICHUN
P1-P> TIPOU3BOIUINCH COOTBETCTBEHHO OOPA3IIOBEIM MaHOMETPOM (5) ¢ BEpXHHM
MIpEeIeIoM u3MepeHust 5 kre/cM? u muddepeHnnarbHBIM MaHOMETPoM (6), THarma3oH
0-160 xIIa, ¢ yHH(pUITIPOBAHHBIM BBIXOTHBIM CUTHAIOM 4-20 MA.

YMeHbIIIeHNE JaBICHUS p, PEaTH30BhIBANIOCEH MIOCTETICHHBIM OTKPHIBAHUEM pe-
ryupyromiero BeHTws (7).
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Nzmepenne 00peMHOT0 pacxo/ia BO3Iyxa Ha BeIxojie (9) MpOU3BOIUIOCH C TOMOIIBIO
ra3oBoro cueTdrka (8) u cekynaomepa nudpooii Buneokamepsl. [locie sToro morok
BO3/1yXa cOpacsIBajcs B aTMochepy.

s m3Mepennst aTMocepHOTo AaBIeHUS PUMEHsIIICS 00pa3IoBEIi OapomeTp-
anepoun (10), 1 u3MepeHus TeMIieparypsl — JadoparopHbiid TepmomeTp (11).

TemrmepaTypsl C)KaToro BO3AyXa B pPECHBEpE M TPYyOOIPOBOJE MPUHUMAIHCH
paBHBIMHU TeMITepaType BO3ayxa B 1a00paTOpHH.

HanpencrapnenHol ycTaHOBKE MOYKHO ITPOBOIUTH HCCIIEIOBAHUS XapaKTEPHUCTHK
TEYEHHS BO3/yXa MPH JIJAMUHAPHOM U TypOyJICHTHOM PEeKUMaxX C YuciamMu PeitHOIb-
nca 7o Re ~ 5*%10%, B 1poccenbHbIX MUIMHAPUICSCKAX KaHATAX PA3THYHON UTHHBI 1
BHYTpPEHHEro AuaMerpa. B Hamem cirydae ObLIM TOJTY4YEHBI JaHHBIE O MacCOBOM
pacxojie Bo3ayXa Jijis Ipocceniei quaMeTpoM oTBepetus d = 2-4 mMm ¢ OTHOCUTEINb-

o o o l
HOU JJIMHOU HUWJIMHAPUYCCKUX APOCCCIICH B ITpeACIax E = 1,5 +17.

2. MeToauka u3MepeHuii 1151 0IHO(PA3HOT0 NMOTOKA

Ocy1iuecTBisercs 3ammyck komnpeccopa. C NOMOIIbIO PEryJIUpPOBOYHOMN 3aABHXKKHU Ha
KOMIIPECCOpEe yCTaHABIMBACTCSI N30BITOUHOE JaBieHue (M3MEPEHHOE MaHOMETPOM
(5)) B pecuBepe (2) Piuse = 2Krc/cm’. B Xo7ie ONBITOB 1aBACHHE P1 B PECHBEPE U HA

ydacTke TpyOorpoBosa L, octaeTcsi HoCTOSHHBIM. OTHOIICHNE aBIeHUN % (3mecw
1

P ¥ P2 — aOCOJIIOTHBIE AABJIEHUS), ONIPEEIISIOIIee CKOPOCTh ¥ pacXoll IIpH HCTe-
YEHUH, U3MEHSIOT 32 CUET U3MEHEHUS JABICHUS Ppys6 C MOMOIIBIO TIOBOPOTA BEH-
st (7). [lpr OTHOCTRIO OTKPHITOM BEHTHIIE JaBIICHHE Ha BBIXOZE PAaBHO aTMOC-

bepromy p2 =p,,,, -
D2
ITpu 3Hauenuu nepenaga o = 0,33 mpou3BOAMTCS TMEPBOE U3MEPEHUE 00BEM-
) 1

HOTO pacxojia BO3AyXa C IMOMOIIBIO Ia30BoOro cueryuka (8). 3areM npoBoaaTcs u3-
MEpPEHHUs MPH APYTHX 3HAYCHUSAX JABICHHUS Payuzg. |IOBBIIICHNE NABICHUS Pous6
nepe;] KaKIbIM IO CIIEYOIUM U3MEPEHUEM OCYIIIECTBISIETCS ITOCTETICHHBIM 3aKPhI-
trieM BeHTHIA (7).

