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BUKOPUCTAHHA MOAU®IKOBAHOI MOAENI TBEPAUX COEP ANA PO3PAXYHKY

B’A3KOCTI CYMILLEA MACTWUIO-XNTAOOH

Ompumani excnepumenmanbHi

OaHHI NPO 2ycmMuHy ma 6 ’A3Kicmb Cymiuteli CUHMemUuiHo20

macmuna 1SO 10 3 xnadonom RI134a y dianazoni memnepamyp 6i0 273 0o 353K ma npu
macoeoi konyenmpayii macmuna 6io 0,7 0o 1. B’azkicme cymiwien Macmuio-xaiadox 8 piOuHHii
@asi modenoempcst 34 00NOMO2010 MOOUPIKO6AHO20 Memoda meepoux cgep. I[lpusedeno
NOPIBHAHHS OMPUMAHUX PE3YTbMAMIE PO3PAXYHKY 3 eKCNEPUMEHMATbHUMU OAHUMU.
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UCNONb30BAHME MOON®ULIMPOBAHHON MOAENN TBEPAbIX COEP AN PACYETA

BA3KOCTU CMECEW MACIO-XNALOH

Ionyuenvi sKcnepumeHmanbHbvle OaHHbIE O NIOMHOCMU U 6A3KOCMU CMeCel CUHMEMUIECKo20
cmazounoeo macna 1SO 10 ¢ xnaoonom R134a 6 ouanasone memnepamyp om 273 do 353 K u
npu maccogoui konyenmpayuu macaa om 0,7 do 1. Baskocms cmecell Macio-xaa0oH 8 H#uoKoi
Gaze modenupyemcs ¢ NOMOWBIO MOOUPUYUPOBAHHO2O Memoda meepovix cgep. Ilpusedeno
CpagHeHue NONYYEeHHbIX Pe3YIbmamos paciema ¢ IKCHEPUMEHMATbHBIMU OAHHBIMU.
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Hactosimas  pabota gBIfeTCS HPOJOIDKEHUEM
uccnenoBanuii [4, 5] cBoMcTB cMeceit XIaJOHOB (B TOM
YHUCJIIC C CHHTCTHYCCKHMMHU CMAa304YHBIMH MaCHaMI/I) u

Xnaoazenm
http://creativecommons.org/licenses/by/4.0/
I. BBEJJEHUE
MHOFOKOMHOHCHTHLIG cMEeCcu XOJIOOUIJIBHBIX
areHToB, COCTaBJICHHEIE u3 030H00€30IaCHBIX

rugpodTopyriaeponos (xmagonos R32, R125, R134a) u
HEKOTOPBIX YyTiIeBoJopoaoB, K 2020 romy JOJMXKHBI
3aMEHHUThH MIUPOKO IPUMEHSBIIUECS paHee XJIa 0HbI R22
u R502. TouHble JgaHHBIE O  BSA3SKOCTH |
TEIUIONPOBOAHOCTA TaKUX cMeced HEOOXOIMMBI st
pacueTa W TPOCKTHPOBAaHUS XOJOIMIEHOTO 000pyI0-
BaHUs, B YaCTHOCTH, KOHJICHCATOPA U UCTIAPHUTEIS.

Eme omuwH  acmekT  NpUMEHEHHS  HOBBIX
9KOJIOTHUYECKHU 0e30macHbBIX XJ1aJJar€HTOB npu
MIPOCKTUPOBAHUH  XOJOJMIBLHBIX  KOMIIPECCOPOB €
BBICOKUMH DJHEPTEeTUYECKHUMH TOKAa3aTesSIMU CBS3aH C
HCIOJIB30BaHUEM HOBBIX CMa304YHBIX Macen.
TpeGoBaHusIM, TPEABABISAEMBIM K  XOJOIUIHHBIM
KOMIIpeccopaM U CHUCTeMaM, OTBEYAIOT CHHTETHUYECKHE
CMa304YHBIE Maclla M MOTYT OBITh HCIIOJB30BAHEI B
PA3IMYHBIX THUIAX BBITYCKAEMBIX IPOMBINUIEHHOCTHIO
KOMIIPDECCOPOB, a CBEACHHUA O CBOWCTBAaX Maclo-
XJIQJIOHOBBIX PaCTBOPOB CTAHOBSTCS BECbMa Ba)KHBIMH U
KpaifHe HEOOXOIMMBIMHU. OTHM onpezensercs
aKTyaJIbHOCTh TIPOBEACHUS UCCICOBAHUA TEPMOJIH-
HaMUYECKUX W TPAHCTIOPTHBIX CBOWCTB KakK pa3ielbHO
Macjia W XJIaJareHra, Tak U CMECH MacJio-XJaJareHT, a
Takke pa3paboTka METOAWKH pacuera, KoTopas
M03BOJIMIIA OBl MOJIYYHTh JTaHHBIE O BSI3KOCTH CMeceil B

