
YD,K 621.75.44

fl1,Il;pO,Il;JIHaMMQeCKOe MCCJIe,Il;OBaHMe MO,Il;eJIM

KOHTaKTHOrO arrrrapaTa C OpOrnaeMOM perylliIpHoM

HaCa,Il;KOM
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CaHKm-flemep6ypi!CKUU i!OcyaapcmeeHHbiu yHueepcumem HU3KomeMnepamypHbIX u nuU{eebix meXHOIlOi!UU

In the article is presented method of data processing and results of the
hydrodynamics experiments of the contact apparatus's nozzle.

[II)J,pO)J,HHaMw-reCKoe IICCJIe)J,OBaHIIe KOHTaKTHoro arrrra-

paTa C Haca)J,KoH [1] Heo6xo)J,IIMO )J,JI5IrrOJIyqeHII5I OCHOB-

HhIX xapaKTepIIcTIIK peryJI5IpHOH Haca)J,KII II o6pa6oTKII 3K-

crrepIIMeHTaJIhHhIX )J,aHHhIX rro TerrJIO- II MaccorrepeHocy

rrpII KOH)J,eHcaUIIII BO)J,51Horo rrapa Ha 3TOH Haca)J,Ke. Ha-

ca)J,Ka 6hIJIa pa3pa6oTaHa B [ocy)J,apcTBeHHoM IIHCTIITy-

Te a30THoH npOMhIllIJIeHHOCTII II rrpe)J,cTaBJI5IeT C060H

rrJIOCKOrrapaJIJIeJIhHyl:O Haca)J,Ky C TYP6yJIII3aTopaMII. 06-

IlJ,IIHBH)J,Haca)J,KII rrpe)J,CTaBJIeH Ha pIIC. 1. Bo MHorIIX pa-

60Tax rrpIIBo)J,51TC5I3KcrrepIIMeHTaJIhHhle )J,aHHhle rro rII)J,-

pO)J,IIHaMw-recKoMy corrpOTIIBJIeHIIIO )J,JI5Ip5l)J,a 0pollIaeMhlx

Haca)J,OK, TaKIIX, KaK KOJIhua PallIIIra, KOJIhua IIaJI5l, ce)J,JIa

EepJI5I, ce)J,JIa «l1HTaJIOKC» [2, 3, 5]. O)J,HaKo TeOpeTIIqeC-

KIIe )J,aHHhle )J,OCTaTOqHOBhICOKOHTOqHOCTII rro corrponm-

JIeHIII:O )J,Byx<pa3HOrO rrOTOKa rrpH opollIeHIIII perYJI5IpHhIX

Haca)J,OK TaKoro TIIrra OTCyTCTByIOT. IIo3ToMY Heo6xo)J,II-

MO 6hIJIO npoBecTII IICCJIe)J,OBaHIIe C ueJIhlO onpe)J,eJIeHII51

B03MO)l(HOCTI1I1CI10JIh30BaHII51Bhlpa)l(eHIIH, II3BeCTHhlX )J,JI5I

YKa3aHHhIX BhIllIe Haca)J,OK, II rrOJIyqeHI151 paCqeTHOrO BhI-

pa)l(eHII5I )J,JI5Iol1pe)J,eJIeHII51 rII)J,po)J,IIHaMIIqeCKOrO corrpo-

TIIBJIeHII5I opollIaeMoH peryJI5IpHOH Haca)J,KII TaKoro TIIrra.

CxeMa 3KcrrepIIMeHTaJIhHOrO CTeH)J,a npe)J,cTaBJIeHa Ha

pIIC. 2. CTeH)J, COCTOIIT II3 Koprryca MO)J,eJIhHOrO arrrrapaTa

Puc. 7. 06U{uu euo nJlOCKOnapaJlJleJlbHOU HacaaKU
C myp6YJlU3amOpaMU

2, caMOBcaChIBalOliIero Hacoca 1, ueHTpo6e)l(HOrO BeHTII-

JI5ITOpa 5. BHyTpII BepTIIKaJIhHO pacnOJIO)l(eHHOrO Koprry-

ca arrrrapaTa BMOHTIIpoBaHhI 18 CJIOeB IICCJIe)J,yeMoH Ha-

ca)J,KII 3 C o61iIeH BhICOTOH 6JIOKa H = 1 M. XapaKTep )J,BII-

)I(eHII5I cpe)J, - npoTIIBoTOK. BO)J,a nO)J,aeTC5I HaCOCOM B

BepXHl:01O qaCTh arrrrapaTa, me )J,JI5IpaBHoMepHoro opo-

WeHII5I Haca)J,KII yCTaHOBJIeHO <pOpcyHOqHOe yCTpOHCTBO.