IIpoBonsTCs HE MEHEee MecATH U3MEPEHUH U MX Pe3yNbTaThl 3aHOCSITCS B COOT-
BETCTBYIOIIUH IMPOTOKOJI, COMIEPIKAIINN 3HAYCHUSI aTMOC(HEPHOTO JTaBJICHUS, TeMITe-
partypbl BO3IyXa B 1a00paToOpuH, JHaAMETPOB OTBEPCTHSI IMIMHAPHUECKOTO JPOCCEIIS
¥ TpyOOINpoBOa, IITHHBI IHJINHIPHYECKOTO APOCCENs, 3HAYCHHI JaBIeHUH 1 Tiepe-
naja aBJIeHNHN JI0 U MOCIe IPOCCes, IOKAa3aHUs Ta30BOT0 CUETIYNKA U 0OBEMHOTO
pacxona. ITo Takoi ke METOAUKE MPOBOJUIUCH SKCIIEPUMEHTHI 111 HUJIMHIPUIECKUX
Jipoccenield pa3HbIX JUIMH U IMaMETPOB OTBEPCTHUH.

3. O0paGoTKa ONBITHBIX AAHHBIX 11 OAHO(AZHOI0 IMOTOKA

Llenbio nccnenoBanus mpolecca ucTeueHus o1HO()a3HOTO MOTOKA SBISIETCS OCTPO-
eHHe rpa(UKOB 3aBUCHMOCTEH MacCOBOTO pacxoa OT Pa3HOCTH JAaBJIEHHUI Ha BXO/E
P1 ¥ BBIXOZIE P2 APOCCEIS IIPH ITIOCTOSIHHOM €T0 IPOXOIHOM CEYCHUH — ITOCTPOCHUE
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PacxoHO-TIEPEna HOM XapaKTepUCTUKH G = f(p; — p); a TAKIKE IIOCTPOEHHUE I'Ppa-

(hMKOB 3aBHCHMOCTEH MacCOBOTO Pacxojia OT OTHOIICHHS TaBJICHUI — MOCTPOCHUE
D2

PacxoJHOH XapakTepUCTUKH G = f (E)'
Jlst 9TOrO0 ONpeneNAIoTCs aOCOIIOTHBIE AABIECHUS P U Py:
P1 = Piusc T B, (1)
P2 = Pzuss T B. (2)

3nech B — Gapomerpuueckoe aapinenne. OObeMHBIN pacxo] Ipy TepMOoOaprUuecKuX
napameTpax BO3AyXa HaXOOUTHCS 1o Gopmyrie:

_ Qo62 - Qo61 M3
= Q0 ] .

e Qo61 ) Qo62 — IMOKa3aHus ra30BOI'0 CUCTUYUKA /10 U IMOCJIC USMECPCHUA; T — BpPC-
M1 UBMCPCHUS.

DKCIIepUMEHTAIBHBIA MacCOBBIM pacxon G BO3MyXa Uepe3 MIIHHIPHICCKUI
JPOCCENb HAXOAUTCS 10 (popmyre:

4)

G = Qus * pu.[ ]

rae P1 — IJIOTHOCTh BO311yXa IIpU OABJIICHUU Pq , INIOTHOCTH BBIPAXKACTCS U3 ypaB-

C

Henus Kiaiinepona — Meneneesa.
MaccoBsri TeopeTruecknii pacxon Gy HaxomuTcsl u3 ypaBHeHUH CeH-Benana —
Bannens.

