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Five equations for calculation of length of capillary tube or flow of throttling refrigerant and parameters of a criti-
cal current on the outlet of the tube, such as pressure, mass quality, speed, are presented in this article. The
coefficients of the equations, which determine the relation between dimensionless variables, are received by
regression analysis of multivariate calculations for throttling of the nine refrigerants. Concrete example of pro-
cedure of calculation using engineering calculator is shown. Influence of boiling pressure on length of tube and
flow of refrigerant is considered.
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ITPH npoeKTHpOBaHHH MaJIbIX XOJIO)J,HJIbHbIX Ma-

WHH (XM) npHXo)J,Y1TCSInO)J,6HpaTb KaIDUIJISlpHble Tpy6-

KH (KT), pa3MepbI KOTOpbIX 3aBHCSlT OT MHOrHX <paK-

TOpOB. AHaJIYl3 pa60Tbl XM B HepaClJeTHbIX pe)lCJ1Max

npe)J,nOJTaraeT HaJIHYHe )J,aHHbIX 0 nporrycKHoH cnoc06-

HOCTH KOHKpeTHOH KT, T. K. YCTaHOBHBIlIHHCSI pe)lCJ1M

HacTynaeT JIYlllib npH paBeHcTBe MaCCOBbIX pacxo)J,oB

XJTa)J,areHTa, npoxo)J,Slw,ero lJepe3 KOMnpeccop, KOH)J,eH-

caTop, )J,poCCeJI1.1pyJOw,ee yCTpOHCTBO H HcnapHTeJTb.

Cyw,eCTBYJOT pa3Hble MeTO)J,bI paclJeTa KT [1].
nOJTbIllHHCTBO H3 HHX 6a3HpyeTcSI Ha onpe)J,eJTeHHOH

cepHH onbITOB H HMeeT OrpaHHlJeHHYJO 06JTaCTb npH-

MeHeHHSI. OrpaHHyeHI15I 06yCJTOBJIeHbI Tpy)J,HOCT5I-

MH 3KcnepHMeHTaJIbHOrO onpe)J,eJTeHI15I napaMeTpOB

KpHTHlJeCKOrO pe)I(HMa TeyeHJ1S1 XJIa)J,areHTa Ha BbI-

xO)J,e KT. BeCbMa CJIO)I(HO onbITHbIM nyreM yCTaHO-

BHTb )J,roKe caM <paKT HacTynJIeHYlSI KpHTHlJeCKOrO Te-

lJeHHSI, npH KOTOpOM CKOpOCTb )J,Byx<pa3Horo nOTOKa

)J,OCTHraeT CKOpOCTH pacnpOCTpaHeHH5I 3BYKa B HeM,

a nOHJ1)I(eHHe )J,aBJTeHHSI nOCJIe KT nepeCTaeT BJTHSlTb

Ha pacxo)J, )J,pOCCeJIHpyeMoro XJIa)J,areHTa.

MeTO)J,HKa rH)J,pO)J,HHaMWleCKoro paClJeTa KT

no KOpOTKHM YlJaCTKaM [2] n03BOJI5leT HaXO)J,HTb

)J,JlHHy Tpy6KH npHH5ITOrO )J,HaMeTpa H napaMeTpbI

KpHTHYeCKOrO TeyeHH5I 6e3 HCnOJTb30BaHHSI )J,aHHbIX

o CKOpOCTH pacnpOCTpaHeHHSI 3ByKa B )J,pOCCeJIHpy-

eMOM nOTOKe XJTa)J,areHTa. LI,JISI 06JIerlJeHHSI paClJe-

TOB COCTaBJIeHa KOMnbJOTepHaSl nporpaMMa RejCap.
ITOJTyyeHHble no HeH pe3YJIbTaTbI paClJeTa )J,JlHHbI KT

npH H3BeCTHOM pacxo)J,e XJIa)J,areHTa H onpe)J,eJTeHHSI

pacxo)J,a XJTa)J,areHTa npH 3a)J,aHHbIX pa3Mepax Tpy6KH

conOCTaBJTSlJIHCb C )J,ocTynHbIMH )J,aHHbIMH 3apy6e)l(-

HblX HCCJIe)J,oBaTeJTeH [1]. COBna)J,eHHe )J,aHHbIX CBH-

)J,eTeJTbCTByeT 0 )J,OCTOBepHOCTH MeTO)J,HKH paClJeTa.

