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In order to study the performance of mixed refrigerant R32/R600 in a dual evaporator water
chiller unit, the performance parameters of R32/R600 mixed refrigerant with mass
components of (0.5:0.5) and (0.6:0.4) were experimentally measured under variable
evaporation temperature conditions when the inlet and outlet temperatures of the cooling
water were 32°C/37°C. The research results indicate that under the same operating
conditions, with the increase of low boiling point R32 components, the low-temperature
refrigeration capacity of R32/R600 mixed working fluid decreases, while the high-
temperature refrigeration increases; Both low and high temperature COP are reduced,
mainly due to the increased power consumption of the compressor. Under variable
operating conditions, the performance trends of the units with R32/R600 components are
consistent. When the inlet and outlet water temperature of the low-temperature evaporator
remains unchanged, as the inlet and outlet water temperature of the high-temperature
evaporator decreases, the low-temperature cooling capacity of the unit decreases, while the
high-temperature cooling capacity increases; Low temperature COP decreases while high
temperature COP increases; Reduced power consumption of the compressor. When the
inlet and outlet water temperature of the high-temperature evaporator remains unchanged,
as the inlet and outlet water temperature of the low-temperature evaporator decreases, the
low-temperature cooling capacity decreases and the high-temperature cooling capacity
increases; Low temperature COP decreases while high temperature COP increases; The
power consumption of the compressor has increased. The suction and exhaust pressures of
the unit are within the safe range. R32/R600 (0.5:0.5) has better performance. The research
results can provide reference of the alternative refrigerants application for the double
evaporator water chiller units.

1. INTRODUCTION

category, and its lower liquid density reduces the filling
amount of the mixed working fluid, reduces compressor power

By utilizing the characteristics of non azeotropic mixed
refrigerants for dual evaporator chillers, independent
treatment of air temperature and humidity can be achieved [1-
5]. Due to the significant impact of the variety of mixed
refrigerants and their components on the performance of the
chiller unit, selecting appropriate refrigerants and their
components is of great practical significance for improving the
performance of the refrigeration system. R32 is an
environmentally friendly refrigerant with a large unit mass
refrigeration capacity, and has been widely studied by scholars
as an important component of mixed refrigerants. Al Kraim
and Atag [6] studied the feasibility of using R32 (90%)/R600a
(10%) working fluid as a substitute for R32. Zhang et al. [7]
found that adding R32 to R1234yf increased the heat
absorption of the mixed working fluid. S&nchez et al. [8]
experimentally studied that CO2/R32 binary mixtures can
increase COP by 22.2%. Sobieraj [9] achieved low-
temperature application of CO2/R32 mixed working fluid at -
72°C. Scholars have also found that the addition of R32 to the
mixed working fluid exhibits excellent thermophysical
properties [10-12]. R600 belongs to the CH refrigerant
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consumption and exhaust temperature, and increases COP.
Ganesan et al. [13] found that CO2/R600 has a higher COP in
low-pressure to two-stage high-temperature heat pump
systems. Chen et al. [14] found through experimental research
that the use of R290/R600 in freezers can increase system
performance. Cao et al. [15] pointed out through model
optimization analysis that R143a/R600 has high work
efficiency when used in heat pump systems. Mondal and De
[16] pointed out that a mixture of R245fa and R600 with a
molar fraction ratio of 0.6/0.4 can be used as the optimal
working fluid for organic flash evaporation cycles. Scholars
have also studied the thermal properties of R600 mixed
refrigerants [17-19], pointing out that R600 mixed refrigerants
have broad application prospects as alternative refrigerants.
Meanwhile, with the implementation of China's "dual
carbon" strategy goals, refrigerant replacement technology is
an inevitable requirement for addressing the global climate
crisis and an important research goal for carbon reduction
technology routes. Scholars at home and abroad have also
conducted extensive research in this area [20-24]. Therefore,
adopting refrigerants with zero ozone depletion potential
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(ODP) and low global warming potential (GWP) will components as an alternative refrigerant for non azeotropic
continuously enhance the green industry upgrading and low- mixed refrigerant dual temperature chillers.

carbon development path of the refrigeration industry, which

will have a profound impact on China and even the world in

terms of economy, energy, and environment. This article 2. PHYSICAL PROPERTIES OF R32/R600

conducts experimental research on the environmentally

friendly mixed working fluid of R32/R600 components in a 2.1 The main physical parameters of R32/R600

dual temperature chiller unit, mainly exploring the following

two aspects: (1) The unit performance of the two components The dual evaporator chiller refrigeration system uses a
of the mixed working fluid under the same operating condition. mixture of low boiling point R32 and high boiling point R600
(2) The unit performance of two components of mixed refrigerants. The physical properties of each refrigerant are
working fluid under variable operating conditions. This can shown in Table 1.