D2 __
B HankpuTHYECKOM pEeXUME NPU o= B < Bupur

1

_ 2 n-1 2n
Gr=f*ps (n+1) \/(n—l)RTl ‘ (5)

B nmoxkputnyeckoM pexume npi f < Bypyur

n+1

— zn payl B2y, 6
o= f o [ Zspip (B — 7] ©

nd?
rae f = —, — [VIOWajk OTBEPCTHS APOCCEs. st BO3myxa moka3aTeb aqnadarhl

n=14.
[To pe3ynbraraM pacyeToB CTPOSTCS PACXOHO-TIEpEIaHas U PACXOIHAs XapaK-

TCPUCTHUKHU, a TAKIKC 3aBUCUMOCTU KOB(I)(i)I/IL[I/ICHTa pacxoaa OT NpPOTUBOAABIICHUA

a=fC.
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B kagectBe npumepa Ha puc. 3 U 4 puBeIeHbI OTYyYSHHBIE Ha CTEH 1€ 3aBUCH-
MOCTH MaccoBOro pacxona G oT nepenaja fapieHus (p,-p,) ¥ OT p,/p, IPU UCTEUEHUH
BO3JIyXa Yepes3 MUJIHMHPUICCKHI JPOCCEITh. XapaKTePUCTUKH IPOCCENS: BHYTPSHHU I
quamerp d = 2 mm, jyiuHa | = 12 MM, BXOJIHBIC U BBIXOJHBIC KPOMKH OCTPBIC; ITOIBOJT
BO3Jlyxa — [0 TPyOONpoBoy. PasinvHbie nepenaibl JaBIeHUs JJOCTHTAINCH 32 CYET
W3MEHEHUS JIaBJICHUsS P2 Ha BBIXOAE OTBEPCTHSL.
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Puc. 3. Pacxonno-niepenasinas xapakrepu-  Fig. 3. Flow-differential characteristic of the
CTHKa apoccens ¢ mapamerpamu d =2 mM,  throttle with parameters d =2 mm and / = 12 mm
/=12 mmM ipu p; = 300 xI1a atp; =300 kPa
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Puc. 4. Pacxonnas xapaktepucTtuka apocce- Fig. 4. Flow characteristic of the throttle
nst ¢ mapamerpamu d =2 MM, /=12 mm ipu ~ with parameters d = 2 mm, /= 12 mm at
p1 = 300kI1 p1 =300 kPa
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4. YcraHoBKa 1) N3YyYCHUA IBUKCHHUA I'a30’KUIKOCTHOIO IOTOKA Yepe3
IlpOCCQJ'leblﬁ KaHaJl

DKcIiepruMeHTaIbHOE NCCIIeIOBaHUE ABIKEHUS AByX(hazHoTo moToka yepe3 CY ocy-
LIECTBISIOCH Ha CTeH]IE, N300paKEHHOM Ha pUC. 1, TIONIOJTHEHHBIM 3JIEMEHTAMU JIJIS
J03MPOBAHHOI'0 BHIPBICKA KXUAKOCTH M OCHAIICHHBIM MPO3pavHbIM YYaCTKOM, I10-
3BOJISIFOIIIMM BH3YallbHO HAOIIONATh 32 XapaKTePOM T'a303KHIKOCTHOTO TToToka. PoTo-
rpadus yyacTka CTEH/Ia C IIPO3PavYHOIl BCTaBKOM MpE/ICTaBICHA HA PHC. 5.

Puc. 5. ®otorpadust yuacTka crenyia ¢ Fig. 5. The stand’s section with a transparent
IPO3pavHOil BCTaBKOM inset

Cxema u3MepUTEbHON YCTaHOBKH IIPHUBE/ICHA Ha puUC. 0.

I'a3 (Bo3myx) U3 KOMITpeccopa, yepes mryuep (6a), HeOOXOAUMBIHN IS MOJAC-
JKAHUS TOCTOSTHHOTO PACX0J1a, TTIOCTYIAET B YYACTOK TPyOOIPOBO/A, TJIe MPOUCXOIUT
€ro cMelBaHue ¢ Bojoi. Bona nogaercs yepes crierualibHO U3TOTOBIICHHBIE (op-
CYHKH, paCublIAIONINE BOAY MCIIKUMH KaIlUISIMHU. T'az ¢ qaCcTUllaM#1 BOJbI IMTPOXOIUT
yepes mrymep (60), 10 U mociie KOTOPOTO UMEIOTCS OTBEPCTHS IS H3MEPEHUS Tiepe-
Tajia 1aBJIeHUs Ha mTynepe. KonmmyecTBo BIaKHOTO BO3/1yXa U3MEpsIeTCss 00bEMHBIM
cueTuynkoM rasa (8). Bojga u3 ycTaHOBKH OTBOJIUTCS Yepe3 IPCHAKHBIN BEHTHIB (7),
MOCIIE Yero onpezensiercs ee 00beM.
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Puc. 6. Cxema U3MEpUTETHHON YCTAHOBKU

