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IIoBepXHocTHoe HaTIDKeHMepaCTBOpOB
R134a / Castrol Icematic SW 22

,U.A. IIPOUEHKO, C.H. AHqEPBAK, B.II. JKEJIE3HhIi\
OiJecCIWJl zocyiJapcm8eHHaJl aKaiJeMUJl xOAoiJa

The experimental investigation and calculations of the capillary constant and
surface tension of the oil Castrol Icematic SW 22 of the solutions R 134a/
Castrollcematic SW22 were carried out. The measurements were performed
by differential method of capillary rise in the temperature range 290 ~ T ~
330 K in the interval of the oil mass concentration 0 <xo < 0,22. The obtained
data are approximated by power dependencies with universal crossover
functions at indices of power. The concentration relationship of the equations
coefficients was investigated. The tables of reference data on the capillary
constant and surface tension of solutions R 134a / Castrollcematic SW 22 in
the range of operational parameters of vapor-compression refrigerating
machines arc calculated. The data obtained are interesting for specialists
studying the processes of heat exchange in the evaporator of the refrigerating
machine.

PeaJIbHOe pa60qee TeJIO (PPT) B rrapoKoMrrpeccHoHHbIX

XOJIO,n;HJIbHbIXyCTaHoBKax rrpe,n;cTaBJIjleT C060H cMecb, co-

CTOjlmylO H3 XJIa,n;areHTa H MaCJIa.

HaJIHqHe rrpHMeceH MaCJIa B pa60qeM TeJIe rrpHBo,n;HT K

CHH)I(eHHIOxOJIo,n;orrpoH3Bo,n;HTeJIbHOCTH,YBeJIHqeHHIO pa-

60TbI C)I(aTHjl B KOMrrpeccope, YMeHbIIIeHHIO XOJIO,n;HJIbHO-

ro K03<P<PHQHeHTa[6, 7, 12, 13], CHH)I(eHHIOK03<PtPHQHeHTa

TerrJIOrrepe,n;aqH B HcrrapHTeJIe [19, 20]. Ilo3ToMy HCCJIe-

,n;OBaHHeTerrJI0<pH3HqeCKHX CBOHCTB )l(H,n;KOH<pa3bI PPT

rrpH Pa3JIJfqHbIX KOHQeHlpaQJfjlX KOMrrOHeHTOBHMeeT rrpHH-

QHrrHaJIbHOe 3HaqeHHe.

IIH<popMaQml 0 rroBepxHocTHOM HaTjl)l(eHHH pacTBopoB

030HoHepa3pYllialOmHX XJIa,n;areHTOB C HOBbIMH CHHTeTH-

qeCKHMH KOMrrpeccopHbIMH MaCJIaMH B JIHTeparype rrpaK-

THqeCKH OTCyTcTByeT [9]. O,n;HaKo HMeHHO rrOBepXHOCT-

Hoe HaTjl)l(eHHe paCTBopa XJIa,n;areHT/MaCJIO B 3HaqHTeJIb-

HOH Mepe orrpe,n;eJIjleT H3HOC corrpjlraeMbIX rro,n;BH)I(HbIX

,n;eTaJIeHKOMrrpeccopa. )];0 CHX rrop OCTalOTCjl HeH3yqeH-

HbIMH TaK)l(e BorrpOCbI BJIHjlHHjl rrOBepXHOCTHoro HaTjl)l(e-

HHjl Ha HHTeHCHBHOCTb rrpOQeCCOB HcrrapeHHjl PPT B HC-

rrapHTeJIe H T.,n;.

Ha OCHOBaHHHHH<popMaQHH 0 qHCTbIX KOMrrOHeHTax He-

B03MO)l(HO rrOJIyqHTb ,n;OCTOBepHylO HH<popMaQHIO 0 rro-

BepXHOCTHOM HaTjl)l(eHHH paCTBopOB XJIa,n;areHT/MaCJIO

(PXM), TeM 60JIee qTO HCrrOJIb3yeMbIe B rrpaKTHKe Mac-

JIa jlBJIjllOTCjl )l(H,n;KHMH MHorOKOMrrOHeHTHbIMH paCTBO-

paMH C Heorrpe,n;eJIeHHbIMH CTpyKrypOH H MOJIeKyJIjlpHOH

MaccoH.

BbIBO,n; 0 TepMo,n;HHaMHqeCKOM rro,n;o6HH PXM B IIIHpO-

KOM HHTepBaJIe KOHQeHTpaQHH MaCJIa [10, 18] rr03BOJIjleT

rrpHcryrrHTb K pa3pa60TKe MeTo,n;OBrrporH03HpOBaHHjl HX

TerrJIo<pH3HqeCKHX CBOHCTB. OJl:HaKO rrOCTpoeHHe JIlO6bIX

rrporHOCTHQeCKHX Mo,n;eJIeH, rrpeTeHJl:YlOmHX Ha ,n;OCTOBep-

HOCTb, B03MO)l(HO TOJIbKO rrpH HaJIHqHH KoppeKTHo rroJIy-

QeHHbIX 3KcrrepHMeHTaJIbHbIX Jl:aHHbIX.

