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B fLOcJIe~ee BpeMH nOJIytreH ~OBOJIbHO 06WHpHHA 3KCnepHMeHTâJIbHHA' 
MaTepHaJI no r~aBJIHqeCKO~ conpoTHBJIeHHD ~PQ6 BepTHKaJIbHHX/I ,2, 3/ 
H ropHSOHTaJIbHHX/4,5,6,7,87 KaHaJIOB npH ~BHMeHHH nOTOKOB ~Byx~a3Horo 
remi,. Ha OCHClBe 5TIa ~aHHIiX npe,IJ,JIOlleHH 5MIlHpHqeCKHe pacxeruae MeTO­
~HKH 1,7/, oTpamam~He BJIHHHHe opHeHTaqHH KaHaJIa. ~H ropH30HTaJIbHHX 

~Byx~a3HIiX nOTOKOB reJIHH ~ OTHOCHTeJIbHO Hij3KHMH MaCCO~H CKOpOCTH­
MH - nz 1!G 50 xr . M-2c - I, TO ecrs npa paCCJIOeHHHX pelltHMax TeqeHHH/I 0/, 
no.nyqeHbl cooTHomeHH.R/61 ,IJ,JIH onpenezenaa ~pôS ,~I;lD~He Y~OBJIeTBO­
pHTeJIbHOe ,COrJIaCHe c 5KcnepHMeHTaJIbHHMH ~aHHHMH. 3TH COOTHomeHHH no­

JIyqe~ nyTeM pemeHHH ypaBHeHHA COXpaHeHH.R.HMnYJIbéa,IJ,JIH Ka~Oa ~a3~. 

qTO KacaeTCH ~Byx~a3HHX nOTOKOB renH.R c OTHOCHTeJIbHO ~COKHMH Macco­
BblMH CKOpOCTHMH - I!Z > 150+200 xr- N- 2C - I, OTJIHqamIItlaCH c~ecTBeHHo 
60JIbme~ CJIOMHOCTbD npoTeKaDIItHX npOQeCCOB, TO nOnHT~H MO~eJIHposaHHH, 

B~KMO, He npe~pHHHMaJIHCb, a HCnOJIb30BaHHe npHMeHHTeJIbHO K reJIHD 

Tex HJIH HHHX ~aHHHX ,IJ,JIH napOBO~HIiX nOTOKOB npH BYCOKHX ~aBJIeHHHX ­
p ;i!J 10 MIJa - ~aeTC.R B oõocnoaaaaa. 

ITpH BeJIHqHHax I!Z > 150+200 Kr· M-2C- I npeHMYiI(eCTBeHHble pel!OOUi 

TeqeHHH ~Byx~a3HHX nOTOKOB r6JIHH B ropH30HT8JIbHIiX K BePTKiaJIbHHX Ka­
HaJIax MorYT 6HTb ~eHTH~KQHPOB8HH KaK ~cnepCHO-KOJIbue~e 10/, npKqeM 

HX OTHOCHTeJIbHYe rMAPaBJIHqeCKKe COnpOTHBJIeHH.R npHMepHO o~KHaKOBY BO 
BceM ~Hana30He pacxo~ Macco~ napocoAepmaHHR ~ /3,9 . HccJIe~o­
BaHHD TaKKX peIHMOB TeqeHKH ,IJ,JI.R BepTiKaJIbHHX napoBo~~ nOTOKOB npH 

~aBJIeHHHX ~o 10 Mna nOCB~eHa~óOTa 11/. Ha OCHOBe peKOMeH~aQKR H c 
KCnOJIb30BaHHeM COOTHomeHHa H3 1/ HaMH 6~H nOJIytreHH BYpa.eHHH ,IJ,JIH 

paCqeTa rH~aBJIHqeCKOrO cOnpOTKBJIeHH.R Tpy6 3a CqeT TpeHHH npH ~C­

nepCHO-KOJIbueBOM pe~e TeqeHHH K npoBe~eHo cpaBHeHKe pe3YJIbTaTOB 
paCqeTa c 5KCnepKMeHTaJIbHYMK ~aHHYMK ,IJ,JIH reJIHH. ITpK 5TOM BeJIK~a 

AP81 ' onpe~eJIHeTC.R H3 COOTHOmeHH.R 
e

~PtJ! := ta I. 2(. _.J) ~ 2ÔtT _ ÔC7)(I_ tJtr') ,
~p' fI IfZ2 K 'lJ (R R< tf, (1) 

rne JPtl! H JP
I 

- COOTBeTCTBeHHO rMAPaBJIKqeCKHe COnpOTHBJIeHKH 

npH ~BH.eHHK ~BYX~83HOA CMeCH H ~KOCTH npH nOJIHOM MaCCOBOM pacxo~e, 

~I - KO~KQKeHT TpeHKH ,IJ,JIH ~KOCTH, K - KO~KUHeHT CKOJIbMeHH.R 

4la3, i - P~KY.C ry6~, Ôcr - cpennepacxonnas TO~HHa nJIeHKK lKHA-
KOCTH Ha cTeHKe7I I , Z2 - ~OJIH ~KOCTH B nJIeHKe no OTHomeHKD K 

06~eMY paCXoAY cMem/I I/ , C(2 - K05«ppHqHeHT TpeHH.R aa rpaH,e p'83­
~eJIa:npHCTeHHaH nJIeHKa ~KOCTH - nap, onpe~eJIHeYHA ~paaeHHe 117 

&12 =0'1l1l8[1+2{D(Õcr/R) I,Jj . (2) 

. ' I 
"'ijOl';~~ •• ii(i.üi~i\ ISCTITYt \' 

la~,gWX RCCsélDI1Ull 
~L,U:·_ nLII~Tl::I-(" 