(4]

[Tpumeuanue: 1 — xommnpeccop; 2 — 6ak ¢
BOZIOI; 3a, 30 — ycTpoiicTBa AT KOHTPOIS U
PETYIHPOBKH JaBICHUS; 4 — TPO3PATHBIIA
Yy4acToK TpyOorpoBoa; 5a, 56 — TouKH
WU3MEpEHHUS JIaBIICHHUS; 6a — MITYIEeP IS
cTabWIM3aIKy pacxona; 60 — mryrep,
I/ICHOJ'II)?)}’CMBIﬁ JUTS IOJTYYCHUS OKCTIEPUMEH-
TaJbHBIX JIAHHBIX; 7 — JPEHAKHBIM BEHTUIIb;
8 — cueTunk rasza; 9 — BEHTWIIb ISl PETYIIH-
POBKH BBIXOJHOTO JaBleHUs. [10TOK ABMKET-

(5a)

(56)

®)
©)
‘ D

N

(66)

Fig. 6. Schematic diagram of the measuring
system [4]

Notes: 1 — compressor; 2 —water tank;
3a, 36 — pressure control and adjustment
devices; 4 —the pipeline’s transparent
section; 5a, 56 — pressure measuring
point; 6a — socket to stabilize
consumption; 66 — throttle, used to obtain
experimental data; 7 — drain valve;

8 — gas meter; 9 — outlet pressure
adjustment valve; air flows from left to
right

Cs CJICBA HAIpaBo

5. MeToanka usmMepeHuii 115 AByX(pa3Horo noroka

J1st monTydeHns Ka4eCTBEHHBIX CBEJICHUHN O XapaKTepe IMOTOKa MPOBOIUIIUCEH BU3Y-
aJbHbIE HAOIONEHUS Yepe3 MPO3padyHbli y4acTOK TPyOONpoBoOAa, a Takke (OoTo U
BHJIEO CHEMKA.

Bona OpL1a okpariieHa KpacuTeneM, 4To a0 BO3MOXKHOCTh HAaOIIOIATh 3a JBUKE-
HUEM Karelb )KUAKOCTU B OTOKE BO3AyXa. BHauase mpoBeneHus SKCTIEpUMEHTa Ha BXOJT
YCTaHOBKH TMOJIaeTCs U30BITOMHOE jaBienue p, = 2 krc/cm” (npumepno 200 klla),
KOHTPOJINpyeMOe MaHOMETpoM (3a) /1715 TJIaBHOTO 3all0JHEHHUS ra30M TPyOOoIpoBo/Ia.
Hasnenue P,,,; B TEUEHUE BCEX U3MEPEHUI OCTAETCS MOCTOSAHHBIM. J{anee mpou3BoIuT-
Csl TI071a4a BOABI U COBEPIIIAETCS PETYIUPOBKA BBIXOTHOTO JNaBineHus P, BeHTieM (9)
(puc. 4), ©3MepsIeMOTO0 MAHOMETPOM, ITOJIKITIOYEHHBIM K TOUKE U3MEPEHHUS JaBICHUS
(56). ®ukcupyroTcs MoKa3aHUs CUSTYMKA Ta3a Mepei HauajaoM U3MEPEHUs U 110 €ro
3aBepiieHuto. [10100HBIM 00pa30M MPOBOAMTCS HECKOJIBKO CEPHil U3MEPEHUN MpHU
pa3HbIX 3HAUCHUSX AaBieHus P,. [lnanupyemblil Auana3oH U3MEHEHHs] OTHOLIEHUM
nasiennit P,/P; coctaBuin ot 0,33 mo 0,6. Bce momydeHHbIEe JaHHBIC 3aHOCITCS B
pabouuit MPOTOKOII M3MepeHU. THITMYHBIN BHEITHUN BU MPOTOKOJA TIPHBEICH B
Tabmuie 1.
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Tabnuya 1 Table 1
IIporoxoa uzmepenuii Measurement protocol
Ne INokazanus cueTymka
/ D, » Kl P.s, klla Bpewms, ¢ VB, 11
H H VHa‘l 9 M3 VKOH b M3
200 34 1261 0,3 0,9 13,1
200 3,6 1184 0,9 1,5 12,8
3 200 3,1 638 1,5 1,8 6,8