3KcnepHMeHTaJIbHble HCCJIeJlOBaHHH

IloBepxHocTHoe HaTjl)l(eHHe pacTBopoB R134a I Castrol

Icematic SW 22 orrpe,n;eJIjlJIOCb Jl:H<p<pepeHQHaJIbHbIM Me-

TO,n;OMKarrHJIJIjlpHOrO rro,n;HjlTHjl. 3TO e,n;HHcTBeHHbIH H3

cymecTBylOmHx crroc060B H3MepeHHjl, KOTOpbIH rr03BOJIHT

rrOJIYQHTb HHtP0pMaQHIO 0 rrOBepXHOCTHOM HaTjl)l(eHHH B

YCJIOBJfjlX TepMo,n;HHaMHQeCKoro paBHOBeCHjl B IIlHpOKOM

HHTepBaJIe rrapaMeTpoB COCTOjlHHjl [1].

3KcrrepHMeHTbI rrpOBOJl:HJIHCbHa yCTaHoBKe, rrpe,n;CTaB-

JIeHHOH Ha pHC. 1. B H3MepHTeJIbHOH jlQeHKe 3, rrpe,n;cTaB-

JIjllOmeH C060H TOJICTOCTeHHYIOCTeKJIjlHHYIO aMrryny, YC-

TaHOBJIeHbI TPH KaJIH6pOBaHHbIx KarrHJIJIjlpa Pa3JIHQHbIX

pa3MepoB: R1 = 0,16 MM; Rz = 0,36 MM; R3 = 0,5 MM. BH3Y-

aJIbHOe Ha6JIIO,n;eHHe 3a rrOJIO)l(eHHeM ypoBHeH MeHHCKOB

)l(HJl:KOCTHB KarrHJIJIjlpaX rrpOH3BOJl:HJIOCbrrocpe,n;CTBOM Ka-

TeTOMeTpa KM-8 (15) C rrorpelliHocTblO 0,015 MM. rep-

MeTHQHOCTb H3MepHTeJIbHOH jlQeHKH 06eCrreQHBaJIaCb 3a-

rrOpHbIM BeHTHJIeM V3, KOTOpbIH Qepe3 KOBapOBbIH IIIry-

Qep KperrHJICjl K CTeKJIjlHHOH aMrryJIe.

TepMOCTaTHpOBaHHe H3MepHTeJIbHOH jlQeHKH rrpOBo,n;H-

JIOCb B CTeKJIjlHHOM cocy,n;e )];blOpa 7, 3arrOJIHeHHOM yaHT-

crrHpHToM. OJl:HOPO,n;HOCTbTeMrrepaTypHoro rrOJIjl rro Bce-

MY om.eMy TepMocTaTHpylOmeH )l(H,n;KOCTHo6eCrreQHBa-

JIaCb MeIIIaJIKOH 6. )];JIjl C03,n;aHJfjl orrpe,n;eJIeHHOH TeMrrepa-

rypbI B TepMOCTaTe H ee peryJIHpOBaHHjl rrpe,n;ycMOTpeHbI

Pa3roHHbIH H peryJIHpyeMbIH HarpeBaTeJIH. IlocJIe,n;HHH rro,n;-



Puc. 1. CxeMa 3KCnepUMeHmaJIbHOU ycmaH06KU OM UCCAeOO6aHUfino-
8epXHOCmHOCOHamJOlC~HUfl CMeCUR134a / Castrol Icematic SW 22:
1- cocyo j{bloapa c :JICUOKUM a30moM; 2 - Oaml{UK cucmeMbi
pezyAup08aHUfi meMnepamypbl; 3- CmeKllflHHaJI aMnyAa c K08a-
P08bIM IUmy~epoM; 4 - pezYARmop Oa8AeHUfi 8 cocyoe j{blOapa;
5 - mepMOMemp conpomU8AeHUR; 6 - MelUaJlKa; 7- CmeKARHHblU
cocyo j{blOapa; 8 - menA006MeHHuK; 9 - MaHOMemp; 10 - 8aKy-
yMHaR cucmeMa; 11- MUAAU80AbmMemp; 12- npe06pa308ameAb
oa8AeHUfl; 13- U3MepumeAbHble KanUAARpbl; 14- 6aJlAOH cXflao-
azeHmOM; 15- KamemOMemp; 16- cucmeMa pezyAup08aHUfi meM-
nepamypbl

