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B nocneAHee epeM~ nony4a~T pacnpocTpaHeHHe CHCTeM~ KpHocTa
THpoeaHH~, B KOTOp~X ABYX~a3H~H nOTOK KPHOareHTa npHHYAHTenbHO 
LIHPKYnHpyeT e KaHanax o6"beKTa, OTBOA~ Tenno /1,2/. B noAo6H~x 
CHCTeMaX B03MOmH~ pa3nH4HOrO THna HeCTa6HnbHOCTH 0 xapaKTepH-
3Y~~HeC~ HenocTo~HCTBOM pacxoAa, AaeneHH~ H APYrHx napaMeTpoe. 
B Tex cny4a~x, KOrAa e KaHanax npoHCXOAHT H3MeHeHHe arperaT
Horo COCTO~HH~, OAHOH H3 npH4HH HeCTa6HnbHOCTH cny~HT HeOA
H03Ha4HOCTb rHAPOAHHaMH4eCKOH xapaKTepHCTHKH /r~X/ KaHana*, 
813·41 nony4eHo aHanHTH4eCKoe e~pameHHe An~ r~x naporeHepHpy~
~ero KaHana B BHAe nonHHOMa TpeTbeH CTeneHH OTHOCHTenbHO pac
XOAa, c noMo~b~ KOToporo noKaaaHo, 4TO npH onpeAeneHH~x ycno
BH~x r~X MOmeT 6~Tb HeOAH03Ha4HOH, 3TO Hnn~cTpHpyeT PHC, 1, 
rAe eenH4HHe ~p l YAOBneTBOP~~T TPH 3Ha4eHH~ paCXOAa - 'Gl , 
'G 2 , 'G 3 . ~n~ np~Moro KaHana 6e3 MeCTH~X conpOTHBneHHH C paBHO
MepH~M no AnHHe nOABOAOM Tenna H npH nOCTO~HHbiX napaMeTpax Ha 
BXOAe e KaHan aeTopaMH /8, 41 nony4eHo cneAY~~ee ycnoeHe OAHo-
3Ha4HOCTH /CTa6HnbHOCTH/ 

r 
1\i < 7,46· ( '/,- 1) BX- p P 

Ja ~ 7,46. /1/ HnH 

Ha npaKTHKe e KaHanax ecerAa npHCYTCTBY~T MeCTH~e conpoTHB
neHH~, no3TOMY npoBeAeM aHanH3 r~x naporeHePHPY~~ero KaHana 
C MeCTH~MH conpOTHBneHH~MH Ha BXOAe H B~XOAe /pHC, 2/. 8 TaKOH 
KaHan nOTOK BXOAHT B BHAe HeAOrpeTOH AO COCTO~HH~ HaC~~eHH~ 
*HAKOCTH H nOA AeHCTBHeM TennOBOH Harpy3KH Q nepeXOAHT B 
ABYX~a3HOe COCTO~HHe, Ce4eHHe, rAe nOTOK AOCTHraeT COCTO~HH~ 
HaC~~eHH~, pacnonomeHO OT BXOAa Ha paCCTO~HHH 

~.~isx 
L = I 

. L, 
Q 

rHApaenH4eCKOe conpOTHBneHHe KaHana aanHWeTC~ B BHAe 

~P=~~x+~~¢+~~B+~~~· 

/2/ 

/3/ 

*noA r~X naporeHepHpy~~ero KaHana noHHMaeTC~ 3aBHCHMOCTb 
rHApaenH4ecKoro conpoTHeneHH~ ~P OT pacxoAa 'G pa6o4ero 
ee~eCTBa. ------· ·~··· - ····--·-----; 
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PHc. I • llpHMepbl B03MOlKHbiX rHApo
AHHaMH~eCKHx xapaKTepHCTHK napo
reHepHpYJO~ero KaHana: I - OAHo
sHa~Haa, 2 - HeOAH03Ha~HaH, 

PHc.2. CxeMa naporeHepHpyw
~ero KaHana H pacrrpeAeneHHe 
B HeM nepenaAa AaBneHHn. 