IIUPOKOM  JHMAala3oHe TeMIeparyp, MJaBICHUH U
KOHLEHTpaLUH.
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IMOCBAIICHA pa3pa60TKe MOJ€IM pacue€Ta BA3KOCTHU
MacJIO-XJIaIOHOBBIX paCTBOpPOB Ha baze OKCIICPU-
MCHTAJIbHBIX JTaHHBIX.

II. OCHOBHAS YACTb

Mogens TBepasix chep (RHS) Obuia mosioxeHa B
OCHOBY psiJia YCIEIIHBIX KOPPESIUi, MpeaoKeHHBIX
3a IOCIEAHME TOABI, JJs BI3KOCTH KUJIKOCTH B
IMPOKOM JHarna3oHe TeMIepaTyp U JAaBlieHud. Accadib
u corp. [1] wmommbmimpoBamu wmomens RHS wu
TIPUMEHUITN [T HAXOXKICHUS BSI3KOCTH YTICBOIAOPOIOB,
BKIFOYAsk YUCTHIC XJIAJareHTHI, NMPOWU3BOJHBIC ATaHA U
MeTaHa. B pabote [2] oHM Hcnonp30Bay € Ipu pacueTe
BSI3KOCTH OMHAPHBIX M TPOHHBIX CMECEH, COCTABICHHBIX
m3 xumagoHoB (HFC). Bnesapm u Tes [3] Beyaenunn
rapaMeTpsl 3TOH MOAETH IS 58 MONSPHBIX KUIKOCTEH,
BKJIFOUast 1 xjiagoH R134a.

Hamun B Oonee panHeit pabore [4] ycmemHO
ucmonp3oBanach Mozaenb RHS mns pacdera BszkocTh
cmeceil xmamareHToB. ClenyromuM IaroM SBUJIOCH
HCCIeIOBaHUE [5] Maclo-XJIaJOHOBBIX PacTBOPOB, TJIe
U3TI0XKEHBI TMOJAPOOHOCTH wW3MepeHHd. B Hacrosmeit
pabore B Tabmune 1 w Tabmmme 2 TPHUBOAATCA
pe3yIbTaThI 9KCIEPUMECHTAIBHOTO HCCIEOBAHUS
cMecu cMmasoynoro maciaa 1SO10 ¢ xnagonom R134a.
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Ta6muma 1 - DKcrepuMeHTAIBHBIC TaHHBIC O INIOTHOCTH cMecei cmazouHoro macia 1SO10 ¢ xmagornom R134a

p, kr/m®
T, K

x=0,7 x=0,8 x=0,9 x=0,95 x=0,98 x=1
273,15 1099 1051 1016 996 986 979
293,15 1079 1035 1002 983 974 968
313,15 1058 1018 987 971 962 957
333,15 1036 1002 973 958 951 945
353,15 1013 984 958 945 938 934

Tabauna 2 - DKCrepUMEHTAIBHBIC TaHHBIC O BA3KOCTH cMecel cmazounoro macna 1ISO10 ¢ xmagonom R134a

1, 10°® Ia-c
T, K
x=0,7 x=0,8 x=0,9 x=0,95 x=0,98 x=1
273,15 7194 13446 26724 38129 47411 55053
293,15 3741 6222 10786 14406 17162 19314
313,15 2424 3696 5812 7198 8476 9504
333,15 1605 2306 3436 4134 4712 5122
353,15 1177 1663 2362 2828 3149 3415
JUti  KOppessLMH  BS3KOCTH OKHUIAKHX Macio-  bg = 33,314;b, = 50,691; b, =-62,398;b; = 18,387;

XJIaJIOHOBBIX CMECEH C TEMIEPATypod U ILIOTHOCTBIO
ucrnone3oBaHa Mozens RHS. OkcnepumenrtanbHble
JaHHBIC O BA3KOCTH npeaACTaBIAINCh B BUAC
TPHBEICHHON BA3KOCTH 7] B COOTBETCTBHH ¢ (DOPMyIOi
n* = 6,0349 - 108 -n/[p/3M /s (RT)"/2], 1)
TZie 77 — BA3KOCTh; p — IUIOTHOCTh; M — MomeKymspHas
Macca; R — yHuBepcanbHas Tra3oBasl MOCTOsHHas, 1 —
TeMIepaTypa.