KJIlOqeH K CHCTeMe peryJIHpOBaHHlI TeMIIepaTypbI 16,

BKJIlOqaIOI.QeH BbICOKOTOqHbIH perymlTop TeMIIeparypbI

BPT -3, MOCT MO-62 H TeXHHqeCKHH IIJIaTHHOBbIH TepMo-

MeTp COIIpOTHBJIeHHlI 2. TeMIIeparypa B OIIbITax H3Mepll-

JIaCb IIJIaTHHOBbIM TepMoMeTpoM COIIpOTHBJIeHHlI 5. Tep-

MOCTaT 6bIJI OCHaI.QeH TeIIJI006MeHHHKoM 8, qepe3 KOTO-

PbIH IIpH IIpoBe~eHHH H3MepeHHH Ha HH3KHX TeMIIepary-

pax IIpOKaqHBaJIClI )l(H~KHH a30T H3 cocy~a ):(bIOapa 1. Ilo-

CTOllHHbIH pacxo~ a30Ta qepe3 TeIIJI006MeHHHK 8 06ec-

IIeqHBaJIClI CHJIb<P0HHbIM perYJIlITOpOM ~aBJIeHHlI 4 H BeH-

THJIeM TOHKOHperyJIHpOBKH V2. ):(m BaKyYMHpoBaHHlI H3-

MepHTeJIbHOH lIqeHKH 3 H OqHCTKH HCCJIe~yeMoro 06pa3-

Qa OT HeKoH~eHcHpYIOI.QHXClI ra30B IIpHMeHlIJIH BaKyyM-

HyIO cHcTeMy 10. ):(aBJIeHHe B H3MepHTeJIbHOH lIqeHKe OII-

pe~eJIlIJIH IIO IIOKa3aHHlIM IIpe06pa30BaTeJIlI ~aBJIeHHlI 12

H MHJIJIHBOJIbTMeTpa 11.):(0 3KcIIepHMeHTa H IIO ero OKOH-

qaHHH IIPOH3BO~HJIaCb HH~HBH~yaJIbHall TapHpoBKa IIpe-

06pa30BaTeJIlI ~aBJIeHHlI C HCIIOJIb30BaHHeM CIIpaBOq-

HbIX ~aHHbIX IIO ~aBJIeHHIO HaCbII.QeHHbIX IIapoB XJIak

areHTa R134a [14]. IlpoBe~eHHbIe HCCJIe~OBaHHlI IIO-

Ka3bIBaIOT, qTO a6COJIIOTHall IIorpelliHocTb H3MepeHHJI

~aBJIeHHlI B IIpoBe~eHHbIx 3KCIIepHMeHTax He IIpeBbI-

IIIaJIa 0,0016 Mila.

Ilepe~ IIpoBe~eHHeM OIIbITOB MaCJIO Castr01 Icematic

SW 22 IIo~BepraJIOCb ~ea3paQHH C QeJIbIO OqHCTKH OT

HeKoH~eHcHpYIOI.QHXCJI IIpHMeceH. Ilepe~ 3aIIpaBKoH

XJIa~areHTOM H3MepHTeJIbHaJi JlqeHKa BaKyyMHpoBa-

JIaCb.

B IIpoQecce 3KcIIepHMeHTaJIbHOrO HCCJIe~OBaHHJI IIpO-

BO~HJIH H3MepeHHJI TeMIIepaTypbI H ~aBJIeHHJI H oIIpe~e-

JIJlJIH KaIIHJIJIJlpHyIO IIOCTOJlHHYIO a2
ii

a~j = I:1Hi,j /(1/ bi -1/ bj); (1)

(j2 = L ai~jPi,j (2)

LPi,j

r~e Mlij - pa3HocTb BbICOT IIO~HJlTHlI MeHHCKOB )l(H~KO-

CTH B KaIIHJIJIJlpaX;

bi, bj - pa~HycbI KpHBH3HbI MeHHCKOB )l(H~KOCTH H3-

MepHTeJIbHbIX KaIIHJIJIJlpOB;

Pij - cTaTHCTHqeCKHH Bec OT~eJIbHOrO H3MepeHHlI Ha

Ka~oH IIape KaIIHJIJIJlpOB.

B KaqeCTBe KpHTepHJI IIpH orrpe~eJIeHHH CTaTHCTHqeC-

Koro Beca 6paJIH BeJIHqHHY lI()ij' 06pa'I'HYIO MaKCHMaJIb-

HO B03MO)l(HOH OTHOCHTeJIbHOH oIIIH6Ke B OIIpe~eJIeHHH Ka-

IIHJIJIjfPHOH IIOCTOJlHHOH.

TaKaJl MeTO~HKa OIIpe~eJIeHHJI KaIIHJIJIJlpHOH IIOCTOJlH-

HOH II03BOJIlIeT cyI.QeCTBeHHo YMeHbllIHTb BJIHJlHHe CJIy-

qaHHbIX IIorpelliHocTeH IIpH H3MepeHHJlX He60JIbllIHX 3Ha-

qeHHH BbICOTbI IIO~HJlTHJI )l(H~KOCTH B KaIIHJIJIlIpax.

3HaqeHHJI lIbi - lIbj MlI Pa3JIHqHbIX IIap H3MepHTeJIb-

HblX KaIIHJIJIjfPOB 6bIJIH IIOJIyqeHbI IIO pe3YJIbTaTaM TapHpo-

BOqHOrO 3KcIIepHMeHTa. B KaqeCTBe 3TaJIOHHOH )l(H~KOCTH

~ TapHpoBKH HCIIOJIb30BaJIH XJIa~areHT R134a, ~aHHbIe 0

IIoBepxHocTHOM HaTlI)I(eHHH KOToporo IIpHBe~eHbI B [5].

IlpoBe~eHHbIH aHaJIH3 IIOKa3bIBaeT, qTO HeyqTeHHbIe OCTa'f-

KH OTHOCHTeJIbHOH CHCTeMaTHqeCKOH rrorpelliHocTH oIIpe-

~eJIeHHJI KaIIHJImpHOH IIOCTOllHHOH CMeCH B IIpoBe~eHHbIx

3KCIIepHMeHTax He IIpeBbIllIaIOT 2,5 - 3 %.
OIIpe~eJIeHHe MaCCbI 3aIIpaBOqHOrO 6aJIJIOHqHKa H KOM-

IIOHeHTOB PXM oCyI.QeCTBmJIH Ha aHaJIHTHqeCKHX Becax

A,IU3-200M C IIorpeIliHOCTbIO, He IIpeBbIIIIaIOI.QeH 5'10-7 Kr.

