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L. INTRODUCTION
Many published literature shows Hydroflourocarbon (HFC) and hydro carbons (HC) refrigerant mixture as the favorable
replacement for HCFC22 in refrigeration and air-conditioning systems. Moreover, it was assumed that the addition of
HCs(290/600) to HFC152a makes it compatible with POE oil .In this chapter the various factors that were considered to
select a suitable HFC and HC mixture refrigerants with various mass proportions as drop-in substitute for HCFC22 are
discussed. Since HC mixture is zeotropic in nature, the refrigerant mixture preparation and handling procedure followed
for the selected mixture is also discussed.

II. REFRIGERANT MIXTURE PROPERTIES

The various properties of the refrigerants have been found from the literature that the vapor pressure, liquid density, vapor
density latent heat, liquid viscosity and vapor viscosity are the significant properties to predict the alternative refrigerant
and mixture properties. Thus the above mentioned properties of the refrigerant mixtures along with HCFC22 were
predicted from REFPROP 7.0 Beta Version (NIST2002) software for the operating temperature ranging from 0°C to
60°C.
The proposed HFC and HC ternary mixtures with different percentage of composition to investigate for replacement of
R22 are mentioned below.

e  MI -R152a-60%/R290-20%/R600-20%

e M2 - R152a-20%/R290-20%/R600-60%

e M3 -R152a-10%/R290-10%/R600-80%

e M4 - R152a-10%/R290-80%/R600-10%

e MS5 - R152a-80%/R290-10%/R600-10%
Among the selected combination of refrigerant mixtures, M5 is found to be low temperature glide and M3 has low GWP
(15.1), high COP and acceptable temperature glide. The Table 3.1 below presents the COP and temperature glide obtained
for mixtures containing different proportions of HCFC 22 at -150C of evaporator temperature and 300C of condenser
temperature (Khurmi 2006).
A significant amount of refrigerant mixtures that exhibit large temperature glides during the phase change. The use of
such refrigerants will affect the temperature distribution in evaporator and condenser and thus impact a refrigerating
system behavior. The temperature glide of refrigerant mixtures for both Te and Tc should have the acceptable limits less
than 120C at a given operating conditions. Since they are non-azeotropic (refrigerant) mixtures, exhibit a temperature
variation during constant pressure phase change
GWP of blend can be calculated (from IPCC 2013),
GWP of blend (M3) = Proportion by % mass of component A x GWP of A + Proportion by % mass of component B x
GWP of B + Proportion by % mass of component C x GWP of C
Where Component A = R152a, GWP of A = 124, Mass percentage = 10% Component B = R290, GWP of C = 3, Mass
percentage = 10% Component C = R600, GWP of C = 3, Mass percentage = 80%
=(0.1x124)+ (0.1 x3)+ (0.8 x3) GWP for M3 =15.1
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Table 1: Refrigerant mixture compositions and corresponding to COP and temperature glide

Refrigerant Temperature glide
oy I R290 | R600 | o o
(2owt.) (2owt.) (2owt.) Ter Teond
M1 60 20 20 3.26 6.8 7.6
M2 20 20 60 3.33 10.8 14.2
M3 10 10 80 3.32 6.3 10.6
M4 10 80 10 3.18 5.4 4.9
M5 80 10 10 3.31 2.5 2.2

Table 2: Thermodynamic Properties of Refrigerant and Refrigerant Mixture

Molecular | Boiling | Freezing Critical Critical

Refrigerant Weight Point Point Temperature | Pressure
@mo) | CO | o £S) (0
R22 86.46 -40.81 | -151.41 96.14 49.9
R152a 66.05 -24.02 | -118.59 113.26 45.16
R290 44.09 -42.09 | -187.67 96.67 42.47
R600 58.12 -0.055 | -138.28 151.98 37.96

Figure 1 shows the variation of vapour pressure with saturation temperature. The properties are obtained from
REFPROP7.0. From the graph, it could be noted that with the increase in mass percentage of HC blend, the suction
pressure and discharge pressure boosts up. Among the refrigerant mixtures(M1,M2,M3,M4,M5) the vapour pressure
found to be lowest for M3, which is 39.72% lower than that of R22 at 500C.Furthermore,at 70C evaporating temperature
the pressure ratio for R22 was found to be 3.12% whereas R152a it was found to be 3.94.With the addition of HC blend
to R152a the pressure ratio got reduced due to higher suction pressure of M3.As the pressure ratio reduces with the
addition of HC blend in R152a,less work of compression could be expected and hence better system is possible.
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Figure 1: Variation of Vapor Pressure with Saturation Temperature
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Figure 2: Variation of Liquid Density with Saturation Temperature

The charge quantity of the refrigerant is decided by liquid density property which is most significant one. The refrigerant
charge used in the hermetically sealed compressor is an important parameter that affects the thermodynamic performance
of the system. It has been reported that decreasing the charge quantity could reduce the cycling losses (Kuijpers et al.
1988). It was found that the mixtures have lesser density than R22 and with the increase in HC blend in the refrigerant
mixture the density decreases.