B03)J,yx qepe3 rraTpy60K C KaJIII6pOBaHHoH )J,IIa<pparMoH

7, IIMelOliIIIH yqaCTOK )J,IIHaMIIqeCKOH cTa6IIJIII3aUIIII )J,JIII-

HOH 0,5 M, rrocTyrraeT B IICCJIe)J,yeMhIH annapaT HII)I(e 6JIo-

Ka Haca)J,KII. ,l],IIa<pparMa BhIIlOJIHeHa B COOTBeTCTBIIII C [3],
)J,IIaMeTp OTBepCTII51 )J,IIa<pparMhI 41,85 MM. IIMelOliIIIHC5I

1/
Puc.2. CXeMa 3KcnepUMeHmallbHOi!O cmeHaa allJl
uCClleaOeaHUJI i!UOpOOUHaMUlfeCKOi!O conpomUelleHUJI
opoUJaeMou HacaoKu:
7 - caMOeCaCblealOU{uu Hacoc; 2 - Kopnyc MoOellbHOi!O
annapama; 3- 6JlOK uCCIleayeMou HacaaKU;
4 - ou¢¢epeHlI,UallbHbiu MUKpOMaHOMemp;
5 - lI,eHmpo6eJICHbiU eeHmUJlJlmOp;
6 - ou¢¢epeHlI,UallbHbiu MUKpoMaHoMemp;
7 - KGIlu6poeaHHaJi oua¢pai!.Ma; 8 - pacXOaOMep



CTeH,U n03BOJUlJI 06eCne4HTb pe)l(HMbI C MaKCHMaJIbHbI-

MH 06beMHbIMH paCXO,UaMH BO,Ubl 5 M3/4: H B03,Uyxa - 190

M3/4, 4TO n03BOJIHJIOnOJIY4HTb ,UaHHble npH pe)l(HMax HH)I(e

T04KH HHBepCHH.

YCJIOBIDI npOBe,UeHHjI 3KCnepHMeHTa:

t=20,7 ... 25°C;
ReJl(=468,8 ... 1086,3;

FrJl(= 0,002775 ... 0,016508;

Rer= 1395,3 .•. 2760,l.

OCHoBHble xapaKTepHCTHKH HaCa)J.KH: K03epqmQHeHT no-

p03HOCTHE= 0,93; y,UeJIbHM nOBepXHOCTb a= 132,2 M2/M3;

3KBHBaJIeHTHbIH ,UHaMeTp d3KB= 0,02826.
B xo,Ue 3KCnepHMeHTa H3MepAAH CJIe,UyfOmHe napaMeTpbI:

06beMHbIH pacxo,U B03,Uyxa - ,UHepepepeHQHaJIbHbIM 4:a-

We4:HbIM MHKpoMaHoMeTpoM 6 (CM. pHC. 2), KJIaCC T04:-

HOCTH 1;

TeMneparypy B03,Uyxa Ha Bxo,Ue B annapaT - JIa60pa-

TOPHblM TepMoMeTpoM C T04HOCTbfO 0,1 °C;
nalleHHe ,UaBJIeHHSInOTOKa ra3a Ha Haca,UKe - ,UHepepe-

peHUHaJIbHblM 4awe4HbiM MHKpoMaHoMeTpoM 4, KJlacc

T04HOCTH 1;

06beMHbIH pacxo,U BO,UbI,no,UaBaeMoH B annapaT, -3JIeK-

TpoMafHHTHblM C4eT4HKOM-paCXO,UOMepOM 8, KJlacc T04-

HOCTH 1 (CM. pHC. 2);

TeMneparypy BO,UbI Ha Bxo,Ue H Bblxo,Ue H3 annapaTa -

Me,Ub-KOHCTaHTaHOBbIMHTepMonapaMH H BTOPH4HbiM npe-

06pa30BaTeJIeM - QHepPOBbIM KOM6HHHpoBaHHbIM npH60-

pOM I11301-2.

