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YPABHEHUA OANA PACYETA BA3KOCTU XJITAOANEHTOB R32 U R125

CocmagneHsl ypagreHuss 0151 paciema 13KOCMU albMepHAmughvlx xaadazenmos R32 u R125 ue-
pe3 nepemennvle memnepamypy u niomuocmos. Kos@guyuenmul ypagnenuti onpedenensvt memo-
00M HAUMEHbWUX K8A0pamos no KCNEePUMEHMATbHbIM OAHHbIM. YpasHenus onucvligarom 6s3-
Kocmb 6 unmepsane memnepamyp om 232 0o 423 K npu oasnenuu 0o 9,8 MIla ona R32 u om 230
0o 423 K npu oasnenuu oo 10,1 MIla ona RI25. Tounocme cocmagneHuvlx YpasHeHUu 8NOJIHe
npuemaemMa O UHHCEHEPHBIX PACUemos.

Knroueewie cnosa: Xnaoazenmor — R32 — R125 — Baskocms — Ypaenenus.
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PIBHAHHA ANA PO3PAXYHKY B’A3KOCTI XONNIOAOAIEHTIB R32 TA R125

Cknadeni pieHAHHA 015 PO3PAXYHKY 6 A3KOCMI anbmepHamusHux xonodoazenmie R32 ma R125
yepes sminHi memnepamypy ma eycmuny. Koegiyienmu pieHsns suznaueni memooom HAUMEeHUUx
K68a0pamig no excnepumenmanoHum oaunum. Piensanns onucyiomo 6’sazxicmov @ inmepeani memne-
pamyp 6i0 232 00 423 K npu mucky 0o 9,8 MIla onss R32 ma 6io 230 0o 423 K npu mucky oo 10,1
Mlla ons R125. Tounicme cxnadenux pigHsaHb YiIKOM NPUUHAMHA OJI IHMCEHEPHUX PO3PAXYHKIG.

Kniowuoei cnosa. Xonoooazenmu — R32 — R125 — B sasxicmo — Pignanus.

I. BBEJEHUE

Xmanarentsl R32 u R125 npumMeHstoTCs B X0I0-
JIAJIBHOM TPOMBIIIJICHHOCTH, KaK B YHCTOM BHUJIE, TaK
U B coctaBe cMmeceid. OHU OTBE4alOT 6a30BbIM TPeOO-
BaHUSM JJIsi pabOuYMX BEIIECTB M PACCMAaTPUBAIOTCS
Kak 3aMeHuTe M xjanarentoB R12 u R22. O3onopas-
PYLIAMONIUHA MOTCHIIUAT YKa3aHHBIX Pa00YMX BEIIECTB
XOJIOAUIBHBIX YCTAHOBOK paBeH HyI0. [IJis MpOeKTH-
poBaHus U 3PPEKTUBHOMN IKCILTyaTallMM TaKUX yCTa-
HOBOK HEOOXOIUMBI JAHHBIE O BSI3KOCTH. DTO CBOM-
CTBO YJOOHO PacCYUTHIBATH C MOMOIIBIO yPaBHEHHH,
COCTABJICHHBIX HA OCHOBAHUHU 3KCICPUMEHTATBHBIX
JIAHHBIX.

CylIecTBYIOIUE YPABHEHUS JJISl pacueTa Bs3KO-
CTH B IIUPOKOI 00JIACTH MAapaMeTPOB IMPE/ICTABIICHBI
4yepe3 HE3aBUCHMBIC NEpEeMEHHbIC Temrepatypy 1 u
wIoTHOCTH p [1, 2]. B xomiiekce ¢ TaAKUMH ypaBHe-
HUSIMH HEOOXOIMMO HCIOJIb30BaTh HAJAEKHBIC ypaB-
HEHHS COCTOSIHUS JJIsi pacu€Ta IUIOTHOCTH PU HU3-
BECTHBIX 3HAUCHHSX JABJICHUS M TEMIIEPATYPhI, COOT-
BETCTBYIOIIUX OTBITHBIM JTAHHBIM.

Il. YPABHEHUSA JJI51 PACUETA BA3KOCTHU

Bs3KOCTh abTepHAaTHBHBIX XJIaJareHTOB HCCIIe-
JIOBAaHA HKCIIEPUMEHTAIBHO B 00JAaCTH HapaMeTpoB,
B)XHBIX JUIS XOJOAWIBHBIX YCTaHOBOK. B Tabmmmax 1
M 2 TIpeJCTaBICHBI CCHUIKM Ha JIUTEPAaTypHBIE MCTOY-
HUKH, KOJMYECTBO OTBITHBIX JAHHBIX M WX MHTEpPBAT
0 TEMIIEpAType U JABICHUIO.

