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Abstract
This paper emphasizes on the friction and anti wear behaviors of the lubricants used in the 
domestic/hermetic refrigerator compressor. Particularly, for long time and better running of the 
compressor, suitable refrigerant-lubricant mixtures are to be used. As CFC is expected to be phased out 
due to their ozone depletion potential, so, hydro-fluorocarbon (HFC) has been used as refrigerant. In the 
point of non- ozone depletion potential (ODP) and non-global warming potential (GDP) and  for having 
better heat transfer coefficient, tetra hydro-fluorocarbon R-134a is becoming a proper replacement  of 
CFCs. Lubrication properties of mineral oils (MO) and poly-ol-ester (POE) are found from the 
literature. Poly-ol-ester is very miscible with R134a. Though wear rates are greater for POE than that of 
MO but the friction coefficient is too much lower for POE than that of MO. Oil circulation ratio has a 
strong effect on heat transfer. It should be kept as minimum as possible. To minimize wear property, it is 
necessary to mix some additives (Chlorine, Flourine etc) with the lubricant. But the additives must have 
no chemical affinity with the lubricant. It can help to increase the heat transfer coefficient (HTC) and 
reduce the wear phenomena in the contact part.  
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1. Introduction 
In the domestic refrigerators until 1990s, CFCs 
were used as refrigerants with mineral oil as 
lubricant. The concern caused by the ozone 
depletion potential (ODP) of the chlorofluoro 
carbons (CFCs) was at its peak in the 1980s and 
culminated in the Montreal protocol of 1987, 
which led to the phase out of CFCs in both 
developed and developing countries. The 
developed countries have already phased out the 
substance, and the developing countries, like 
India, have to do the same before the end of 
2010. Even though many alternative refrigerants 
are available, none of them could be used in the 
CFC12 based appliances without making system 
modifications, that are cumbersome and in some 
cases, sometimes not economically viable. The 
energy efficiency of the resultant system is also 
a major concern. 

But due to their ozone depletion potential in 
the upper atmosphere, the use of these 
compounds was phased out under the terms of 

Montréal protocol [1]. CFCs were replaced 
initially by hydroflourocarbons (HFCs) as they 
have zero ozone depletion potentials (ODP). 
They have also a problem of global warming 
potential. But R-134a is used as refrigerant for 
having zero ODP in the refrigerating system. For 
this refrigerant mineral oil as lubricant is not 
miscible and compatible with. So, poly ol ester 
is used as lubricant for R-134a. But for having 
some GWP of R-134a it is now becoming as a 
consideration to replace R-134a by a suitable 
refrigerant. However, POE is known as to be 
hygroscopic and hydrolytic, so there are severe 
problem in refrigeration system using POE oil 
such as wadding deposition, bulging equipment 
that chokes the flow and severe friction in the 
compressor.  

Hydrocarbons have high thermal 
performance as well as very low GWP. The 
safety precautions to be taken are based on the 
refrigerant charge quantity and the physical 
location of the units or the separation of the 
components where hydrocarbons refrigerants are 
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contained. Limits are set to ensure that 
flammable concentration is far from reached if 
the whole charge is leaked and diffused into the 
given space. In several standards the use of 
hydrocarbons are allowed without restrictions if 
the charge is less than 0.15 kg in hermitically 
sealed systems. The system is internally safe in 
design. This assumption gives the possibility to 
use hydrocarbons in the household refrigerators 
and freezers.  