LLn51 npaKTHYeCKHX paClJeTOB KT 1IYlJllIe Bcero

nO)J,XO)J,SlTroToBble <pOPMYJIbI. ITOJIYlJaJOT pacnpOCTpa-

HeHHe 0606w,eHHble ypaBHeHH5I B BH)J,e CTeneHHbIX 3a-

BHcHMocTeH Me)(()J,y 6e3pa3MepHbIMH nepeMeHHbIMH.

ITonbITKH 3apy6e)l(Hblx CneIIHaJIHCTOB nOJIYlJHTb O)J,HO

o606w,eHHoe ypaBHeHHe no )J,pOCCeJIHpOBaHHJO B KT

Bcex XJTa)J,areHTOB npe)J,CTaBJISlJOTCSI HenepcneKTHBHbI-

MYI BBH)J,y cyw,eCTBeHHoro Pa3JIHlJI15I CBOHCTB XJTa)J,areH-

TOB. nOJTee onpaB)J,aHO 0606ll.1,eHHe )J,aHHbIX no )J,POC-

CeJIYlpOBaHHJO Ka)(()J,Oro XJIa)J,areHTa B OT)J,eJTbHOCTH.

B )J,aHHOM 0606w,eHHH HCnOJIb3YJOTCSI pe3YJTbTaTbI

MHorOBapHaHTHbIX paCyeTOB KT no nporpaMMe RejCap.
ITYTeM perpeCCHOHHoro HX aHaJIYl3a onpe)J,eJI5lIOTCSI KO-

3<P<PHIIHeHTbI 6e3pa3MepHbIX ypaBHeHHH.

B CTaTbe [3] no IlleCTH XJIa)J,areHTaM npHBO)J,SlTCSI

K03<P<PHIIHeHTbI ypaBHeHHH perpeCCHH )J,JI5I pacyeTa

)J,JlHHbl Tpy6KH H pacxo)J,a )J,pOCCeJIHpyeMoro XJTa)J,a-

reHTa. K HaCTOSlll.l,eMy BpeMeHH nepelJeHb paCCMaT-

pHBaeMbIX XJIa)J,areHTOB paCIllHpeH )J,O )J,eBSlTH H YBe-

JIHyeHO KOJIHlJeCTBO BapHaHTOB paClJeTa npH )J,pocce-

JI1.1pOBaHHH Ka)(()J,oro H3 HHX, YTO nOBbIlliaeT TOYHOCTb

annpOKCHMaIIHH. KpoMe Toro, nOJlYlJeHbI 6e3pa3Mep-

Hble ypaBHeHHSI )J,JlSl paCyeTa napaMeTpOB KpHTWlec-

Koro TelJeHH5I: )J,aBJTeHHSI PKP' MaCCOBoro napoco)J,ep-

)I(aHH5I x
KP

H CKOpOCTH napO)lCJ1)J,KoCTHOH CMeCH wKp,

ITPH 0606w,eHHH pe3YJIbTaTOB paCyeTa no )J,POC-

CeJlHpOBaHHJO Ka)(()J,oro XJIa)J,areHTa HCnOJTb30BaHbI

CJle)J,YJOll.I,He 6e3pa3MepHble nepeMeHHble:

1t1 = l/d
T

; 1t2 = 3600G/[ (1td//4) (Pjvc) 0.5];

1t = v"lv . 1t = d (P /v ) 0,5/J..! .
3 c' 4 T K C C'

r)J,e I, d
T

- )J,JlYlHa H BHYTpeHHHH )J,HaMeTp KanHJI-

JI5lpHOH Tpy6KH; G - MaCCOBbIH pacxo)J, XJTa)J,areHTa;

PK' t
K

- )J,aBJIeHl1e H TeMnepaTypa KOH)J,eHCaIII1H;

v" - y)J,eJIbHbIH 06'beM HaCbIll.I,eHHOrO napa npH )J,aB-

JIeHl111 P
K

; v
C

' J..!c - y)J,eJIbHbIH 06'beM H )J,HHaMHyeCKaSl

BSl3KOCTb napO)/(Yf)J,KOCTHOH CMeCI1 Ha Bxo)J,e B Ka-

nHJlJlSlpHYJO Tpy6KY; t!./ d
T

- OTHOCHTeJIbHaSl wepo-

XOBaTOCTb KT; t!.tn - nepeOXJTa)(()J,eHHe XJIa)J,areHTa;

Wo - CKOpOCTb XJIa)J,areHTa Ha BXO)J,e B KT.