ConocTasneHHe pe3ynbTaToB paCqeTa, rronyqeHHUX Ha OCHoae (I) H (2), 
c 3KCnepHMeHTanbHHMH AaHHHMH AnH renjR np'H Z = 0,1+0,6 , 
~ ~ 200 Kr.y-2c-I H P= 0,13 MTIa 3,9~ CB~eTenbCTB.YeT o c~eCT­
BeH~ pa3nH~HX KaK KaqeCTBeHHoro, TaK H KOnHqeCTBeHHOrO xapaKTepa. 
CKoppeKTHpOBaB K03~H~HeHTH B ~paMeHHH (2) (awecTo 0,008 H 1,3 BBe­
~eHH COOTB8TCTB8HHO 0,0063 H 1,8), MOERO Ao6HTbCH xopomero COBna­
AeHHR pe3ynbTaTOB ~R m = 200 Kr.M-2c-I . OAHaKo, HanpKMep, AnH Be­
n~qHH 250 H 150 Kr'M-2c-I npH P= 0,13 Mlla COOTBeTcTBym~He pacxoM­
AeHHH paCqeTOB c 3KCnepHMeHTanbHHMH AaHHHMH MorYT npeBUmaTb 50 H 
30%, ~o Henb3H rrpH3HaTb YAOBReTBOpHTenbHHM. ÔTO MOMeT 6~Tb CBH3aHO 
c TeM, qTO AnH AByx~a3Horo renHR CTpYKTypa nOTOKa H npoQecc~ B HeM 
60nee cno~ no cpaBHeHHID c paCCMOT~HioA ~e Aayxcno~HoA MOAenbD 
AHcrrepcHo-KonbQeBoro pe~Ma TeqeHHH 11 . 

ITpe~araeMaR MOAenb nocTpoeHa B npeAnonoEeHHH cne~~e~ Tpex­
cnoARoR CTPYKTYPN ABYX~3Horo nOTOKa. Ha CTeHKe Tpy6u HMeeTCH ~KHA 

BH3KHA nOAcnoA (BIT) TO~HHOA ó8n, BHYTpH KOToporo rrpoHcxoAHT HH­
TeHcHBioe rameHHe Typ6yneHT~x rrynhcaqHR MexaHH3MOY MOneKYnHpHoro 
TpeHHH 12/ . ITo rpaHHQe BH3Koro nOAcnOH ABH~TCH AByx~HMA nOTOK, 
KOTo~R COCTOHT H3 ~Koro npHCTeHHoro cnOH H napO~KOCTHoro ~a, 

38HKMaD~ero OCHODHyn qaCTb CeqeHHH. ~H 3ToR io~enH Heo6xo~e ypaB­
HeHHH coxpaHeHHH HMTIynbca 3anHC~BamTCH B BRAe I / 

(3)
.fi (~L)õ! ~ 5 Zé, = S/ ddU I

Y f=/J 

(
AP/) •. Si z. c: 4- ?:i ,*) 

(4) 

/tJL 11/ di /. lJ 
rne Jf , S H lJ - IInO~8J\b CeqeHHH, nepmleTp H AHSJleTp Tpy6u, 
L - ,n..mma, Ler - xacerexsaoe aanpsxeaae , r -AHHwmtle"cKM BH3­

KOCTb ~KOCTH, /I H f - CKOpOCTb H paCCTOHHHe OT CTeHKH B BH3KOM 
noncaoe , HH,IteKC t OTHOCHTCH K rpaaane Me1CAY BIT H npHCTeHHhIM cnoeu 
cMemaHHoR AByx~a3HoR 06naCTH. KacaTenbHoe HanpHmaHHe li onpeAenHeT­
CH KaK 

t, = + ,l(1i - 17&7): +. .7 r.: i!8I/) 2 
I. tli 2 ,/i.,e 1/ (5) 

l) 

*~TO~HHa BIT npeHe6peEKMo Mana no cpaBHeHHID c 'AHaMeTpOM TPy6N/I2( . 

2 
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rae ~ H 21 - cpeAHHe nnOTHOCTb H CKOpOCTb B CMemaHHOA 06naCTH, 
Uan - cpeAHHH CKOpOCTb B BIT. ITpH ycnoBHHX, qTO HCTHHHoe o6õeMHoe 
napocoAepmaHHe CMeCH ~CM B nonHOM CeqeHHH Tpy6N onpeAenReTcH COOT­
HomeHHeM 

(-z »' -I 
'ICM = 'I c!'I + ---.z- til KJ j (6) 

MaCCOBafl CKOpOCTb - ~pamBHHeM 

I -_ 
m =Uo/, =UjJ (7)J 

a BenHqifHa jõ - COOTHomeHHeM 

J := '1;;11 + ({-'1)/1 , (8) 

cpe~RH CKOpOCTb B CMewaHHoA o6nacTH 3a~HWeTCH B BHAe 

- (l-zJ 
li =110 (I-Ll)[ I-,t (f- '/K}) , 

( 9) 

rAe HH,D,eKCbl 1/ H I OTHOC,RTCfl K HaChI~eHHHM napy H llH,[J.KOCTH COOT­fllV .
BeTCTBeHHO, K ~ "/UI - K03cpflH~HeHT CKOnb)l(eHHH ~3 B CMem&iHOR oõnac-
TH, do - .cpe~flfl CKOpOCTb EH,[J,KOCTH rrpH 06~eM paCXOAe. ileperr8J\ 
AaaneH~fl 3a CqeT TpeHHR c yqeTOM npHBe,D,eHHSX COOTHoweHKA onpeAenfl­
eTCR KaK 

_ 4 m2 (I-Z) (1_ "-817)2, no: 
ÂPõ! -liIt 21'1 (1-'1J[I-.z (f- %)j " 

ITpKBOnft BenK~HY neperr~a AaaneHKH K 6e3ga3iePHOMY BHAY, B KOTOpOM 
npencraaneaa 3KCrrepHMeHTaJIbHHe AaHHHe/I , , 9 ,rr<wyqHM 

7 - LJPõ! _tjpl F!tft'(I-.tJ (1- T 
"8/1 

) 11, (lI) 

