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Performance of Non-CFC Refrigerants for
Low-Temperature Refrigeration
Leelananda Rajapaksha
Abstract: As a result of the worldwide ban on chlorinated refrigerants two widely used low temperature
refrigerants; R13 and R503, are being made unavailable to the refrigeration industry. As for the
present, alternative refrigerants for these fluids are very limited. This paper assesses the suitability
of some logically screened non-CFC refrigerants and azeotropic mixtures for low temperature cooling
applications. The analysis is based on thermal-physical properties and simulated vapour compression
refrigeration cycle performance of the fluids. The screening process identified two fluorocarbons (R116
and R14) and one hydrocarbon (R170) as potential non-CFC replacements. Further, the study reveals
that the properties of fluorocarbon R116, mixtures R508A and R508B correlate well with those of R13
and R503. It is also found that R14 possesses desired property behaviour of a refrigerant for cooling
application close to -100 °C or below, however reasonable vapour pressures, volumes and discharge
temperatures need to be obtained preferably by making a blend with a second fluid.
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1.

Background

of the refrigerants themselves appear, such
as considerable variation of properties, when
working at very low temperatures [6],

Expanding knowledge on adverse environmental
implicationsofchlorinatedrefrigerants intensified
the global search for environmentally acceptable,
chemically and thermally stable alternatives.
Ffowever, current research on refrigerants reveal
that the chances for the discovery of an ideal
refrigerant that meets all the environmental and
performance criterion are very unlikely [1,2,3,4].
Among different applications of refrigeration,
one area that faces challenges and difficulties in
finding suitable alternatives is low temperature
applications; say those operating below - 50 °C.
At such low temperatures, cascade or multistage
refrigeration systems are usually employed;
mostly in applications of food processing,
pharmaceuticals and chemical processing [5],

Refrigerants R13 (CFC) and R503 (CFC/HCF),
with normal boiling points -81.3 and - 87.5 °C
respectively, possess most of the desired thermalphysical properties suitable for low-temperature
applications. These two refrigerants have been
very successful working fluids in lower cycles
of cascade refrigeration systems. However both
these refrigerants are being phased out. Presently
hydorfluoro-carbons (HFC), fluorocarbons (FC),
hydrocar-bons (HC) [2] and carbon dioxide
[7], are considered as replacements. However,
the complexity of the molecules and thermalphysical properties of the alternative refrigerants
decide their efficiency and suitability for the
intended low temperature applications. This
paper investigates the suitability and asses
associated parameters of certain appropriately
screened refrigerants, FC, HC, HCFC etc., for
low temperature cooling applications below
-50 °C.

In general, when selecting a refrigerant for a
specified vapour compression application, a
trade off situation exists between the cooling
capacity and the efficiency [4]. The positions
of the condensing and evaporating temperatures
relative to the critical point temperature
influence the mass and volume flow rates of a
refrigerant. As a result, different refrigerants
will have different system efficiencies when
delivering a specified cooling duty. In addition,
the slope of the saturated liquid line indicate the
likely loss of refrigerating effect due to formation
of flash gas during expansion from condensing
to evaporating pressure. Further, limitations
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