provide reference for the selection of components and

Table 1. Main physical parameters of R32 and R600 [25]

. Boilin Molecular Critical Critical Latent Securi
Refrigerant Point /°gC Weight Temperature /°C  Pressure /Mpa  Heat /kj/kg ODP  GWP Classiﬁc;ytion
R32 -51.7 52.02 78.2 5.8 390.5 0 675 A2
R600 -0.5 58.12 151.9 3.79 386 0 20 A3
2.2 Saturated vapor pressure of R32/R600 water and 16°C/21°C high-temperature chilled water. As
shown in Figure 2, under the same pressure, the glide
The saturated vapor pressure of the refrigerant is an temperature of R32/R600 mixed working fluid shows a trend
important reference parameter for the design and operation of of first increasing and then decreasing with the increase of low
the refrigeration system. Generally, when the saturated vapor boiling R32 components. Under the same component, as the
pressure of the refrigerant is low, the operating pressure of the pressure increases, the glide temperature shows a decreasing
system is also low. As shown in Figure 1, the saturated vapor trend. Therefore, the temperature glide during condensation
pressure of each refrigerant increases with the increase of heat transfer in refrigeration systems is smaller than that
temperature. At the same temperature, R134a has the lowest during evaporation heat transfer. In order to strengthen
saturated vapor pressure, indicating the lowest operating evaporation side heat transfer, there is a greater demand for
pressure of the refrigeration system. R410A has the highest chilled water volume. Within this pressure range, the
saturated vapor pressure, which is the highest operating maximum temperature glide of R32/R600 is 47.62°C.
pressure of the refrigeration system. The saturated vapor
pressure of R32/R600 (0.5:0.5) is slightly higher than R407C 50
and slightly lower than R22, meeting the pressure range Al f\ R32/R600
requirements of conventional refrigeration systems. : —t—0.1MPa
wr \ 0.5MPa
4.5 ]
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Figure 2. Glide temperature of different components under
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Figure 1. Saturated vapor pressure curve of refrigerant [26] 3. REFRIGERATION SYSTEM PERFORMANCE
EXPERIMENT
2.3 Glide temperature of R32/R600
3.1 Experimental testing system
The dual evaporator chiller refrigeration system utilizes the
temperature glide of the mixed working fluid to As shown in Figure 3(a), R32/R600 enters the condenser
simultaneously produce 7°C/12°C low-temperature chilled after being compressed by the compressor, filtered by the
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storage dryer, throttled by the electronic expansion valve,
passed through a low-temperature evaporator, a high-
temperature evaporator, and then returned to the compressor
to complete a refrigeration cycle. The testing system also
includes a cooling water circulation system, low-temperature
chilled water, and high-temperature chilled water circulation
system. To ensure the inlet and outlet water temperature of the
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evaporator, an electric heater and water volume regulation are
used. As shown in Figure 3(b), the experimental testing system
consists of a refrigeration unit and a data acquisition device,
including a DeTech 34970A data acquisition board,
thermocouples, thermal resistors, water flow meters, pressure
gauges, power meters, mass meters for refrigerant filling, and
a DC 24V power supply.

ondenzel

(b)

Figure 3. Experimental principle and device diagram of refrigeration system. (a) Experimental schematic diagram of
refrigeration system; (b) Experimental setup diagram of refrigeration system

The quality components of the mixed working fluid are
R32/R600 (0.5:0.5) and R32/R600 (0.6:0.4), respectively. The
comprehensive evaluation parameters of the dual evaporator
chiller unit are shown in Egs. (1)-(5).

Q. =C,G (tin —tion) (1)
Qu =¢,G (tin —thoe) @)
COP, = Q—PL 3)
cop, =% B

a= 8—: (5)

C, is the specific heat of water at constant pressure, in
kj/(kg-°C), COP the performance coefficient of the
compressor, G denotes the chilled water flow rate, in m*/s, P
denotes the compressor power consumption, in kw, Q denotes
the refrigeration capacity, in kw, a denotes the ratio of low-
temperature cooling capacity to high-temperature cooling
capacity, H denotes the high temperature evaporator, L
denotes the low temperature evaporator, in denotes import, out
denotes export.
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3.2 Experimental data analysis

As shown in Figures 4 to 8, examples 8 to 18 in the
horizontal axis indicate that the inlet and outlet water
temperature of the low-temperature evaporator is 8°C/13°C,
and the inlet and outlet water temperature of the high-
temperature evaporator is 18°C/23°C. The experimental
condition is that the inlet and outlet temperature of the cooling
water is 32°C/37°C.