.1 - LJP//_lJpl Z/1 f-'1J!f-Z (I - %V j 
rAe 

pll -(.L 211 ,,1-'do2.f,l1 
f =(:'1 -1 7f;)' ,IH -]' ;'=4Jfóf/re"'Jf, 

Re - qHcnO PeAHonbAca. __ 
!\aK BRAHO H3 (H) , ~ Haxo~eHHH BenHqKHH AP Heo6xOAH.MO 

orrpeAenHTb COOTHomeHHH 87il ,JfiÍ'1 H ICo3ilxPH4HeHT CKOJIbme­
HH,R K • HHlte rrpHBOWlTCH lIeTOAHKa OTliCKaHHH 3THX BenHlDfH" 
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n/I4/ nOKa3aHO, tiTO, no KpaHHeH Mepe, AnR ra30-~KOCTHoro pac­

CJIOeHHOro Tel.IeHHR saKOH pacnpe,qeJIeHHR CROpOCTH D BI1 TaKOH 1Ke, RaR 

AnR Tel.IeHHR 1K11,qKOCTI1. l1pe,qnOJIOlltHB, l.ITO saKOH pacnpe,qeJIeHHR CROpOCTH 

D BIT npl1 ,IJ,HCnepCHO-ROJIbweBOM pe~Me TaKOH lIte, KaK AnH o,nHo~a3Horo 

nOTOKa, nOJIYl.IHM COOTHOWeHl1e AJIR CpeAHeH CKOpOCTI1 B BRSROM nO,IJ,CJIoe 

fi- I \ = f, 8( t:~r ', (2)= "i "SR
8fl 

j=ÓÉn ~ 

Ilpn aTOM Djel-W, 4TO pacnpenenenae CKOpOCTI1 B BR3KOM noncnoe 
JII1HeHHo/ 2 

jI 
l/SIJ c; ;1 'Zér ' (3) 

a 6espasM8pHBR TOJI~I1Ha Bn onpeAeJIReTCR cooTHomeHl1eM/ I2/ 

F = jI fi.fJ1 t'cr = I"s 
08R , ~ I I, • (4) 

l1o,ncTaBI1B Bblpa1KeBl1e ,qJIR 'Ler 113 (3) B (12), nOJIYl.II1M 

- I,;jPífI':D'
1/ = 2,$,f1 . (5)811 

B CBOIO ovepens noncranas B (15) BMeCTO .1fJ8! . COOTBeTCTByro~ee Bblpa­

1KeHHe I1S (11) 11 pa3,IJ,eJII1B Ha (9), OROHl.IaTeJIbHO rroJIYl.Il1M 

Üs/r f-'10 (ld~11 ~p) (6)---=,2;- f-.t f-- -(1+­
" '(-Z K e F' 

PemaR COBMeCTHO ypaBHeHI1R (11) 11 (16) I1T8paql10HHUM M8TO,IJ,OM, MO~O 

HaHTH I1CROMOe COOTHOW8HI18 U8~~ . ~H 3Toro Heo6xo,IJ,KMo rrpe~e 
Bcero orrpe,IJ,eJII1Tb COOTHomeHHe AJIR KOa~l1ql1eHTa TpeHI1R Ha rpBHl1we Mellt­

AY BRSKI1M no,nCJIOeM 11 npI1CTeH~M CJIOeM ,IJ,Byx~asHoro nOTOKa ~L • 
B paaxax rrpe,nJIaraeMO« TpeXCJIOHHoA MO,IJ,eJII1 BeJIHl.IHHa.fL MOllteT 

aasacevs npezne ncero OT Cpe,IJ,HepaCXOAHO~ Tom~HHbI nneHKI1 1Klf,IJ,KOCTI1HB 

CTeHKe C1cT , ROTopaH HCnOJIb30BBHa aBTOpaMl1 pa6oT~/II/ • KpOM8 TO­

ro, .aa Kosqxpl1WHeHT TpeHHR li ,IJ,OJIlKHli BJIHRTb xapaRTepHCTHKH napo­

Ml1,IJ,ROCTHOro RAPa, nOCKOJIbKY I1SBeCTHO, l.ITO MeJIRH8 RBnJIH B nOTORe rrapa 

SBTPY,IJ,HRIDT pacnpOCTpaHeHHe Typ6YJIeHTHHX B~e~ 11 TeM C&MHM OCJIB6JIRDT 

06MeH ROJIHl.!eCTBOM ,IJ,BHlIteHHR Me~ CJIORMH/I 5 • B npHHqHne B KatIeCTBe 

~aKTopa, YtIH~BBIO~ero ,IJ,OJIIO ~KOCTH ,x3 B napO~KOCTHOM RAPe H 
l> BJIHRDrqero aa ~ ,MomeT HCrrOJIb30BaTbCR BeJIHl.!HHa '11., f?( ~ K, orJ) . 

O,IJ,Ha~O onpe,IJ,eJIeHHe COOTBeTCTByro~ero ,IJ,OCTosepHoro COOTHomeHHR npe,IJ,­

CTaBnReT do6o~ ,IJ,OBOJIbHO CJIOlltHYJJ 3~aqy H, KpOMe Toro " npHBO,IJ,HT K 

• 4 
~ 

.~ 

,IJ,OBOJIbHO rpOM03,IJ,KHM COOTHomeHHHM. C YtleTOM H3JIOJKeHHOrO 6blJIO C,IJ,8JIaHO 

npe,IJ,ITOJIOllteHl1e, tlTO OTHom8HH8 J't~J'1 ,BXO,IJ,Rtq88 B BblpBJKeHHe (11), 
saBI1CHT OT B8JIl1tIHHH ótr H OT o6~e~ ,IJ,OJIH ~KOCTI1 B ,IJ,BYX~SHOM 
nOTOR8, CBR3aHHO~ c ZJ . 06~ .,IJ,OJIID ~,IJ,KOCTI1 MO~O ~pa3HTb l.Iepe3 

rrpl1Be,qeHHyro TOJI~HHY CJIOH lItlf,IJ,KOCTH tf~ H COOTB8TCTB8HHO tIepes HC­

THHHoe o6õeMHoe napOCO,IJ,8p1KaHI18 ~ 

ÔJI( ,fiiJ'-r= f-f'l· (7) 

OKOHl.IaTeJIbHO HCKOMoe COOTHom8HH8 MOMMO np8,IJ,CT8BI1Tb B BH,IJ,e 

fi ( 11 tftr 1!1
y=o+!(I-ff) +C(Ir) ~ (I8) 

K03~HqHeH~ B COOTHom8HHH (18) MOmHO onpe,IJ,eJIHTb COOT­
JMHHKMI13HPYfl 

BeTcTByro~H~ ~KqHoHan OTHOCHTeJIbHO xopomo HSBeCTHHX 3Kcne~HieHTaJIb­
HHX ,IJ,aHHHX no rH,n.pBBJIHtIeCKoMY cOnpOTHBJIeHHIO Tpy6, HanpHMep/I HJlJli/9/. 