Bce ynoMHHyTble BeJHIY:l1HbI nO,Ll,CTaBJlHJOTCH

B pa3MepHOCTI1 CI1. PaCy:eT CJle,Ll,yeT npOBO,Ll,I1Tb C yYe-

TOM COCTOHHI1H ,LI,pOCCeJll1pyeMoro XJ1a,D,areHTa Ha BXO-

,LI,eB KT. IT pl1 ,LI,pOCCeJll1pOBaHI1W HaCbllUeHHOrO XJ1a,D,a-

reHTa B KayeCTBe napaMeTpOB napmKI1,L1,KOCTHOH CMeCW

Vc 11 llc npl1MeHHJOTCH 3Hay:eHI1H y,Ll,eJlbHOrO 06beMa V'

11,LI,WHaMWleCKOH BH3KOCTW 1l')I(M,LI,KOCTI1 HaJII1Hl111 Ha-

CbllUeHI1H, 3aBI1CHlUI1e OT I
K

I1JlI1 P
K

• ECJIw,LI,pocceJIl1py-

eTCH nepeOXJ11UK)l,eHHaH )I(M,LI,KOCTb C TeMnepaTypoH IlK'
TO nepeOXJ11UK)l,emle Mn = t

K
- f

lK
• B 3TOM CJlyyae

HaH,LI,eHHble no TeMnepaType IlK 3Hay:eHJ15I y,Ll,eJlbHO-

ro 06beMa v' 11 ,LI,I1HaMI1y:eCKOH BH3KOCTW 11' I1CnOJIb-

3YJOTCH BMeCTO COOTBeTcTByJOlUl1X 3HayeHI1H Vc 11 llc.

Kor,Ll,a Ha ,LI,pOCCeJIWpOBaHl1e nocTynaeT CMeCb )l(11,L1,-

KOCTI1 11 napa, HaY:aJIbHOe ee napOCO,Ll,ep)l(aHl1e Xo on-

pe,Ll,eJlHeTCH OTHOWeHl1eM:

Xo = (ic - i)/(i" - i'),

r,Ll,ei
c

- 3HTaJIbn1151 CMecw; i', i" - 3HTaJIbnl1H )I(M,LI,KOC-

HI 11napa Ha JlI1HI1I1 HaCbllUeHJ15I npl1 ,LI,aBJleHWI1 P
K

•

ITapOCO,Ll,ep)l(aHl1e Xo B HBHPM BI1,L1,eHe npl1cyTc-

TByeT B 6e3pa3MepHbIX nepeMeHHbIX. OHO I1CnOJlb3Y-

eTCH npl1 onpe,Ll,eJleHI1I1 napaMeTpOB napO)I(M,LI,KOCT-

HOH CMeCI1 Ha BXO,Ll,eB KT:

V
C
= v'(I-xo) + v'\=v'+ (v"- v)xo'

r,Ll,e~o - paCXO,Ll,HOe 06beMHoe napOCO,Ll,ep)l(aHl1e.

BemlYI1HY ~o MO)I(HO 11He BBO,Ll,I1Tb, T. K. OHa 3aBW-

CI1T OT MaCCOBoro napOCO,Ll,ep)l(aHI151 Xo W OTHOllIeHW5I

y,Ll,eJlbHblX 06beMOB v,!v":
~o=xoI[Xo+ (I-xo) (v'/v')] = v"Xo/vc·

CKOPOCTb XJ1a,D,areHTa Ha BXO,Ll,e B KT ,LI,Jl5Inepe-

MeHHOH 1tgonpe,Ll,eJI5IeTCH KaK Wo= 4Gvj(1td/).
ITepeMeHHble 1t1, 1t2, 1t7, 1ts, 1tg CO,Ll,ep)l(aT WCKO-

Mble BeJlI1YI1Hbl: ,LI,JII1Hy I, paCXO,Ll, G, ,LI,aBJleHl1e P
KP

'

napOCO,Ll,ep)l(aHl1e XKp' CKOpOCTb WKp• ,l],Jl51 onpe,Ll,eJle-

HI1H 3TI1X nepeMeHHbIX no pe3YJlbTaTaM MHorOBa-

pl1aHTHbIX paCyeTOB KT I1CnOJIb30BaHbI CTeneHHble

3aBI1CI1MOCTI1:

1t1 = ebl1t/21t3"31t/41ts"s1t6"6; (I)

1tl= eb21ttl1tt31t4 m41tsmS1tt6; (2)

1t7= eb71tz'l1t/31t/1t/S1t/'; (3)

1ts = ebS1t/21t/31t/1t/1t/; (4)

1tg = ebg1t2ul1t3u31t4u41tSuS1t6u6. (5)

IToCJIe JlorapwcPMl1poBaHJ15I 11 BBO,Ll,a HOBbIX ne-

peMeHHblX 113 ypaBHeHJ15I (I) nOJ!Y'IaeTCH JII1HeHHOe

ypaBHeHl1e BI1,L1,a:

Y1 = bl + nzXl + n~3 + n4x4 + nsXs + n6x6,

r,Ll,eY
1
= In (1tI); Xl = In (1t2); X3 = In (1t3); X4 = In (1t4);

Xs = In (1ts); x6 = In (1t6).