KOHQeHTpaQHIO MaCJIa B' )l(H~KOH <pa3e pacTBopa paCCqH-

TbIBaJIH IIO <popMyJIe

x =o
m, +mo -mv"

r~e m - Macca 3anpaBJIeHHOrO B lIQeHKY MaCJIa;o

m,- Macca 3aIIpaBJIeHHOrO B lIQeHKY xJIa~areHTa;

m - Macca IIapoBoH <pa3bI XJIa~areHTa B H3MepH-v,r

TeJIbHOH JlQeHKe.

OTHOCHTeJIbHYIO IIorpeiliHocTb OIIpe~eJIeHHJI KOHQeHT-

paQHH aBTopbI OQeHHBaIOT B 0,5 %. IlorpeiliHocTb H3Me-

peHHlI TeMIIepaTypbI He IIpeBbIllIaJIa 0,05 K.



Pe3YJIhTaTbI 3KCnepHMeHTaJIhHOrO HCCJIe,lJ;OBaHHH

B HaCTO~rn:ee BpeMjI }')Ke HaKOnJIeH 60JIbillOH OnbIT B

npOBe.n.emUr3KCnepliMeHTaJIbHbIX liCCJIe.n.OBaHliHTenJIoqm-

3liqeCKliX CBOHCTBPXM. ,n:OCTaTOqHOnOJIHbIH nepeqeHb

TaKliX liCCJIe.n.OBaHliH npliBe.n.eH B [8, 15]. J:I3MepeHli~

CBOHCTBPXM npOBo.n.HJIH,KaK npaBliJIO, B paMKax Tpa.n.li-

UHOHHbIXMeTo.n.HK,npoIlle.n.IIIHx XOpOillylO anp06aUHlO npH

H3yqeHHH CBOHCTBqHCTbIX BeIQeCTB HJIli pacTBopoB .n.OC-

TaTOqHOCXO.n.HbIXKOMnOHeHTOB.BMecTe CTeM TaKlie <paK-

TOpbI, KaK BJIH~HHe nepeMeIIIHBaHHjI )l(H.n.Koro pacTBopa

Ha .n.aBJIeHHeHaCblrn:eHHbIX napoB H KOHueHTpaUHIO )l(H)J.-

KOH<pa3bIPXM, BpeMjI npOTeKaHHjI COp6UHOHHbIXnpOIIeC-

COBnpH YCTaHOBJIeHliHpaBHOBeCHjIB H3MepHTeJIbHOHjIqeH-
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PUC. 2. BpeMJI ycmaH061leHUJI mepMOOUHaMUileCKOZO
pa6H06eCUJI 6 U3MepumellbHOU JI'IeUKe OIlJl CMecu

R134a / Castro! Icematic SW 22
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Puc. 3. BpeMJI ycmaHo61leHUJI mepMoOUHaMUileCKOZO

pa6H06eCUJI 6 U3MepumellbHbiX KanU/l/lJlpax OIlJl CMecu
R134a / Castro! Icematic SW 22 (MacC06aJl KOHl{eHmpau,UJI

Macllaxo"" 0,1827, T=323,2 K)

Ke [16] H T.n., OCTaIOTC~BO MHorOM HeH3yqeHHbIMH, qTO

B 3HaqI-ITeJIbHOH Mepe onpe.n.eJI~eT He.n.OCTaTOqHOBbICO-

Koe KaqeCTBO3MnHpliqeCKOH HH<popMaIIHH, KOTopa~B .n.aJIb-

HeHilleM HCnOJIb3yeTc~ .n.JI~nOCTPoeHH~ TepMo.n.HHaMHqeC-

KliX MO,lWJIeH.3TO C.n.ep)l(HBaeTnporpecc B pa3BHTHH Me-

TO.n.OBTepMo.n.HHaMHqeCKOrO Mo.n.eJIHpOBaHH~ CBOHCTB

PXM.
Il03ToMy nepe.n. H3MepeHHeM KanHJIJI~pHOH nOCTO~HHOH

PXM 6bIJIO npOBe.n.eHOCneIIHaJIbHOe 3KcnepHMeHTaJIbHOe

HCCJIe.n.OBaHlieno onpe.n.eJIeHlilO BpeMeHH YCTaHOBJIeHHjI

TepMo.n.HHaMHqeCKOrOpaBHOBeCli~ B H3MepHTeJIbHOH~qeH-

Ke H B pacnOJIO)l(eHHbIX B HeH KanHJIJI~pax. Ero pe3YJIbTa-

TbI, npHBe.n.eHHble Ha pHC. 2 H 3, n03BOJI~IOT npHHTH K 3aK-

JIlOqeHHIO, qTO BpeM~ YCTaHOBJIeHH~ TepMo.n.HHaMHqeC-

Koro paBHOBeCHjI npH HCCJIe.n.OBaHHjIXCBOHCTBPXM Be-

JIHKOH 3aBHCHT OT COCTaBaH TepMo.n.HHaMHqeCKHX napa-

MeTpOB 06'beKTa HCCJIe.n.OBaHlijI. TaK, BpeMjI yCTaHOBJIe-

HHjI paBHOBeCHoro .n.aBJIeHH~HaCbIIQeHHbIX napOB C yBe-

JIHqelIHeM KOHIIeHTPaIIHH MaCJIa B PXM YBeJIHqHBaeTC~.

