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Measurement of solubility and miscibility of R-134a/PAG oil mixture
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ABSTRACT

The solubility and miscibility measurement apparatus has been developed and used to obtain
data for refrigerant/oil mixture. The solubility and miscibility data for R-134a/46 ISO VG
Polyalkylen Glycol(PAG) oil mixture are obtained over the temperature range from -20 to 6
0C with a 10C interval and the oil concentration range from 0 to 90 wt%. Using the
experimental data, an empirical model is developed to predict the solubility relations for
R-134a/PAG oil mixture at equilibrium. The average root-mean-square deviation between
measured data and calculated results from the empirical model is 4.2%. Raoult's rule and
Flory-Huggins theory are also used to predict mixture behavior. Immiscibility is observed for
R-134a/46 1SO VG PAG oil mixture at low oil concentrations of 4.6, 10.1, and 20.4 wt2s.
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Fig. 1 Schematic diagram of experimental
apparatus.

AEel 9tk @Eklele DC REZE dZAFH
£ & Aojg 4 ik

A8EAGA e SEFAZXNG dEE2AHY
71 4. 2xE 93 AFX=AANRTD, Pt-
10008 AW dAd 2= A A(7563, YOKOGA-
WA 47439 EAsH0. AL YAd &%
A A HALAEE RTDY A% 001Tolth &
EZ2RARAN(NRF AF2zAMG X" 2EX
AAe AYE 01TY £& 2x4F o3y
BARsRes exygdE £157%olU. et
A 2EEZAY BE8EE 029C2 B9, ¢
g AYErt 007 kPa(0.01 psi)el ¢E@gr)
& o)l&3td FH3Ien &HE AEE RS-
232CEA ez PCAl AW FHEFAZAE
¥EA  ¢#ERA7|(RUSKA, BUDENBERG)Z
BAsgen = +016%ol WAt wat
A gEEAe BgEE 324 kPa® H/HEH AT



R-134a/PAG 29 E3E9 43 2 484 &% 521

22 MAgud

yol/ed EFES faxe 484 ALY
&3 2 BReE YT WA, A HA

i

£ o]fsle HPA HAAE AFE F HPAS
g3y, Y3 #Z4 YRE d3es A3
7t dojA ) 7lx AF3g FYUE 01gsf A&
artorius Factory F3200)& Al&3te] g9
FS AL, FAVE olfstd HEP A
A 298 3t GUE FUT F oAl
FAdg Fdo, AF F HyAd AR(HYg4
Ag+odel AzhHg oA A o9 Ay
Wolg By dd L3te e YT F HEy4
o A(HYPA AF+odo AHF+Yule] A=)
S A o] w ¥ EHlA EFdo] A=A
ARl AA A HHY T0%olAe] HEE F¢
g Yool ede #FE& AASrL

yolel ool FAF FF ZHol Eud H
AL Fzxd Yo FEF 2TE Y
Foerd AR £ JYu/od EFEe] A
g7 Hol 227 fEeE 252 #FXE 9 2%
g3L sty Yuj/ed EFEY HA9
ol &A%l T Wv/ed ETFE AE

&332 Y&t wuj/ed EFE W
2712 g, exo ¢ge o 158 B¢
e EHse FAHNA A& g HIAUS
o dEgez Hg HAHXEE WIAA

7} AL oA &5, 48, A xo

A gt

3 Fxo gy Aol BUW Wdg o9&
Hau Hyde Baste AL F ASEH
oAl g FRo dit AP wE I

Mo Norlo oM ox M o
) to

3. 2% A 1@
3.1 dojet 2

Hel/ed EFESY &3z ¢ 444 A
o AH4E Wole R-134acl0), 24L& 46 ISO
VG Polyalkylene Glycol(PAG)2.delt}, 249
4A& Table 13 £t & R-134a Wuls] 4%
e WE7IFE PAGAZ AH&Felch. PAGA
2U& FFo vHayg o FPHo| S5 B o}
Yat g met AFRe] AL 2HE + A

Table 1 Typical properties of oil

Items

Company CPI Eng.
Model RPAG46
Molecular weight, g/mol 1550
Viscosity, ¢St @40°C 46.52
Viscosity, ¢St @100C 947
Density, kg/m® @15.6C 975.4
Pour Point C -42
Flash Point, C.O.C, C 157
Fire Point, CO.C, C 168
Specific Gravity 0.978
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Fig. 2 Comparison of the measured vapor
pressure of the R-134a with data
in ASHRAE handbook.
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Table 2 Constants in equation (1)

i ki a

1 1 -10.2069
2 1.5 15.2548
3 2 -18.6993
4 4 9.9485
5 6.5 94.3221

£ 6.19 kPaol$it}.
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Fig. 3 Vapor pressure for the R-134a/PAG
oil mixture as a function of
temperature and oil concentration.
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Table 3 Constants in equations (2) and (3)

Equation (2) Equation (3)

a1 3.3277 4.4508

a 872.5562 -0.0189

a3 -296967.9754 3.86%10°

a 2.8309 -1.880

as -1710.4368 3.68x10°

as 249712.5478 6.10x10™

ar -0.1963

ag 116.1194

as -16891.8367
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Fig. 4 Comparison of the measured vapor
pressure for the R-134a/PAG oil
mixture with empirical model.
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Table 4 RMS deviations between calculated
and measured vapor pressures for
the R-134a/PAG oil mixture from
equations (2) and (3)

Oil concentration . .
%) Equation (2) | Equation (3)
0 341 0.73
458 264 1.32
10.12 1.15 1.02
20.37 426 3.34
30.38 5.89 4.48
50.91 3.77 415
71.07 5.45 8.11
91.55 468 1148
Total 416 5.62