It is observed that detailed performance 
studies have been reported with hydrocarbon 
(HC) as a refrigerant only in small systems. 
However, HC has not been considered for bigger 
systems, perhaps due to flammability issues 
associated with higher charge quantities. This 
motivated the authors to study the feasibility of 
making HFC134a work with mineral oil, so that 
Polyol Ester (POE) oil can be avoided and at the 
same time larger HC charge quantities in the 
systems also can be avoided. The work [2] 
intends to evolve a new refrigerant that could 
work in the CFC12 systems with better energy 
efficiency. Already, many research works have 
been published on the performance of 
alternatives in refrigeration systems. However, 
studies on this combination of refrigerant 
mixture, making HFC134a operate with mineral 
oil are a pioneering work. R-134a is a good 
refrigerant that has a higher enthalpy of 
evaporation and 33% higher heat transfer 
coefficient than that of CFC12 [3]. The higher 
polarity of R-134a results in low solubility in 
nonpolar lubricant such as mineral oil [4], and 
POE has to be used. Hence, R-134a can not be 
used in existing CFC12 systems without making 
changes either in the compressor and/or other 
components. R-134a/HC 600a (80:20 by weight) 
has been experimentally investigated [5] in heat 
pump and a 5% improvement in COP has been 
reported. Experimental studies on domestic 
refrigerators with alternative refrigerants showed 
that the flammability of HCs could be solved by 
adding CF3I however this also reduces the 
refrigerating capacity [6]. It is also reported that 
suitable additives could improve the miscibility 
of HFC134a with mineral iol [7]. In a domestic 
refrigerator, HFC134a with 9% of the HC blend 
has yielded 3-12% improvement in COP and 4-
6% reduction in energy consumption as 
compared to CFC12 [8]. 

In general household refrigerators and 
freezers all utilize hermetic compressor to 
continue the refrigeration system. In the 
hermetic compressors, refrigerant is to be 

pressurized and raised its temperature also. So, 
energy costs increase rapidly. Compressor 
mechanical losses also increases and attract 
renewed attention [9]. For the hermetic 
compressor there are a number of areas where 
wear can occur. The main friction parts in 
hermetic compressors are motor-crankshaft 
bearings, crank pin-connecting rod bearing, 
piston pin-connecting bearing, and piston-
cylinder sliding interface due to the starvation of 
the lubricating region in the area of these contact 
points. Various surface treatments are done for 
the decrease wear and friction in the closed type 
compressor. Sometimes oil and refrigeration 
mixtures also cause an effect to change the wear 
and friction .Though most of the researches are 
held only on heat transfer performance and to 
increase the coefficient of performance of the 
refrigerators. Few researches are done about 
tribology part in the compressor choosing proper 
lubricant and additives with this mixture. Some 
nano particles also help to increase the heat 
transfer and acts as antiwear materials in the 
compressor components. Jaekeun et al. [10] 
found a difference in lubrication properties 
while using pure oil and nano oil as lubricant. 
The presence of fullerene nano particles in the 
lubrication was found to improve the lubrication 
performance in the friction surfaces by reducing 
the metal surface contacts. Some additives may 
be used with the CFC based or HFC based 
refrigeration system to decrease the wear 
characteristics. Chlorine may be used in the 
compressor as antiwear/EP protection purpose. 
Other additives may be used based on the 
selection of base fluids. 
2. Background 
Refrigeration and air conditioning systems are 
very much renowned for their vast uses in the 
offices as well as houses in the developed 
countries. All the component parts of the 
compressor are expected to have a useful life. 
The useful life is in general around 50,000 hours 
operation whereas the useful life of a car is 
about 2500 hours of operation [11]. So, special 
care about the reliability of the compressor as 
well as the system should be considered. The 
ability of the lubricant to provide good 
lubrication to the internal moving parts in the 
compressor and be compatible with the 
refrigerant is necessary for both the system 
performance and long term durability. 
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Mineral lubricants have been used for many 
decades in the refrigeration based industries, 
indeed since the days of sulphur dioxide, carbon 
dioxide and CFC’s. A great deal of new 
lubricants has been suggested for the compressor 
as refrigerants are replaced to HFCs. It is widely 
accepted that polyol esters are the lubricant of 
choice for the new refrigerants (HFCs). 
Refrigerants are changed only the basis of 
Ozone depletion potential. It is also necessary to 
choose a refrigerant and lubricant on the basis of 
energy efficient, more environmental free, and 
more cost effective. But the widespread 
introduction of HFCs has presented its problems 
to the suppliers of the lubricants. At first, HFCs 
are incompatible with the conventional lubricant 
mineral oils. So it is necessary to make some 
developments of synthetic polyol ester based 
lubricants which are fully compatible and 
soluble with HFC for the operating temperatures 
and pressures. 