K aHaJIOf\1Y:HOMY BI1,L1,y HeTpy,Ll,HO npl1BeCTW

11 ypaBHeHI1H (2)-(5). Kor,Ll,a ,LI,JIH onpe,Ll,eJleHHOrO

MaCCI1Ba ,LI,aHHbIX 113BeCTHbI 3Hay:eHJ15I Y 11 COOTBeTC-

TByJOllIl1e 11M 3HayeHI1H Xi' K03cPcPI1Ul1eHTbI JlI1HeH-

Hora ypaBHeHI1H perpeCCl111 HaXO,Ll,5ITC5I no TwnOBOH

nporpaMMe JH1HEl1H, KOTopaH BXO,Ll,I1T B COCTaB

naKen Excel. TOYHOCTb annpOKCI1MaUWI1 TeM Bblwe,

yeM Jl)"-lllIe B3al1MOCBH3b Me)l()J,y 3aBI1CI1MbIMI1 Y 1106b-

HCH5IJOlUI1MI1 Xi nepeMeHHbIMI1 nO,Ll,Y:I1H51eTCH CTeneH-

HOH 3aBWCI1MOCTW 11 y:eM 60JlbllIe coy:eTaHI1H Me)l()J,y

nepeMeHHbIMI1 Y W Xi CO,Ll,ep)I(MTCH B MaCCI1Be 06pa6a-

TbIBaeMblX ,LI,aHHbIX. flporpaMMa JlI1HeHHOH perpec-

CI1I1 O,Ll,HOBpeMeHHO BbI,LI,aeT Cpe,Ll,Hee KBa,D,paTI1YHOe

OTKJlOHeHWe () npe,Ll,CKa3aHHblX 3Hay:eHI1H 3aBI1CI1MOH

nepeMeHHoH OT I1X 3HalleHI1H, cO,Ll,ep)l(a\UI1XCH B Mac-

CI1Be.

MaccwB 06pa6aTbIBaeMblx ,LI,aHHbIX cPOPMl1pOBaJI-

CH no K1UK)l,OMy XJ1a,D,areHTy OT,LI,eJlbHO. O,Ll,HI1 11 Te )l(e

,LI,aHHble I1CnOJlb30BaHbI ,LI,JI5I onpe,Ll,eJleHI1H Bcex 3a-

BI1CWMbIX (I1CKOMbIX) nepeMeHHblX no ,LI,pocceJll1po-

BaHWJO KOHKpeTHoro XJ1a,D,areHTa B KT. 3aMeTI1M,

YTO nepeMeHHaH 1t1 B ypaBHeHl111 (I) ClII1TaeTC5I 3aBI1-

CI1MOH, a B ypaBHeHl111 (2) OHa OTHeceHa K 06bHCHH-

JO\UI1M (He3aBI1CI1MbIM). ,l],eJlO B TOM, liTO no ypaBHe-

HI1JO (I) onpe,Ll,eJl5leTCH ,LI,JII1Ha Kanl1JlJl5lpHOH Tpy6KI11

npw 113BeCTHOM pacxo,Ll,e XJ1a,D,areHTa G, a no ypaBHe-

HI1JO (2) HaXO,Ll,I1TCH paCXO,Ll, XJ1a,D,areHTa Llepe3 Tpy6KY

3a,Ll,aHHbLX pa3MepOB. B cPOpMl1pOBaHWw MaCCI1BOB I1C-

XO,Ll,HbIX,LI,aHHbIX npl1HI1MaJI yyaCTl1e KYpCaHT EfAP<1>
KHHbH6y30B A. A.

QI1CJleHHble 3HayeHI151 K03cPcPI1Ul1eHTOB ypaB-

HeHI1H (1)-(5), a TaK)l(e CTaH,LI,apTHaH norpewHocTb

(J Ka)l(,Ll,OrO ypaBHeHWH npI1BO,Ll,HTC5I B Ta6Jl. 1. flo-

Ka3aTeJlW Ka)l(,Ll,OrO ypaBHeHI1H pa3,L1,eJIeHbI )l(WpHOH

y:epToH. QI1CJlO Bapl1aHTOB (QB) paclIeTHblx ,LI,aHHbIX

no Ka)l(,Ll,OMy xJla,Ll,areHTY npwBO,Ll,I1TCH JlI1Wb npl1-

MeHHTeJlbHO K ypaBHeHHJO (I). 3TO 1I11CJlO O,Ll,I1Ha-

KOBO ,LI,JlH Bcex ypaBHeHI1H 11 COCTaBJl5leT He MeHee

220. BapHaHTbI pacy:eTOB OXBaTbIBaJOT cJle,Ll,YJO\UI1H

,LI,l1ana30H HCXO,Ll,HbIX ,LI,aHHbIX: f
K

= 30+60 °C; d
T

=
0,5+4 MM; 1'1/d

T
= 0+0,003; Mn = 0+20 °C; Xo = 0+0,3.