The work of compression normally increases with the increase in the density of liquid. It is essential to study the vapour
density of refrigerants used in this work since the system is vapor compression refrigeration system. Figure 3.3 represents
the variation of vapour density of the refrigerants with respect to saturation temperature. It can be observed that the vapour
density of the mixture 69.27% to 71.63%lower than that of conventional refrigerant R22. thermodynamic performance
of the system. It has been reported that decreasing the charge quantity could reduce the cycling losses (Kuijpers et al.
1988). It was found that the mixtures have lesser density than R22 and with the increase in HC blend in the refrigerant
mixture the density decreases.

The work of compression normally increases with the increase in the density of liquid. It is essential to study the vapour
density of refrigerants used in this work since the system is vapor compression refrigeration system. Figure 3.3 represents
the variation of vapour density of the refrigerants with respect to saturation temperature. It can be observed that the vapour
density of the mixture 69.27% to 71.63%lower than that of conventional refrigerant R22.

III. EXPERIMENTAL SETUP

An experimental test facility has been created in order to study the performance of vapour compression refrigeration
systems working with R22 and various other refrigerant mixtures. This chapter deals with the details of the experimental
set up, the experimentation part, various aspects of retrofitting procedure and the data reduction procedure.
The basic arrangement of different components involved in a Vapour Compression Refrigeration (VCR) system is
schematically shown in Figure 3.
The complete cycle (1-2-3-4-1) of this system involves different processes and they are given below. The Pressure-
Enthalpy (P-H) chart shown in Figure 4 presents the paths taken by different processes to complete the cycle of the VCR
system and the variations in pressure and enthalpy during the works done at different stages of the cycle. The cycle
involves the following processes:

e  Process 1-2 Isentropic compression of refrigerant vapour in the compressor

e Process 2-3 Constant pressure heat rejection by refrigerant in the condenser

e  Process 3-4 Isentropic Expansion of refrigerant at constant enthalpy process in the expansion device

e  Process 4-1 Constant pressure Heat addition to liquid refrigerant in evaporator
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IV. ENERGY MEASUREMENT TRIALS
Trials have been carried out on the test air conditioner with R22 and M3 refrigerants in alternate months and the energy
consumption were recorded for the given operating conditions as stated in the experimental procedure.
The AC system was run with R22 refrigerant, 8 hours a day for a month and the corresponding energy consumption was
recorded. The next month the same AC system was charged with M3 instead of R22 and the above procedure was carried
out again. It is observed that considerable energy savings have been achieved. This procedure has been carried out for a
yearlong trial. The results have been plotted as bar chart in figure 5.
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Fig 5: Energy consumption studies on R22 and M3 refrigerants AC system for the year 2021
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V. CONCLUSION

The extensive experimental trials show that the proposed M3 refrigerant has distinct merits over R22 as follows:

e Better Thermo physical properties

e Lesser energy consumption

e Low global warming potential
As per the energy savings cost worked out in the section 7.5.2 the percentage savings of energy cost due to retrofitting of
R22 with M3 is significantly higher to the tune of 10.3%.
In other words, due to the introduction of M3 and consequent replacement of R22 the budgetary savings for whole of
India is worked out to be 24, 33, 26,160.00 (Twenty four crores thirty three lakhs twenty six thousand and one sixty) INR
for 1 TR capacity indow AC used by 40% of the population.
The estimation shows that the savings for 1.5TR unit would be 29,27,20,175.00 (Twenty Nine crore twenty seven lakh
twenty thousand and one hundred seventy five ) INR as it is used by 50% of the population.
Similarly the savings calculated for 2TR units is 5,98,88,345.00 (Five crore Ninety eight lakh eighty eight thousand three
hundred and forty five) INR as its usage is limited to 10% of the population.
These saving are significant in terms of monetary spending on Indian budget. Above all this leads to environment benefits
such as lower global warming potential and eco- friendliness.
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