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Abstract

The unitary air-conditioning and heat pump application sector is one of the largest single consumers of
refrigerant today mostly with R-410A having Global Warming Potential (GWP) of 2088 or R-32 (GWP 675).
Legislative phase-down of fluorinated refrigerants is driving a search for alternatives for this application with
target to lower average GWP — ideally below 300. While some alternatives such as R-454B (GWP 466) or R-
290 have already been identified as technically feasible, the flammability and charge size of systems may
present an additional barrier to use these fluids. Use of R-744 has been considered in the past but the energy
efficiency and cost of prototype systems has rendered it unattractive. A non-flammable refrigerant blend of R-
744, R-1132a and R-32, working name LFR3 (submitted to standards bodies for classification), GWP 142, has
been developed, which in testing has demonstrated significant energy efficiency advantage over R-744. A
project is how underway to assess the feasibility of using this fluid for heat pumps. The goal is to develop
baseline performance on a production system designed for R-410A then to retrofit the system with new heat
exchangers and compressor suitable for use with R-744 and to assess whether comparable efficiency (EER) to
the R-410A may be achieved. Performance testing with R-410A, with a near drop-in low-GWP alternative (R-
468C, GWP 284)) and of the prototype high pressure system will also be presented.
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1. Introduction

The direct impact of refrigerant emissions and their global warming effect, measured by Global Warming
Potential (GWP), have been a long focus by regulators. With another HFC allowance step down scheduled in
2024 as set forth by the F-gas regulation and the Kigali Amendment to the Montreal Protocol, the HVAC&R
industry worked diligently in developing lower GWP refrigerants while updating standards and procedures to
safely use the increasingly common mildly flammable refrigerants in systems and buildings. In addition, the
HVAC sector, heat pumps to be specific, has been identified as key in accomplishing net zero energy goals
established by corporations as well as governments. The US Department of Energy (DOE) published an
industry decarbonization roadmap [1] in September of 2022 that laid out pathways in reaching the net-zero
GHG emissions by 2050 in the US. Amongst the four pillars that were identified by the DOE, it is clear that
heat pumps will be an integral technology for the energy efficiency and industrial electrification pillars. With
ever increasing demand for more efficient HVAC systems, it is critical to take a wholistic approach when
selecting a new refrigerant beyond the GWP value.

Refrigerant development activities were centered around designing fluids as closely as possible to
incumbent refrigerants that would allow for easy adoption for both new and retrofit applications. To that end,
the first part of this paper will present a drop-in assessment of a lower GWP R-410A replacement refrigerant,
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R-468C. The second part of the paper will focus on a very high pressure low GWP refrigerant LFR3, blend of
R-1132a, R-744, and R-32 (10/69/21 in mass %), which was developed to improve the efficiency of R-744
and expand the fluid usage to warmer climate zones. It is also nonflammable as formulated, which can be a
promising solution for applications with larger refrigerant charges. A R-744 based prototype unit was built
within the R-410A system frame, which was then assessed for cooling and heating performance of R-744 and
LFR3.

2. Description
2.1. Refrigerant properties
As described in the previous section, four refrigerants have been experimentally evaluated in this work.

They can be further categorized into two groups based on the pressure ranges: high pressure and very high
pressure. Thermodynamic properties of the fluids are summarized in Table 1.

Table 1. Thermodynamic properties of test refrigerants

Property Units R-410A R-468C R-744 (CO,) LFR3
GWP (AR4) 2088 286 1 143
Molecular mass g/mol 72.6 73.7 44.0 47.0
Critical temperature °C 714 77.0 31.0 41.2
Critical pressure kPa 4900 4880 7377 7170
Liquid density (0°C) kg/m® 1170 1084 927 935
Bubble pressure (0°C) kPa 801 838 3485 2875

2.2. Test description

A commercially available R-410A packaged heat pump with a capacity of 17.6 kW (5 Ton) was used for
R-410A and R-468C drop-in testing. The thermostatic expansion valve (TXV) was set to maintain a superheat
of 3 K for cooling at A condition and was not readjusted for other conditions. Capacity was measured for both
air and refrigerant side, which showed good agreement throughout the testing.

Upon completion of the high pressure refrigerant testing, a prototype unit was built within the frame of the
R-410A unit with a goal to maintain the same cooling capacity of 17.6 kW, Figure 1. The same baseline indoor
blower (air flow rate) and outdoor fan were used while a reciprocating compressor, indoor and outdoor heat
exchanger, internal heat exchanger (IHX), accumulator, and EEV designed for R-744 were implemented. The
purpose of this study was to evaluate the feasibility of using very high pressure low GWP refrigerants (R-744
and LFR3) in heat pumps while maintaining the same footprint as existing equipment with lower pressure.
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Fig. 1. R-744 system components fitted into the R-410A unit frame

3. Results and Discussion
3.1. Drop in test results for high pressure refrigerants

Refrigerants were evaluated at two cooling (A and B) and two heating conditions (H1 and H3) as described
in the AHRI 210/240 standard [2]. The optimum charge of R-468C was determined to be 5.8 kg, 9% higher
than the R-410A baseline, where sufficient subcooling was observed while maximizing the cooling capacity
and COP. Uncertainty values were determined as +0.7% for COP and +0.2% for capacity.
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Fig. 2. Capacity of R-410A and R-468C at cooling and heating modes
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R-468C showed slightly lower capacity values than R-410A especially during heating mode, Fig. 2. COP
also showed a similar trend where R-468C exhibited comparable results to R-410A at cooling mode and lower
efficiencies at heating mode, Fig. 3. These results are similar, but somewhat lower compared to previous drop
in test results conducted in a R-410A split system where R-468C was reported as LFR1C [3]. Low reported
similar or higher COP of R-468C than R-410A especially in heating mode. One potential reason for this
discrepancy could be due to the testing in this work being carried out and optimized around cooling mode,
which may have inadvertently hurt the heating performance. Also, it was noted that the performance was
sensitive to the TXV opening and thus the superheat values, however, the TXV setting was not adjusted once
it was set for A condition. A use of an electronic expansion valve (EEV) may help better modulate between
the two modes. R-468C also has a higher glide of 4 to 5 K compared to R-410A’s glide of 0.1 K, therefore the
direction of flow in the heat exchangers can favor one mode over the other and provides an opportunity to
optimize the system based on primary operations.