MomudunrpoBaHHas HaMU OMIIMpPUYECKast
3aBUCUMOCTb HpHBe}IeHHOﬁ BA3KOCTH OT IINIOTHOCTH B
MOZENIN TBEpAbIX cdep ompeaessulach YHUBEPCAIbHOU

JUIS KHUJKOCTeH (QYHKIHMEH OT IPUBEJCHHOTO MOJIIPHOTO
oowvema V,=V/IV,

* -6 ]
logso| " /Rn = (£ -1)- 00161+ 37, a4,

1-V
O]
rae ap = 1,0945; a; =-9,2632; a, = 71,039; a3 =
-301,90; a, = 797,69; as = -1222,0; ag =

987,56; a; =-319,46.

ITapHble mapamerpsl (akTop <«kecTkocTH» R, u
TUTOTHOYTIaKOBAHHBIA MOJISIPHBIN 00beM V BBIIEISUTHUCH
U3  OKCIEPUMEHTANBHBIX  JAaHHBIX Uil YHCTBIX
xuakocred. Ilapamerp R, npuHMMaiCcs Kak KOHCTaHTa,
a  IUIOTHOYNAKOBAHHBIM  MOJAPHBIA  00beM  Vj
OTIMCHIBAJICS KaK MOJTMHOMHAJIBHAS byHKIMS
npuBeaeHHON Temmnepatypbl T,=T/T; (T, — kpuTHYECKast

TeMIeparypa)
Vo= XibT, 3

rae ans xiagoHa R134a 3nauenus mapamerpa R, =
=1,10; u k03 PUIHEHTHI b;
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a g1 cmaszoudoro Macia 1SO10, cooTBEeTCTBEHHO,
napametp R, = 1,18 u koadpPpunueHTsI b

bo = 1614,2;b, = -5387,0; b, = 9431,4;b; = -5586,3.
Kpome Toro B pacuerax HCHOJB30BAIMCH VIS XJaJ0HA
R134a Bemmunubr Monekymsapaoit Maccet M = 102,03 u
Kkputnaeckoii temmepatypel 1¢ = 374,21 K. Ocobo
OTMETHUM, YTO 3TH K€ mapamerpsl Wit mMacina [SO 10
opum mpuHATEE M = 700 mw Tc = 725K, xak
ONTHMAJbHBIE  3HAUeHWs 0e3  OOCYXKIECHHS WX
(hM3MUECKOTO CMBICIIA B IAHHOM ClTydae.

[Ipu MpOrHO3MPOBaHMU BSI3KOCTH CMECH Maciia W
XJaJIoHa C 33JaHHBIMHA MOJIbHBIMH JIOJSIMH YHCTBIX
KOMITOHEHTOB Xj MPE/II0JIarajiock, 4TO CMeCh BeJIeT ce0s
KaK TUIOTETUYECKash YUCTasl )KUAKOCTh C YCPETHEHHBIMU
MOJICKYJSIPHBIMM ~ [IapaMeTpamMHu 10  CIEAYIONHM
npaBHiIaM KOMOMHUPOBAHUS

1.
Temix = 2i%i(Tei - Tej) 2 XiX;, (4)
1 /3 3 :
Vomix = 5212 (Vo,i +W, ) XiX;, ®)
Rn,mix = ZiR‘r],iXi (6)
CpaBHEHHE  JKCIEPHMEHTAIBHEIX  JAHHBIX O

BSI3KOCTH cMmecu cMaszounoro macia 1SO10 ¢ xmagonom
R134a co 3HaueHNAMH, pACCYUTAHHBIMU 110 YPaBHEHUAM
(1-6), mokazano Ha pucyHke 1. B OCHOBHOM OTKJIOHEHHS
HaXoJATCs B auama3oHe 6%, a B HECKOJbKMX TOYKaX
noxoasat g0 10-15%.