,n:ocTH)I(eHHe paBHOBeCHbIX .n.aBJIeHH~ H TeMnepaTypbI B

H3MepHTeJIbHOH ~qeHKe (KoTopoe <pHKcHpyeTc~ no nOKa-

3aHlijIM TepMOMeTpa H npe06pa30BaTeJI~ .n.aBJIeHHH)ern:e

He ~BJI~eTC~ rapaHTlieH nOJIyqeHHjI .n.OCTOBepHbIXpe3yJIb-

TaTOB npH H3MepeHHH KanHJIJI~pHOH nOCTOjIHHOH,TaK KaK

BpeM~ YCTaHOBJIeHlijI paBHOBeCH~ B H3MepHTeJIbHbIX Ka-

nHJIJI~paX (npe)l(.n.e Bcero yCTpaHeHHe rpa.n.HeHTa KOHIIeH-

TpaIIHH no BbICOTe) 3HaqHTeJIbHO npeBbIIllaeT BpeM~ yc-

TaHOBJIeHH~paBHOBecHoro .n.aBJIeHH~HaCbIIQeHHbIX napOB.

J:I3MeHeH~ B 3HaqeH~X KallHJIAApHOH nocTO~HHOH Ha6JIIO-

.n.aJIHCbTOJIbKOqepe3 5...6 q nOCJIe BbIBo.n.ayCTaHoBKH Ha

3a.n.aHHbIH TeMnepaTypHbIH pe)l(HM. IlpliqeM qeM MeHb-

Ille .n.liaMeTP H3MepHTeJIbHbIX KanHJIJIjIpOB, TeM 60JIbillee

BpeM~ He06xo.n.HMO .n.JI~YCTaHOBJIeHHjI paBHOBeCHjI (CM.

pHc.3).
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PUC. 4. TeMnepamYPHaJl3a6UCUMocmb KanUllllJlpHOU
nOCmOJlHHOU R134a / Castro! Icematic SW 22



Ta6Auu,a 1. 3KcnepuMeHmaAbHbie 3HaIJeHUJIKanUAAJlpHOU

nOCmOJlHHOU

KOHl.\eHTjJa-

UHSI Macna

TeMnepa- l(aBneHHe p,
MaCCOBaSi (paC'IeT C HC- KanHnnSipHaSi

Typa T, K K!1a
KOHueHTjJa- nOJIb30BaHHeM n OCTOSIHHaSI

UHSI Macna ilaHHblX no ljla- a2, MM2

30BbiM paBHO-

BecHSlM)

303,30 773,38 [11] 0,00000 0,00000 1,340

303,30 768,38 0,01236 0,01413 1,405

303,30 760,04 0,10236 0,11458 1,529

303,30 740,69 0,18267 0,20791 1,522

303,30 - 1,00000 1,00000 5,821

313,10 1015,04 [11] 0,00000 0,00000 1,169

313,20 1017,77 [11] 0,00000 0,00000 1,167

313,20 1012,77 0,01236 0,01484 1,158

313,20 1005,43 0,04408 0,05173 1,233

313,20 999,43 0,10236 0,11957 1,317

313,15 979,75 0,18267 0,21860 1,326

313,15 - 1,00000 1,00000 5,543

323,05 1315,96 [11] 0,00000 0,00000 0,994

323,15 1319,28 [11] 0,00000 0,00000 0,992

323,10 1314,28 0,01236 0,01591 0,942

323,15 1300,61 0,04408 0,05477 1,001

323,10 1266,25 0,18267 0,23354 1,144

323,45 - 1,00000 1,00000 5,279

328,15 1489,34 [11] 0,00000 0,00000 0,903

328,10 1484,34 0,01236 0,01659 0,851

328,05 1466,66 0,04408 0,05667 0,841

328,10 1463,66 0,04408 0,05669 0,843

328,10 1455,32 0,10236 0,13075 0,942

328,10 1423,29 0,18267 0,24319 1,026

328,15 - 1,00000 1,00000 5,103

TaKHM 06pa30M, OCHOBHhIMH <paKTOpaMH, Orrpel(emnO-

IUHMH BpeMH yCTaHoBnemUI TepMOl(HHaMHqeCKOrO paB-

HOBecmI B H3MepHTenhHOll HqellKe B u;enOM H H3MepHTenh-

HhIX KarrHnmlpax B qaCTHOCTH, HBmnOTCH l(H<P<PY3HOHHhle

rrpOu;eCChI (KaK BHyTpH )KHl(KOll <pa3hI PXM, TaK H Me)K-

<pa3Hhle rrpOu;eCChI ,l\H<P<pY3HH). HMeHHO 3TH Me,l\neHHO

rrpOTeKaIOru;He rrpOu;eCChI Orrpe,l\enHIOT 3Hal.IHTenhHhIll BeC

cnyqallHOll COCTaBnHIOru;ell rrOrpelliHOCTH B rrOnHOll rro-

rpelliHOCTH Orrpe,l\eneHHH KarrHnnHpHOll COCTaBnHIOru;ell.

