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~ccneAOBaH~e cTpyHH~x Hacocoe An~ 4~pKyn~4~~ 
ren~eBOH napo~~AKOCTHOH CMeC~ 

~ccneAOBaHa pa6oTa CTPYHHOro Hacoca Ha ren~eeoH napo
~~AKOCTHOH CMeC~. noKa3aHO, 4TO B 3TOH o6nacT~ napaMeTpOB 
COOTHOWeH~~, nony4eHHble ~3 ypaeHeH~~ ~MnynbCOB, cnpaBeAn~B~ 

n~Wb AO HaCTynneH~~ npeAenbH~X pe~~MOB, KOrAa B KaKOM
n~6o ~3 ce4eH~H KaMep~ cMeweH~~ annapaTa cKopocTb noTOKa 
AOCT~rHeT CKOpOCT~ 3ByKa. np~BOA~TC~ 3KCnep~MeHTanbHO npoee
peHHa~ MeTOA~Ka pac4eTa npeAenbH~X pe~~MOB, B KOTOPOH CKO
pOCTb 3ByKa B napo~~AKOCTHOM nOTOKe onpeAen~eTC~ no TepMOA~
HaM~4eCKOH Teop~~. 

Pa6oTa BblnOnHeHa B Jla6opaTop~~ BbiCOK~X 3Hepr~H o~.sm. 

npenpHHT 061>e.QHHeHHOI"O HHCTHTYT8 S!ll8pHblX HCCne.QOBSHHlt • .Uy6Ha 1979 

Agapov N.N. et al. P8 - 12444 

Investigation of Jet Pumps for Criculation 
of Helium Liquid-VaporMixture 

The operation of a jet pump using a helium two-phase 
mixture has been studied. It is shown that for this two
phase region the relations obtained from the momentum equa
tion are valid only up to the onset of limiting modes, i.e. 
unit the stream velocity achieves the velocity of sound in 
any section of the mixing chamber of the jet pump. The 
experimentally proved method of calculation of the limiting 
modes is presented ·in which the velocity of sound in a two
phase stream is determined by thermodynamic theory. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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PaHee r/ 11 Mbl onucanu peJyJibTaTbl uccne.nooaHuii cTpyiiHbiX 

HaCOCOB .D;JIH UBPKYJIHUBB O.D;HO$a3HOrO nOTOKa reJIHH npB CBepx

KpHTH'IeCKOM .D;aBJieHBB. B CHCTeMaX KpHOCTaTBpOBaHH.H CBepxnpo

BO.D;HIUHX ycTpOHCTB noxa npe.D;nO'ITeHBe OT .D;aiOT 3TOMY cnoco6y . 

~pyroii nepcneKTHBHblii cnoco6 xpuocTaTHpooaHHH - UHPKYJIHUHH 

.noyx$aJHoro renHH . 3ToT cnoco6 o6na.naeT cne.nyroiUHM ocHOBHbiM 

npeHMYIUeCTBOM! nO.D;BO.D; Tenna OT KpHOCTaTHpyeMOrO 06beKTa 

He npHBO.D;HT K nOBbiWeHHIO TeMnepaTypbl UHPKYJIHUHOHHOrO nOTOKa. 

lionee Toro, TeMnepaTypa .noyx$aJHoii cMecH Ha Bbixo.ne HJ o6bex

Ta HH)I(e, qeM Ha oxo.ne BJ- Ja ru.npaonH'Iecxoro conpoTHBJieHHH 

o6heKTa /eM. puc. 1/. BbicKaJblBaJIHCb onaceHH.H, 'ITO npu uupxy

JIHUHH napO)I(H.IJ;KOCTHOH CMeCB B03MO)I(Hbl nyJibCaUHH pacxo.na H 

JaKynopHBaHHe napOBblMB npo6KaMH HeKOTOpblX H3 napanJieJibHblX 

KaHaJIOB. llo-BB.D;HMOMy, 3TH Tpy.D;HOCTH npeyBeJIH'IeHbi , B HX MO)I(

HO npeo.noneTb 1 21
. 