AnR e~ReneHHR ycnoeH~ HeOAH03Ha4HOCTH fAX npHMeM cneAY~~He 
AOny~eHHR: 

- nOTOK - OAHOMepHbH1, paBHOBeCHbl~ H rOMOreHHbiH; 
- CBO~CTBa nOTOKa lcpeA~I He 3aBHCRT OT TeMnepaTyp~ H AaB-

neHHR; 
- 3~~eKT~ yCKOpeHHR nOTOKa He3Ha4HTenbH~ H HMH npeHe6peraeM; 
- K03~H4HeHT conpOTHBneHHR TpeHHR HeH3MeHeH H OAHHaKOB 

AnR OAHO~a3Horo H ABYX~a3HOrO nOTOKOB; 
noTOK Ha B~XOAe BcerAa ABYX~a3H~iil, 0:::; X Bb« ,S; 1 ; 

- Tennoeoiil noToK paeHoMepeH no AnHHe KaHana; 
- BXOAH~e napaMeTpbl noTOKa noCTORHHbl H He 3aBHCRT OT pacxo-

Aa. 
C y4eTOM npHHRT~X Aony~eHH~ ypaeHeHHe 131 npHMeT BHA 

'G 2 L s G 2 (L -L s) 
~p,,; · +A-· +A-~-

sx 2p '. F 2 d 2p '. F 2 d 

2 X ' 
_a __ [ 1 + ~<L-1)1+ 

2 
, 

2p'·F2 P 

a2 , 
+,;- · .[1+x (L -1)]. 

BbiX 2p , • F 2 BbiX p, 

141 

noACTaBHB B 141 B~pa~eHHe 121 H BBeAR MaCWTafibl ~H3H4eCK~X 
eenH4HH, nony4HM fAX KaHana B BHAe nonHHOMa TpeTbeH CTeneH~ 
OTHOCHTenbHO paCXOAa 

2 
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~rr= ~Ja2 .M 3 +[(1+KBbiX)(1- Ja)+~x]·M 2+(~ +KBbiX)·M, 151 

H3 pHc. 1 cneAyeT, 4TO npH HeOAH03Ha4HOCTH fAX KaHana npo

H3BOAHaR a(~rr) AOn~Ha HMeTb H OTPH4aTenbH~e 3Ha4eHHR, T.e. 
aM 

a <~rr) 3 e 2 2[ < ) ( ) 1 < 1 ) ~=2Ja·M + 1+KBbiX 1-Ja+KBX ·M+ 2 +KBbiX <0. 161 

npHHRTOe paHee AOny~eHHe 0 :S,XBbiX :S,1 MO~HO 3anHCaTb KaK 

1 1 
----<M< --. 

ja +(p'lp'~1)- - Ja 
171 

I PewaR HepaeeHCTBa 161 H 17 I, nony4HM cneAY~~He Heo6xOAHMble 
I ycnoeHR cy~ecTeoeaHHR HeOAH03Ha4HOCTH fAX naporeHePHPY~I!Iero 

~~!I 

KaHana 
. 1 

KBX )---;:=~~=~= 
Ja > (1+ K 

3 
(1+2·Ksb!X) 

- 1 + BbiX 1-y _ 2 

npH KBbiX < 1 ' 

4 (1 +KBbiX) 
181 

Ja >2· (1+KBbiX +K BX 

KBbiX 

npH KBbiX > 1 · 

H3 HepaeeHCTB 181 cneAYeT, 4TO MeCTH~e conpoTHeneHHR Ha exoAe 
(KBX >0) YMeHbWa~T o6naCTb Cyl!leCTBOBaHHR HeOAH03Ha4HOCTH, 
a conpOTHBneHHR Ha BbiXOAe (KabiX > 0) paCWHpR~T ee. 

Ha pHc. 3 ycnoeHR 181 noKa- r· h& 1 1 J 1 3aH~ rpa~H4eCKH. 06nacTb HH~e 

J~1:t0~ 

D b.D£ )5.!}<, f>lX I N"lC b!X IV_ - --

KPHBO~ xapaKTePH3yeTCR OAH0-
3Ha4Hb1MH fAX, a B~We - HeOAH0-
3Ha4HbiMH. 8 cny4ae OTCYTCTBHR 
MeCTH~X conpOTHBneHH~ IK6 x= 
= K = 0 I ycnoBHR 181 nepeXOART 

'"BbiX v 6 Jl B KpHTepHH CTa HnbHOCTH eAH-
Herra-neTpOBa 111, KOTOPOMy Ha 
pHCYHKe COOTBeTCTByeT T04Ka ne
pete4eHHR KPHBoi1 npH K6 x =0 c 
OCb~ OPAHHaT. 

