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Abstract: The lubricant, which is considered as the necessary part inside the compressor, not
only affects the operating efficiency of the compressor but also has interaction with refrigerant.
To study the effect of lubricants on the improvement of heat pump performance, this paper
investigated the types and the viscosities of lubricants that are chosen to apply in the heat pump
cycle. The influence of lubricants was explained from three aspects: the interaction with
refrigerants, the effect on the compressor, and the impact on the system performance, which may

make some contribution to the development of new lubricant oils.
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1. Introduction

Compressors have been not only utilized in the heat
pump system but also applied in many energy cycles?.
And it is known that lubricant is significant for the
compressor. It can lubricate the frictional parts, prevent
gas leakage, and cool down the mechanical pieces heated
by friction?. However, a certain part of the lubricant
circulates with the flow of refrigerant in the heat pump
cycle?. The interaction between lubricant and refrigerant
would raise a considerable impact on the system
performance.

In the past, researchers have investigated the properties
of lubricants exhaustively. Early in 1985, Nakamura®
invented use an oil separator to improve compressor
lubrication and reduce circulation time by discharging the
lubricant oil continuously from the compressor. Conde®
made an appraisal of the existing method till 1996, which
was used to estimate of thermophysical properties of
lubricating oils and their solutions with refrigerants.
Lottin® made research by modeling on refrigeration
system using a mixture of R410A and polyol ester(POE)
to analyze the effects of lubricant oil with an increasing
amount. The results showed that these effects for COP and
evaporator power become important when the quantity of
lubricant oil blended into the refrigerant above 0.5%.
Then he” continued to study the effect of oils during the
working periods of the heat exchangers. When the
concentration of oil is 0.1% in particular, the heat transfer
coefficient of the evaporator had a slight improvement.
However, with the increase of oil in the heat pump cycle,

a progressive trend was caused by the performance of the
mixture fluid. An overview investigation about the heat
transfer performance between oils and conventional
refrigerants as well as CO, was carried out by Wang®. The
conclusion pointed out that the effect of lubricants on heat
transfer coefficient is quite complex, which might be
positive or negative for the heat transfer performance
depending on the lubricant mass fraction, the viscosity, the
surface tension, and the like.

Facing the problems of global warming and the damage
of the ozonosphere, the companies are striving to make
the products more efficient and environmentally by study
refrigerants” and compressors. With the development of
refrigerants and compressors, the research about
lubricants is also continuing. For a further study about the
influence of lubricants on the heat pump performance, this
paper would discuss the thermal dynamic properties of the
lubricants for the application of the heat pump cycle, and
study the role of lubricant oils through two aspects: the
influence on the compressor performance, and the
interaction with refrigerants. Then the effect of the
lubricants on the whole system would be concluded finally.

2. Properties of lubricants

Several characteristics need to be aware when selecting
the lubricant for refrigeration or heat pump cycle: thermal
stability, chemical stability, viscosity, and refrigerant/oil
solubility. Thanks to these, the choice of lubricant depends
on the system, the refrigerant, and the type of application.
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2.1 Types of lubricants

The categories of lubricants for heat pump or
refrigeration are primary mineral oils and synthetic oils.

Mineral oils, consisting of hydrocarbons without wax,
are a kind of suitable lubricant for the heat pump
compressor because of their superior fluidity at the low-
temperature range, especially suited for mixing with CFC,
HCFC, and ammonia.

Synthetic oils, a combination of artificial chemical
compounds, are widely applied in extreme temperature
range as the substitute for petroleum-refined oils. The
types of them usually include Alkyl Benzene oils (AB),
Poly Alpha Olefins (PAO), Poly Alkylene Glycols (PAG),
Polyol Ester oils (POE), and Polyvinyl Ether (PVE).

2.2 Viscosity

There are two basic roles the oil plays inside the
compressor: one is to lubricant the mechanical pieces; the
other is to reduce heat leakage. The research'® pointed out
that oil can absorb about 5~10% heat loss during the
operation of the compressor. And the viscosity is
considered one of the most important characteristics for
the role of lubricant. The thickness of lubricant film is a
function of the viscosity, which has a fundamental impact
on the compressor performance and reliability'". High
viscosity would lead to a drop in the compressor efficiency,
while the rotating parts of the compressor might be wear
and ran out faster because of the lubricant with low
viscosity'?.
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Fig. 1: Viscosity change with the concentration of
refrigerants.

