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This study embarks on a comprehensive exploration of the influence exerted by refrigerant 

purity characteristics on vapor-compression refrigeration systems performance. The 

investigation particularly delves into the effects on domestic applications, such as chest 

freezers. Deviations from the ideal refrigerant characteristics, as stipulated by the AHRI-

700 standard, can provoke detrimental repercussions, including augmented power 

consumption and diminished coefficient of performance. In this empirical analysis, three 

R134a refrigerant samples, each with varying degrees of conformity to the AHRI-700 

standard, were scrutinized. Sample 1 with superior characteristics, sample 2 with medium 

characteristics, while sample 3 with substandard characteristics. The samples were 

subjected to identical ambient conditions within a 145-liter chest freezer operating at a 

temperature of 32℃. The findings unequivocally underscored a correlation between 

refrigerant purity and system performance. Sample 1, with optimal characteristics, 

demonstrated superior performance, consuming less power (120.7 W) and delivering a 

higher coefficient of performance (2.33) in comparison to sample 2 (138 W, 2.07) and 

sample 3 (147 W, 1.93). These results emphatically emphasize the necessity of stringent 

refrigerant selection, predicated on purity characteristics, to best performance of vapor-

compression refrigeration systems. 
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1. INTRODUCTION

The Vapor-Compression Refrigeration System (VCRS) is 

ubiquitously employed for a range of applications including 

refrigerators, air-conditioning systems, and heat pumps [1]. 

Integral components of this system comprise the compressor, 

the condenser, the expansion valve (or capillary tube), and the 

evaporator where the refrigerant, serving as the working fluid, 

undergoes multiple phase changes [2]. Under ideal conditions, 

the VCRS operates via isentropic compression, where the 

refrigerant gas shifts from a low-pressure to a high-pressure 

zone within the compressor. Subsequently, the gas arrives at 

the condenser, transitioning to a liquid phase under constant 

pressure while rejecting heat to the surrounding environment. 

The refrigerant liquid then undergoes throttling within the 

expansion device, before entering the evaporator. Here, it 

reverts to a gaseous phase under constant pressure, extracting 

heat from the enclosed space. However, in reality, the VCRS 

performance deviates significantly from the ideal model. 

Pressure drops can be observed throughout the system, barring 

the compression process, and heat transfer occurs between the 

refrigerant and its environment across all components. 

Moreover, the actual compression process diverges 

substantially from the isentropic model, and the working fluid 

is a refrigerant-oil mixture, as opposed to a pure substance. 

These deviations induce several irreversibilities within the 

system, necessitating additional power input for the 

compressor [3]. Extensive research is therefore dedicated to 

the reduction of power consumption in VCRS [4-8], although 

energy efficiency alone does not dictate the performance of 

these systems. The system's capacity to extract heat from the 

space is equally crucial, an aspect captured by the Coefficient 

of Performance (COP). COP is defined as the ratio of the heat 

removal rate by the evaporator (the refrigeration effect) to the 

power consumed by the compressor [9]. 

The choice, purity, and type of refrigerant used in VCRS 

directly influence the COP [10-13]. Refrigerants exhibit 

varying chemical and thermophysical properties, and their 

environmental impact also differs significantly. Refrigerant 

purity, characterized by factors such as water content, high 

boiling residue, acidity, and non-condensable gas content, 

affects the system's performance. Numerous studies have 

compared different refrigerant types according to their effects 

on VCRS performance. 

Much of the existing research has concentrated on 

identifying efficient refrigerants to replace those with high 

ozone depletion potential or global warming potential (or 

both) [14-18]. Chen et al. [19] compared the heat transfer 

properties of two refrigerants, R22 and R134a, using spray 

cooling. They concluded that refrigerant R134a could replace 

R22 in the phase change heat transfer region. Choudhari and 

Sapali [20] considered R290 as a potential substitute for R22, 

concluding that R290, given its superior environmental and 

thermophysical properties, could be an effective replacement 

in real-world applications. De Paula et al. [21] evaluated the 

performance of VCRS using R290, R1234yf, and R744 as 

alternatives to R134a, finding that the system operating with 

R290 proved optimal. Shen and Ally [22] compared the 

performance of lower-GWP alternative refrigerants (R-32, R-

452B, R-454B, and R-466A) with conventional R-410A in a 
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regular 2-speed heat pump. They deduced that R-452B and R-

454B exhibited superior efficiency and performance 

characteristics compared with R-410A, making all four 

alternative refrigerants viable replacements. Sánchez et al. 

