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ABSTRACT: The vapor-liquid equilibrium and miscibility measurement apparatus was
developed and used to obtain data for refrigerant/oil mixture. The vapor-liquid equilibrium and
miscibility data for R-410A/POE32 and R-410A/POE46 oil mixtures are obtained over the
temperature range from -20 to 60°C with 10C intervals and the oil concentration range from
0 to 90 wt%. Using the experimental data, an empirical model is developed to predict the
temperature-pressure-concentration relations for R-410A/POE oil mixtures at equilibrium. In
the R-410A/POE32 oil mixture, the average root-mean-square deviation between measured
data and calculated results from the empirical model is 2.00% and in the R-410A/POE46 oil
mixture, that is 3.69%. Flory-Huggins theory is also used to predict refrigerant/oil mixture
behavior. Miscibility for R-410A/POE32 oil mixture was observed all over the experimental
conditions. Immiscibility for R-410A/POE46 oil mixture was observed at the low oil
concentrations(10~30 wt%).

Key words: Concentration(3Xx), Miscibility(¢-&43), Polyolester(Z#] 2 AHZ), R-410A,
Solubility (€31 %), Vapor-liquid equilibrium(7]-34% %)
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Table 1 Typical properties of oil

Items Property
Company ICI Eng. ICL. Eng.
Mode! Solest LT-32| Soleast 46

Molecular weight, g/mol 520 550
Viscosity, ¢St @40C 29.16 50.5
Viscosity, ¢St @100C 591 70
Density, g/ml @15T 0.965 0918
Pour Point T -52 ~45
Flash Point, CO.C, T 243 248
Fire Point, COC., T 254 276
Specific Gravity @20T 0.965 0.925
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Fig. 1 Relative deviation between the measu-
red vapor pressures and the calculated

values by REFPROP 6.01 for R-410A.
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(b) Oil concentration : 30 - 90 wt%

Fig. 2 Vapor pressure for the R-410A/POE32
oil mixture as function of temperature
and oil concentration.
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Fig. 3 Vapor pressure for the R-410A/POE46
oil mixture as function of temperature
and oil concentration.
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Table 2 Constants in equation (1)

-410A/POE32 (wt%)| R-410A/POE46 (wt%)

Coeff.
0~30 30~50 0~30 30~90

a, 2.558 7.130 8.302 10620
a, | 1409210 | -1230.080 | -1705.221 | -3089.464
a3 [-351755.922 25494698 | 63329.071 | 275169.804
ay 6.004 -0.460 -3.056 ~-2.410
1332495 | 1230124

as | -3542812 | 197.279
ag |509920530 | -23692.234 |-135828.059 ~160859.177
a; | -20417 | 0040 1433 0.168

-660.886 | -88.657
ay [-168773946 2862.183 | 73263.838 | 11763.333

ag | 1186317 | -21.301

24 HA¥A8E olfd HaxAsHLE At
Qon o FHES Table 29 AA3H
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98 A 29%E FgH AHEIHEE Aol
agu B A 45 ) A% 48 &
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o As}ee AASA Fig 29 32 29%
T 0~30 wt%e 30~90 wt% FhAM <d3d
27147 AN 49 SU14E F4 Ugd
Aotk 714 AL JEF"E FUideld JlE
= 48N £48 F71¢elth

257 0~30 wtk FGo) U 438 F
2147 249 Z7I¢S Hus 29, R-410A/
POE32 24 &89 A AR FTLa4%
AFZ ATGHA7L 44 030%9 9.06 kPa ol
Qom, R-410A/POE462 Y &£§E9 H$e 7
7} 0.36%9 871 kPa °)dth =¥ d¥E7}
30~90 wt% gl dish AN 2§, R-410A/
POE32 Y E3FES %S AT BTLAS
AFZ HFLEA 42 200%9} 37.34 kPa o]
Row, R-410A/POE46 29 &8 A4 &
7+ 369%%+ 82.26 kPa ©jgich. 7 MHEE AF
2 Z7¢4% 249 3/4¢ viad ZIAE
Fig. 49) AA 34
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Fig. 4 Comparison of the measured vapor pr-
essure for the R~4102/POE il
mixtures with empirical model.
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Table 3 Flory interaction parameters and RMS
deviations between calculated and
measured vapor pressures from
Flory-Huggins theory for R-410A/
POE oil mixtures

Fl
Ref./oil | | or¥ RMS
ixture interaction

i parameter | 6 P/P [%]| 8P [kPa]l
R-410.