3.2.1 Under the same working condition, the quality
components of variable mixed working fluids

As shown in Figures 4 to 8, under the same operating
conditions, as the low boiling point R32 component increases,
the low-temperature cooling capacity of the R32/R600
refrigeration system decreases and the high-temperature
cooling capacity increases. The trend of changes in low and
high temperature chilled water volume is consistent with that
of refrigeration capacity. Both low temperature and high
temperature COP decrease. The main reason is the increase in
compressor power consumption. The exhaust temperature
rises. The suction and exhaust pressures both increase and are
within the allowable pressure range. But the compression ratio
decreases. The cooling capacity ratio of low and high
temperature evaporators decreases. The percentage of low-
temperature cooling capacity to total cooling capacity
decreases. The proportion of high-temperature cooling
capacity to total cooling capacity has increased. The data
results indicate that R32/R600 (0.5:0.5) has better
performance advantages compared to R32/R600 (0.6:0.4) in
dual evaporator chillers.



Low temperature evaporator cooling capacity
W)

2300
2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100
1000

900

800

8-18 §-17 8-16 7-18 7-17 7-16 6-18 6-17 6-16
Low and high temperature evaporator freezing water

temperature (°C)

(@)
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capacity

3.2.2 The inlet and outlet water temperature of the low-
temperature evaporator remains unchanged, while the inlet
and outlet water temperature of the high-temperature
evaporator changes

As shown in Figures 4 to 8, under different operating
conditions, (1) when the inlet and outlet water temperature of
the low-temperature evaporator remains constant, as the inlet
and outlet water temperature of the high-temperature
evaporator decreases, the low-temperature refrigeration
capacity of R32/R600 decreases and the high-temperature
refrigeration capacity increases. The trend of changes in low
and high temperature chilled water volume is consistent with

that of refrigeration capacity. Low temperature COP decreases.

High temperature COP increases. The power consumption of
the compressor is reduced. The exhaust temperature decreases.
Both suction and exhaust pressures decrease. But the
compression ratio increases. The cooling capacity ratio of low
and high temperature evaporators decreases. The percentage
of low-temperature cooling capacity to total cooling capacity
decreases. The proportion of high-temperature cooling
capacity to total cooling capacity has increased. The data
results indicate that the optimal operating conditions for both
R32/R600 components are when the inlet and outlet water
temperature of the low-temperature evaporator is 8°C/13°C
and the inlet and outlet water temperature of the high-
temperature evaporator is 18°C/23°C.

3.2.3 The inlet and outlet water temperature of the high-
temperature evaporator remains unchanged, while the inlet
and outlet water temperature of the low-temperature
evaporator changes

As shown in Figures 4 to 8, when the inlet and outlet water
temperature of the high-temperature evaporator remains
constant, as the inlet and outlet water temperature of the low-
temperature evaporator decreases, the low-temperature
refrigeration capacity of R32/R600 decreases and the high-
temperature refrigeration capacity increases. The trend of
changes in low and high temperature chilled water volume is
consistent with that of refrigeration capacity. Low temperature
COP decreases. High temperature COP increases. The power
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consumption of the compressor has increased. The exhaust
temperature rises. Both suction and exhaust pressures decrease.
But the compression ratio increases. The cooling capacity ratio
of low and high temperature evaporators decreases. The
percentage of low-temperature cooling capacity to total
cooling capacity decreases. The proportion of high-
temperature cooling capacity to total cooling capacity has
increased.

4. CONCLUSIONS

The mixed working fluid R32/R600 is used in a dual
evaporator chiller unit to produce low and high temperature
chilled water for independent treatment of air temperature and
humidity. It has a large refrigeration value, and the operating
pressure of the system is moderate with low exhaust
temperature. This refrigeration system has good application
value, and specific conclusions are as follows:

(1) R32/R600 (0.5:0.5) has better performance compared to
R32/R600 (0.6:0.4). Under the same operating conditions,
R32/R600 (0.5:0.5) has higher low-temperature refrigeration
capacity, lower compressor power consumption, and higher
low-temperature COP and high-temperature COP.

(2) When operating under variable conditions, the optimal
operating conditions for both R32/R600 components are when
the inlet and outlet water temperature of the low-temperature
evaporator is 8°C/13°C and the inlet and outlet water
temperature of the high-temperature evaporator is 18°C/23°C.
At this point, the refrigeration system has the highest low-
temperature cooling capacity, the highest low-temperature
COP value, and the highest ratio of low to high temperature
cooling capacity.

(3) In the mixed refrigerant R32/R600, adding CH
refrigerants appropriately can improve the performance of
refrigeration systems, reduce compressor power consumption,
and lower exhaust temperature.

(4) The glide temperature of both components of the mixed
working fluid R32/R600 is relatively high, so the amount of
frozen water is also large, especially the characteristic of large



frozen water in high-temperature evaporators, which has high
research and utilization value.
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