PaCXO,Ll,bI ,LI,pOCCeJIHpyeMoro XJ1a,Ll,areHTa G nO,Ll,6I1pa-

JlHCb TaK, Y:T06bI ,LI,JlWHa KT HaXO,Ll,I1JIaCb B npe,Ll,eJlax

OT 0,5,L1,0 12 M.

yb Ta6Jl. 1 BH,LI,HO, liTO Ha CTaH,LI,apTHble norpew-

HOCTI1 (Ji Ka)l(,Ll,OrO ypaBHeHI151 BJlI151eT BW,LI,XJ1a,Ll,areHTa.

HaHMeHbllIYlO norpewHOCTb 06ecneY:WBaJOT nO,Ll,06-

paHHble OUeHKI1 K03cPcPI1UI1eHTOB ypaBHeHI1H (2),

no KOTOpOMy onpe,Ll,eJI5IeTCH paCXO,Ll, ,LI,pOCceJll1pye-

Moro XJ1a,D,areHTa. HaHMeHee TOY:HbIM OKa3bIBaeTC5I

ypaBHeHl1e (5),,LI,JI5I KOToporo (Jg = 0,039+ 19,4. OTLIac-

TH 3TO 06bHCHHeTCH O,Ll,HHaKOBbIM 11 paBHbIM 0,2 °C

warOM nOHH)I(eHHH TeMnepaTypbI HaCbI\UeHI1H XJ1a-

,LI,areHTa npH pacy:eTe KT no nporpaMMe RejCap. fla-

,LI,eHl1e ,LI,aBJleHI1JI K1UK)l,OrO XJ1a,D,areHTa Ha paClIeTHblX

yy:aCTKax npl1 3TOM OKa3bIBaeTCH HeO,Ll,I1HaKOBbIM.

BMecTe C TeM CKOpOCTb napmKI1,L1,KOCTHOH CMeCI1

Ha nOCJle,Ll,HI1X yy:aCTKax KT pe3KO YBeJlI1Y:HBaeTCH.

113-3a oKpyrJleHH5I TeMnepaTyp HaCbllUeHI1H)l,O 0,2 °C

nOJI)"-IaeTCH 3aMeTHbIH pa36poc Kpl1Tl1l1eCKI1X CKOPO-

CTeH XJ1a,D,areHTa Ha BbIXO,Ll,e 113 KT. ITo OCTaJIbHbIM

napaMeTpaM KpHTI1y:eCKoro pe)l(HMa norpelliHOCTI1

paClIeTa no 6e3pa3MepHbIM ypaBHeHH5IM He npeBbI-

waJOT 10%.



,LijJocCeJIHpyeMbrMXml,LlareHT

IloKa3aTeJII1 R134a R152a R22 R290 R404A R407C R410A R507A R600a

1 2 3 4 5 6 7 8 9

b[ 19,38720 20,07717 19,14644 20,31736 19,24237 19,46320 19,48948 19,29549 19,12976

n2 -2,10865 -2,17378 -2,05902 -2,25885 -2,10559 -2,11047 -2,11972 -2,11489 -2,12107

n3
-0,32112 -0,35441 -0,25238 -0,33846 -0,23235 -0,29055 -0,21414 -0,23396 -0,35190

n4 0,20885 0,18253 0,19383 0,21140 0,20148 0,18839 0,18290 0,20050 0,25786

ns 0,70003 0,75618 0,82087 0,86459 1,08235 0,90778 1,08228 1,01090 0,28422

n6 3,52448 3,76297 2,65521 3,06999 2,37031 2,81584 2,34474 2,43444 4,53302

0[ 0,06102 0,06588 0,04434 0,08063 0,04340 0,05390 0,05431 0,05013 0,07176

4B 231 221 286 221 328 286 401 221 285

b2 9,13928 9,15599 9,26425 8,90763 9,09088 9,18289 9,16040 9,07059 8,95363

m[ -0,46993 -0,45377 -0,48301 -0,43677 -0,47187 -0,47096 -0,46935 -0,46922 -0,46609