[23] evaluated the performance of a commercial beverage 

cooler using six alternatives to R134a, discovering significant 

power reductions with all but one of the alternatives. Khatoon 

and Karimi [24] presented a theoretical study of two-

evaporator vapor pressure refrigeration systems in 

automobiles, concluding that HFO1336mzz(Z) displayed 

optimal performance, while R452A exhibited the worst 

thermodynamic performance. 

However, while the refrigerant's thermal properties 

significantly affect the thermal performance of all applications, 

no studies have empirically examined the effects of refrigerant 

purity on application performance. This study aims to fill this 

knowledge gap by experimentally investigating the impact of 

refrigerant purity on VCRS performance. A model of R134a 

from three different companies will be evaluated against the 

AHRI standard 700 [25] in a chest freezer. 

Refrigerants are inherently subject to leakage, necessitating 

frequent recharging of the Vapor Compression Refrigeration 

System (VCRS). A vast array of products with varied origins 

and characteristics proliferate the market, with quality often 

correlating with the selling price and the reputation of the 

manufacturing or issuing entity. This diversity, coupled with 

factors such as cost and consumer apathy, often leads to 

indiscriminate purchasing decisions, especially in domestic 

applications such as refrigeration and air conditioning. This 

phenomenon necessitates a thorough examination of the 

potential damage incurred by the system when substandard 

refrigerants are employed. The primary objective of this study 

is to elucidate these potential repercussions and inform the 

relevant stakeholders. 

It should be underscored that the refrigerant R134a was 

selected as the subject of this study solely due to its 

compatibility with our VCRS compressor. The future use of 

this particular refrigerant is, however, not advocated due to its 

categorisation as a Hydrofluorocarbon (HFC) with a high 

Global Warming Potential (GWP). The discontinuation of 

high GWP refrigerants is recommended as per the stipulations 

of the Kyoto Protocol [26]. 

 

 

2. EXPERIMENTAL SETUP 

 

2.1 Description of the vapor-compression refrigeration 

system rig 

 

The vapor-compression refrigeration system rig used in this 

study can be illustrated in Figure 1, it is a chest freezer of 145 

liters collected from a compressor, condenser, capillary tube, 

evaporator, filters, and measuring devices. The compressor 

used is reciprocating of 1/6 hp type Konor GQR60AA 

lubricated by ester oil and covers a cooling capacity of 140 

watts. The compressor is connected to the condenser by a 

discharge line. The condenser wire is a copper tube with a 

length of 10.5 m and a diameter of 6.35 mm and is connected 

to cylindrical fins with a diameter of 1.2 mm. The capillary 

tube with a length of 2.6 m and a diameter of 0.62 mm 

connects the condenser and the evaporator. The evaporator 

box is wrapped inside it the evaporator wire from copper with 

a length of 15 m and a diameter of 7.937 mm. The evaporator 

is connected to the compressor via a suction line. Two filters 

were used in the rig, a filter dryer located between the 

condenser and the capillary tube which contains silica gel to 

absorb moisture from the refrigerant, and a filter located 

between the evaporator and the compressor, it works as a block 

of impurities as well as regulating refrigerant flow. 

The measuring devices were installed in the rig to conduct 

the investigation and energy analysis as follows: To measure 

the temperatures, fourteen thermocouples of NTC Thermistors 

type were used in the condenser, one at the inlet and one at the 

outlet, and twelve in the condenser wire. In the evaporator, 

seven thermocouples of NTC Thermistors type were used, one 

at the inlet and one at the outlet, and five in the evaporator wire. 

The distance between one thermocouple and another is 0.72 m 

in the condenser and 2.5 m in the evaporator. Also, two 

thermocouples of NTC were used, one to measure the surface 

temperature of the compressor and the other to measure the 

ambient temperature. To measure the pressures, four pressure 

transducers were used, two in the high-pressure zone, one at 

the inlet of the condenser and one at the outlet of the condenser, 

and two in the low-pressure zone, one at the inlet of the 

evaporator and one at the outlet of the evaporator. To measure 

the refrigerant mass flow rate and its weight, a turbine mass 

flow meter, and an electronic refrigerant scale value (DSZH) 

were used, respectively. The voltage and current are monitored 

via a power meter. All measuring devices are connected to an 

Arduino MEGA 2560 and a computer to record and store data. 

Table 1 shows the specifications of the measuring devices. 