PHc.3, 06nacTH OAH03Ha~Hb~ 
fgamTpHXOBaHHaH/ H HeOAH09Ha~
H~ /He3amTpHXOBaHHaH/ rHApo
AHHaM~eCKHX XapaKTepHCTHK 
naporeHepHpYJO~ero KaHana. 3Ha~e
HHe Ja =7,46 COOTBeTCTByeT KpH
Tep~ neAHHerra-lleTposa, 
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I 

npl1 K llbiX ->OO rpaHI1lla CTa611nbHOCTI1 aCI1MnTOTI14eCKI1 npl16n11>KaeT
CH K Ja =2. 3TO 03Ha4aeT, 4TO B n~60M cny4ae HeOAH03Ha4HOCTb 
rAX KaHana B03MO>KHa TOnbKO np11 Ja ~2.~CXOAH 113 3TOro, onpeAe
ni1M B03MO>KHOCTb nOHBneHI1H HeOAH03Ha4HOCTI1 rAX naporeHepl1py~

~11X KaHanOB npi1MeHI1TenbHO K HeKOTOp~M pa60411M TenaM, AnH KOTO
pbiX peaynbTaTbl COOTBeTCTBY~~I1X pac4eTOB npeACTaeneHbl B Ta6n11-
1..1e. 
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Ta6JIH~a 

XapaKTepHbie sHal.leHHH l.IHCeJI 5IKo6a p;JI.R pa3JIH'-IHbiX 
ee~eCTB B 3aBHCHMOCTH OT BXO,!J;HOH TeMnepaTypb! 

H p;aeneHHH 

PBl,6ap TBl,K Ja PBl,6ap TBl,K 

rEJIHR BOJIOPOJl 
0,2 2,5 !,28 I,O !4,0 5,96 

0,4 2,5 !,69 I,O !6,0 4,2! 

0,5 2,5 I,7I 2,0 !6,0 3,85 

0,6 2,5 !,70 4,0 I6,0 3,!5 

0,8 2,5 !,66 6,0 !6,0 2,72 

I,O 2,5 I,6I 8,0 I6,0 2,42 

I,4 2,5 I,5I IO,O I6,0 2,15 

I,8 2,5 !,40 !2,0 !6,0 !,88 

2,2 2,5 !,26 BOJlA 

A30T I,O 273,!5 300,00 

1,0 70,0 !2,84 20,0 3!3,15 32,?2 

6,0 70,0 9,34 40,0 3!3,15 20,73 

14,0 70,0 5,81 90,0 3!3,!5 II,59 

20,0 70,0 4,64 130,0 3!3,15 8,57 

30,0 70,0 3,38 !80,0 3!3,!5 6,!5 
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AnH reni1H BXOAHaH TeMnepaTypa noToKa npi1HHTa 2,5K, 4TO 
paBHO MI1HI1ManbHO~ Beni1411He, AnH KOTOpO~ cy~eCTBY~T He06XOA11-
Mble cnpaB04H~e AaHHble '6 

1

, noe~WeHI1e TBX CHI1>KaeT 3Ha4eHI1e 411Cna 
JaB COOTBeTCTBI111 C era onpeAeneHI1eM, a yMeHbWeHI1e T8 x HI1>Ke 
2,18 K Henpl1eMneMo AnH paccMaTpi1BaeMo~ MOAenl1, T.K. B 3TO~ 
o6naCTI1 remt~ CTaHOBI1TCH ceepxTeKY411M. 8 CBH311 C 3TI1M B Ta6nl1-
lle npeACTaeneHbl 3Ha4eHI1R 411Cen Ja, 6n113KI1e K Hai160nbwi1'M*':""I13 
Ta6nl11..1bl BI1AHO, 4TO 411cna Ja HI1KOrAa He AOCTI1ra~T 2. 3TO 03Ha-
4aeT, 4TO HeOAH03Ha4HOCTb rAX naporeHePI1PY~I1X KaHanoe B cny-
4ae npi1MeHeHI1R ren11H He peanl13yeTCR Aa>Ke np11 CHI1>KeHI111 Tux 
ennoTb AO TeMnepaTypbl nepexoAa He-1 e He-11. 