There are three fundamental types of 
lubricants: mineral, modified mineral and 
synthetic. Mineral lubricants are selected 
fraction of crude oil with some components 
removed for improving performance. Modified 
mineral oils are hydro-cracked or hydro treated 
base stocks and produced from selected fractions 
of the refining process. Synthetic base stocks do 
not use molecules that were present in the 
original crude oil. It is synthesized by chemical 
reaction of a very limited number of well- 
defined components. For example PAO’s are 
derived from alpha-decene, and POE’s are 
synthesized from acids and alcohols. Its 
manufacturing is tightly controlled and 
performance is also maintained. There has been 
a significant increase in the use of synthetic 
lubricants in recent decades to their improved 
performance, longer lifetime and reduced system 
downtime. Synthetic lubricants are POE, PAO, 
PAG, PVE and AB. In this group, every 
lubricant has different viscosity index, solubility 
in the refrigerant, pour point, surface tension etc. 
Now we have to choose lubricant according to 
the refrigerant used in the system.  

One of the key criteria for lubrication is the 
ability to lubricate the compressor. For this 
lubricant must return to compressor as well. For 
this purpose nanoparticles and additives can 
serve this purpose. At high load, lubricant can 
not support against the critical areas. But some 
additives/nanoparticles create a film in those 
parts at high loading condition also. So it needs 

to analyze the properties of the refrigerants and 
effect of lubrication for different cases. 
3. Properties of Refrigerants 
There are three types of refrigerants; synthetic, 
natural and mixtures. Synthetic refrigerants were 
used for refrigeration, cold storage and air 
conditioner. These are: R-11, R-12, R-22 
(HCFC 22), R-502 (CFC12+HCFC22) etc. They 
have to be phased out due to their ODP and 
replaced by R-134a (HFC-134a) and blends of 
HFCs. Generally synthetic refrigerants are non-
toxic and non-flammable. However, compared 
to natural refrigerants the synthetic refrigerants 
offer lower performance and also have higher 
GWP. As a result synthetic refrigerant faces an 
uncertain future. The most widely used and 
oldest natural refrigerant is ammonia. It has 
good thermodynamic, thermo physical and 
environmental properties. However, it is toxic 
and not compatible with some of the common 
materials of construction such as copper, etc. So, 
opinions differed on replacements for 
conventional refrigerants. Natural refrigerants 
are essentially making comeback, one advantage 
of using them is that they are familiar in terms of 
their strengths and weakness. They are also 
completely environment friendly. It is also 
possible to use blends of various HFCS with 
HCs with required properties to suit specific 
applications. Another thing is that it is important 
to take precautions from leakage, as this will 
change the composition of the mixture. Table 1 
shows a list of refrigerants being replaced and 
their replacements. 
4. Miscibility and Compatibility of the 

Refrigerants and lubricants 
Lubricant is used with the refrigerant only for 
lubrication in the compressor parts. Lubricant is 
mixed with the refrigerant and it flows through 
the entire system. So it is necessary to provide 
adequate return of the lubricant to the 
compressor and to prevent fouling in the 
capillary tube and evaporator. So it should be 
miscible with refrigerant. To achieve this 
phenomenon lubricant should be changed and 
selected according to the refrigerants. For CFC 
lubricants should be mineral oils, for HFCs  
polyol ester (POE) synthetic lubricants [12] are 
preferred while for HCs mineral oils (MO) are 
favoured although POEs and  polyelkaline 
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glycol  (PAG) are also compatible [13]. One of 
the key criteria of refrigeration is the ability to 
lubricate the compressor properly. In doing so 
lubricant should be present physically in the 
compressor. For that the lubricant that is 
inevitably lost/remain in the system can 
efficiently return to the compressor. So we have 
to use an amount of refrigerant soluble lubricant. 
POE is more soluble with HFC refrigerant. Now 
a day hydrocarbons blends are in the research 
level for replacement of existing refrigerants. 
There is some researches are going on for using 
Blend of hydrocarbons with R-134a. It is 
necessary to have high COP with less 
flammable, zero ODP and low GWP for the 
refrigerant –lubricants mixture. Another thing is 
that wear should be minimized. But if can use 
the mixture of HCs and R-134a. When we 
consider fewer amounts of HCs for their 
flammable charatectr then POE will be the 
miscible with the mixture. It depends on the 
amount of HCs used in the mixture. 
5. Effect of lubricants on Compressor and 