B .naHHOii pa6oTe npuoo.D;HTCH peJyJibTaTbl Hccne.nooaHuii uup

KYJIHUHOHHoro cTpyiiHoro Hacoca .nnH UHPKYJI.HUHB .noyx$aJHoro 

renHH. 

3KCIIEPHMEHTAJibHAJI YCT AHOBKA 

~JIH ucnblTaHHii cTpyiiHblX Hacocoo Ha .noyx$aJHOM noToKe 

3KCnepBMeHTaJibHblH CTeH.D;, OfiBCaHHblH g1 ( 6biJI .D;OnOJIHeH HJMe

pHTeJibHblM cocy.noM IV I puc. 2/. Ilpu OTKpbiTOM nono)l(eHBB 

KpaHa V2 ypOBHH )I(H.IJ;KOrO reJIHH B KpBOCTaTe B BJMepBTeJibHOM 

cocy.ne o.nuHaKOBbl. B JTOM nono)l(eHBB pe)I(BM HacTpauoancH 

TaKBM o6pa3oM, 'IT06bl ypooeHb ocTaoanc.H nocTOHHHblM. PerynH

pooaHHe ero npoHJBo.nunocb JJieKTpoHarpeoaTeneM, a Bbl.D;enHeMoe 

BM KOJIH'IeCTBO Tenna Q onpe.D;eJIHJIOCb no BaTTMeTpy. PaCXO.D; 
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Puc.l. CxeMa KpuocmamupoeaHUJI c IIUPKYIIJIIIUeii napoxuoKocmHozo 
nomoKa ze11uJ1. 1 - KpuocmamupyeMblii o6oeKm, II - cmpyiiHblii 
Hacoc, I I I - perjJpuxepamop. 

C)Ka TOrO ra3a, IIO)lBO)lBMOrO K COIIJIY, OIIpe)leJIJieTCJI B3 ypaBHeHBJI 

3HepreTuqecKoro 6anaHca 

G1 ~ _9 
io =i 1 

/1/ 

r)le i o B i 1 - 3HTaJibiiBB B COOTBeTCTBYIDmBx TOqKax yCTaHOBKB, 

orrpe)leJI.IleMble no B3MepeHHbiM 3HaqeHB.IlM )laBJieHB.Il B TeMrrepaTy

pbi. 

llocne 3aKpbiTBJI V2 yposeHb )KBJlKOCTB B B3MepuTeJILHOM cocy

)le CHB)KaeTC.Il , a B KpuocTaTe ysenuqusaeTC.Il. B 3TOM cnyqae 

BeCOBOH paCXO)l BH)KeKTBpyeMoro IIOTOKa MO)KeT 6b1Tb OIIpe)leJieH 

KaK 

4 

G _ 11 D
2 

2 - --p H 4 4 /2/ 

~ 
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Puc.2. CxeMa 3KcnepuMeHmaAbH020 cmeHoa. I - rjJuAbmp-aocop6ep, 
I I - cmpyiiHblii Hacoc, I I I - alleKmpoHazpeeamellb, IV - U3Mepu
mellbHblii cocyo. 

r)le D - . )lBa~eTp B3MepuTeJILHoro cocy)la, p
4

- IIJIOTHOCTb )KBJlKOro 

reJIB.Il, H - CKOpOCTb IIa)leHB.Il ypOBH.Il B B3MepBTeJibHOM COCy)le. 