AnH BOAOPOAa 11 a3oTa HeOAH03Ha4HOCTb rAX naporeHepl1py~~I1X 
KaHanoe B03MO>KHa. 3TOT BbiBOA nOATBep>KAaeTCH 3KCnepi1MeHTanbHbi
MI1 AaHHbiMI1, npi1BeAeHHbiMI1 B pa6oTe 15 ', B KOTOpO~ OTMe4eHbl pe3-
KI1e 113MeHeHI1H pacxoAa a3oTa 4epe3 o6orpeeaeMw~ KaHan np11 
Ja ~ 6 11 KBbiX ~ 1000. BMecTe c TeM, np11 AaeneHI1Hx, 6ni13KI1X K 
KP11TI14eCKI1M, rAX KaHanoe C BOAOPOAOM MOlKeT 6b1Tb OAH03Ha4HO~. 
TaK, np11 P8 x=12,0·10 5 na, T 8 x=16,0 K Ja::;;:1,88. 

npHBeAeHHble AnH cpaeHeH11H AaHHble AnH BOAbl noKa3biBa~T' 4TO 
ee noeeAeHI1e xapaKTepi13Y~T cpaBHI1TenbHO ewcoK11e 3Ha4eHI1H 411Cen 
Ja . HecTa611nbHOCTb rAX BOAHHbiX naporeHep11py~~I1X KaHanoe 113BeCT
Ha 11 y411TweaeTCR e npaKTI1Ke naporeHepaTopocTpoeHI1H. 

TaKI1M o6pa3oM, np11 co3AaHI111 HeKoTopwx Kpl1oreHHbiX o6beKTOB 
He06XOA11MO y411T~BaTb B03MO>KHOCTb nOHBneHI1H HeOAH03Ha4HOCTI1 
ri1APOA11HaMI14eCKI1X xapaKTepi1CTI1K naporeHepl1py~~I1X KaHanoe. 
01..1eHKa ycnOBI1~ HeOAH03Ha4HOCTI1 COOTBeTCTBY~I1X rAX MO>KeT ocy
~eCTBnHTbCH Ha OCHOBe npi1BeAeHHbiX BbiWe COOTHOWeHI1~. 

nP~flOlKEH~E 

npi1HHTble 0603Ha4eHI1H 

d - 3KBI1BaneHTHbl~ A11aMeTp KaHana; 
iBX, i, - COOTBeTCTBeHHO 3HTanbnl111 cpeA~ Ha BXOAe B KaHan 11 B 

COC TOHHHH HaC~~eHI1H, i\i8 x = i, - i BX 
- AaBneHHe cpeA~ Ha BXOAe B KaHan; Psx 

XBblX 
F 
a 

'Go 

Q 

- YAenbHaH TennoTa napoo6pa3oeaHHH; 
- Maccoeoe napocoAep>KaHHe noT aKa Ha BbiXOAe 113 KaHana; 
- nno~aAb nonepe4Horo ce4eHI1H KaHana; 
- MaCCOBbl~ paCXOA cpeAbl; 

Q , 
- MacwTa6 pacxoAa, G 0 = - ( .£..,-- -1); 

r P 
- nOABOAI1MaH K KaHany TennoBaH Harpy3Ka; 

* npH Tax HI1>Ke 2,5 K TennoeMKOCTb reni1H OTHOCI1TenbHO He
KAIK 

een11Ka I= 2--K/. Kr· 

I' 
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a 

p 
p 

nnOTHOCTb HaC~~eHHOH *HAKOCTH; 
nnoTHOCTb Hac~~eHHoro napa; 

KBbiX .. npHBeAeHHbiH K03<I><I>HLIHeHT MeCTHOrO ConpOTHBneHHR Ha B~XOAe 

H3 KaHana K = ~ BbiX • .!!__' 
BblX A L • 

KBX - npHBeAeHH~H K03<I><I>H1.1HeHT MeCTHOrO conpOTHBneHHR Ha 
~BX d 

L 
A 
M 

Ja 

BXOAe B KaHan, KBX = -- ' - ; 
·A L 

- AnHHa KaHana; 
- K03<I><I>H1.1HeHT conpOTHBneHHR KaHana; 
- 6e3pa3MepH~H pacxoA M = .lL

0
' ; 
' 0 

- MOAH¢HLIHPOBaHHOe 4HCno ~Ko6a, .MBX (L -1); Ja = _r ____ p" 

