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Abstract:

As a result of the Montreal protocol (UNEP, 1987) that limits the production of ozone-
depleting refrigerants, manufacturers are searching for alternatives to replace the R12 that is
presently used in domestic refrigerator-freezers. Before an alternative can be selected,
several issues must be resolved. Among these are energy impacts system, compatibility,
cost, and availability. In an effort to determine the energy impact of some of the alternatives,
energy consumption tests were preformed in accordance with section 8 of the Association of
Home Appliance Manufacturers (AHAM) standard for household refrigerators and
household freezers (AHAM, 1985). The results are presented for a 9 ft* (0.2548 m°) top-
mount refrigerator-freezer with static condenser using the following refrigerants: R12,
R290/R600a, R134a/R22, and R134a. All refrigeration components remained the same
throughout the tests, except that the length of the capillary tube, compressor size, and the
amount of the charge were changed for each refrigerant. The experimental results from
AHAM test obtained with the same compressor used with R12 indicated that the
hydrocarbon mixture of R290/R600a at 61% mass fraction of R290 showed a (3-4)%
increase in energy efficiency and a faster cooling rate as compared with R12. On another
side the R134a/R22 mixture with 0.48 mass fraction of R22 result was more promising (12%
lower energy consumption) relative to R12 with changes to refrigeration system, such as a
different capillary tube and compressor. Meanwhile the R134a was less promising (7.5%
higher energy consumption) using different capillary tube and compressor size as compared
with R12. It is noted that the test results are only an initial step in determining a replacement
for R12. Further analysis should be performed to determine long-term effects on compressor
life and operation over a wide range of ambient temperature.
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Introduction:

The Montreal Protocol has created a major problem for refrigerator-freezer manufactures.
They are faced with trying to reduce energy consumption in the same time period in which they
must begin using replacement refrigerants that may increase energy consumption. Adding to this
dilemma, most changes in refrigeration system design require long lead times to implement in
production, and requirements for replacement refrigerants will cause many candidates to be
eliminated in the early going. Some of the requirements are that the refrigerant must be
nontoxic, stable, nonflammable, compatible with lubrication oils, similar in thermodynamic
performance, and available at low cost. Compromises will probably be made in some of these
criteria in order to ensure that the energy efficiency targets are met. An outside influence on the
choice for replacements involves the refrigerant selected for automotive air-conditioning system.
Automobile air-conditioning requires approximately (12-20) times more R12 than refrigerator-
freezers, thus giving the automobile manufactures a larger voice in the replacement refrigerants
produced (Satt, 1988). However, automobile manufactures are not concerned with energy
efficiency of air-conditioning system since it has little effect on the gas mileage. For this reason,
a replacement for R12 that does not meet the energy-efficiency needs of refrigerator-freezer
manufactures may be produced.

Boot (1990), Radermacher et al. (1993), Jurgensen (1995), Tiedemann and Kruse
(1995), Junge et al. (1996), Dossat and Horan (2002) and Sattar et al. (2007) have done work
in the issue of alternative refrigerants (R134a, R152a, R409A, R409B, R290, R744, R600a) but
none of these works, his to our knowledge, led to a general methodology for the optimum choice
for selecting between these refrigerants.

Test procedure:

Testing of several alternative refrigerants to determine the estimated annual energy
consumption was performed in a 9 ft® (0.2548 m®) refrigerator-freezers in accordance with
section 8 of the AHAM standard for household refrigerators and household freezers (AHAM,
1985). The refrigerator was fully instrumented with more than 64 thermocouples, 10 pressure
gauges, and digital watt and watt-hour meters and a high precision rotameter with a range of (0-
10 cc/sec. water) for measuring the flow rate of the refrigerant and the locations of this
instruments shown in figure (1). In order to optimize the capillary tube size for the mixture
refrigerants, the refrigerator was equipped with four of the same inside capillary tubes diameter
(0.71 mm) and different length (2.5, 3.0, 3.6, 4.0 m respectively). The presented test results are
then used to calculate the energy consumption based on a -10°F(-23.3°C) freezer reference
temperature and test room conditions are that the ambient temperature must be 32°C +2.5°C.

The procedure for loading the charge was to first evacuate the system to a minimum
vacuum of 10 microns of mercury (1.33E-06 Pa). The refrigerant was then weighed into the
refrigerator-freezer as a vapour on the low side using a laboratory balance. If a refrigerant
mixture was used, the high boiler refrigerant was charged first. If a premixed mixture was being
tested (such as 61% R290/ 39% R600a), the refrigerant was charged as a liquid rather than
vapour. For most of the high boiling refrigerants, it was necessary to heat the charging cylinders
to raise the pressure to a point where the refrigerant would flow into the refrigerator-freezer.