TaKBM o6pa3oM, B3MepeHBe pacxo)la BH)KeKTBpyeMoro reJIB.Il cso

JlHTC.Il K onpe)leJieHBID senuqHHbl H . 
Ko34Mt>BU:BeHT BH)KeKU:BB onpe)leJIJieTC.Il B3 COOTHOWeHB.Il 

G 
u = · - 2 G , 

1 

Harrop cTpy:ii:Horo Hacoca 

~ P= P 3 -P 2 · 

/3/ 

/4/ 
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PE3YJLbTATbl H OECY)f(,4EHHE 

6LIJIH HCIIbiTaHLI ,D.Ba CTpyBHLIX HaCOCa. lJepTe)f( O,D.HOrO H3 

HHX, HMeiO~ero ,D.HaMeTp UHJIHH,D.pH'ieCKOH KaMepbi CMe~eHHJI 9,2 MM, 

IIpHBe,D.eH B
1 1

:' BTopaJI KOHCTPYKUHJI OTJIH'iaeTCJI OT rrepBOH JIHWb 

MeHbWHM ,D.HaMeTpOM KaMepLI CMeWeHHJI - 7, 73 MM. 

B IIpouecce HCIIbiTaHHB IIOJiy'ieHO ,D.Ba THIIa 3aBHCHMOCTeii: K03cil

cilHUHeHTa HH)f(eKUHH oT nanopa CTpyii:noro nacoca /puc. 3/. 3aBn

CHMOCTH 1 H 2 XOpOWO ODHCbiBaiOTCJI cilopMyJiaMH, IIOJiy'ieHHLIMH 

B / 11 H3 ypaBHeHHJI HMIIYJibCOB .D.JIJI UHJIHH,D.pH'ieCKOH KaMepbi CMe

wenHJI. 

3aBHCHMOCTH 3 H 4 COOTBeTCTBYIOT rrpe,D.eJibHbiM pe)f(HMaM/ S / 

T .e . TaKHM, KOr,D.a B O,D.HOM H3 Ce'ieHHH KaMepbl CMeWeHHJI CKOpOCTb 

HH)f(eKTHpyeMoro HJIH CMeWaHHOrO IIOTOKa .D.OCTHraeT KpHTH'ieCKO" 

ro 3Ha'ieHHJI. llpH DOJiy'ieHHH pacqeTHbiX 3aBHCHMOCTeii: ,D.JIJI IIpe

,D.eJibHLIX pe)f(HMOB CKOpOCTb 3ByKa B rrapO)f(H,D.KOCTHOM IIOTOKe 

reJIHJI OIIpe,D.eJIJIJiaCb 110 TepMO,D.HHaMH'ieCKOB TeOpHH, OCHOBaHHOH 

na ncrroJib30BaHHH cllopMyJihi llarrnaca 

a ._ v· ( up ---) 
a P s 

/5/ 

r,D.e a - CKOpOCTb 3ByKa, p - ,D.aBJieHHe, p - DJIOTHOCTb, S - 3HTpo

IIHJI. 

llpH pacqeTe rrpe,D.eJibHbiX pe)f(HMOB HCXO,D.HbiMH ,D.aHHbiMH JIBJIJI

IOTCJI IIJIO~a.D.b Ce'ieHHJI f 3 e UHJIHH.D.PH'ieCKOB KaMepbl CMeWeHHJI, 

pacxo.D. a 1 • a TaK)f(e rrapaMeTpbi TOPMO)f(eHHJI pa6oqero, HH)f(eKTH

pyeMoro H cMewannoro rroTOKOB. 