MemOOUKa o6pa6omKu 3KcnepUMeHmaJlbHbiX oaHHblX
DOJIbWaSi 4aCTb MaCCHBa nOJIY4:eHHbIX T04:eK npHXO,UHT-

CjI Ha nJIeH04HbIH pe)l(HM. I1TIOTHOCTb opOWeHHjI Haca,UKH

U (M/c):

U= Vw

3600F:
r,Ue Vw - 06beMHbIH pacxo,U BO,UbI, M3/4;

Fa - cB060,UHaSi nJIOli.(a,Ub nOBepxHOCTH nonepe4HO-

ro ce4eHHSI annapaTa C Haca,UKoH.

KpHTepHH PeHHOJIb,Uca ,UJIjI B03,Uyxa

Re. = 4W. ,
av

f,Ue V - K03epepHQHeHT KHHeMaTH4:eCKOH Bjl3KOCTH B03,Uy-

xa, M2/c.
HaH60JIee nOJIHO 3KcnepHMeHTaJIbHble ,UaHHble no co-

npOTHBJIeHHfO pjl,Ua opowaeMblx Haca,UOK 0606meHbI B

pa60Tax TeHT4:a [5] H KaepapoBa [2]. B OCHOBe 0606me-

HHjI [5] HCnOJIb30BaH 6e3pa3MepHbIH KOMnJIeKC K, a co-

npOTHBJIeHHe opowaeMoH Haca,UKH COOTHeceHO C a3pO,UH-

HaMH4eCKHM conpOTHBJIeHHeM CyXOH Haca,UKH:

K = 0, 12Fr", Re:o.8(1 + 7,5 .10-5 Rea)'
r,Ue FrJl( - KpHTepHH <I>py,Ua,UJISI)l(H,UKOCTH;

U2aFr =--
'" 9 81',

Re'I( - KpHTepHH PeHHOJIb,Uca ,UJIjI )l(H,UKOCTH, paCC4:HTaH

no nJIOTHOCTH opoweHIDI [2],

4U
Re~( =--,

vwa
f,Ue v w - K03q)epHUHeHT KHHeMaTH4eCKOH BSl3KOCTH)l(H,UKO-

CTH, M2/c;
3,Uech MO)l(HO BhI,UeJIHTb ,UBa OCHOBHbIX epaKTopa [5]:

(F rJI(ReJl(-0,8) - Y4:HThIBaeT BJIfIjIHHe )l(H,UKOCTHHa H3Me-

HeHHe CB060,UHbIX 06beMOB Haca,UKH H nJIOma,UH )l(HBOrO

Ce4:eHHSI,UJIjI nOTOKa fa3a;

(1 +7,5·1 0-5ReB) - epaKTopryp6YJIH3aQHH nOTOKOB,KOTOPbIH

npH ReB < 1500 He OKa3bIBaeT cymeCTBeHHoro BJIIDIHHjI.

B pa60Te [5] npoH3Be,UeHo 0606meHHe Haca,UOK THna

KOJIeQPawHfa, ce,UeJI DOHnjl H «I1HTaJIOKc», ,UaHHbIe npe)J.-

CTaBJIeHbI ,UJIjI BO,UhI - B03,ZJ,yxa, HO ofpaHH4HBalOTCjI ,ZJ,O-

HHBepcHoHHOH 06JIaCTblO. Ha pHC. 3 nOKa3aHO cpaBHeHHe

JIHHHH b.Po/b.p = j(K), npe,UcTaBJIeHHOH B [5], C HaWHMH

3KcnepHMeHTaJIhHhIMH ,ZJ,aHHhIMH. 04eBH,ZJ,Ho, 4TO nOJIy-

4eHHhle T04KH, OTHOCSlmHeCjI K nJIeH04HOMY pe)l(flMy, KOp-

pecnoH,UHpyfOTcjI CJIHHHeH, npe,UcTaBJIeHHOH B [5]. O,UHa-

KO KOHe4Horo BhIp~eHHSI ,UJIjIonpe,ZJ,eJIeHHSIconpOTHBJIe-

HHSI opowaeMoH Haca,UKH TaM He npHBO,UHTCSI.