524 A%

Table 4914 2HREE o] &3t Add 4¥
o] AFE JTLAE 416%0RLen AF2
¢HAXE 19.78kPa oIt £3§ Cavestri7l A
A Heoz AME 4o dYPgets
564%°1tt. zZt ¥z UYFAReAE 4
BE B dFdA AXG oz Aidd 4¥e
APA89 RE 29529 90A vz oA
BEXE Bgoy Cavestrizh AAS Aoz At
g f4Ee 2¥95 57 18 5 diedEds
A7 F4Ee A 4 4 Uk wEAq A oY
=r JAAME Cavestrizt AAE Aoz A
g 8ol d ddAESt LAt Hov 2 29
FE FYdME B dT70M AN HJoz A
Abgl gl A v ¥ A HAFHoRE #
AFolq A Hog Ag ¢4ol Cavestri
7 ANE Hoz Asdd 4¥EY APz
o Z dxgd,

3.2.2 Raoulte] M3

AA &4 AFE 45T 5 e HE
g o] Fo 17l Raoults] BHelt} o] ¥H
S EREANN 4 HEY B =FEEd T
71k A BR e F3 Fue Heoln wef
zZt A& 24 3718 40 uie HsEE F
oA o] AL v F geg®

/e d EFEANA 249 FI%e] Wue
F715tel Hate - z7] g doje] 4
& EREY 48 Zoe e ¥ B

P= Pref': xrefPsat, rej( I‘) (4)

714 Pe EE9 EF71¢01H, Pt WUl
Bdoln, xes AN Wule EEgo)H,
Poaeers ©FYM Y F71%elth

Fig. 5% R-134a/PAG 2¥ EFZE d3d
Raculte] g¥ o223y d29 <€z 4349 &
82 Hlusd BdFEn 9o Table 59& ¢
zg 485 249 gEy 23U 4 FEER
A A g)e] itk Fig. 58 EH R-134a/PAG ¢
EFEL Raoult? HHo2RE &9 HAE B
olx it o]AL #FAEY EAE Alold &
AQNEr drj/ed EFE EAAE Abol9
Bxelgo) o 2g= AL 9o g

Table 5% R4 o&3 ¢33 &34 49 A

LB
2000 T l T | T —[ T l
_ 1600+ —
a
£ © 1
o +10%
§ 1200 - o .
109
8 o 10%
a °
3 soor o —
Q
2 o
8 e 1
o o
4001 o |
5
0 H l 1 l 1 l 1 l i
0 400 800 1200 1600 2000

Measured pressure (kPa)

Fig. 5 Comparison of the measured vapor
pressure for the R-134a/PAG oil
mixture with Raoult’s rule.
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Table 5 RMS deviations between calculated
and measured vapor pressures for
the R-134a/PAG oil mixture from
Raoult’s rule and Flory-Huggins

theory
Ol RMS(%)
conce(f;t;atlon Racult’s Rule Flor}I/‘;I:rl;igms

0 191 -
458 1.63 2.65
10.12 512 3.61
20.37 9.06 6.93
30.38 12.63 850
5091 1541 8.70
71.07 29.14 838
91.55 126.90 11.83
Total 46.72 7.80
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Fig. 6 Comparison of the measured vapor
pressure for the R-134a/PAG oil
mixture with Flory-Huggins
theory.
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Fig. 7 Miscibility data of the R-134a/PAG
oil mixture at various oil concentration.
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5CY x¥galA Yui/l 82 33 Yo ¥
2 2oz 2PsE 4o AP ey 425C
oo EFEL AL W EE8E Fust
Hath 29% % 1012 wt%dAAE 25~55C 9]
¥ Yo7l gL 23 9% e
o2 ZPgste B0l Ao 55T
A EgEe TEE AH7 Fud edE=
20.37 wt%ol M= 28~58TC 9 LEH oA Wuj
7F ¥ 23 9do] ¥ Fo2 ZEYdE ¥
ol A en 58Tl EFEL &Y
g AE7t 9k 2% E 3038 wt% olAolA
=AY AN 22N Wrist 2 de] & &
gd 553 AHE fASA

9o} Aut2 R R-134a/46 1ISO VG PAG £
g EFES A LYF=oA HAAEA PG
dojvts RE ¢ F Yk 53 40~50Ce &
EE YEFAANA 579 FF 2294
2R b g8Ad st $FI7IUd LU &3
g 74l Erh

4. 8 B

2 AFyE du/ed EREY L=
AEAE E2AE F de 4ILXE FASY
R-134a/46 1ISO VG PAG 2 &EgE9 L9=
9 AEAE 0~90 wt% Ldsx=HYdst -20~
60T Exy4dA &Asd &3 Ze d&
£ 4

(1) 249557 3718 5 g8 gas,
E3 2U% %7t 30 wikol Aol e 1 Ao
A3 F/8le AL 4+ Uik

(2) €% 20ColFd = A5 =7l 0 wtkol
A 30 wt%7hA W3EtE ek hEe) W)
o] & alol o] FHoME LU FIE FAY
T Ak

(3) R-134a/PAG 24 E3FE-2 Raoult?] ¥ 3
o28H &9 UAE Bt

(4) R-134a/PAG 24 &E£#E9 A% Raoult
o] AW} Flory-Huggins L&A o]0 % ¢
Z 94&H0.

(5) R-134a/PAG 2 EFEL2 A 2¥U%FE
94946, 101, 204 wt%)olA B|AEAHE B
o B3 40~50C9 S=d¥gE dEFA A
$&7)e AT 2x¥AIN ulAF&Ad oy
SZ&71Ud 2.dol £HE 7540 w4
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