Results:
A total of four refrigerants, including R12, were tested. The three alternative refrigerants
were R290/R600a, R134a and R134a/R22. Refrigerants were selected on the basis
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R134a Tests:

R134a is one of the alternative refrigerants mentioned most often as a replacement for
R12. From thermodynamic data (Wilson and Basu, 1988), it can be estimated that R134a has a
lower cooling capacity and operates at lower suction and higher discharge pressures than R12
for the same evaporation and condensing temperatures. Based on this information, a larger
compressor would be necessary to achieve cooling capacities equivalent to those obtained with
R12. Test results obtained from the present work are listed in table (1) for R134a and polyolester
oil with a viscosity semi similar to that of the mineral oil used with R12. The results show an
increased energy consumption of 7.5% relative to R12. Compressor run time was higher than
those for R12, indicating that the capacity of R134a is lower, as previously estimated from the
thermodynamic data.

R134a/R22 Tests:

R134a/R22 has been mentioned as a possible replacement for R12 on the basis of its low
ozone depletion potential (less than 0.05). The experimental results obtained with the same
compressor used with R134a indicated that R134a/R22 mixture in the composition range 0.12 to
0.48 mass fraction of R22 showed a 6% to 12% increase energy efficiency and a faster cooling
rate as compared to R12. The R134a/R22 mixture at 0.48 mass fraction of R22 showed an
optimum composition of this mixture, which gives maximum increase in energy efficiency and a
shorter compressor on-time and lower compressor dome temperature than R12. Tests with this
mixture were originally performed using polyolester oil identical to that used with R134a.

R290/R600a Tests:

R290/R600a, a mixture of 61 wt% R290 and 39wt% R600a, is a long-term, zero-ozone-
depletion-potential replacement for the refrigerant R12. The experimental results obtained with
the same compressor and mineral oil used with R12 indicated that the R290/R600a mixture at
0.61 mass fraction of R290 showed a 3% to 4% increase in energy efficiency and faster cooling
rate as compared to R12. The R290/R600a mixture showed a shorter compressor on-time and
lower compressor dome temperature than R12.
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Table (1) Refrigerant Test Results of The Present Work for Alternative Refrigerant
Versus R12 at Ambient Temperature 32°C.
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In comparison with the computational results of Hussain and Murtadha 2003, the experimental
results yield results accurate to within (4.54%) for the compressor input power and (5.74%) for
the coefficient of performance (COP) using R12 and (4.3%) for the compressor input power and
(5.32%) for COP using R134a. The verification is done for within domestic refrigerator
operation within range of ambient room conditions from (20° C to 35° C) as shown in figures (2)
to (5) respectively.

Conclusion and Recommendations:

The following conclusion and recommendations apply only to domestic refrigerator-freezers
and more specifically to the particular unit tested. Other refrigeration systems, such as heat
pumps, operate at different conditions that could affect the refrigerant performance and thus
alter the result. In addition, the conclusions are based on only one test series for determine
energy consumption and are not sufficient to adequately predict the overall performance of the
system under other conditions such as pull-down and elevated ambient temperatures. Therefore,
further tests, such as system reliability and accelerated life, are required before a final decision
can be made as to the adequacy of the alternative refrigerants.

e The use of R134a as an alternative refrigerant along with polyolester oil resulted in a 7.5%
increase in energy consumption compared to R12.

e R134a/R22 is possible short-term alternative on the basis of reduced energy consumption. The
reason it is only short-term alternative is that still contain R22, which is in the process of being
phased out of production. However, the tests results reveal that a reduction of approximately
90% to 95% in the ozone depletion potential could be realized from it use.

e The hydrocarbon mixture of 61 wt.% R290/39 wt.% R600a has 4% lower energy consumption
than R12 when run in a system with a mineral oil.

The preceding results were for a modified refrigeration system by using a different
compressor and optimizing the capillary tube size for each alternative refrigerant. The possibility
exists that some of the results could be altered by changing the system design either by using a
different condenser and evaporator size. Additionally, results could be affected by testing in
another manufacturer’s product.
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Figure (2) Comparison Between The Present Experimental Results and Computational
Results of Hussain and Murtadha 2003 Using R12 at Ambient Temperature (20°C)
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Figure (3) Comparison Between The Present Experimental Results and Computational
Results of Hussain and Murtadha 2003 Using R134a at Ambient Temperature (20°C)
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Figure (4) Comparison Between The Present Experimental Results and Computational
Results of Hussain and Murtadha 2003 Using R12 at Ambient Temperature (35°C)
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Figure (5) Comparison Between The Present Experimental Results and Computational
Results of Hussain and Murtadha 2003 Using R134a at Ambient Temperature (35°C)
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