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ABSTRACT: Carbon dioxide (COz, R-744) has become a very popular issue in application to
refrigeration and air conditioning systems as a natural refrigerant. An experimental study has
been carried out to investigate miscibility and the vapor pressure of refrigerant R-744 in the
presence of lubricant oil. This is of particular interest in the selection of the lubricant oil for
the compressor of a refrigeration system or an air conditioning system using the refrigerant
R-744. The experimental set-up consists of the equilibrium cell, measuring devices, the vacu-
um pump, the constant temperature bath and relevant connecting pipes made of stainless
steel. Five lubricant oils, such as mineral oil (Naphthenic), AB (Alkyl Benzene) oil, PAO (Poly
Alpha Olefin) oil, PAG (Poly Alkylene Glycol) oil and POE (Polyol Ester) oil are considered in
the present study. Test runs were conducted with the oil concentration range from 5 to 50
wt%, and the temperature range from —10 to 10C with 27T intervals. The miscibility results
are visualized and correlated with the vapor pressure for the individual test components.
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6. Thermometer
7. Vacuum pump
8. COz vessel

9. Ball valve

10. Relief valve

1. Constant temperature bath
2. Equilibrium cell

3. Pressure transmitter

4, Indicator

5. Thermocouple

Fig. 1 Schematic diagram of experimental ap-
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Fig. 2 Comparison of the measured vapor pres-

sures of the COz with those in NIST

Web-Book.

Table 1 Typical properties of oils

Items Property
Type Mineral oil AB oail PAO oil PAG oil POE oil
Company ESSO ESSO Japan Energy Laporte MOBIL
Model ZERICE 68 | ZERICE S 68 |FREOL C68NL| RFL 100-X |EAL Arctic 68
Specific gravity at 15C 0.8939 0.865 0.836 - 0971
Pour point (C) —-37 -33 —-50 —43 —43
Flash point (C) 224 - - 200 254
Viscosity at 40°C (cSt) 65 64 69.37 107.3 63
Viscosity at 100°C (cSt) 7 6.5 1061 20.0 83
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vl 3t ok Fig. 25 NIST Web-Book"”e) }g} Table 4 Miscibility data of the R-744/PAO oil
= = o =3 Zy)ote 5} 23
:_i; 007] R 5 ?o ° 07] JEO B]"j‘?‘s—_ Jaﬂfi)j Temp.| Oil concentration [%] (Mass fraction)
- [o] -
Z4zke) H AL 0.13%0] 1 Hxghe [l = 0% 30% 0%

0,
0.33%6 5. —10 |2-Phase-1|2-Phase-1|2-Phase-1{2-Phase-1
—8 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1

32 gEtes dEdol g JHAs 6 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1
. —4 |2-Phase-1|2-Phase-1|2-Phase-1{2-Phase-1
ojistgast o0 FHEN Wt 299 ¥ ~2 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1

= 2EE WMIAA JHEM A8 dF v} 0 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1
AEE ARt Table 2~62 Z+7h o]itstgd 2 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1
2 JYuj9} F% AB, PAO, PAG, POE oY &3 4 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1
B9 A8 27E BAFT o}, Ao =2 6 |2-Phase-1|2-Phase-3|2~Phase-1|2-Phase-1

FRo| EFE 484 HHE A FPF 4 8 |2-Phase-1|2-Phase-3|2-Phase-1|2-Phase-1

B (Clear)®} ©}&“3e}(2-Phase)2 T&3449%. o 10 |2-Phase-1|2-Phase-3|2-Phase-3|2-Phase-3

Table 2 Miscibility data of the R-744/mineral oil Table 5 Miscibility data of the R-744/PAG oil

Temp. Oil concentration [%] (Mass fraction) Temp. Oil concentration [%] (Mass fraction)
[Tl 5% 20% 30% 50% [C] 5% 20% 30% 50%
—10 |2-Phase-1|2-Phase-1|2-Phase-1}{2-Phase-1 —10 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2
—8 |2-Phase-1{2-Phase-1|2-Phase-1|2-Phase-1 —8 [2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2
—6 {2-Phase-1|2-Phase-1{2-Phase-1|2-Phase-1 —6 |2-Phase-2{2-Phase-2|2-Phase~2|2~-Phase-2
—4 |2-Phase-1{2-Phase-1{2-Phase-1|2-Phase-1 —4 (2-Phase-2|2-Phase-2{2-Phase-2|2-Phase-2
—2 |2-Phase-1|2-Phase-1{2-Phase-1|2-Phase-1 ~2 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2

0 |2-Phase-1|2-Phase-1| Clear Clear 0 |2-Phase-2|2-Phase-2[2-Phase-2|2-Phase-2
2 |2-Phase-1{2-Phase-1| Clear Clear 2 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2
4 |2-Phase-2{2-Phase-1|2-Phase~2|2-Phase-2 4 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2
6 |2-Phase-2|2-Phase-2{2-Phase-2|2-Phase~2 6 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2
8 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2 8 |2-Phase-2|2-Phase-2|2-Phase-2{2-Phase-2

10 |2-Phase-2|2-Phase-2|2-Phase-2{2-Phase-2 10 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2
Table 3 Miscibility data of the R-744/AB oil Table 6 Miscibility data of the R-744/POE oil
Temp.| _ Oil concentration [25] (Mass fraction) Temp.|  Oil concentration [%] (Mass fraction)

[C] 5% 20% 30% 50% [T] 5% 20% 30% 50%

—10 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1 -10 Clear Clear Clear Clear

—8 |2-Phase-1|2-Phase-1|2-Phase~1|2-Phase-1 -8 Clear Clear Clear Clear

—6 |2-Phase-1|2-Phase-1{2-Phase-1|2-Phase-1 -6 Clear Clear Clear Clear

—4 {2-Phase-1|2-Phase-1{2-Phase-1|2-Phase-1 -4 Clear Clear Clear Clear

—2 |2-Phase-1{2-Phase-1{2-Phase-1{2-Phase-1 -2 Clear Clear Clear Clear

0 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1 0 Clear Clear Clear Clear
2 |2-Phase-1{2~Phase-1{2-Phase-1{2-Phase-1 2 Clear Clear Clear Clear
4 |2-Phase-1|2-Phase-1|2-Phase-1|2-Phase-1 4 Clear Clear Clear Clear
6 |2-Phase-1)|2-Phase—2|2-Phase-2|2~Phase-2 6 Clear Clear Clear Clear
8 |2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2 8 Clear Clear Clear Clear
10 [2-Phase-2|2-Phase-2|2-Phase-2|2-Phase-2 10 Clear Clear Clear2 Clear
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