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Abstract 

Application of the CO2 as a refrigerant in air conditioning of vehicle requires development of an 
applicable lubricant for quick rotation of the compressor. Phase behavior of the different 
lubricants that is synthetic in nature, when comes in contact with CO2 forms a basis for 
developing a carbon-dioxide cooling circuit. Moreover, the influence of carbon-dioxide on the 
viscosity of oil is crucial for evaluation of the lubricant. These evaluated data of binary mixtures 
have been calculated and measured at temperatures ranging between 5°C and 100°C under a 
pressure up to 150 bar. The phase behavior is qualitatively observed which takes place in the 
high-pressure view cell and complete content of the high-pressure view cell is monitored. The 
phase of equilibria has been measured in an autoclave based static-analytical method. 
Lubricant’s viscosity which is saturated with carbon-dioxide has been calculated and measured 
with the integrated quartz viscometer. Carbon-dioxide with the phase behavior of oils can be sub 
grouped into three different systems:systems with open miscibility gaps, binary systems with 
closed miscibility gaps, and the systems that show a barotropic phenomenon. Oils which show 
barotropic phenomenon comingin contact with compressed CO2 are not advisable and are not 
used as lubricants, but the oils with limited or completed miscibility with the carbon-dioxide may 
be used as lubricants. The awareness of phase behavior and resulting viscosity of a gas-saturated 
lubricant allow an individual for evaluation of the applicability of lubricants in the 
carclimatization systems. 
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INTRODUCTION 

About more than 50 years, the chlorofluorocarbons (CFC) have been used as refrigerants for 
providing cooling in various systems. The manufacturing and use of these ozone depleting 
refrigerants have been restricted in Germany. Since then, R134a (fluorocarbon) came into role 
which has zero ozone depletion potential but highly contributes togreenhouse effect. In 
comparison to R134a, carbon-dioxide (CO2) is one of the environmentally benign refrigerants 
which shall replace the commonly used refrigerants in the air-conditioning systems in future. The 
challenges faced for designing of the compressor and whole cooling unit are small allowable size 
of climatization units in cars and the specific thermodynamic properties of CO2. The oil 
lubricates the bearings and shafts upon quick rotation of the compressor which provides 
necessary cooling capacity. The miscibility of the binary mixture on the other hand consists ofthe 
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lubricant and carbon-dioxide that influences the lubricant’s viscosityand it facilitates a certain 
amount of oil running through the circuit as ballast. The awareness of fluid dynamic and 
thermodynamic properties of the binary system is mandatory for the development of a reliable 
and environment-friendly cooling circuit[1]. 

 

Introduction of the natural refrigerant carbon-dioxide has effects upon the design aspects of each 
mechanical component used in the cooling circuit, and on the entire process. The cooling circuit 
as illustrated in Figure 1 consists of a compressor, inner heat exchanger, gas cooler, evaporator, 
expansion valve and low-pressure receiver. 

 

Poly (alkylene glycol) (PAG), Polyolester (POE), and poly(R-olefin) (PAO) are the synthetic 
lubricants, that partly succeeded in the application and were used with common refrigerants. 
Basic structures of these lubricants are illustrated in Figure 2. The synthetic lubricants upon 
interaction with the refrigerant carbon-dioxide, guarantees a sufficient lubrication of the 
compressor at high temperatures[2]. The lubricant also minimizes the temperature in hot parts of 
the compressor, i.e., bearings and shaft. The oil with lower viscosity is required at low 
temperature for its reflux from the cold parts of plant into the compressor[3]. 

RESULT AND CONCLUSION 
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PAO and PAG are not entirely miscible with carbon dioxide and dissolves in the refrigerant 
slightly[4]. PAO illustrates barotropic behavior under certain circumstances that means the 
lubricant floats on the liquid carbon-dioxide. This behavior leads to difficulties in initial starting 
procedure of the compressor[5]. Moreover, PAO and PAG can be trapped in isolated and 
unwanted places in the cooling circuit because of low carbon-dioxide solubilities. Further, this 
lower carbon-dioxide solubility in the lubricant facilitates a high and unfavorable viscosity of the 
mixture, especially in the colder parts of the cooling circuit. The consequence that may result can 
be higher pressure losses in the plant[6]. 
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