m3
-0,15144 -0,16185 -0,12249 -0,14609 -0,10841 -0,13660 -0,10063 -0,10895 -0,16420

m4 0,10244 0,08934 0,09627 0,09925 0,09868 0,09158 0,08838 0,09808 0,12538

m5 0,33862 0,34963 0,40122 0,38415 0,51157 0,43350 0,50958 0,48385 0,14231

m6 1,67530 1,72955 1,29086 1,35912 1,12531 1,33624 1,10649 1,15368 2,13567

°2 0,02881 0,03010 0,02148 0,03546 0,02054 0,02546 0,02556 0,02361 0,03364

b7 -7,79280 -7,78029 -7,98058 -7,85873 -7,69649 -7,54284 ~7,76573 -7,69375 -7,87222

r2 0,92428 0,89468 0,94523 0,94621 0,92545 0,90006 0,95507 0,94538 0,93417

r3 0,36651 0,37177 0,35507 0,34825 0,30030 0,34608 0,27747 0,27870 0,39373

r4 0,00693 0,02007 0,00896 0,00478 0,02527 0,00902 0,00275 0,01364 -0,00357

rs -0,04197 -0,03440 -0,03501 -0,01894 -0,03357 -0,05231 -0,00157 0,00974 0,00190

r6 -0,30457 -0,31186 -0,23122 -0,30751 -0,19003 -0,28839 -0,18249 -0,16789 -0,31878

°7 0,03373 0,03082 0,02977 0,03360 0,03368 0,03427 0,03258 0,03703 0,03168

bs -2,27760 -1,96145 -2,04062 -2,69913 -3,31717 -2,33034 -2,35535 -3,42114 -2,38499

52 0,20618 0,17874 0,17328 0,25347 0,30119 0,20807 0,21139 0,33121 0,21713

53 0,23823 0,19575 0,25333 0,29946 0,44026 0,27284 0,30880 0,42909 0,21649

54 0,00205 0,00138 -1,4901O-s -2,91 0 lO-s 0,00543 -7,2501O-s -0,00233 -0,00366 0,01138

55 0,04335 -0,02531 -0,01229 0,03100 0,10548 0,01285 -0,00029 -0,02238 -0,03454

56 0,45654 0,24149 0,30256 0,38795 0,55121 0,41848 0,52125 0,65337 0,39197

Os 0,03102 0,02929 0,03063 0,03557 0,06293 0,03231 0,03499 0,05204 0,03449

b9 10,98284 11,56897 9,73047 10,85669 9,94160 10,47857 9,75304 9,96989 11,82945

u2 -1,46712 -1,58017 -1,26650 -1,47560 -1,30137 -1,38568 -1,24918 -1,30643 -1,62058

u3 0,15508 0,12747 0,20184 0,16884 0,18181 0,185110 0,15702 0,17507 0,16324

u4 0,02205 0,04930 0,00951 0,04892 0,02873 0,01640 0,00942 0,03123 0,02925

Us -0,30053 -0,38591 -0,05798 -0,29409 -0,04294 -0,05878 -0,03682 -0,04746 -0,08891

u6 -1,29667 -1,54390 -0,66445 -1,32098 -0,71057 -1,14787 -0,66770 -0,68383 -1,41617

°9 0,13408 0,12013 0,04215 0,12177 0,04523 0,09409 0,03981 0,04579 0,19328



!'.I °C Xo wo' M/C 11:7 PKp' Kiia 11:8 X 11:9 WKp' M/Cn' KP

0 0 3,208 0,2597 342,56 0,6685 0,3315 21,078 67,629

10 0 3,084 0,2446 322,36 0,7302 0,2698 17,193 53,027

0 0,1 8,224 0,2850 376,03 0,5891 0,4109 9,217 75,802

ITOP5I,lJ,OKI1CnOJlb30Baml5I 6e3pa3MepHhIx ypaB-

HeHI1H nOK3)KeM Ha npl1Mepe pacl.feTa ,1J,JlHHbIKT

npl1 cJle,lJ,YIOI.I.I,wx YCJlOBI15IX: XJla,lJ,areHT R134a,

I
K
= 50°C, !'.tn= 0 DC, Xo= 0, G = 10/3600 Kr/C,

d
T
= 0,001 M, !'./d

T
= 0,001.

ITo nporpaMMe REFPRO P 8,0 HaXO,lJ,HMnapaMeT-

pblXJla,lJ,areHTaP
K
= 1317905 ITa, v'=0,90719 .10-3 M3/Kr,

v" = 15,0894· 1O-3M3/Kr, Jl' = 141,772 . 10-3 ITa . c,
Jl"= 12,917·JO-3ITa·c.