06pa6oTKa, Y4HThIBalOmaSi fH,ZJ,po,UHHaMH4ecKHH pe-

)l(HM, BhII10JIHeHa KaepapoBhIM [2]. B OCHOBy nOJIO)l(eHa

3aBHCHMOCTh

b.polb.p = j(C, U/r, Y/YJI(,/-lJl(//-lr),

f,Ue C- 6e3pa3MepHaji BeJIH4HHa, jlBJIjlfOmajlCjI He TOJIbKO

epYHKQHeH rH,UpO,UHHaMH4eCKOfO COCTOjiHIDI ,ZJ,Byxepa3-

HOH CHCTeMhI, HO H 3aBHCjlmaji OT CBOHCTB KOHKpeT-
HOH Haca,UKH;

u/r - OTHoweHHe MaCCOBhIX CKopOCTeH )l(H,UKOCTHH

ra3a;

Y/Y,!( - OTHoweHHe y,UeJIhHOfO Beca fa3a H )l(H,UKOCTH;

/-l,//-lr - OTHoweHHe K03epepHQHeHTa ,ZJ,HHaMH4eCKOH

BSl3KOCTH)l(H,UKOCTH H ra3a.

BBH,ZJ,yTOfO 4TO annapaThI no,U06HOfO THna B OCHOBHOM

pa60TafOT npH pe)l(HMaX HH)I(e T04KH HHBepCHH H B 60JIb-

wHHCTBe CJIy4aeB npH nJIeH04HOM pe)l(HMe MbI nOJIy4:HJIH

Po/!:>P
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Puc. 3. CpaoHeHue 3KcnepUMeHmaJIbHbiX aaHHblx C JlUHUeU
Teum'ta



40000

35000
• flneHol{HblU peJfCUM

A PeJfCUM nOaBUCOHUR

<;;' 30000'"'" ..
Q)

~ 25000
~
~ 20000
<::>
"""- 15000::::::
0v 10000

5000

0
Re)l(400 600 800 1000

PUC: 4. 3aeucUMocmb KOMnJleKca '(,/(8,076.10-7 Re.Ii,69) om
KpUmepUJl Re'"

,lJ,JUIK03<p<!nU..l,HeHTaMecTHoro corrpOTHBJIeHH5I npH opOIlle-

HHH HaCa,l(KH ,l(JI5InJIeHOlJHOfO pe)l(HMa Bblpa)l(eHHe

r = 8 076.10-7 Rel•
42 ReO.69

~o' JK 8'

f,l(e So - paCCqHTbIBaeTC5I rro Bblpa)l(eHHlO

r = 8!1pr.;rE3

'-:>0 2 '
aHpBWB

f}1e !:¥JeT - pa3HOCTb CTaTHqeCKHX ,l(aBJIeHHH ,l(O H nOCJIe

HaCa,l(KH, ITa;

PB - nJlOTHOCTb B03,l(yxa, Kr/M3.

Ha pHC. 4 nOKa3aHa 3aBHCHMOCTb KOMnJIeKCa

So/(8,076·10-7 ReB 0.69) OT KpHTepWI Re,K• TOlJKH, xapaKTep-

Hble }1JI5IHaqaJIa pe)l(HMa nO,l(BHCaHIUI, pacnOJIaralOTC5I

BbIIlle nonyqeHHOH JIHHHH. HaqaJIo pe)J<HMa nO,l(BHCaHH5I

xapaKTepH3yerc5I rrepeJIOMOM <PYHKI.{HH !1Po/!:¥J = j{Re)f('

Re
B

), qTO 06'b5lCH5IeTC5I TOpMO)l(eHHeM )l(H}1KOCTH rrOTO-

KOM fa3a. BCJIe,l(CTBHe 3TOfO CKOpOCTb TelJeHH5I )l(H,l(KO-

CTH yMeHbillaeTC5I, a TOJlI..QHHaee rrJIeHKH H KOJIHlJeCTBO

y,l(ep)l(HBaeMOH HaCa,l(KOH )l(H,l(KOCTH YBeJIHlJHBalOTC5I. Pe-

)l(HM nO,l(BHCaHH5InonylJeH HaMH rrpH MaKCHMaJIbHOH IlJIOT-

HOCTH0pOIlleHH5I HaCa,l(KH.

MaKCHMaJIbHble OTHOCHTeJIbHble nOfpeillHOCTH orrpe,l(e-

JleHWI KpHTepH5I PeHHOJIb,l(Ca no B03,l(yxy He npeBhIIllalOT

2,0 %; KpHTepHSI PeHHOJlb,l(Ca no BO,l(e- 2, 1 %; K03<p<!mI.{H-

eHTa MeCTHoro conpOTHBJleHHSI npH opoIlleHHH - 14 %.
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