Notes: ambient temperature t = 18.3°C;
atmospheric pressure p, = 102.4 kPa

[Tpumeuanue: TeMieparypa OKpyKaroIero
Bo3ayxa t = 18,3°C; Atmocdeproe
nasienue p, = 102,4 xIla;

Ilenbio mpOBEACHUS IKCIIEPUMEHTOB ObLIO TOJYYEHHE 3aBUCUMOCTEH MEXIY
MacCOBBIM PACX0I0M JIBYX(ha3HOTO TIOTOKA U ITePEeTaioM JaBlieHus Ha mTyrepe. Hamu
OBUTH TOJYYEHBI YKCIICPUMEHTANBHBIC JJaHHbIE 00 00BEMHOM Pacxolie BO3ayxa U
BOJIBI, TEMITIEPATypE, NaBICHUU U PA3HOCTH JaBJICHHUI HA pab0YeM ydacTKe TOPU30H-
TaIbHOTO TPyOOIPOBO/IA.

g momydeHuss MaccoBOTO pacxonia HeOOXOAWMO pacCUUTarh IJIOTHOCTH BO3-
JlyXOBOASIHOUM cMecH. {11 3TOro uenonb3yercs NOHATUE IPUBEICHHON IIIOTHOCTH:

mi

pi=7 (7)

2

rae m;, — macca i-od ¢asbl, /' — 00beM cMecH.
B cBoro odepens, oTHOIIEHHE 00BeMa, 3aHUMaeMOoro i-oi (azoit V;, k 00bemy
cMmecu V ectb oObeMHast 0 i-0i (asbl:

Vi
a=y (8)
pi=pia;. 9)

VICTHHHAs TUIOTHOCTH KOMIIOHGHTOB CMECH 0f M3BECTHA W3 CIIPABOYHOI JINTe-
parypsl [9]. IInmoTHOCTE cMecH paBHAETCS CyMMe ITPUBEICHHBIX TTOTHOCTEH (a3 [17]:

_INmi _ on
p===—==Xi1pi. (10)
YuuThiBasi HAUJEHHYO INIOTHOCTh CMECH, MOKHO ONPEAEIUTh MACCOBBII PACXOI:
G=Q=*p. (11)

XapakTepuUCTHKH CTEHA MO3BOJISUIN MPOBECTH SKCIIEPUMEHT B JTMAIIa30HE OT-
HomeHus nanernid y = P,/P, o1 0,33 o 0,53. /1715t mOCTpOeHUS SKCIIEpUMEHTAITBHBIX
JuarpamMm ObLTH UCTIOB30BaHbI CEPUU U3MEPEHUH IIPU TPEX PAa3IMIHBIX KOHIIEHTPa-
X kuakon ¢asel. [Ipu sToM Hanbonbiel HH(HOPMATUBHOCTHIO [Tl OIIGHKH Xa-
pakTepa IBIDKEHHS CMECH BO3AyXa M BOJBI Uepe3 MITyIep 00JalaroT pacXoaHbIe
XapaKTePUCTHKH.
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[Mepen mosydeHHEM SKCIIEPUMEHTATBHBIX JTAHHBIX HEOOXOIMMO OBIIIO YOS TUTHCS
B TOM, YTO IIPU CMEITUBAHUHU BOJIBI C BO3YXOM 00pa3yeTcsi MOTOK AUCTIEPCHOM CTPYK-
Typbl. B X0/1e poBeicHNsT DKCTIEPUMEHTOB ¢ HAOOPOM (HOPCYHOK, PA3THUYAIOIIUXCS
JIHAMETPaMH BBIXOHBIX OTBEPCTHH, & TAKIKE TTPH TIOMOIIH U3MCHEHHS JABIICHHS BOJBI
Ha BXOJie B TPyOOIPOBO YIAIOCh MOA00PATh ONTUMAIBHBIA PEKUM CMEIINBAHUSL.
[Tpu ucnonb3oBaHuU HOPCYHOK ¢ OONBIIMM THAMETPOM HAOIIOAAIACH CICIYIONIast
cutyaims. Yepe3 HECKOIBKO CEKYH/T ITOCTIE 3aMyCcKa Ha CTeHKaX MPO3payHoro yyacT-
Ka TpyOOIpOBO/Ia OCeIaIN KPYITHbIE KallId BOJbI U C TEUEHHEM BPEMEHHU CKaIlIHBa-
JIach B HIDKHEH 4acTh TPYObl. DKCIICPUMEHTBI C PETYIUPOBKOM JaBICHUS TTOKA3aIH,
YTO MPU JABJICHUH BOJIBI, OTU3KOM K JIABJICHUIO BO3IyXa B TPYOOIPOBOJIE, CKOPOCTh
Kariesb, MOCTYNANINMX B TPYOy, HU3Kast. BeenacTBre 3Toro Habr0aaI0ch HaKkoIIe-
HUE BOJbI B HKHEH YacTu TPyOOMpPOBOJA M OTACIbHOEC TEUCHHE BOJABI U BO3IyXa
(puc. 7).