Because of the diluting by the refrigerant, the increase
of temperature, and the decrease of pressure, the viscosity
of oils would be dropdown. Fig. 1'¥ shows the trend of
viscosity change by adding various refrigerants from 0 to
30% into the oil. Lin and Kedzierski'¥ predicted the
viscosity of a pure POE lubricant by the nonequilibrium
molecular dynamic simulation. The result adequately
described the viscosity in different temperature and

pressure range with the comparison of experimental data.
To work in a heat pump system properly, the viscosity of
lubricant must be maintained high enough, while it can be
decreased by the refrigerant and make the oil remain
liquid to flow back to the compressor through the cycle.

2.3 Compressibility and density

The compressibility of lubricants, which deeply
involves the dimension of the peak in the pressure
distribution, is a significant factor to reduce the stress of
mechanical pieces and improve the life of bearing
components'>. From an investigation by Jacobson'®, a
great reduction of the compressibility occurred when
adding about 20% by weight of R134a into SL68 POE at
the pressure condition of 300 MPa, which almost about
1/3 of pure oil. Bair et al.!” reviewed the researches about
the compressibility of oil/refrigerant and highlight the
methods to predict and control the friction of compressor
by the compressibility of oil/refrigerant mixtures.

The density of lubricants, as important as the viscosity,
inherently affects the lubricant hydrodynamics'®. The
density is also a fundamental parameter to predict or
simulate the properties of oil/refrigerant mixtures. A group
of experimental data, which summarized the density and
viscosity of lubricant PEC6, was measured by Lin and
Kedzierski'?. They pointed out that the density of
lubricants can be predicted with high accuracy by standard
molecular dynamic simulation.

2.4 Solubility with refrigerants

The solubility of the refrigerant in oil is significant
because the lubricant would go through the circulation and
come back to the compressor with refrigerant!®.
Especially it has a considerable effect on the evaporator
performance when under the same working condition??),
Besides, the refrigerant, as an effective solvent, also
change the viscosity and density of the lubricant more than
temperature alone?V.
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Fig. 2: Lubricant option with different types of refrigerants.

Fig. 2%V takes a look at the lubricant options for
refrigerant chemistry. These options have not changed
over the last several years. Some of this is due to the
limitation of certain rules, while others are limited to
certain parameters that might be re-test to get a better
understanding of acceptability.

The solubility of lubricants with refrigerants can make
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a progress for not only the system efficiency but also the
energy consumption. It demands a molecular
thermodynamic model to predict the characteristics of
oil/refrigerant mixture appropriately’?. A group of
statistical mechanical equations was developed by
Zolfaghari and Yousefi*® to calculate the volumetric
properties of sixteen mixtures of lubricants and
refrigerants, and the result showed good harmony with the
literature. The solubilities of low global warming potential
refrigerants in commercial POE lubricants, including
R1234ze(E), R1234yf, RE170, R600a, and R744, were
simulated by Fouad and Vega with a molecular model*?.
An experimental measurement about the solubilities and
diffusivities of R1234yf and R1234ze(E) in VG32 POE
oil was also presented by Morais et al?®.

3. Influence of lubricants

The advantages and disadvantages of lubricant in heat
pump/refrigeration are introduced from a different
direction in this part, which would point out that lubricant
is a considerable parameter for the system performance.

3.1 Impact on refrigerants

Mixing with refrigerant would cause the viscosity
reduction of lubricant, the heat transfer performance of
refrigerant will decrease as well.

The influence of PAG on a water-cooled gas cooler was
examined by Dai?® with different oil concentrations, tube
diameters, operation pressure, mass flow rate, and water
inlet temperature. The result showed a negative effect of
the oil, and it became significant under several conditions:
decreasing of the tube diameter, approaching the critical
pressure, and a high flow rate of the secondary fluid.

The reduction of gas cooler thermal effectiveness with
the increase of oil concentration in different hydraulic
diameters is illustrated in Fig. 3%9. The negative effect is
more obvious, while the hydraulic diameter of the gas
cooler is designed smaller.