Ha ocHOBe umerommxcsi 3KCIEPUMEHTAIBHBIX
JAHHBIX IS XJaJareHTOB COCTaBJICHBI ypaBHEHHS,
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MO3BOJISIOIIUE PACCUUTATh BS3KOCTh B 3aBHCHMOCTH
OT TEMIIEPATyphl U TUIOTHOCTH B MHTEPBAJIC TEMIIEpa-
Typ oT 232 no 423 K npu nasnennu go 9,8 Mlla s
R32 u ot 230 mo 423 K npu gasnennn go 10,1 MIla
g R125.

Ta6auuna 1 — [lepeueHs sKCIEPUMEHTATIBHBIX TaHHBIX
o Ba3koctH R32.

Asrop i Ynero HHrepBai mapamMeTpoB
UCTOYHUK TOYEK T (K) p (Mlla)
R32
Ounugeiipa u 33 223 343 0,2-51
coasr. [5]
Py 1 10 251-293 | 0,3-15
coasr. [6]
Accasinb u 26 273 - 313 1,6 -155
coasr. [7]
Jauion [8] 1 298 0.1
Taxaxamu u 114 208 -423 | 0,1-10,0
coasrt. [9]
Tesutep u 51 253-363 | 0,1-54
coasrt. [10]
CyH # coaBT.
(1] 21 233 - 333 0,2-39
Jlaccek u 60 250 — 315 0,4-2,6
coasrt. [12]
Onuseiipa u 13 223 _343 0,1-49
coasrt. [13]
®proba u 12 233 _ 343 0,2-49
coasr. [14]
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Tabsmna 2 — IlepedeHs 3KCIEpUMEHTAIBHBIX JAHHBIX
o Bsi3koctu R125.

ABTOp I Yueio HHaTepBan napameTpos
HCTOYHHUK TOUeK T (K) ‘ p (MIla)
R125
Omuseiipa u 26 224 — 333 01-40

coasT. [5]
Jwtep u 137 176 —420 | 3,3-53,0
coasr. [15]
Punmn u 15 250 — 302 03-15
coasT. [6]
Accasnb 1 22 273-313 | 25-145
coasrt. [16]
Hannon [8] 1 298 01
CyH 1 COaBT.
1] 20 233-328 | 0,1-28
Accadaps n
cous. [17] 24 273 - 313 01-1,3
Punmn u
coagr. [18] 8 236~ 303 o410
Takaxamm u 131 208 — 423 01-8,4
coast. [19]
Omaseipaut | 13| 594 335 | 01-29
coasrt. [13]
®proba u 11 233-333 | 0,2-3.2
coasrt. [14]
ABETUHO 1 116 254-293 | 1,4-10,1
coasr. [20]

YPaBHeHI/IC AJIsL pacdueTa BA3KOCTH NEPCUYHUCIICH-
HBIX XJIaJar¢HTOB COCTaBJICHBI B (I)opMe, KOTOpas1
HMECT BU!

n a )
Nexp —Mo = Z(T—'1+ aiz +aig T)P—po)'s (1)
i=1

rae uHgekcom O o0o3HaueHbl CBOWCTBA MPHU aTMO-
chepHOM [aBICHHUH. Pa3MepHOCTh BA3KOCTH —
mkIla-c, mioTHoCTH — Kr/M°, Temmeparypsl — K.

YpaBuenue (1) yaOBIETBOpSIET MPEACTHLHOMY
YCIIOBHIO, TaK KaK MPH aTMOC(HEPHOM IaBiicHHH 00e
€ro 4acTH CTaHOBATCS PaBHBIMH Hymo. st pacuéra
wiotHocTH R32 u R125 ObUIH HCIIOIB30BaHBI HAJIEXK-
HbIE YpaBHEHHS COCTOSIHUS, IpeCTaBlIeHHbIe B [3].

Io skcniepuMenHTanbHbIM aaHHbM [5 — 20] me-
TOIOM HAaWMEHBIINX KBaJPaTOB OMpPEICICHB KO3(]-
(UIMEeHTHl ypaBHEHWHA IS Bs3KOCTH. ONTHMHU3AIMSL
yrciaa KO3(pQPHUIIMEHTOB MPOBOIUIACH 1O METOHUKE,
npe/cTaBIeHHoM B [4].

Takke Ha OCHOBAaHWH OMBITHBIX JAHHBIX OBLIH
COCTABJICHBI YPABHCHHS UIS BSI3KOCTH XJIAIareHTOB
Ipy aTMOC(EpHOM JTaBICHUH B clexyomneii gpopme:

n .
i
o= bT". (2
i=0
YpaBHEHUs ONHKCHIBAIOT NAHHBIE O Bs3KOCTH R32 m

R125 npu HOpManbHOM aTMoc(hepHOM JaBJICHHU CO
CpPEeIHUMU KBaJpaTHUeCKUMHU morperHocTsIMu 0,87 u

0,75% u makcumanbaeiMu 1,06 u —1,91% cooTBer-
CTBEHHO.