 

Table 1. The range and uncertainty of the measuring devices 

 
No. Device Type Unit Range Uncertainty 

1 

Thermocouples 

 (NTC 

Thermistor) 

℃ -50 - 110 ±1 

2 
Pressure 

transducer 
bar 0-10 ±0.2% - ±0.5% 

3 
Turbine mass 

flow meter 
kg/hr 0.1-5 ±0.1 

4 Power meter 

A 0 -100 ±2% 

V 80 - 260 ±1.2% 

kW 0 - 22000 ±3% 

5 Electronic scale  Kg 0.005 -150 ±0.02% 

 

Table 2. Comparison of the three samples' purity characteristics and AHRI standard 700 

 
Specification AHRI-700 Standard for R134a [25] Sample 1 Sample 2 Sample 3 

Chemical name Tetrafluoroethan Tetrafluoroethan Tetrafluoroethan Tetrafluoroethan 

Boiling Point -26.1℃ -26.5℃ -26.5℃ -26.5°C 

Water content Max 10 ppm w. Max 8 ppm w. Max 20 ppm w. Max 50 ppm w. 

High boiling residue Max 0.01% w. Max 0.01 %w. Max 0.01 %w. Max 0.01 % w. 

Acidity 1 ppm by w. 1 ppm by w. 1 ppm by w. 1 ppm by w. 

Non-condensable gas Max 1.5 % vol. Max 1 % vol. Max 3% vol. Max 4 % vol. 

Refrigerant charge - 100 grams 100 grams 100 grams 
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Figure 1. The schematic diagram of the experimental rig 

 

2.2 Refrigerant purity characteristics 

 

After completing the installation of measuring devices in 

the chest freezer, the rig is placed in a room without forced air 

currents (fans or air inlets) to stabilize the ambient temperature 

and obtain accurate and stable data. It is charged with 

refrigerant gas R134a (Sample 1) then it is run and the data is 

recorded when a steady state is reached. The process is 

repeated by charging the system with the same refrigerant but 

with different purity characteristics (Sample 2) and (Sample 3) 

as shown in Table 2. From where the water content and non-

condensable gas are, sample 1 has superior characteristics that 

exceed the standard characteristics, while the characteristics of 

sample 2 are less than the standard properties, and sample 3 

has poor characteristics relative to the standard characteristics. 

These samples were selected with different purity 

characteristics as possible to obtain more clear and 

understandable results. The refrigerant gas charge is constant 

(100 grams) in the chest freezer rig for all samples. 

 

 

3. ENERGY ANALYSIS 

 

Applying the first and second laws of thermodynamics on 

the chest freezer components to determine the components' 

mass and energy balances and their irreversibility. Figure 2 

represents an actual vapor-compression refrigeration cycle 

with neglect of a pressure drop between the outlet of the 

evaporator and the inlet of the compressor, as well as between 

the outlet of the compressor and the inlet of the condenser, 

where few pressure drops in these sections and that do not 

significantly affect the results of the analysis. This cycle can 

be applied to the chest freezer. 

The compressor work, the heat rejected from the condenser, 

and the heat removed from the evaporator can be calculated by 

Eqs. (1), (2), and (3), respectively [3]: 

 

𝑊𝑐𝑜𝑚𝑝 = 𝑚𝑟𝑒𝑓̇ (ℎ1 − ℎ2) (1) 

 

𝑄𝑐𝑜𝑛𝑑 = 𝑚𝑟𝑒𝑓̇ (ℎ2 − ℎ3) (2) 

 

𝑄𝑒𝑣𝑎𝑝 = 𝑚𝑟𝑒𝑓̇ (ℎ1 − ℎ4) (3) 

 

where, Wcomp is the compressor work (W), Qcond is the heat 

rejected from the condenser (W), Qevap is heat removed from 

the evaporator (W), 𝑚𝑟𝑒𝑓̇  is the mass flow rate of refrigerant 

(kg/s), h2&h3 are the inlet and outlet enthalpy of the condenser 

(J/kg), h4&h1 are the inlet and outlet enthalpy of the evaporator 

(J/kg). 

 

 
 

Figure 2. P-h diagram of an actual vapor-compression 

refrigeration cycle [27] 

 

The coefficient of performance (COP) is calculated using 

Eq. (4) [9]: 

 

𝐶𝑂𝑃 =
𝑄𝑒𝑣𝑎𝑝

𝑊𝑐𝑜𝑚𝑝
  (4) 

 

Another indicator of performance is the calculation of the 

isentropic efficiency of the compressor, which represents the 

ideal work to the actual work done by the compressor. That 

efficiency can be expressed in Eq. (5) [28]: 

 

𝜂𝑖𝑠 =
ℎ1−ℎ2𝑠

ℎ1−ℎ2
  (5) 

 

where, ηis is the isentropic efficiency (%), h2s is the outlet 

enthalpy of the compressor at constant entropy (J/kg). 