0.D.HH H3 rrpe,D.eJibHLIX pe)f(HMOB .D.OCTHraeTcJI, KOr.D.a B KaKoM

nn6o Ce'ieHHH "z" UHJIHH,D.pH'ieCKOB KaMepLI CMeWeHHJI CKOpOCTb 

HH)f(eKTHpyeMOrO IIOTOKa cpaBHHBaeTCJI C MeCTHOH CKOpOCTbiO 

3ByKa . CooTBeTCTBYJO~Hii 3TOMY cnyqaJO pacxo.D. HH)f(eKTHpyeMoro 

DOTOKa a~ orrpe,D.eJIJieTCJI MeTO,D.OM DOCJie,D.OBaTeJihHLIX IIpH6JIH· 

)f(eHHH. llpH pac'ieTe 3a,D.aiOTCJI pa3JIH'IHLIMH 3Ha'ieHHJIMH ,D.aBJieHHJI 

P 2z < P2 HH)f(eKTBpyeMOrO DOTOKa *. llpH ~ z ~ s 2 naxo,D.JIT rra-

* 3,D.eCb H ,D.aJiee TaK )f(e, KaK H B i ll , nepeMeHHLie C IIpOCTbiMH 

UHcilpOBLIMH BH,D.eKCaMH 0603Ha'iaiOT napaMeTpLI TOpMO)f(eHHJI, IIpH

'ieM HH,D.eKC 1 OTHOCHTCJI K pa6o'ieMy DOTOKY rrepe,D. CODJIOM, 2 - K 

HH)f(eKTHpyeMOMY DOTOKY, 3 - K CMeWaHHOMy. B CJIO)f(HLIX BH,D.eKcax 

uncllpa o6o3naqaeT noToK, a 6yKBa - ceqenne cTpyii:noro arrrrapaTa. 

6 

5 

:::s 

* 
J 

2 

f. -\0 

0 qf q2 £!3 44 q5 q6 

t.p, fO~ .#m-2 

Puc. 3. Conocmae/leHue :JKcnepuMeHmallbHblX u pac<~emHbiX xapaKme
pucmuK cmpyiiHbiX Hacocoe, 1,2 - pac<~em no ypaeHeHUIO uMnyllbcoe; 
3,4 - npeoeAbHble pexuMbl . 

o - p 1 - 18,1.10
5

H/M2 ; T
1 
~ 5,95K a

1 
= 28,5 r.c-1; 

p 
3 

1,43 .10 5 H/M2; ouaMemp KaMepbl cMeweHUJI 

d 9,2 MM. 
3c 

0- p 1 ~ 17 ,3 .10
5 

H/M2; T 1 = 5,85K -1. a, ~ 25 ,6 r.c ' 

P ~ 142 .10 5 H/M2 . 3 • • d ~ 7 73 MM. 
3c ' 

t\ - P = 7,5 .10 5 H/M2 · 
1 ' 

T
1 

= 6,25 K ; a, = 14 ,3 r.c-1; 

p
3 
~ 1 ,32. 10 5 H/M2; ct

3
c = 7,73 MM 

paMeTpbi HH)f(eKTHpyeMOrO IIOTOKa i
2

Z H p
2

Z. 3aTeM, OIIpe,D.eJIHB 

CKOpOCTb H3 COOTHOWeHBJI 

w =v2C i - i ). 
2z 2 2z /6/ 
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HaXO)lJIT MaCCOBYJO 11JIOTHOCTb 110TOKa p
2

zw
2

Z • llepe6pas 

HeCKOJibKO 3Ha'leHBB p 2 z , HaXO)lJIT TaKoe )laBJieHBe, 11pH KOTOpOM 

MaCCOBaJI 11JIOTHOCTb 110TOKa MaKCHMaJibHa. MaKCBMaJibHOB MaC

COBOB 11JIOTHOCTB 110TOKa COOTBeTCTByeT KpBTH'IeCKOe 3Ha'leHHe 

CKOpOCTB HH)I(eKTBpyeMoro 110TOKa. 

)l,anee 110 )laBJieHH10 p 2 z , COOTBeTCTBYJOilleMy MaKCHMaJibHOH 

BeJIB'IHHe ( p 2 z w 2 z )m ax 011pe,lleJIJI10T 11apaMeTpbi pa6o11ero no

TOKa B ce'leHHB "z" UBJIBH,llpH'IeCKOH KaMepbl CMellleHHJI. llpH 

P1 z = P 2z B ~ z ~ s 1 HaXO)lJIT p 1 2H i 1z . a 110 H303HTpOIIHOMY 

11epe11a)ly 3HTaJibi1BH (i 1 - i 1 z ) - CKOpOCTb W 1 z · 

Hci10Jib3YJI ypasHeHHJI HepaJpbiBHOCTH )lJIJI HH)I(eKTHpyeMoro 

B CMelllaHHOrO 110TOKOB 

G * = f (p w ) 
2 2z 2 z 2z max 

/7/ 

B 

G 1 = f1 z P1 z w1 z' /8/ 

a TaK)I(e y'IHTbiBaJI, 'ITO 

f 3c = f 1 z f f 2 z ' /9/ 

BMeeM 

G * = (f -
2 3c 

01 
---)(p w ) 