B COOTHomeHHe (18) BXO,l1,HT HeH3BeCTHBH BeJIHtmHa Ocr ,'cBRsaH­

HaR c OTHOCMTeRbHblM paCXO,IJ,oMlItH,IJ,KOCTH B nJIeHKe Z~ . IToRaraR, 

l.ITO nJIeHKa lIt~KOCTH npe,IJ,CTBBJIReT co6o~ npHcTeHHyn 06JIaCTb 0fHO~B3HO­

ro YCTBHoBHBmerocR nOTOKa, 3aHHMaID~erO Bce CeqeHHe KBHaJIa/ I / , orr­

pe,IJ,eJImi B3aID40CBR3b Z;, =:t2 ( Ôcr). ,lJ,nR TY'p6YJIeHTHOro pemndB reue­
HHH UJI6HKH npO~HJlb CKOpOCTH U1(~) 3KBHBaJIeHTHOro o~o~Horo nOTOKa 

MO~O npe,IJ,CTaBHTb B BH,IJ,e CTeneHeA 3aBJliCKMOCTH c nOKaSaTeJIeM n=jC /I2~ 
Yc,Pe.IUU1Sl CKOpOCTb /lI H onpe,IJ,eJIMB paCXO,IJ, >!H,IJ,KOCTH B ITJIeHKe Gç; 
noJIyl.IJIl.M 

- ~ % 
z ., GtT == '" (.-!!E) " (19)

Z Gil !lo li I 

'yl.!HTliBBH, l.ITO e-If((+ Afr)1 H ("71
1)%1iH)

fi? ~ H3 (19) HaR,IJ,eM ~CKOMYD Be~Hl.!HHY 7 

(20)~CT '" z/1(1 To 1)fid. 
3KCnepKMeHTaJIbHHX ,IJ,BH~ o BeJIHl.IHHe Jr2 ,IJ,nB reJIHR B JIHTepaTY­

pe HeT. IT03TOM,Y ~R~aCl.IeTOB HaNH HCnOJIb30BanOCb COOTHomeHHe ,IJ,JIR 

napOBO,IJ,HHHX nOToKoJl 1I/ , nOJIytleHHoe AJIII fl ~ ro MIJa, m = 500+ 
4000 Kr.M-2c-1 JIi .z = 0,1+0,9: 

*) J$ - K03~HqHeHT TpeHHH O~o~3Horo nOTORa, ABH~6rOCR co 

CROpOC'rbID U". 
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_ (JJI)o'IZ IZ
ZR, -~235 cfll . Z ) (2I) 

rne Z= 10-2' O: II , /l = 2,1 npa z..r::: I, IZ:; 0,67 npa

V'c _ í. -f-,r ~)-1


:l » I, JI= m.tlcf'11 , 'IrlJM ,'1roM - { .;- -r .1" , (J'" - ~03<I>­
<I>H~HeHT rroaepxHocTHoro HaTfl~eHHR. TaKo~ rro~og, BHgHMO, onp~aH, 

T.K. cpaBHeHHe 3KcaepHMeHTanbHHX gaHHNX' rro rHgpaBnH~ecKoMY corrpoTHB­

neHHID gnR reAHR H rrapoBogfl~X rrOTOKOB rrpH OTHOCHTenbHO BNCOKHX gaB­

neHHRX cBHgeTenbcTByeT 06 ygoaneTBopHTenbHoM Ka~eCTBeHHOM H KonH­
4eCTaeHHoM cornaCHH pe3ynbTaTOB/9/ . COOTHomeHHfl gnR BentfqHH Macco­

BXX CKopOCTeA renHR H rrapoBogRHO~ CMeCH, rrpH KOTOp~ Ha6nDgaeTcfl OT­

MetreHHoe cornaCHe, MO»lO rronyqHTb, corrOCTaMR,R COOTBeTCTBYJO~He KOMIl­
2neKCbl (;r'/II )2 1;1 m . ITpH (J'I,/,/') f(.<!J ~ ( "Pyl)lIe H 

100'P ~ ~#'20 rasoe COjOCTaaneHH6 nae r COOTHomeHHe mll.2lJ~ IPmlle ,Ne
~TO nogTBep~~aeTCR gaHHblMH 9/, TO eCTb BblpaMeHHe (21) MOMeT 6blT~ 
cnpasennaao gnR renaa npa m~ 50+400 Kr·M-2c-1 . 

B OCHOBHH:e COOTHoweHHR (II), (I6) H (I8) BXOg,RT BenHtrnHlll HCTHH­

Horo 06õeMHoro napocogep~aHHR ~ H K03~H~HeHTa CKonb~eHH,R <f>a3 K. 
t{Hcno 3KcnepHMeHTaJIbHhIX ,rr.aHHblX O aenH4HHax, 'I H K gnR renHR BeCb­

Ma orpaaaveao , rIEHqej 60nbmHHCTBO gaHHblX nonyveao gn,R KaHMOB zons- ' 
ueBoro ceqeHHR/1 ,17 . OgHaKo 'cooTBeTcTBYJO~He gaHHble/18/ gnR Konb­

uersrx KaHaJ.lOB H Tpy6 npx TeqeHHH napoaonnssx nOTOKOB c OTHOCHTenbHO 
~COKHMH gaaneHH.RMH gOBonbHO xopomo cornaCYJOTCR c gaHHblMH/16 , 17/ 
gnR gByxcPa3Horo nOTOKa renH,R ripa lTl ~ 100 ir 'M-