Jnst pacuéra IUIOTHOCTH HCCIEIyEeMbIX XJaaa-
TeHTOB NPHU aTMOC(HEPHOM JIABICHUH COCTABJICHO Clie-
JyIolllee ypaBHEHHE:

c, ¢
_a_ %

_? _I_2' (3)

Po

B tabmune 3 npuBeaeHs! KOd(pOUIUEHTH ypaB-
Henwit (2) u (3) i pacuéra BA3KOCTH M ILIOTHOCTH
IBYX ()PEOHOB IIPH aTMOC(EPHOM JaBIICHUH M MHTEP-
BaJIbl UX JICHCTBUS 110 TEMIIEpaType.

Tadanua 3 — KosdpuumeHnTs! ypaBHeHHH IS pacue-
Ta Bsi3KocTH WM TuoTHoctd R32 w R125 mpu atmo-
c(epHOM JaBICHUH.

Koaddu- BemectBo

IHEHT R32 R125
bo 5,7221-10° ~1,6662-10™
b, 4,2000-107 4,5963-107
b, 0 ~8,7431-10°®
o 6,1274-10° 1,4265:10°
e 8,9754-10° 1,7471-10*

AT, K 223 - 423 226 — 423

B Tabnune 4 npueneHbl KOAQPUITUEHTHI ypaB-
Henus (1) s pacyera BSIBKOCTH 4Yepe3 IEpEeMEHHBIC
TeMIepaTypy M IUIOTHOCTb, YKa3aHbl MHTEpPBAJbI Ia-
paMeTpoB, Ha KOTOpPBIC 3TH ypaBHEHHs pPaclpocTpa-
HSFOTCS, MAaKCHMAaJBHOE OMyue U CPEIHEe KBaJpaTH-
9eckoe Ofg, OTKIOHEHMS SKCIEPHMEHTANBHBIX aH-
HBIX OT PACCUNUTAHHBIX 110 YPAaBHEHUIO.

Tadauna 4 - Kosddumumentsr ypaBHeHus (1) mus
pacueta Bsiskoctd R32 m R125 u OTKIOHEHHS OMBIT-
HBIX JIJaHHBIX OT PACCUYUTAHHBIX 10 YPaBHEHHUIO.

Koapdu- Bemectso
IHEHT R32 R125
an 5,6115-10* 4,9040-10"
arn -3,5116:10" -2,9565-10"
a3 5,2029-10™ 4,5905-10™
axn 1,2237-10™ -9,3058-10"
ax 1,7012-10* 5,1515-10°
a3 ~7,9384-107 -6,9493-10°°
ax ~7,0359:10° 5,5345-10™
ag 0 ~2,8979-10°®
ass 0 3,7073-10°
an 0 1,1131-10®
AT, K 232423 230 — 423
Ap, MIla 01-9,8 0,1-101
Muaer %0 3,09 4,14
Mepy %0 1,25 1,22
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W3 rtabnuusl 4 BupHO, 4to ypaBHenue (1) c
BIIOJIHE IIPUEMJIEMON TOYHOCTBIO OIIMCHIBACT JAHHBIC
0 BSBKOCTH B O0JIaCTH TeMIIepaTyp W JaBIICHUH, Xa-
PAKTEPHBIX JJII COBPEMEHHBIX XOJOIMIBHBIX YCTAHO-
BOK.

111. 3BAKJIIOYEHHUE

VYpaBHeHUs Uil pacyeTa BSI3KOCTH XJIAJIar€HTOB
R32 u R125 uepe3 He3aBHCUMEBIE ITEpEMEHHBIEC TEMIIE-
parypy M IUIOTHOCTb B KOMIUICKCE C HaIEKHBIMHU
YpaBHEHHUSMH COCTOSIHHMS OIMCHIBAIOT HAKOIUICHHBIC
OIBITHBIE JAHHBIE C TOYHOCTBIO, COOTBETCTBYIOILIEH
TOYHOCTH SKCIIEPUMEHTA, YTO MO3BOJISIET PEKOMEHI0-
BaTh X JUI1 HH)XCHEPHBIX PaCUeTOB.
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EQUATIONS FOR REFRIGERANTS R32 AND R125 VISCOSITY CALCULATION

Equations for alternative refrigerants R32and R125 viscosity calculation expressed in terms of in-
dependent variables, such as temperature and density are worked out. Equation coefficients are
determined by the least square technique according to the experimental data. The equations de-
scribe the viscosity at temperatures ranging from 232 to 423 K at a pressure up to 9.8 MPa for
R32 and from 230 to 423 K at a pressure up to 10.1 MPa for R125. The composed equations accu-
racy is quite acceptable for engineering calculations.
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