YMeHhIllaTh BpeMH yCTaHoBneHHH TepMO,l\HHaMHqeCKoro

paBHOBeCHH rryTeM rrepeMeIIIHBaHHH )KH,l\KOll <pa3hI PXM

Henh3H, rrOCKOnhKY CaMO rrepeMeIIIHBaHHe HBnHeTCH <paK-

TOpOM HapyIlleHHH paBHOBeCHH ra30HaChlru;eHHOrO paCTBO-
pa PXM [3,17,18].

I10nyqeHHhle 3KcrrepHMeHTanhHhle ,l\aHHhle rrpHBe,l\eHhI

B Ta6n. 1. TeMrrepaTypHaH 3aBHCHMOCTh KarrHnnHpHOll

rrOCTOHHHOll ,l\nH PXM pa3nHqHOll KOHu;eHTpaU;HH rrOKa3a-

Ha Ha pHC. 4.

B rrpou;ecce HCCne,l\OBaHHH KarrHnnHpHoll rrocToHHHOll

PXM 6hInO 3a<pHKcHpoBaHo cyru;eCTBeHHoe H3MeHeHHe

KOHu;eHTpaU;HH)KH,l\KOll <pa3hI rrpH H30XOpHOM HarpeBaHHH

HCCne,l\yeMoro o6pa3u;a B H3MepHTenhHoll HqellKe (CM.

Ta6n. 1). TeM caMhIM rronyqHnO rrO,l\TBep)K,l\eHHe paHee

BhlCKa3aHHoe rrOnO)KeHHe 0 Heo6xo,l\HMOCTH yqeTa H3Me-

HeHI1jf KOHu;eHTpaU;HHrrpH o6pa6OTKe 3KcrrepHMeHTanhHhlx

,l\aHHhIX 0 CBollcTBax PXM Ha nHHHH HaChIru;eHHjf [3, 17,

18]. KOHu;eHTpaU;HIO )KHl(KOH <pa3bI PXM orrpe,l\enjfnH C

Hcrronh30BaHHeM paHee rronyqeHHOll HH<popMaU;HH O,l\aB-

neHHH HaCblru;eHHhIX rrapoB R134a / Castrol Icematic SW
22 [3].

PaCqeT rrOBepXHOCTHoro HaTjf)KeHI1jf rrpOBO,l\HnH rro <pop-

Myne

(PI.mix - Pv,r) -2
(Jmix = 2 a g, (4)

me PI, mix' Pv,r - rrnOTHOCTH )KH,l\KOll <pa3hI CMeCH R134a /
Castro1 Icematic SW 22 H rrapOBOH <pa3hI rrpH ,l\aBne-

HHH HaChlru;eHHhIX rrapOB PXM;
g - yCKopeHHe CHnhI Tjf)KeCTH (Ha IIIHpOTe O,l\eCChI

9,8073 M/CZ).

I1nOTHocTh )KH,l\KOll <pa3hI PXM paCCqHThIB~nH rro <pop-

Myne, peKOMeH,l\yeMoH B pa60Te [11]:

PI,mix = PO( J'
1+(I-xJ ::-1

r,l\e PI,mix' Po, Pr - rrnOTHOCTh CMeCH, Macna H xna,l\areHTa
COOTBeTCTBeHHO.

,nnjf paCqeTa 6hInH Hcrronb30BaHhI ,l\aHHhle rro rrnOTHOC-

TH qHCTOrO xna,l\areHTa Ha nHHHH HaChlru;eHHjf [14] H 3KC-

rrepHMeHTanbHble ,l\aHHhle ,l\njf rrnOTHOCTH KOMrrpeccopHo-

ro Macna, rrpHBe,l\eHHble B [4]. I10nyqeHHhle pe3ynhTaThI

KoppeKTHpoBanHch C yqeTOM BenHqHH H36hITOqHOll rrnOT-

HOCTH, rrpHBe,l\eHHhIX B pa60Te [2].
I10nyqeHHhle 3HaqeHHH rrOBepXHOCTHoro HaTH)KeHHH



PXM Ha H30TepMaX 6bIJIH annpOKCHMHpOBaHbI nOJIHHOMa-

MH BTOPOH CTeneHH

amix=A+Bxo+Cx~. (6)
K03q>qJHQHeHTbI annpoKcHMaQHoHHoro ypaBHeHHSI (6)

npHBe,lJ;eHbI B Ta6JI. 2.

Ta6Jlu/ia 2. K03rjxJJU/iUeHmbl

annpOKCUMa/iUOHH020 ypa8HeHUJl (6) Ha

pa3JlU'IHbIX U30mepMax

T,K A B C

303,30 7,56193 2,30558 16,93951

313,20 6,29332 1,37992 17,30338

323,15 5,04368 -0,19320 18,30988

328,15 4,43956 -1,55046 19,19652

Pe3YJlhTaTbI paC'IeTa

Ha OCHOBaHHH nOJIyqeHHbIX 3KCnepHMeHTaJIbHbIX JJ;aH-

HbIX H C HCnOJIb30BaHHeM MeTOJJ;HK nporHo3HpoBaHHSI

CBOHCTBPXM, npeJJ;JIO)KeHHbIX B [3], 6bIJIH paCCqHTaHbI

3HaqeHHSI nOBepXHOCTHoro HaTSI)KeHHSI CMeCH R 134a /

Castrol Icematic SW 22 B JJ;Hana30He npHBeJJ;eHHblx TeM-

nepaTyp 0,01 ~ t = 1- ~ ~ 0,60 (rJJ;e fc - nceBJJ;O-
Tc

KpHTHqeCKaSi TeMneparypa PXM) H MaCCOBbIX KOHQeHT-

paQHH MaCJIa B paCTBope 0 ~ Xo =:; 0,22 H 1,0. B paMKax

npeJJ;JIaraeMOHMeTOJJ;HKHnOBepxHocTHoe HaTSI)KeHHePXM
npH nOCTOSlHHOHKOHQeHTpaQHH KOMnOHeHTOB 6bIJIO an-