Refrigeration Performances 
For correct working of the compressor oil is 
necessary. It creates a thin film to allow the 
mechanical moving parts properly. Mechanical 
moving parts are pistons, connecting rods and 
valves. There is wear in those parts. It also 
reduces the noise of the moving parts. Some 
times it is also used vas heat transfer medium for 
cooling the compressor. But oil has some 
disadvantages. Most often cited one is the 
reduction of heat transfer coefficients in the two-
phase heat exchangers like condenser and 
evaporator. Pressure of oil also reduces the 
pressure drops, changes flow configurations, 
thermodynamic properties and thermodynamic 
equilibrium. Another problem for lubricant in 
the compressor is foaming phenomenon due to 
the mixing of lubricant and refrigerant. For 
instance, Yanagisawa et al. [14] experimentally 
investigated the foaming occurring in the 
hermetic rotary compressor and they noticed that 
foaming becomes violent at high compressor 
blade speed. Foam is violent when the pressure 
is close to saturation pressure on the basis of 
temperature n the casing. 

Oil circulation ratio is also the concern 
matter. OCR seems to be independent of the 
operating conditions, at least for R-290/POE oil 
R-407C/POE oil, but the OCR seems to be 
slightly higher with POE oils than with mineral 

oils [15]. For the calculation of enthalpy, oil 
circulation ratio and oil presents in the 
evaporator and condenser are to be considered. 
We should not take the fluid as a pure 
refrigerant only. Properties should be taken from 
the mixture’s quantity. Solubility of lubricant 
into the refrigerant also is a factor. So, the 
properties of the mixture are to be considered in 
the different sections. Conde [16]   focused on 
some methods aiming at evaluating the thermo 
physical properties of oils and their solutions in 
refrigerants. The wear and friction force within 
the MO lubricated contact reduces with the 
introduction of CFC-12 refrigerant but with POE 
and HFC in actual compressor the wear 
characteristics increase [17]. Experiment has 
shown that fluorine with the HFCs create an 
pressure film to reduce the wear. Nigel P. 
Garland and Mark Hadfield [18] investigated the 
tribological effect of hydrocarbon refrigerant 
applied to the hermetic compressor. He 
performance of refrigerant/lubricant 
combinations are evaluated within the 
pressurized environment. The best performance 
was shown for additised MO sample compared 
to additised POE samples on the basis of wear. 
In the case of additised POE initial wear rate 
was higher but after a long time it became lower 
shown in the Table 2 and Table 3. But the 
friction coefficients were lower for additised 
POE compared to that of additised MO. 
6. Effect of Nanoparticles  
To improve the heat transfer performance of the 
refrigerator and air conditioner and save energy 
nanoparticles are to be introduced with the 
lubricant. Many researches have been started. 
Choi et al. [19] first proposed creating 
nanoparticles by suspending high thermal 
conductivity nanoscale (0-100nm) metallic or 
nonmetallic particles in the base fluids 
(lubricants). These nano particles have a 
superior heat transfer capabilities and have 
popular research topic in heat transfer. More 
recently, some investigations showed that 
nanoparticles enhance the heat transfer 
efficiency as well as refrigerator reliability [20]. 
TiO2 as a nanoparticles increase the solubility of 
mineral oil in the HFC refrigerant. Refrigerant 
system using a mixture of R-134a amd MO with 
TiO2 nanoparticles appear to give better better 
performance to return more lubricant oil to the 
compressor. Jaekeun et al. [10] investigated and 
found a difference in lubrication properties 
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while using pure oil and nano oil as lubricant. 
The presence of fullerene nanoparticles in the 
lubrication was found to improve the lubrication 
performance in the friction surfaces by reducing 
the metal surface contacts. In the recent year the 
lubricant industry is dealing with an intense 
research activity in the field of nanotechnologies 
with the aim of improving the tribological 
performance of lubricants [21]. The results 
achieved in the industrial applications are 
extremely encouraging showing very good 
performances when adding carbon nanotubes or 
nanoparticles of copper oxides. Nevertheless 
several aspects have still to be investigated 
before making this technology ready for large 
industrial application. 