I11. 3BAKJIIOYEHUE
MoaupunrpoBaHHast MOJeNb TBEpABIX  cdep
UCIIONIb30BaNach U B Ooiyiee paHHeW Hamed pabore [4]

Inpu pacdeTe BA3KOCTU KHUIAKOCTHU IJIisd 6I/IHapHLIX u
TpOﬁHBIX cMmecei XJIaJOHOB. CpaBHeHI/Ie pacCHUTAaHHBIX
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no moxaenu RHS 3HayeHuit ¢ skcrnepuMeHTaIbHBIMU
JMAHHBIMHM TIOKa3aJi0 B TOM CJIy4ae, YTO OOJIBIIMHCTBO
OTKJIOHEHUN HaxoAuTcs B uHTepBaie +5%, 3a
HCKIIIOYEHUEM HECKOJBKHX HKCIEPUMEHTAIBHBIX TOUEK,
rae oHu 1oxomaT 10 8%.

10 —x
° +X=0,7

5 $ 5 XX=0,8

R e, g

= o Q O X=0,95

§_5 + | @X=0,98

= oX=1

S

-10 | +

15 L+

260 280 300 320 340 360
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Pucynox 1 — Omxnonenus paccuumaHnuvix no
ypaenenusm (1-6) snauenuti om IKCNEPUMEHMATLHBIX
OAHHBIX 0 BA3KOCMU MACAO-XAAO0HOBOU CMeCU

HOHLITKy HCIOJIB30BaTh 3Ty XK€ MOACIb IJIA
OIIMCaHUA BA3KOCTH MaCHO-XHaHOHOBOﬁ CMECH MOXHO
CUHUTaTh YCHGHIHOﬁ pu BCCH CIOKHOCTH IOCTaBICHHOM
3aJa4u, 06yc.]'[0BJ'IeHHOI>i TEM (baKTOM, YTO BA3KOCTH

TeM He MeHee, CpelHEKBaIpaTUUYHOE OTKJIOHEHHUE IS
BCEX COCTaBOB B YKa3aHHOM JMalla3oHE TEMIEparyp
coctaBuio 5,7% a MakCcHMallbHOE€ OTKJIOHCHHE HE
mpesbimano -16% mnpu camoil HHU3KOM Temmeparype
OIIbITA U1 HAUMEHBIIIEH MacCOBOH JOJIE Macia.
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USE OF A MODIFIED HARD-SPHERE MODEL FOR OIL-REFRIGERANT MIXTURES
VISCOSITY CALCULATION

The present work is dedicated to the development of the model for calculating the viscosity of the oil-refrigerant
solutions based on experimental data. The results of experimental studies of density and viscosity of the mixture of
compressor lubricant 1ISO 10 with the refrigerant R134a over a temperature range from 273 to 353 K and oil mass
concentration from 0.7 to 1 are presented. Description of liquid viscosity at various temperatures and pressures
based on the rough hard sphere (RHS) model, in recent years successfully in use for hydrocarbons, including pure
refrigerants — derivatives of ethane and methane. Parameters of the modified RHS model were derived from
experimental data for many polar liquids, including refrigerant R134a. The same model was used to describe the
viscosity of binary and ternary refrigerant mixtures with the help of combination rules of molecular parameters for
pure substances. We have modified the RHS model in order to apply it to the oil-refrigerant solutions. The obtained
experimental viscosity data were introduced in the form of reduced viscosity, and the correlations of the reduced
viscosity and density in the hard spheres model were determined with the empirical and universal for different fluids
function of molar volume. Changes in the RHS model related to one of the combination rules of the molecular
parameters and using an additional nonlinear term in the specified empirical polynomial function. As a result, the use
of the hard spheres model for the viscosity of the oil-refrigerant mixtures was successful in spite of the task
complexity (the viscosity of the lubricant is higher than the viscosity of the refrigerant by two to three orders of
magnitude). The standard deviation for all compositions and temperatures was less than 6 %.

Density and viscosity of the mixtures of synthetic polyolester lubricant oil ISO 10 with the refrigerant R1344 have
been measured over a temperature range from 273 0o 353 K and a range of oil mass fraction from 0,7 to 1. The
viscosity of liquid mixtures of lubricant oil-refrigerant is modeled with the modified rough hard-sphere method. The
results are compared with the experimental data.

Keywords: Mixture — Temperature — Density — Viscosity — Lubricant oil — Refrigerant
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