npoKcHMHpoBaHo 3aBHCHMOCTbIO BHJJ;a

= ~ot!JF(t),
(Jmix v

rJJ;e~ - YHHBepCaJIbHbIH JJ;JISIpa3JIHqHbIX KOHQeHrpaQHH

PXM nOKaJaTeJIb CTeneHH. Ee3 3HaqHTeJIbHOrO yIQep-

6a JJ;JISITOqHOCTH paCqeTa nOBepxHocTHoro HaTSI)Ke-

HHSI PXM ero BeJIHqHHa MO)KeT 6bITb npHHSlTa paB-

HOH TeOpeTHqeCKoMy 3HaqeHHIO ~ = 1,2586 [3]);
F(t) - yHHBepCaJIbHaSi JJ;JISIXJIaJJ;areHTOBH PXM KpOC-

cOBepHaSi q>YHKQHSI,3HaqeHHe KOTOpOH MO)KeT 6bITb

paCCqHTaHO no ypaBHeHHIO

F(t) = 1-0,03534[t1,5/ln(t)] - 0,316563[t2/ln(t)] +
+ 0,342461 [Nln(t)). (8)

3HaqeHHSI nceB,UoKpHTHqeCKHX TeMnepaTyp PXM Tc B

HHTepBaJIe KOHQeHrpaQHH MaCJIa 0 =:; Xo =:; 0,22 6bIJIH pac-

CqHTaHbI no MeTO,UHKe, npe,UJIO)KeHH~H B pa60Te [18].

KOHQeHrpaQHOHHaSl3aBHcHMoCTb ,UJISITc B YKa3aHHOM HH-

TepBaJIe KOHQeHTpaQHH MO)KeT 6bITb npe,UcTaBJIeHa B BH,Ue

Tc = 363,992+ 449,008 05'

(1+ 201O,04xl•r) ,

TCMncpa- KOHllCHTpa- AMnJIHTYJl.a cr. AMnJIHTYJl.a OTKJlOHC-
Typa T, K l(HlI Macna (3KcnepHMCHT) cr. (paC'leT) HHe, %

303,3 0,0000 62,413 62,610 0,32

303,3 0,0141 65,183 62,633 --4,07

303,3 0,1146 69,071 64,235 -7,53

303,3 0,2079 67,079 69,283 3,18

303,3 1,0000 54,209 54,209 0

313,1 0,0000 62,611 62,610 0,00

313,2 0,0000 62,485 62,610 0,20

313,2 0,0148 61,704 62,633 1,48

313,2 0,0517 65,081 62,898 -3,47

313,2 0,1196 68,378 64,235 -6,45

313,15 0,2186 67,258 69,283 ' 2,92

313,15 1,0000 54,209 54,209 0

323,05 0,0000 62,851 62,610 -0,38

323,15 0,0000 62,699 62,610 -0,14

323,1 0,0159 59,249 62,633 5,40

323,15 0,0548 62,425 62,898 0,75

323,1 0,2335 68,678 69,283 0,87

323,45 1,0000 54,209 54,209 0

328,15 0,0000 62,681 62,610 --0,11

328,1 0,0166 58,944 62,633 5,89

328,05 0,0567 57,784 62,898 8,13

328,1 0,0567 57,851 62,898 8,02

328,1 0,1307 63,683 64,235 0,86

328,1 0,2432 67,842 69,283 2,08

328,15 1,0000 54,209 54,209 0

3HaqeHHe nCeB'uOKpHTHqeCKOH TeMneparypbI Tc JJ;JISIqH-

CToro MaCJIa (xo = 1) onpe,UeJISlJIH H3 JJ;aHHbIXno nJIOTHOC-

Tn MaCJIa [4] no MeTO,UHKe, npe,UJIO)KeHHOH B pa60Te [18].

IloJIyqeHHoe B paMKax YKa3aHHoH MCTO,UHKH 3HaqCHHe

nccB,UoKpHTHqCCKOH TCMncparypbI paBHO Tc = 714 K.