3.2. Test results for very high pressure refrigerants in the prototype unit

Three parameters can be changed to adjust the capacity and high side pressure of the R-744 based system:

H1

Test Condition

H3
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Fig. 3. COP of R-468C relative to R-410A at cooling and heating modes

1. Refrigerant charge,
2. Compressor speed, and
3. EEV opening.

3.2.1. Cooling mode

At each refrigerant charge, the EEV opening and thus the gas cooler inlet pressure was adjusted to maximize
the COP. Then the corresponding compressor speed was set accordingly in order to match the cooling capacity
of 17.6 kW. Summary of the test results at optimum refrigerant charge are shown in Table 2. Uncertainty was
determined as +1.0% for COP and +0.3% for capacity. LFR3 operated at a higher compressor speed compared
to R-744, but showed higher COP and compressor volumetric efficiency (nve) While exhibiting 20% lower
optimal gas cooler pressure.

Table 2. Test summary of R-744 and LFR3 at A condition

Fluid COP Optimal gas Refrigerant charge ~ Compressor Nvol
cooler pressure (kg) frequency (Hz)
(MPa)
R-744 251 9 41 40.9 0.69
LFR3 2.64 7.3 4 47.1 0.75
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Compressor speed and refrigerant charge found in A condition were kept constant for B condition tests. The
result trends for B condition were consistent to those observed in A condition, Table 3. The consistently higher
cooling efficiency of LFR3 over R-744 was also reported when tested in a heat pump system for bus
applications [4].

Table 3. Test summary of R-744 and LFR3 at B condition

Fluid COP Optimal gas Refrigerant charge  Compressor MNvol
cooler pressure (kg) frequency (Hz)
(MPa)
R-744 33 7.0 41 40.9 0.72
LFR3 3.49 6.4 4 47.1 0.77

3.2.2. Heat pump mode

As the prototype unit was not assembled as a reversable system, the unit needed to be modified and re-piped
prior to heat pump testing. It was also noted that the IHX was probably oversized and the combination of IHX
and the accumulator contributed to additional pressure drop. Therefore, the accumulator was removed during
the conversion. For cooling mode, the evaporator was mounted in parallel flow in order to have the same heat
exchanger performing in counter flow in heat pump mode. As LFR3 is a zeotropic refrigerant, it was expected
that the performance would further improve from the flow direction. The EEV opening was adjusted to
maximize the COP while refrigerant charge and compressor frequency were kept at the previously determined
values. The uncertainty was found to be £0.6% for COP and +0.3% for capacity.

Table 4. Test summary of R-744 and LFR3 at H1 condition

Fluid COP Capacity (kW) Optimal gas cooler Nvol
pressure (MPa)

R-744 3.27 21.9 8.2 0.72

LFR3 3.26 215 7.0 0.70

LFR3 and R-744 showed similar efficiencies, which is contrary to previous testing of LFR3 in an air-source
heat pump water heater designed for R-744 where 15% higher heating capacity and 35% higher COP of LFR3
relative to R-744 were reported [5]. These very high pressure refrigerants, however, showed approximately
25% improvement in heating capacities at the H1 condition compared to R-410A. The noticeable frost
formation during the LFR3 runs may have led to lower than expected COP value, which is due to the
combination of glide as well as parallel flow in the evaporator that brought down the evaporator inlet
temperature to below 0°C.

Further testing on H3 condition is on-going and will be presented at the conference.

4. Conclusion

R-468C and LFR3 were evaluated as low GWP solutions in a packaged heat pump system. R-468C showed
comparable performance as a R-410A alternative while providing more than 85% reduction in GWP. It should
be noted that R-468C is an A2L safety class per ASHRAE 34 and should only be used in systems designed for
mildly flammable refrigerants.

It was also demonstrated that it is feasible to use very high pressure refrigerant LFR3 while providing
matching capacity and footprint as existing commercially available equipment. The heating results were
particularly promising considering that a reciprocating compressor was used in lieu of a higher efficiency scroll
compressor. While LFR3’s COP was measured to be approximately 20% lower than R-410A in average, the

5



14" |EA Heat Pump Conference 2023  Paper 127

results are encouraging given that they were obtained from a first-generation prototype unit. Proper sizing and
selection of components with optimized heat exchanger designs will allow for further performance
improvement.

Disclaimer

Although all statements and information contained herein by Koura Global are believed to be of sound
scientific judgement, they are presented without guarantee or warranty of any kind, expressed or implied.
Information provided herein does not relieve the user from the responsibility of carrying out its own tests and
experiments, and the user assumes all risks and liability for use of the information and results obtained.
Statements or suggestions concerning the use of materials and processes are made without representation or
warranty that any such use is free of patent infringement and are not recommendations to infringe on any
patents.

Nomenclature

Mol Compressor volumetric efficiency
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