B pe3ynbrare ObUIO PEIICHO UCIOIB30BaTh (HOPCYHKH C MEHBIITHM JUAMETPOM,
a JIaBJICHUE BOJbI yCTAHABIMBATh npuoOnusutenbHo Ha 100 kIla Beimie naBieHUs
BO3/1yXa B TpybompoBoae. COOTBETCTBEHHO, MPH JAHHBIX YCIOBHIX MOKHO OBLIO
HAOIIOaTh OCeaHke MEJKUX Kallesib Ha CTEHKaxX M OTCYTCTBHE paccioeHus ¢as

(puc. 8).

Puc. 7. ®oto mpo3pagnoro ydactka Tpyoo-  Fig. 7. The transparent section of the tube
TIPOBOJIA C pa3/IeNbHBIM TEUCHHEM Ta30Boii 1 with a separate flow of gas and liquid phases
KHUIIKOH (a3
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Puc. 8. ®oto npospaunoro TpybomnpoBona,  Fig. 8. The transparent tube, the case of a
Clly4aii IUCIEPCHOTO MOTOKA dispersed flow

3akiaoueHne

B 3akiroueHnu npuBeeM OCHOBHBIE PE3YJbTaThl HACTOSALIECH PaOOThI:

1. TIpoBenena MomepHH3AIM H3MEPUTEIHFHOTO CTEH A MHOTO(A3HBIX TIOTOKOB
C LIEJIBIO TIPOBECHUS SKCIICPUMEHTOB ISl H3yYCHUS TEUCHUS OTHO(DA3HOTO
1 IBYX()a3HOTO I'a30’KUIKOCTHOTO IIOTOKOB Yepe3 MIIINHIPUIECKUE KaHAIIBI.

2. OmnpeneneHsl MapaMeTphl IWIHHAPAIECKOTO IPOCCENs, KOTOPBIE MOKHO HC-
NOJIB30BATh B KAUYeCTBE MITYIEpa.

3. OmnpeneneHbl TeOMETPHUECKHE U TEIUIOQU3NIECKUE XapaKTEPUCTUKU Pop-
CYHOK, KOTOpbIe HEOOXOIMMO HCIIONB30BATh JUISl CO3JaHMS TUCIIEPCHOMN
CTPYKTYPBI Ta30)KUIKOCTHOTO TTIOTOKA,

4. Tlposenena ¢poTo U BHIEOCHEMKA TEKYIIHX 0 TPYOOTIPOBOTY BO3IYIITHO-BOS-
HBIX ITOTOKOB Pa3HOM CTPYKTYpHI.
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Abstract

This article represents the first part of the study of a humid air current via cylindrical
channels. This information is necessary for the creation of a non-separating multiphase
flowmeter in the form of a “subversive” innovation.

The authors describe the upgraded stand of multiphase streams used in the experiments,
providing the photos and schemes of fragments of the experimental stand for studying of
gas and gas-liquid streams. The paper discusses the measurement techniques and processing
of results for single-phase and two-phase streams.

In addition, the authors provide typical graphs of air consumption-pressure difference and
air consumption-pressure ratio of the cylindrical channel. The photos of a two-phase flux
with a separate current of phases and a flux of disperse structure are given.
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