2C-I H fi a: 0,12+ 
0,13 Mua. Ha OCHOBe aHaJ.lH3a gaHHlllX/16 , 17,18 
HHR gnR K03~H~eHTa CKonb~eHHR Ipa3 

2!-4(I-Ko)(z -,x ') npa 

K= Ko npa 

{ 1+(1- Ko)(J,5- IPí'.z +9,t.rjnPH 

rge B8nHtrnHa Ko onpegenReTcfl KaK/ 18/ 

13,7 (1- f'/PX1 ) 

Ko = I + f-r S/f.2 tfe f/.J 
m2 P O 

HaMH nonyqeHlll COOTHome­

O:!!G Z <: 0,5 

0,5 ~ .x <:: 0,7 (22) 

0,7<.z~I,OJ 

(23) 

npa 7to = J !l/I H Reg =m1J/tI (anecs j - YCKopeHHe CBO­

60gHoro rr~eHHR). B qaCTHoc)H~ BenHtrnHlll Ar ,paCCtrnTaHHllle c nOMO~b~ 

(22), cornaCYIDTCR c gaHHHMH I/c MaKCHMaJ.lbHblM OTKnOHeHHeM, He rrpe­
~ BHUlaID~HM 3%. COOTBeTCTBeHHo BeJ1HqHHbl 'I, paccvaramsse c nOMO~blO, 

~I 

COOTHoweHHH (6) H (22), OTnHqalOTCR OT 3KCnepHMeHTanbHblx gaHHlllX/16 , 17/ 
He 60nee, qeM Ha 4+5%. 

~Hcnonb30aaHHeM BNpaMeHHH (20)+(23) H 3KCrrepKMeHTaRbHblX gaHHblx 

xr 'M- 2c,-I, 

f 

rro tlP ,HarrpHMep, npa 17l:; 2jO P :; 0,135 MIJa, 
d = 4,61 MM H 0,2 < Z :::; 0,6 9/ , 6blnH onpeneneaa K03~H~HeHThl 

B COOTHomeHHH (I8): 11 :; 0,48; !:; 3,4; C :; 26; Il = I; 
!7l :; 1,8 . 

TaKHM 06pa30M, MeTogHKa onpe,rr.eneHHR OTHOCHTenbHoro rHgpaBnH­

4eCKoro conpoTHaneHH,R Ha OCHOBe npegno~eHHoH Mo,rr.enH CBO,rr.HTCR K cne­

gyRJ~eMY. M:CXOgHblMH gaHHbIMH cny~aT Bem1qHHhI /!/, jJ , 1J H Z , c 

nOMO~blO KOTOpNX paCcqHT~BaIOTCR COOTHOmeHH,R (22), (6), (21). Hcnonb­

3YR gnR nepsoro npH6nH~eHH,R 3HaqeHHe - L2 fi! &:.x • , nonyqHM COOT­

BeTCTBYIO~He 3HaqeHHR gn!!...Bbl~~eHHH (16), (20), (I8) H (I I) . Ilocne 

aror-o BenHqHHa_L1?2 =L1P(LJf!t) CpaBHI1BaeTCR c LJPf . EC:ill:1 __ 

f J~ - ..dPfVL1r} '7 10-3 , nexaercs rpevse npH6nHiK~HHe .1~=A,P(41) 
H T.g. go Tex nop, nOKa He nonY4HTC,R 38.,lJ.aHHa.R T04HOCTb paCqeTa 

10-3 = I.óPi+f -..d~ 1/LlPf+f . Ilpennozeaaaa Mogenb H MeTogHKa 
paCQ8Ta npHM8HeHbl ,rr.n,R gHalla30Ha 0,2 ~ Z ~ 0,6. 

tITO xacaercs ,rr.pyrHX ~Harra30HoB .z , TO COOTBeTCTBYiOI~He rHg­

paBJIHQeCKHe COnpOTHBJIeHI1R MorYT paCCtlHTblBaTbCfl cnegyRJ~HM o6pa30M. 
lIpH OTHoCHTenbl-lO HH3KI1X pacxonnux rrapOCO,IJ.ep'MaI-lHRX ,z ~ 0, I , 

T.e. npij pe~HMax TetleHH,R, 6~113KKX K nY3bIpbKO~M/IO/, B nepBOM jYH6nH­
~eHHH MO~HO Bocnonb30BaTbCR COOTHOllleHHeM MJT rOMoreHHO~ MogenH 5/, 
B KOTOpO~ apH onpeneneana K03QxfmQHeHTa Tpel-lHJT B xavecr ae BR3KOCTH 

.., ( .z -f-oZ)-1CMeCH Hcrronh3yeTcfl Ben~HHa CeM = ~u + ~ . KaK H3BeCTHO, 

nonY4eH~ Bem!tlHHhl APrUM paCIIOJIaraIOTCR HeCKOJIbKO ~me 3aBHCH­
MOCTH LJj1 = X 

NrR ,rr.l1anaaOHa 0,6 ~.x ~ 0,9 no Mepe, pOCTa napoconepsaaaa 
xapaKTepHO nOCTeneHI-lOe HCqe3HOBeHHe BOnHOBOI'ü TeqeHHR JIU1,lJ,KOCTH B 

nneHKe c nepexogoM B rnagKoe TeqeHHe (pHc.l), Korga, BHgHMO, cy~ecT­

syeT ronsxo BR3KHA nO,IJ.CJ10H H Typ6yneHTHblA cnoã 1K11)~KOCTH. B 3TOM cny­

uae K03lfxfmUHeHT TpeHHR Ji. MOJlU-lO onpenamrn, TaKKM ~e 06pa30M, xax 
ARR rna,rr.Koro Konb~eBoro TeQeHHR 