The power consumed in the chest freezer is greater than the 

power given to the compressor, where the rest of the power 

goes as the heat losses. It is possible to express the power 

consumption using Eq. (6) [29]: 

 

𝑝𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝐼𝑉𝑐𝑜𝑠∅ (6) 

 

where, I is the current (A), V is the voltage (V), 𝑐𝑜𝑠∅ is the 

power factor. 

 

 

4. RESULTS AND DISCUSSION  

 

In this section, the obtained results are presented and 

discussed. The results were obtained after testing the chest 

freezer using the three samples of R134a as working fluids and 

under a similar ambient temperature of 32℃, and the data were 

recorded after reaching the steady state. 

 

4.1 Steady-state time 
 

A steady state means that the temperatures and pressures of 

the system have reached stability with time, which leads to the 
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implementation of the system's desired purpose. Figure 3 

shows the time of arrival of the chest freezer to the steady state 

using the three samples. The chest freezer took 100 min to 

reach a steady state when using sample 1, 120 min when using 

sample 2, and 150 min when using sample 3. The reason for 

this is due to the difference in the ability to reject and remove 

heat between the three samples. 
 

 
 

Figure 3. Steady state time of the chest freezer using the 

three samples 

 

4.2 Consumed power 
 

The power is consumed mainly in the compressor, but there 

are heat losses in the compressor and the rest of the system, 

which makes the power consumption greater than the power 

required for the work of the compressor. Figure 4 shows the 

work of the chest freezer compressor using the three samples 

and can be noted that using sample 1, the compressor work is 

decreased to 92 W which leads to reduced power expenditures. 

Not only did the compressor work, but the power consumption 

in the chest freezer also decreased to 120.7 W when using 

sample 1, as shown in Figure 5. 

 

 
 

Figure 4. Compressor work of the chest freezer using the 

three samples 

 

4.3 Surface temperature of the compressor 
 

As a representation of the heat losses, the surface 

temperature of the compressor is observed as shown in Figure 

6, where the compressor releases heat by convection and 

radiation. Due to the upward direction of the buoyancy force, 

a thermocouple was placed on the upper surface [30]. Surface 

compressor temperature was recorded as follows: 76.3, 82.7, 

and 88℃, at the use of the 1, 2, and 3 samples, respectively. 

 

 
 

Figure 5. Power consumption in the chest freezer using the 

three samples 

 

 
 

Figure 6. Surface compressor temperature using the three 

samples 

 

4.4 Refrigerant mass flow rate 

 

The power consumption of the chest freezer is lower when 

using sample 1, due to the excellent purity characteristics of 

that sample, this can be illustrated by Figure 7 which shows 

the refrigerant mass flow rate for the three samples, where the 

refrigerant mass flow rate stabilized at 5.54, 6.2, and 7.63 kg/h 

at use the 1, 2, and 3 samples, respectively. The decrease in the 

refrigerant mass flow rate leads to a decrease in the 

compressor work according to Eq. (1), and thus a reduction in 

power consumption. Moreover, dropping in the refrigerant 

mass flow rate leads to a decrease in the fluid velocity inside 

the pipes, which leads to a decrease in the heat transfer 

coefficient [31], thus the heat losses to the ambient are reduced. 

This dropping may affect the rates of heat rejection in the 

condenser and heat removal in the evaporator according to Eqs. 

(2) and (3), but there is an improvement in the temperatures of 

the evaporator and condenser, which will be explained in the 

next subsections. It is worth mentioning that the reason for the 
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difference in the refrigerant mass flow rate is due to the 

difference in density, viscosity, and homogeneity of the 

refrigerant mixture for the three samples. 

 

 
 

Figure 7. Refrigerant mass flow rate using the three samples 

 

4.5 Isentropic efficiency 

 

The isentropic efficiency of the compressor is calculated 

when using the three samples, it was found as follows: 74, 69, 

and 64% at the use of the 1, 2, and 3 samples, respectively as 

shown in Figure 8. This efficiency arises due to the 

irreversibility of the compression process, and it is also an 

indicator of compressor performance. 

 

 
 

Figure 8. Isentropic efficiency of the compressor using the 

three samples 

 

4.6 Condenser temperatures 

 

The condenser temperature mainly affects the processes of 

heat rejection to the ambient. The increase in the condenser 

temperature increases the rate of heat rejection, but this 

increase must be within a specific design range estimated at 

40-45℃ [32]. Exceeding this design range leads to adverse 

results, including an increase in compressor work and an 

increase in heat losses, and thus a general decrease in the 

performance of the system. 