C I1CnOJlb30BaHI1eM YKa3aHHhIX 3Hal.feHl1H onpe-

,lJ,eJl5IeM6e3pa3MepHble nepeMeHHble: n2 = 333,9913;

n3 = 16,6331; n4 = 268,8449; n5 = 0,9; n6 = 1,0. IIpl1 3Ha-

l.feHl151XnOKa3aTeJleH bl' n2, nv n4, n5, n6, npHBe,lJ,eHHhIX

B nepBoM cToJl6lJ,e Ta6JI. 1, no ypaBHeHl110 (I) nOJlY-
lIaeM nl = 1518,06. OTCIO,lJ,al1CKOMa51,1J,JlHHaTpy6Kl1

1= 1,518M.
ECJll1 npl1 npe)KHHX I1CXO,lJ,HhIX,lJ,aHHhIX nepe-

OXJlCDK.lleHl1eXJla,lJ,areHTa COCTaBJl51eT!'.tn = 10°C,

TO no TeMnepaType )I(J1,lJ,KOCTl1I", = 40°C HaXO,lJ,l1M
v' = 0,87204·JO-3M3/Kr, Jl' = 161,49.10-3 ITa·c. 3Ha-

lIeHI151 v" 11Jl" OCTaIOTC51npe)f(HHMH, a BMeCTO napa-

MeTpoB CMeCl1 I1CnOJlb3yeM HOBbIe 3Hal.feHl151v' l1 Jl '.

npl1 3TOM nOJlYlfaIOTC5I6e3pa3MepHble nepeMeHHbIe:

n2= 327,4567; n3= 17,3036; n4= 240,791; n5= 0,9;
n6 = 1,2. no ypaBHeHl110 (I) I1MeeM nl = 2903,68, OTKY-
,lJ,a1 = 2,904M. KaK 11CJle,lJ,OBaJIOO)l(J1,lJ,aTh,,1J,JI5l,lJ,POC-

CeJll1pOBaHI15I npe)KHero paCXO,lJ,anepeOXJlCDK.lleHHOM
)I(J1,lJ,KOCTI1He06xo,lJ,I1MaKT 66JlbWeH ,1J,Jll1HhI.

ECJll1 ,lJ,pocceJll1pyeTC5I nap0)l(J1,lJ,KOCTHa51CMeCb

C napOCO,lJ,ep:>KaHl1eMXo = 0, 1, TO no HaH,lJ,eHHhIMnpl1 t
K

= 50°C 3HalleHI151M v', Jl', v", Jl" Bhllll1CJI51IOTC51na-

paMeTphI CMeCl1 Vc = 2,3254.10-3 M3/Kr, ~o = 0,64888,
Jlc = 58,1595.10-3 na . c. C l1X Yl.feTOM nOJIYl.faeM 6e3-

pa3MepHble nepeMeHHble: n2 = 534,732; n3 = 6,4889;

n4 = 409,3318; n5 = 0,9; n6 = 1,0. ITo ypaBHeHl110 (I)
HaXO,lJ,I1Mn

l
= 831,22, a 1 = 0,831 M. ,lJ,JI51 ,lJ,pOCCeJIH-

pOBaHl151napO)f(H,lJ,KOCTHOHCMeCH Tpe6yeTC5I Tpy6Ka
MeHbweH ,l],JlI1HbI.

KaK BI1,lJ,I1M,,1J,Jl51 paClieTa ,1J,JlHHhIKT rro ypaB-

HeHl110 (I) H~bl ,lJ,aHHhle 0 CBOHCTBax XJla,lJ,areH-

Ta l1 napaMeTpax ero COCT051Hl15lHa BXO,lJ,eB Tpy6KY,

a TaK:>Ke0 ,lJ,l1aMeTpe 11wepOXOBaTOCTl1 BHYTpeHHeM

nOBepXHOCTI1 Tpy6Kl1. K I1CXO,lJ,HhIM,lJ,aHHhIM OTHO-

CI1TC5111 paCXO,lJ,,lJ,pocceJIl1pyeMoro XJla,lJ,areHTa G,
KOTOpbIH onpe,lJ,eJl51eTC51Ha OCHOBe paClieTa lJ,l1KJla

XM. Kor,lJ,a 113BeCTHbipa3MepbI Tpy6Kl1, paCXO,lJ,XJla-
,lJ,areHTaG C 3a,lJ,aHHbIMI1napaMeTpaMl1 Ha BXO,lJ,eB KT

onpe,lJ,eJl51eTC5Ino ypaBHeHl110 (2). B 060l1x CJIyt-Ia51X

C I1CnOJlb30BaHI1eM y:>KeHaM,lJ,eHHhIXrrepeMeHHbIX n2,

n3, n4, n5, n6 no ypaBHeHH51M (3)-(5) MO)f(HO onpe,lJ,e-

JlI1Tb ,lJ,aBJleHl1e, MaCCOBoe napOCO,lJ,ep:>KaHHel1 CKO-

POCTh XJla,lJ,areHTa B KpHTHl.feCKOM pe)l(J1Me TelleHl15I.