T X - TeMnepaTypa cpeA~ Ha BXOAe B KaHan; 
~~ - CYMMapHOe rHApaBnH4eCKOe conpOTHB~eHHe KaHana; 

'Go . 
~Po- MaCWTa6 AaBneHHR, ~PO =Ab_ 2 ; 

d 2p 'F 
~PBX- MeCTHOe rHApaBnH4eCKOe conpOTHBneHHe Ha BXOAe B KaHan; 
~pBbiX MeCTHOe rHAPaBnH4eCKOe conpOTHBneHHe Ha B~XOAe H3 KaHa-

na; 
~PBX- rHApaenH4eCKOe conpOTHBneHHe ABYX<I>a3HOrO y4aCTKa KaHana; 
~p 0~ rHApaenH4eCKOe conpOTHBneH~e OAHO<!>a3HOrO y4aCTKa KaHana; 

~" - 6eapaaMepHoe rHApaen~4ecKoe conpoT~BneHHe, ~" = ~; 
~Po 

~B"' ~- K03<I><I>H1.1HeHT~ MeCTHbiX conpOTHBneHHH BXOAa H B~XOAa • 
" BbiX 
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PyKonHCb nocTynHna e ~3AaTenbCKHH OTAen 
15 anpenR 1981 roAa. 
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Arees A.H. H AP· 0 HeOAHOSHat~HOCTH rHAPOAHHaMHt~ecKHX 8-81-25 
xapaKTepHCTHK fUX rraporeHepHpyro~X KaHanOB KpHoreHH~ 
06beKTOB, 

llpoBeAeH aHanH3 9aBHCHMOCTH rHApaBnH'IeCKOrO COITpOTHBneHHH 
rraporeHepHpyro~ero KaHana C MeCTHb~H COITpOTHBneHHHMH Ha BXOAe 
H BbiXOAe OT paCXOAa pa6ot~ero Be~eCTBa AnH cnyqan, KOrAa ITOTOK 
ITOAaeTCH B BHAe HeAorpeTOH AO COCTOHHHH HaCb~eHHH ~AKOCTH, B 
6e3pa3MepHOM BHAe rronyqeHbl aHanHTH'IeCKHe BbipaJKeHHH, orrpeAenHIO~e 

ycnOBHH HeOAH09Ha'I:HOCTH rHAPOAHHaMH'IeCKHX xapaKTepHCTHK /fUX/ 
paccMaTpHsaeMoro o6beKTa. llpHBeAeH&I pe3yn:&TaT&I pact~eToB AnH 
HaH60nee pacrrpOCTpaHeHHbiX KpHOareHTOB - renHH, BOAOPOAa, a30Ta 
H, B Kat~eCTBe cpaBHeHHH, AnH BOAbl. 3TH pesyn:&TaTbl ITOKa9biBaiOT, 
'ITO rrpH C09AaHHH HeKOTOpb!X KpHOreHHbiX 06beKTOB He06XOAHMO yqHTbl
BaTb B09MOJKHOCT:& ITOHBneHHH HeOAH09Hal.IHOCTH fUX rraporeHepHpyro~X 
KaHanos. 

Pa6oTa B&monHeHa B 0TAene HOB&Ix MeTOAOB ycKopeHHH OIDU~. 

llpenpMHT OfSM.QMHeHHOro MHCTMTYT8 IIAepHWX MCCII8A088HHA • .Qy6Ha 1981 

Ageev A. I. et al. On Ins tabi 1i ty of Hydrodynamic 8-81-25! 
Characteristics of Vapor Generating Channels of Cryogenic 
Objects 

r 
The dependence is analysed of hydraulic resistance of vapor 

generating channel with local resistances on input and output 
upon the flow mass in the case when the flow is supplied as a 
subcooled up to saturation state liquid.Analytical expressions 
are obtained in dimensionless form for conditions of instability 
of hydrodynamic characteristics of the object considered.The cal 
culation results for widespread cryoagents-helium, hydrogen, 
nitrogen and, for comparison,for water- are presented. These 
results indicate that when creating cryogenic objects a possibi 
lity of appearing instability of hydrodynamic characteristics 
should be taken into account. 

The investigation has been performed at the Department of 
New Acceleration Methods, JINR. 

Preprlnt of the Joint Institute for Nuclear Research. Oubna 1981 