(24)li2 = (rI lJ) (1- ~M J}-423 

, 

J; '11 1),,1li rge t = 0,3164, C = '11 +(I-L/jt. . ConOCTaBneHHe pacveron no 
(24) c 8MnHpHtrecKHMH 3aBHC~~OCTRMH 113/3, 9/ nOKa3b1BaeT, ~TO apH

i: .x = 0, d cosnaneaae pesynbTaToB xopomee (pacxoxnenae ne npe samaer 
l! 7% KaK ~nR BepTHKanbr~, TaK H gn,R ropHaOHTaRbHblX Tpy6). O,IJ.HaKO npH 
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PHc.l. 3aEHCMMOCTH OTHOCHTeRbHoro nepen~a ~aBneHHH 

~p H CTPYKTYP~ ~Byx~aHOrO nOTOKa renHH OT pac­
XO~Horo MaCCOBoro napoco~ep~~ ~ . 1,2 - 0606­
~aro~He paclleTHHe aaBHCHMOCTH ~H EepTHKaHbHHX/3/ 

OH ropHaOHTaRbHbr:X/?/ Tpy6; 3+6 - pactzer no npe,IVI02KeH­
HoA MeTO~Ke COOTEeTCTBeHHO,IVIH fiZ:: 300, 250, 200 
H 150 Kr.y-2c-l, p:: 0,13 MIJa, lJ :: 4,6 MM; ? - no 
COOTHOllIeHHIO I1P:: 1,5'.1: ; 8 - no roxoreaaoã Mo,qeJIH; . 
9+11 - Ha OCHOBe ~paMeHHH (25) COOTEeTCTBeHHO npH 

fi? :: 150, 200 H 300 Kr.M-2c-1; I+Y - COOTBeTCTEeHHO 
~Hanaso~ nyaHpbKoEoro, nepexoAHoro, ~HcnepcHo-Konb­
QeBoro c EonHOBoA rpaHHQeR, ~HcnepcHo-KoRbQeBoro c 
rJI~KO~ rpaHHQeA paa~eJIa ~ H 3MYRbCHOHHoro peEHMa 
TeqeHHH. 

Z :: O,? peaYJIbT8TH paCqeTa JIyqme corRacymTcH c ~aHHUMH ~H ropH­
SOHT&XbHHX KaHanOB, a npH Z = 0,9 COOTBeTCTBeHHO c ~aHHYMH ,1VIH 

t> BepTHXaRbHHX KaHaJIOE. B QenOM E ~HanaaoHe 0,6 ~ ~ ~ 0,9 HaH60JIee 
~ 

.... 

TIpHeMJIe~e peaYJIbTaTH rrOJIYl.laIDTCR, ecnH K03~H~HeHT~ TpeHHR paCC4HT~­
EaTb nYTeM JIHHe~HOA HHTepnOJIRQH~ c nOMO~bID COOTHOllieHH~ (18) 11 (24) 

./ .t Z·D,G I I.: ,Z=O,8 .f Z=~ó) 
Jil-2 =.Ji{ +/J,f{tli2 -4!ff /(Z-(J,b). (25) 

Ha pHC. I. npencraaneaa aaEHCHMOCTH AP (rr)m , paccvnraanue B 
'I, cOOTBeTCTEHH c HaJIO~eHHO~ MeTo~HKo~. Ha 3TOM ~e pH~HKe ~RR cpaEHe­

HHH HaHeceHhI 3MnHpHll:eCKHe paCl.leTHhIe aaBHCHMOCTH H3 ,?/, nOJIYl.leHHble 
nYTeM 06pa60TKH 3KCrrepHMeHTaRbHblX ~aHHhlX. PHc.1 rrOKaablBaeT, l.lTO E 
~HarraaoHe 0,2 k.r .t:: 0,6 pesym.raru pacvera (JIHHHH 3+6) xopowo 
COrJIaCYIOTCH KaK c aaEHCHMOCTbIO >~JIR EepTHKaJIbHblX/3/ , TaK H c 3aEH­
CHMOCTbIO 2 ~H ropH30HTaJIbHHX/? KaHaJIOE - MaKCHMaJIbHble OTKJIOHe~HR 
He rrpe~lliaIOT +10% npH H3MeHeHHH MaCCOEO~ CKOpOCTH OT 150 ~o 

300 xr'M-2c-r-. CneAYeT OTMeTHTb, llTO ysenHl.leHHe MaCCOBO~ CKOpOCTH 
CBbIllie 3Hal.leHHR 250 Kr'M-2é- 1 npaKTHqeCKH He BnHReT Ha OTHOCHTeJIbH~~ 
rrepenan ~aBJIeHHH ao ECeM OTMelleHHOM ~Harra30He X - JIHHHH 3 H 4 
rrpaKTHllecKH COsna,IJ,B.lOT. 

B HHTepEane ° <:: Z ~ O,I pacxoxaenae pe3YJIbTaTOE pacuera no 
rOMoreHHoR MO~eJIH (JIHHHH 8) c 3MnHpHll:eCKHMH aaEHCHMOCTHMH I, 2 ~OC­
THraeT 40%. B CER3H c 3THM a~eCb JIYlllIIe rrOJIb30BaTbCR rrpoc~M COOTHO­
weHHeM AP :: 1,5',z *) - npaaaa ? 

B naanaaone 0,6 ~ Z tiS 0,9 pacvenrse ~aEHCHMOCTH na ocnorie 
COOTHomeHHR (25) (rrpHMbIe 9+H) XOpOlllO COPJIacyroTCH c 3MnHpHllecKott 3a­
EHCHMOCTbIO ~H ropHaOHTaJIbHHX KaHanOE H HeCKOJIbKO xy~e c aaEHCHMOCTbID 
~fl EepTHKaJIbHblX KaHanOE. Tax, ,IT,JIR JIHHHH Ia pacxoxneaae c KpHEO~ I coe-
TaMReT OKOJIO 11+15% npa ,z == O,?+0,8 . 