p w 2z 2 z max 
1 z 1 z 

/10/ 

)l,pyroii THI1 11pe)leJibHOrO pe)I(BMa MO)I(eT 6b1Tb )lOCTBrHyT Tor

)la, KOr)la B Ce'leHBB "C" Ha BbiXO)le H3 UBJI8H,llp8'1eCKOB KaMepbl 

CMellleH8JI CKOpOCTb CMelllaHHOrO 110TOKa cpaBH8BaeTCJI C MeCTHOH 

CKOpOCTb10 3ByKa. PaCXO)l 8IDKeKT8pyeMoro 110TOKa, COOTBeTCTByJ0-

1118B 3TOMY 11pe)leJibHOMY pe)I(8MY, paCC'I8TbiBaeTCJI 110 $opMyJie 

0 2* = fa c (p3cw3 c )max -G1 ' /11/ 

DOJiy'leHHOB 83 TeX )l(e C006pa)l(eH8H, 'ITO 8 /10/. 

BoJMO)I(eH 8 )lpyroii c11oco6 pac'leTa BeJI8'18H 0 *
2 

8 0*
2
*, 11p8 

KOTOpOM CKOpOCTb 3ByKa B 11apO)I(H)lKOCTHOM DOTOKe onpe)leJIJieTCJI 

HeDOCpe)lCTBeHHO 83 $opMyJibl Jlannaca /5/. llp8 3TOM .ll8cPcPepeH

uuanbl JaMeHJIJOTCJI KOHe'IHbiM8 pa380CTJIM8 (~p) 8 8(~p ) 8
• EcTecT-

8 

BeHHO, 'ITO o6a CI10Co6a )la10T O)l8HaKOBble peJyJibTaTbl, O)lHaKO 

nepBbiH 11POIUe. 

Pac'leTbl IIOKaJaJIH, 'ITO BO BCeX HCCJie)lOBaHHblX HaMH pe)I(HMax 

U,i G~ .. T.e. BTOpOH H3 011HCaHHbiX CJiyqaeB peaJIH30BaH He 6biJI. 

KpHBbie 3 H 4 Ha puc. 3, COOTBeTCTBY10111He paCXO)laM HH)I(eKTHpye

MOrO IIOTOKa G ~ , XOpOillO COrJiaCYJOTCJI C 3KCI1epHMeHTaJibHblMH 

)laHHbiMH. 

3AKH!Ol.JEHHE 

TaKHM o6pa3oM, pa6oTa UHPKYJIJIUHOHHoro CTpyii:Horo Hacoca 

B napO)I(H)lKOCTHOH 06JiaCTH MO)I(eT 6biTb 011HCaHa ypasHeHHJIMH, 

IIOJiy'leHHbiMH B . 1 ' . 0)lHaKO 3TH ypasHeHHJI Cl1paBe)lJIHBbl JIHillb 

npH TaKHX BeJIH'IHHaX paCXO)la HH)I(eKTHpyeMOrO 110TOKa, 11pH KOTO

pblX HH B O)lHOM H3 Ce'leHHH KaMepbl CMellleHHJI a1111apaTa CKOpOCTb 

IIOTOKa He )lOCTHraeT CKOpOCTH 3ByKa. flpH paC'IeTe 3TOrO 11pe

)leJ1bHOrO pe)f(HMa )lJIJI Ol1pe,neJieHHJI CKOpOCTH 3ByKa B 11apO)I(H)l

KOCTHOM 110TOKe reJIHJI MO)I(HO HCI10Jib30BaTb TepMO)lHHaMH'IeCKY10 

TeOpHIO. 
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