A/ 1.604 10.85 214.41
POE32
R-410A

/ 1.695 11.40 228.92

POE46

o
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Fig. 5 Comparison of the measured vapor pr-
essure for the R-410a/POE oil mixtures
with Flory-Huggins theory.
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Table 4 Miscibility data of the R-410A/POE
32 o0il mixture at various oil

concentration

Nominal Oit Concentration {%] (Mass fraction)
fe] | 5% | 10% | 0% | 0% | 0% | 0% | 0%
-0 | Cear | Clear | Clear | Clear | Clear | Clear | Clear
-0 | Cear | Cear | Clear | Clear | Clear | Clear | Clear
0 Clear | Clear | Clear | Clear | Clear { Clear | Clear
10 | Clear | Clear | Clar | Clear | Clear | Car | Clear

Clear | Clear | Clear | Clear | Clear | Clear | Clear

Clear | Clear | Clear | Clear | Clear | Clear | Clear

2
K|
& | Clewr | Clear | Cear | Clear | Clear | Clear | Clear
5
0

Clear | Clear | Clear | Clear | Clear | Clear | Clear

Clear | Clear | Clear | Clear | Clear | Clear | Clear

Table 5 Miscibility data of the R-410A/POE
46 oil mixture at various oil

concentration

Nominal Oil Concentration %] (Mass fraction)
T 5w Tow [ o% | 2% | 0% | o% | 9%
-0 | Clear | Clear [2-Phase-1{2-Phase-1|{ Clear | Clear | Clear
<10 | Cear | Clear [2-Phase-1|2-Phase-1{ Clear | Clear | Clear
0 Clear | Clear |2-Phase-1[2-Phase-1| Clear | Clear | Clear

10 Clear | Clear |2-Phase-1{2-Phase-1| Clear | Clear | Clear

O | Cear | Clear |2-Phase-1{2-Phase-1| Clear | Clear | Clear
N | Clexr | Clewr |2-Phase-l| Clear | Clear | Clear | Clear
& f Cear | Clear | Clear [ 2-Phase | Clear | Clear | Clear
N | Clear | Clear |2-Phase-2| Clar | Clar | Clear | Clear
60 | Clear {2-Phase-2|2-Phase-2|2-Phase-2| Clear | Clear | Clear

oo R-410A/POE46 29 E3FEL A9+
11.40% oIk o] o] 2d™  Flory-
Huggins ©]&2¢] R-410A/POE 2 E¢E29 A

< A dEstz v g & gich
%, o] A& W} R-410A9 Ex%3 POEL Y9
BAFY a7t o]lES nEA fdo=z FHFEY
F U ©HE 3 Yos RS g9 g g
A R-410A/POE 2.9 E¥E9 A%F<L Flory-
Huggins °J822 o AX q&FHu wr} A
23 o]273 o] Wadw R 2k

CBEY - olex wIR - 4AN - R

(a) Clear (b) 2-Phase-1

(c) 2-Phase-2 (d) Hazy

Fig. 6 Miscibility of R-410A/POE oil mixture.
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Egax ¥z $fda Zo] BE Aol

R-410A/POE32 2 &E3dE< A%, 48 &
Ay A F7H APLT A F0o) izl F
Bg AHE e, Hbd R-410A/POE46
oY EF}EY A, 2955 10%, 20%, 30%°l
A ula-gAdol Yelgten 5%, 50%, 70%, 90%
o WaMEe g2 A7 ZA g &
go] & A EHF AdE vz Ytk
E3] 2UFE 10% F90Me n2ggasd
) 4gAo] YElYen 2d¥XT 20%, 30% %3
dole 482 A A7z AA HlAEA4
o] uelgtou Wniel 2de YEAY 2A
20] HAE SEREAA gzte] 4E4S o
= 3o

4.8 E

2 dAFgME Wnl/ed EFE] 7]-44F
8 259 F44& 2HFY & Y 49FAE
FA 3t R-410A/POE329 R-410A/POE46 £
EGEol g 7i-44HY A2 FEAHL 0~
90 wt%e 2d¥E d4ge & -20~60CH]
2x¥ 9ol Ao g 22 ZE8E 4N
o}

(1) 249%5=7 718 3 48L Zxdd
o £3] 29% 57 30 witkelgedAE 1 #HA:
Zo] F33 Frtele RS ¢ F AUh

(2) R-410A/POE 2¥ EZIE9 ZF7IHE d
28 £ e SE-AE-FE 4B ANE AN
s AAG BAAE ALS & FS, R-410A/
POE32 24 E8E9 A% 293%% 0~30 wt¥s
ddele dFztgete AFZ HT At
039% oo 2U%FE 30~90 wt% FIAA
= 200% ©lglch. wH R-410A/POE46 2 &

T2 A%, 29dFE 0~30 wt% FFAAE
APz ety AFZ BTFLAZ 0.36% oA e
L2Y% % 30~90 wt% FHAME 3.69% ol ATt

(3) R-410A/POE 2¢ E¥EE Flory-
Huggins L&A o] &o &3l s ByYo
o R-410A/POE32¢} R-410A/POE46 29 &%
o O3 2dAsde AF2 HF LA dz
10.85% 9} 11.40% ol 1=k

(4) 484 d¥dH 9sd R-410A/POE32
29 EFEY A, H4d 2d5E A FLFH
APLE A F7tol diste F 49 dHE e
Welew, R-410A/POE46 ¥ EdES A%
F2 A 29%%E 9900, 20, 30 wt%)NA F
g @40 gy v dE8E Bt
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