TaKHM 06paaoM, nOJIyqeH~e Ha OCHOEe pac4eTa JIHHHH ?, 3+6 H 9+11 
orpaaaer H3MeHeHHe xapaxrepa 3KCnepHMeHTaJIbHblX ~aHHblX jJJ (.z.)m E 
aaEHCHMOCTH OT pe~MOE Te~eHHfl ~Eyx~aaHUX nOTOKOs reJIHH npH 

m == 150~300 Kr'M-2c-I , ,x :: 0+0,9 , fJ :: 0,13 MIJa. 
BnHHHHe ~aBJIeHHH Ha EeJIHqHHY AP HJIJIlOCTpHpyeT pHC. 2. 11a 3~oro 

pHcYHKa SH~HO, llTO npH Z~ 0,3 OTHOCHTeRbHoe rH~aEJIHlleCKOe conpo­
THBJIeHHe npaKTHllecKH OCTaeTCH rrOCTOHHHHM np~ HaMeHeHHH ~aEJIeHHH OT 
O,12 no 0,18 MiJa. Onnaxo E ~HanaaoHe 0,3 <:: eX -c 0,6 Ha6JIIO~aeTCfl 

CHHEeHHe E8JIHllHHU AP no Mepe YEeRHlleHKR ~aBJIeHHH. ITpHlleM ~fl 

~aBJIeHHH 0,18 MITa xapaRTepeH r~paBJIHqeCRH" xpHaHC, ~p~~H"cn D 
! i 3aMeTHOM YMeHbllleHHH rHAPaERHllecKoro cOnpOTHBJIeHKR c pOCTOM napoco­

~eplltE1HHH ZiI,I 
*) B p~60TefI7 ,IJ)IH aror-o naanaaoaa npennoxeaa aaEHCHMOCTb LJp ICJ 2 a;t l: ~ 

I 
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PRC. 2. Bzaaaae ,D;BB7I6HIDi 
aa aaBRCHMOCT:b AP (x) 
ITpR ,D;Bmlt6HIm ,D;Byxq>a3HOrO 
reJIPISi c m=200 Rr'M2c-I 

B orpy66 ,1.U18M6TpOM 4,6 MM. 

1,2 - TO ~6, ~TO Ha pRc~I; 

3+6 - pac~eT no np6AHO~eH­
HOH M6TO,D;RKe COOTB6TCTB6H­ IHO ~úi P =0,12, 0,14, 0,16 I 
H 0,18 Mlla; 7 - no COOTHO­

.\m6IDIlD ôP=I,5 oc , 8 - aa 
OCHOB6 BHpaJit6HIDi (25). I 

o 1J,2 1J,4 Q,ô 17,8 eX 

~R rrpoaepKH 3TO~ xapaKTepHcTHKH H8MH 6~H rrpoB6,D;eHH 3KCnepHNeH­ :' 

~ la/ropHaoHTanbHo~ Tpy6e Ha CTanH 12X18HI0T ~ 5xO,2 MM AnHHO~ 
2 M5 . rrony~eHHHe 3KCnepHMeHTanbHYe TO~KH ,D;~ MaCCOBO~ CKOpOCTH 

N 200 Kr'M-2c-l H ,D;aaneHKR 0,17 MTIa HaH6ceHH Ha pHc.2 H CBH,D;eTenbCT­
BynT o Ka~eCTBeHHOM H KonH~eCTBeHHOM COOTBeTCTBHH peaynbTaTOB. TaKHM 
06paaOM, npeAnaraeMas MO,D;enb nOSBonfieT npe,D;CKBSaTb 06nacTb c~eC~BO­
B8H~fi r~aBnH~eCKOro KpHaHca AnR ,D;BYX~HHX rrOTOKOB renHR. 

C QenbO onpe,D;eneHHR BnHRHHR ,D;HaNeTpa Tpy6 Ha rHApaanH~ecKoe 

conpoeasneaae 6~H npOBe,D;eHH pacuera B ,D;HanaSOHe 1J = 1,6+7 14M 
(npH ,D;pyrHx O,D;HHaKOBliX ycnoBIDix). TaK, OTHOCHTenbHO nHHHH 5, nOICasaH­
HoR aa pacv I AnR J) = 4,6 MM H m= 200 Kroy-2c- l , pesynb.Ta~ AnR 

1 = 1,6 MM paCrrOJIarBlOTCR na ~ HHlIte, a ,JJ.JIR ]}= 7 MM COOTBeTCT-
BeHHO Ha 3% ~e. KaqeCTBeHHo TaKas TeH,D;eHqHR nO,D;TBep~aeTcR, HanpH­
Mep, cpaBHeHHe~ 3KCnepHMeHTanbHHx ,D;8H~~R ropHsoHTanb~ Tpy6 rrpH 

1 = 4,61 MM/5/ H 1= 11,4+18,4 MM 8 , B TaKMe corrOCTBaneHHeM 
pesYJIbTaTOB ,D;JIR BepTHKaJIbHblX Tpy6 ripa 1J = 1,6 w/l / H J):: 0,SMM/2! 

-I 
HaKoHeq, 6~H npOBe,D;e~ pacqsTbt AnR napoBo~ nOTOKOB npH 

- , 

,D;aaneHHRX 14+17 Mila. Ha pHc.3 npHBe,D;eHY pe3YJIbTaTbt pacqeTOB npH J 

p = 15 Mna, Z t:I. 0,1+0,9 H .1- 13,3 MM AnR paSJIHt.niJiX MaCCOBI:DC CKO­ I 
9' pOC:r6A. 11:3 3Toro pHcYHKa BH,D;HO, qTO pesYJIbTaTlll pac~eTa no npeAnarae-

I 1
MO~ MO,D;eJIH xopomo corJIaCYO~CR c KpH~H, nocTpoeHHUMH Ha OCHOBe mH­

~ 
I: . 