Besides, with the increase of lubricant concentration,
the pressure drop in the condenser would become worse.
Fig.4?? shows the change of the frictional pressure drop
with different qualities of lubricant. The decreasing
tendency of the pressure drop may be caused by the
transition from turbulent flow to laminar flow.

From the discussion above, it can be concluded that the
performance of refrigerant would be repressed with an
increasing concentration of lubricant. However, it cannot
decide the influence on the efficiency of the heat pump
system for this reason only since the lubricant has a
positive effect on compressor performance, especially for
the prevention of gas leakage that is the main reason for a
heat pump system to cause the environmental impact with
refrigerants®.
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Fig. 3: Influence of lubricant concentration on the gas cooler
thermal effectiveness with different hydraulic diameters.
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Fig. 4: Friction pressure change with different qualities.

3.2 Impact on compressor

As mention in the beginning, the advantages of
lubricant are the reduction of damage and heat losses
caused by friction and the prevention of gas leakage at the
compressor, which makes progress on compressor
operation. Especially in the application of a large scale,
such as supermarket heat pump systems, the charge
amount of refrigerants may require as 2 to 3 times of the
cooling load?®. A number amount of leakage (about 20%)
may occur from the installing processes or during
operation®®3), which would drop down the performance
of the compressor and cause an environmental impact®?.

In the research of Afshari®®, the effects of lubricant
mixing with R404a on reciprocating compressors in air-
water heat pumps are analyzed.

The impact of the charge amount of refrigerant in the
compressor power consumption with various oil viscosity
(from low viscosity to high viscosity: SL22, SL68S,
SL220) is reported in Fig. 5. As the charge amount of
refrigerant increases, while it means the lubricant
concentration decrease, the power consumption of the
compressor increases simultaneously. And the differences
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appear more obvious when the lubricant with lower
viscosity is applied.
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Fig. 5: Compressor power consumption with different
lubricants.

The second law and isentropic efficiency of the
compressor versus the charge amount of refrigerant are
also shown in Fig. 6. The tendency of both reported
efficiencies falls gradually by increasing the amount of
refrigerant as same as that the lubricants are diluted. That
verifies again that the compressor performs better when
the concentration of lubricant is higher.
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Fig. 6: Second law and isentropic efficiency of the

compressor with two kinds of lubricants.

Furthermore, it can be recognized that lubricants with
less viscosity present less power consumption and higher
second law efficiency. SL22 shows the maximum exergy
efficiency in comparison with other lubricants.

3.3 Impact on the whole system

Compared with the mass fraction of refrigerant,
lubricant shows less influence on the COP and exergy of
the heat pump system. But when the charge amount of
refrigerant maintains in the same value and other
conditions such as temperature in the evaporator or water
flow rate in the condenser are changed individually, the
result shows the same relationship between the viscosity
of the lubricant and the COP of the system as Fig. 7 and
Fig. 8%, That is the system has a better performance with
lower oil viscosity.

Thundermore, the mass flow, which is one of the
important factors to affect the performance of the heat
exchanger and the heat pump system, is controlled by the
compressor power and the refrigerant mass*. And
lubricants have a significant influence on the two factors.
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Fig. 7: Influence of lubricant on the COP with different inlet
temperatures of the evaporator?).
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Fig. 8: Influence of lubricant on the COP with different
water flow rates of the condenser3?,

4. Conclusion

The role that playing by the lubricants in the heat pump
system is introduced in this paper. The viscosity,
compressibility and density, and solubility with
refrigerant are the important properties of lubricants. As
mixing the refrigerant and lubricant, the viscosity of
lubricant falls with the dilution of refrigerant, while the
amount of lubricant simultaneously decreases the heat
transfer coefficient of the refrigerant. The lubricant with
lower viscosity performs better in the improvement of
efficiency and the reduction of power consumption in the
compressor in the same experimental condition.

The studies of lubricants are special in the different
viscosity, refrigerant, compressor, and application. But it
shows some general effects of lubricants on the system
performance, which would provide a piece of helpful
information for the investigation of next-generation
lubricants .
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