 Only recently few Far East companies have 
started to experimentally investigate the 
possibility of using the “nanolubricants” in 
refrigeration compressors in particular for the 
compressor typologies, like scroll ones, which 
efficiency is more affected by the lubricant 
performance. Lee et al. [22] investigated the 
behavior of the thrust slide-bearing of a scroll 
compressor with R22 and mineral oil with 
carbon nano particles added. The Authors found 
out experimentally that the nanoparticles (0.1 
mass percentages in oil) increase up to 225% the 
breaking pressure of the oil film. The cooling 
performance of the contact surfaces was shown 
to be by far more efficient than the pure oil. The 
friction coefficient with pure oil was found to be 
higher than the one with oil+nano-particles. As 
an outcome, the wear of the surfaces in contact 
after several working hours was measured to be 
lower with the “nanolubricant”. Furthermore, 
the addition of carbon or copper oxides or 
aluminum oxides or titanium oxides nano -
particles to liquids is recognized to improve 
significantly the single-phase HTC in several 
applications (the behavior in two-phase 
applications is still a much debated question). 
The very “intriguing” hypothesis is then: since 
the addition of nanoparticles is expected to 
improve significantly the lubricant performance 
in terms of compressor reliability and efficiency, 
should we expect also that the nanoparticles 
induce in the lubricant also an improvement in 
the heat transfer performance, as it happens 
when adding the same particles to liquids? If this 
should occur, the circulating oil could be an 
opportunity for increasing refrigerating 
machines efficiency, rather than a source of 
concerns for the engineers. 

7. Conclusion/Summary 
Concerning the above literature survey and 
analysis it can be concluded that for household 
refrigerators, wear and thermodynamic 
performance can be improved using R-134a and 
hydrocarbons mixture with suitable proportion 
and nanoparticle like TiO2, carbon nanotubes, 
CuO etc can be added with a small percentage. 
The lubricant should be mineral oil. Where 
flammable issue is not a prime factor then 
replacing R134a, a blend of R600a and R-290a 
can be used with mineral oil. Some additives 
Chlorine for mineral oil and fluorine for POE 
can be used. But for time operation additised 
POE is better for reduction of wear and friction 
in the compressor. It is necessary to check 
whether the mixture miscible or not for different 
proportions. Further research is necessary to 
investigate to justify the compressor run with 
performance with the different condition for 
long time.
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Table 1: Refrigerants, their applications and substitutes (Lesson 26 Refrigerants, Version 1 ME, IIT 
Kharagpur, India) 

Refrigrrant Application Substitute suggested 
Retrofit (R)/New(N) 

R-11(CFC) 
NBP=23.70C, Tcr= 197.980C
Hfg at NBP = 182.5 kJ/kg 
Cp/Cv = 1.13, ODP = 1.0 
GWP = 3500 

Large in air conditioning systems, 
industrial heat pumps as foam 
blowing agent 

R-123(R,N), R-141b(N), R-245fa 
(N), n-pentane(R,N) 

R-12(CFC) 
NBP=-29.80C, Tcr= 112.040C
hfg at NBP = 165.8 kJ/kg 
Cp/Cv = 1.126, ODP = 1.0 
GWP = 7300 

Small air conditioning, domestic 
refrigerators, Water coolers and 
small cold storages. 

R-22 (R,N), R-134ab (R,N), R-
227ea (N), R-401A and R-401B 
(R,N), R-411A and R-411B (R,N), 
R-717(N). 

R-22(HCFC) 
NBP=-40.80C, Tcr= 96.020C
hfg at NBP = 233.2 kJ/kg 
Cp/Cv = 1.166, ODP = 0.05 
GWP = 1500 

Air conditioning systems 
Cold storages. 

R-417A(R,N), R-407C(R,N), R-
404A (R,N),R-507 and R-507A 
(R,N), R-410A and R-410B (N), R-
717(N). 