10 
') ; 

~ 

.\­

pOKO HSBeCTHO~ MeTO,D;HKH/21/. TaK ~6,KaK H ,D;JIR reJIHR, HSMeHeHHe ,D;Ha­
xerpa cJIa60 orpaxaerca sa BeJIHqlffiax 1JP ,D;JIR napOBO,D;RHO~ CMeCH, xo­
TR MOEHO OTMeTHTb TeH,D;eHqH~ K no~eHHID OTHOCHTeJIbHOrO r~BJIHqeCKO­
ro cOnpOTHBneHHH no Mepe YBeJIH~eHHR ~HaMeTpa Tpy6~o TIpH ; = 20 MM, 

P = 14+17 ,na H n7 = 1500+2500 Kr'M-2c-I pesYJIbTaTbt paCqeTOB H 
3KCrrepHMeHTOB 19/ paSJIHqB.lOTCR He 60JIee qeM Ha 10%, O,D;HaKO npH 

1J= 8 MM y,D;OBJIeTBOpHTeJIbHOe COrJIaCHe c 3KCnepHMeHToM/20/ Ha6JIID,D;aeT­
CR JIlilIlb,D;JIR P15- 17 MIla H m ~ 1500+3000 Kr'M-2c-I, IIPH P~ 17 MIJa 
H a7 ~ 3000 Kr'M-2c- l pacxo~eHHR pe3YJIbTaTOB paCqeTa rro ngjAJIarae­
MO~ MeTO,D;HKe no cpaBHeHHID c 3KCnepHMeHTaJIbH~H ,D;aHHHMH/I9,2 MorYT 
npe~aTb 25% H 60JIee. 3TO MOMeT 6HTb CBRsaHO c orrpe,D;eJIeHHeM HCTHH­
Horo 06~eMHoro napOCO,D;epMaHHR no COOTHomeHHD (23),'KoTopoe CnpaBe,D;JIH­
BO npH p~ 18 MITa, a TaKMe c paCqeTOM OTHOCHTeJIbHOrO pacxo,D;a ~­
KOCTH B llJIeHKe HB OCHOBe ~pa~eHHR (21), rrOJIyqeHHOrO ,D;JIR "HHTepBaJIB 

p ~ 10 MIJa. 
TaKHM 06paaoM, B ,D;HarrBsoHax paccMoTpeHHHX ,D;aBJIeHH~ H Macco~ 

CKopOCTe~ rH,D;pO,D;HHaMHqeCKHe xapaKTepHCTHKH ,D;BYX~S~ rrOTOKOB reJIHR 
H napOBO,D;RHNX nOTOKOB KMeIDT ,D;OBOJIbHO 06~H~ xapaKTep H MorYT 6~Tb orr­
pe,D;eJIeHH Ha OCHOBe npe,D;JIOMeHHO~ MO,D;eJIH. MMeID~HeCH oc06eHHOCTH ~JIR 

,D;Byx~aSHoro renHR - BHpaxeHHH~ rH,D;paBJIHqeçKHH KpH3HC B ,D;HanasoHe 
0,16 MIIa <:. P-c Pxp , .t = 0,2+0,6 H pa3JIHtrife B HaKJIOHax KpHBbIX

XP (a) - CBRsaHH c OTJIHtlHeM TellJIOcPH3H~eCKH:X CBO~CTB reJIHH H BOAbl. 

ãP 

as 
Pac , 3. 3allliCRMOCTH AP(X) 
~ napOBo~oro nOTORa 
npR p =15 MIIa R J) = aÔ 
=13,3 MM. I, 2 - pac~6T 

no M6TOAHR872I/ COOT­
BaTCTB6HHO ~ hVcI470 11,4­
H 2000 xr'M-2C-I; 3+6 ­
paC~6T no npa,u,noxaHHoti 
M8To,D;RRa COOTB6TCTBeHHO 
~ m: =1500, 2000, 2500, 
3000 xr'M-2C-I; 7 - pac­
~8T no COOTHOm6HRID (24) 
npa 1'11-=1500+3000 KI' .•~õ~ O tJ,c lI,/f . tJ,ó u,tJ :l 
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COH 3YH I'aa, CeJIIOHHH C.IO., <I>lUIHnnoB lO.rI. P8-87-446 
rHnpOnHHaMHqeCKHe xapa:KTepHCTHKH nBYXcPa3HhIX 
nOTOKOB reJIHH npa OTHOCHTeJIbHO BhICOKHX MaCCOBhIX CKOpOCTHX 

TIpenJIO:>KeHa q>H3H:K0-MaTeMaTHqeCKaR MOneJIb nJIH onpene­
JIeHHH rHnpaBJIHqeCKOrO COnpOTHBneHHH KaHaJIOB npH nBH:>KeHHH 
B HHX nBYXq>a3HhIX nOTOI(OB reJIHH C OTHOCHTeJIbHO BhICOKHMH 
MaCCOBhIMH CKOpOCTHMH. Ha OCHOBe :nOH MOneJIH npencxasaaa 06­
JIaCTb CYIlJ,eCTBOBaHHH ranpaanasecxoro KpH3Hca. Ilpencraaneasr 
pe3YJIbTaThI 3I(CnepHMeHTOB, nozrraepzcnaromae norryseaasre reope­
THqeCKHe peayns'rart.r. llO:Ka3aHO, qTO npa onpeneneaasrx YCJIOBHHX 
rHnpOnHHaMHqeCKHe XapaI<:TepHCTHKH nBYXcPa3HhIX nOTOKOB reJIHH 
H napOBOnHHhIX nOTOI(OB nOBOJIhHO nOXO:>KH, a I:lMelOIlJ,HeCH ocoõen­
HOCTH CBH3aHhI C paananaer-r TenJI0cPH3HqeCKHX CBOHCTB reJIHH H 
BOnhI. ,naHO CpaBHeHHe nOJIyqeHHhIX pe3YJIbTaTOB C COOTBeTCTBYIO­
IlJ,HMH JIHTepaTypHhIMH naHHhIMH. 

Pa60Ta BhlnOJIHeHa B Ornene HOBhIX MeTOnOB YCKopeHHH 
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Hydrodynamical Characteristics of Helium Two-Phase 
Flows at Relatively High Mass Rates 

Theoretical model is proposed for the pressure drop of channels 
through which the two-phase flow of helium with relatively high 
mass flow rates moves. With the help of this model the region of 
hydraulic crysis is predicted. Experimental results which are con­
sistens with the theoretical model predictions are presented. It is 
show that under certain conditions the "hydrodynamical characte­
ristics of helium two-phase flows and of steam-water ones are ana­
logous, as well as that the existence of some distinctions are caused 
by the difference in thermophysical properties of helium and wa­
ter. The data obtained are compared with the results available in 
literature. 
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