ITo YCJIOBH51MpaCCMaTpHBaeMoro rrpl1Mepa ,l],Jl5ITpex

xapaKTepHhIX CJIYl.faeB rrOJIYl.faIOTC51,lJ,aHHble, npl1Be-

,lJ,eHHhleB Ta6Jl. 2.

ITapaMeTphI KpI1THl.feCKOrO pe)l(J1Ma npe,lJ,CTaB-
JI51IOTrrpaKTI1l.feCKHH l1HTepeC B CJlYl.fa51X,KOma ,lJ,aB-

JIeHHe nOCJle KT (,lJ,aBJIeHl1eKHneHl151 po) npeBbIwaeT
3HalleHH51 PKp• ITPl1 3TOM pe:>Kl1MTel.feHI15ICTaHOBI1TC51
,lJ,OKpHTI1l.feCKl1M,11Ha ero napaMeTpbI BJlI151eTnepe-
na,lJ,,lJ,aBJIeHI151P

K
- po. B rrO,lJ,06HhIXcJIYl.fa51xHe06xo-

,lJ,l1MOYMeHhwaTh paCl.feTHYIO ,1J,JlHHyKT HJlI1 l1CKO-

MbIH pacxo,lJ, XJla,lJ,areHTa '1epe3 Tpy6Ky KOHKpeTHoro

pa3Mepa. fpaHHlJ,y Me:>K,1J,YKpl1THlfeCKI1M 11,lJ,OKPl1Tl1-

l.feCKl1Mpe)l(J1MaMl1 xapaKTepl13yeT OTHOWeHl1e nepe-

na,lJ,OB,lJ,aBJleHI151[J = (P K - po) / (P K - P KP)· ITPl1 [J;::' 1
pe)l(J1M 5lBJl51eTC51KpI1Tl1l.feCKl1M. Pacxo,lJ, XJla,lJ,areHTa

B ,lJ,OKpI1Tl1l1eCKOMpe)f(J1Me npe,1J,JlO)f(eHOorrpe,lJ,eJl5ITb

nYTeM YMHO:>KeHH51pacxo,lJ,a, HaM,lJ,eHHOrO no 3aBl1-

Cl1MOCT51MKpI1TI1l.feCKOrO pe)l(J1Ma, Ha nonpaBollHbIM

MHO)f(J1TeJlb \jf [4]. CB513b Me:>K,1J,yBeJll1l1l1HaMI1 [J 11\jf

xapaKTepl13yeTC51 3HalleHH51Ml1:

[J 0,2 0,4 0,6 0,8 \,0

\jf 0,55 0,79 0,9 0,96 1,0

Ql1CJleHHbIH aHaJIl13 nOKa3bIBaeT, lITO MHO)f(J1-
TeJlb \jf MO)f(HO HCnOJIb30BaTb l1 ,lJ,Jl51 KOppeKTl1pOB-
KI1 ,1J,JlHHbIKT. CJIe,lJ,yeT 3aMeTl1Th, liTO rrpl1 pa60Te

KT B COCTaBe XM OTHOllIeHl1e II pe,lJ,KOonycKaeTC51

Hl1:>Ke0,6. ITPH 3TOM MHO)f(I1TeJIh \jf > 0,9. YKa3aHHble
3Hal.feHH51CBl1,lJ,eTeJlbCTBYIOT0 CJIa60M BJIH51Hl1l1,lJ,aB-

JIeHH51Kl1neHH51 Ha npolJ,eCC ,lJ,pOCCeJIl1pOBaHH51B KT.

B lJ,eJIOM, nOJIYl.feHHble ypaBHeHH51 C l.fl1CJIeHHhIMl1

K03cPcPl1lJ,l1eHTaMl1n03BOJI51TCnelJ,HaJIl1CTaM BbIIlOJI-
H51TbpaCl.feTbI KT npl1 pa3HbIX I1CXO,lJ,HbIX,lJ,aHHbIX.
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