IlOJIYqCHHbIC 3KcnepHMeHTaJIbHbIC 3HaqCHHSI nOBcpxHO-

CTHOro HaTSI)KeHHSIPXM n03BOJIHJIH paCCQHTaTb 3HaQCHHSI

aMnJIHry,UbI (Jo npH pa3JIHQHbIX KOHQeHrpaQHSlX MaCJIa B

CMeCH R134a / Castrol Icematic SW 22 (ra6JI. 3). KOHQeH-



Ta6flu/{a 4. flo8epxHocmHoe HamJlJICeHUe pacm80p08
R134a / Castrol Icematic SW 22

TCMnc-
DOBepXHoeTHoe HaTBlI<eHHe paeTBopOB R134a / Castro I Ieematie SW 22

parypa arm' MH/M

T,K 0,00 0,05 0,10 0,15 0,20 0,25 1,00

200 22,577 * * * * * 33,335

205 21,804 * * * * * 32,920

210 21,035 * * * * * 32,507

215 20,271 * * * * * 32,097

220 19,511 19,650 * * * * 31,689

225 18,755 18,890 * * * * 31,284

230 18,004 18,135 * * * * 30,882

235 17,257 17,384 17,735 * * * 30,482

240 16,515 16,637 16,975 17,608 19,557 18,969 30,085

245 15,777 15,895 16,220 16,826 18,691 18,131 29,690

250 15,043 15,158 15,469 16,049 17,830 17,299 29,297

255 14,314 14,425 14,723 15,277 16,975 '16,471 28,906

260 13,591 13,697 13,982 14,510 16,125 15,649 28,518

265 12,872 12,975 13,246 13,748 15,282 14,833 28,131

270 12,159 12,258 12,516 12,993 14,444 14,023 27,746

275 11,452 11,547 11,792 12,243 13,614 13,220 27,364

280 10,751 10,842 11,074 11,500 12,790 12,424 26,983

285 10,056 10,143 10,363 10,764 11,975 11,634 26,604

290 9,369 9,452 9,659 10,036 11,167 10,853 26,227

295 8,689 8,768 8,963 9,315 10,369 10,080 25,851

300 8,018 8,093 8,275 8,603 9,579 9,316 25,477

305 7,355 7,427 7,596 7,900 8,800 8,563 25,105

310 6,702 6,770 6,927 7,208 8,033 7,820 24,735

315 6,060 6,124 6,269 6,526 7,277 7,088 24,366

320 5,429 5,490 5,623 5,857 6,535 6,370 23,998

325 4,812 4,868 4,989 5,201 5,807 5,665 23,632

330 4,208 4,260 4,370 4,559 5,096 4,976 23,267

335 3,620 3,668 3,767 3,934 4,402 4,304 22,904

340 3,049 3,094 3,181 3,327 3,729 3,652 22,541

345 2,499 2,540 2,616
.~

3,078 3,021 22,181

350 1,971 2,008 2,073 2,178 2,453 2,414 21,821

355 1,470 1,503 1,558 1,643 1,858 1,837 21,463

360 1,002 1,030 1,075 1,141 1,299 1,294 21,106

365 0,575 0,599 0,633 0,681 0,786 0,795 20,750

370 0,207 0,226 0,249 0,279 0,336 0,354 20,395

* 06JlaCTb HHlI<e napaMeTpOB KpHBOii paCCJlOeHHB [4].

Puc, 5. TeMnepamypHaJi 3aeUCUMocmb noeepXHocmHOZO
HamJIJICeHUJI pacmeopa R134a / Castrol Icematic SW 22:
K - KpumUlIeCKaJI meMnepamypa paCCflOeHUJI; 1- Xo"'" 0;

2 - Xo "'" 0,1; 3 - Xo "'" 0,15; 4 - Xo "'" 0,2; 5 - Xo "'" 0,25; 6 - Xo "'" 1

T,K
• • 0 303,3

~ • 313,2
0 323,2

I;J • 328,1

•
0

0

• •
~

•
]

~
Ill' 2
~
IIIa 0
~

<5 -2

-4

0,20 0,95 1,00
Xo

PuC. 6. OmKflOHeHUJl3KCnepUMeHmaJIbHbIX 3HalleHUU
n08epXHocmHOZO HamJlJICeHUJI om aaHHbIX, pacclIumaHHbIX

no cmeneHHblM 3a8UCUMOCmJIM

TPa~HOHHaR 3aBHCHMOCTbrom cro MO)l(eT 6bITb annpoKcH-

MHpoBaHa B HHTepBaJIe KOH~eHTpa~HH 0:::;Xo :::;0,22 KaK

(3920,045 - 86973, 376x;)
(1-26,867x; +97,508x:)

B paMKax npe~JIO)l(eHHOH MeTO~HKH o6pa6oTKH 3Kcne-

pHMeHTaJIbHOHHH<popMa~HHno KanHJIJIRpHOHnocToRHHOH

PXM paCCqHTaHbITa6JIH~bI CnpaBOqHbIX ~aHHbIX no nOBep-

XHOCTHOMYHaDl)I(eHHIO pacTBopoB R134a / Castro} Icematic

SW 22. flOJIyqeHHble ~aHHble npHBe~eHbI B Ta6JI. 4. TeM-

nepaTypHaR 3aBHCHMOCTb nOBepxHocTHoro HaTR)I(eHHR

nOKa3aHa Ha pHC. 5. OTKJIOHeHHR 3KcnepHMeHTaJIbHbIX

~aHHbIX OTpaCCqHTaHHblx no ypaBHeHHRM (7) - (}0) npe~-

CTaBJIeHbI Ha pHC. 6. florpellIHocTb nOJIyqeHHOH HH<pOP-

Ma~HH 0 nOBepxHocTHOM HaDl)I(eHHH PXM (c yqeTOM He-

yqTeHHblx OCTaTKOB cHcTeMaTHqeCKOH norpellIHocTH,

CJIyqaHHoHnorpellIHocTH H norpellIHocTH oTHeCeHHR)MO)l(-

HO o~eHHTb He 60JIee qeM B 3,5 %.
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