R-134a (HFC) 
NBP=-26.150C,  
Tcr= 101.060C
hfg at NBP = 222.05 kJ/kg 
Cp/Cv = 1.102, ODP = 1.0 
GWP = 1200 

Used as replacement for R-12 in 
domestic refrigerators, Water 
coolers and automobiles A/Cs etc.. 

No replacement required 
* Immiscible in mineral oils 
* Highly hygroscopic. 

R-717 (NH3)
NBP=-33.350C, Tcr= 133.00C
hfg at NBP = 1368.9 kJ/kg 
Cp/Cv = 1.31, ODP = 0 
GWP = 0 

Food processing, Frozen food 
cabinets, Ice plants and cold 
storages. 

No replacement required 
* Toxic and flammable 
*Incompatible with copper  
* Highly efficient 
*Inexpensive and available. 

R-744(CO2)
NBP=-78.4C, Tcr= 31.10C
hfg at NBP = 321.3 kJ/kg 
Cp/Cv = 1.3, ODP = 0 
GWP = 1.0 

Air conditioning systems, 
Simultaneous cooling and heating 
and Cold storages. 

No  replacement required 
* Very low critical temperature 
* Eco-friendly 
* Inexpensive and available. 

R-718(H2O)
NBP100.00C, Tcr= 374.150C
hfg at NBP = 2257.9 kJ/kg 
Cp/Cv = 1.33, ODP =0 
GWP = 1.0 

Absorption system  
Steam jet systems. 

No replacement required 
* High NBP and freezing point 
* large specific volume 
* Eco friendly 
* Inexpensive and available 
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Refrigrrant Application Substitute suggested 
Retrofit (R)/New(N) 

R-600(iso-butane) 
NBP=-11.730C, Tcr= 135.00C
hfg at NBP = 367.7 kJ/kg 
Cp/Cv = 1.086, ODP = 0 
GWP = 3 

Replacement for R-12 
Domestic refrigerators,  
Water coolers  

No replacement required 
* Flammable 
* Eco- friendly. 

Table 2 Average friction and wear coefficients [19] 
Charge Conditions Test

No. Temp. 
(0C)

Charge
Friction 

Coefficient
Wear 

Coefficient

1 5 R600a MO 0.120 5.1x 10-7

2 25 R600a MO 0.116 8.7x 10-8

3 57 R600a MO 0.107 2.0x 10-7

4 110 R600a MO 0.108 1.8x 10-7

5 5 R600a MO+ 0.124 7.8x 10-7

6 25 R600a MO+ 0.118 2.0x 10-6

7 57 R600a MO+ 0.127 7.3x 10-6

8 110 R600a MO+ 0.111 3.6x 10-7

9 5 R600a POE+ 0.118 5.8x 10-7

10 25 R600a POE+ 0.114 2.2x 10-5

11 57 R600a POE+ 0.119 1.8x 10-5

12 110 R600a POE+ 0.110 5.0x 10-6

13 5 R134a POE+ 0.135 8.6x 10-8

14 25 R134a POE+ 0.123 1.7x 10-7

15 57 R134a POE+ 0.111 5.1x 10-6

16 110 R134a POE+ 0.101 1.0x 10-5

Table 3 Friction and wear coefficients, extending 
tests [19] 

Charge Conditions Test
No. Duration Charge 

Friction 
Coefficient

Wear 
Coefficient

17 14,400 R600a MO 0.118 3.7x 10-9
18 86,400 R600a MO 0.118 2.7x 10-9
19 14,400 R600a MO+ 0.127 6.1x 10-8
20 86,400 R600a MO+ 0.103 2.1x 10-7
21 14,400 R600a POE+ 0.109 9.5x 10-6
22 86,400 R600a POE+ 0.064 2.3x 10-6
23 14,400 R134a POE+ 0.083 5.1x 10-6
24 86,400 R134a POE+ 0.079 1.2x 10-6
25 86,400 R600a MO 0.104 7.08x 10-9
26 237,600 R600a MO 0.090 1.54x 10-8
27 86,400 R134a POE+ 0.071 2.14x 10-6
28 237,600 R134a POE+ 0.037 7.87x 10-7