The temperature is not constant along the condenser as 

mentioned previously, so Figure 9 shows the distribution of 

temperatures along the condenser when using the three 

samples. The behavior is very similar for the three samples, 

the condenser temperature drops significantly at the entrance 

of the condenser up to approximately 220 cm. A sensible 

cooling of the refrigerant gas occurs in this zone. After that, it 

is observed that the temperature is almost constant from 220 

cm to 850 cm. In this zone, the process of converting the 

refrigerant phase from gas to liquid (latent cooling) was 

completed. From 850 cm to the outlet of the condenser, a 

decrease in temperature was observed, and this is where the 

sub-cooling occurs. Despite the similar behavior, the 

difference between the condenser temperatures when using the 

three samples is very clear and can be evaluated through 

Figure 10, where the average condenser temperature was 

calculated for each case, neglecting the condenser temperature 

of the entrance zone, it turns out that the average condenser 

temperature when using sample 1 is 45℃, it is the closest to 

the standard temperature while the average condenser 

temperature was 48.4℃ and 53.24℃, at use the 2 and 3 

samples, respectively. 

 

 
 

Figure 9. Temperatures distribution along the condenser of 

the chest freezer using the three samples 

 

 
 

Figure 10. Average condenser temperature of the chest 

freezer using the three samples 

 

4.7 Evaporator temperatures 

 

The temperature of the evaporator indicates the ability of 

the evaporator to secure the required temperature of space or 

load. The increase of the loads leads to the increase in the 
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temperature of the evaporator, thus greater power being done 

on the system to return to the standard temperature. Therefore, 

obtaining a low standard temperature for the evaporator is 

considered a priority when designing and analyzing the system. 

Figure 11 shows the distribution of temperatures along the 

evaporator when using the three samples. The behavior is very 

similar for the three samples, and the temperature rise can be 

seen along the evaporator. The phase change of the refrigerant 

from liquid to gas occurs approximately in the zone that lies 

between 50 cm to 1300 cm (latent heating) and the slight rise 

in the temperature of this zone is due to the high pressure of 

the evaporator. A sharp rise in the temperature after 1300 cm 

is an indication of the occurrence of superheating. Despite the 

similar behavior, the difference between the evaporator 

temperatures when using the three samples is very clear and 

can be evaluated through Figure 12, where the average 

evaporator temperature was calculated. The average 

evaporator temperature is -23.64, -21.2, and -19.6℃, at use the 

1, 2, and 3 samples, respectively. In addition, Figure 13 shows 

the dryness fraction of the refrigerant at the entrance of the 

evaporator using the three samples. Reducing the dryness 

fraction means an increase in the refrigeration effect, and this 

was obtained when using sample 1 where the dryness fraction 

was 0.39, while the dryness fraction was 0.41 and 0.44 at the 

use of the 2 and 3 samples, respectively. 
 

 
 

Figure 11. Temperatures distribution along the evaporator of 

the chest freezer using the three samples 

 

 
 

Figure 12. Average evaporator temperature of the chest 

freezer using the three samples 

 
 

Figure 13. Dryness fraction of the refrigerant at the entrance 

of the evaporator 

 

4.8 Coefficient of performance 

 

COP value is the most important parameter for evaluating 

the performance of the vapor-compression refrigeration 

system because indicates the refrigeration effect and power 

consumption together. Figure 14 shows COP values when 

using the three samples. It can be seen that the use of sample 

1 gives the highest COP of 2.33 while samples 2 and 3 give 

COP of 2.07, and 1.93, respectively. This result proves that 

using sample 1 gives the chest freezer the best performance. 

After revealing and discussing the results, it becomes clear 

that the use of a refrigerant charge in the VCRS with poor 

purity characteristics leads to a clear deterioration in 

performance, whether it is in power consumption or providing 

the required temperatures, or even in the stability of the system 

to perform the required purpose correctly. The stability of the 

system was delayed by 50 minutes, the percent of the increase 

in power consumption reached 17.89%, the average 

evaporator temperature increased by 4.04℃, and the 

coefficient of performance decreased by 17.16% when 

charging sample 3 instead of sample 1. 

 

 
 

Figure 14. COP of the chest freezer using the three samples 

 

 

5. CONCLUSIONS 
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using 3 samples of the same refrigerant but different in purity 

characteristics as working fluids in the vapor-compression 

refrigeration system through experimental tests carried out on 

a chest freezer under the same conditions. It is concluded that 

the refrigerant purity characteristics significantly affect the 

performance of the vapor-compression refrigeration system, 

where the results of the tests showed varying parameters 

between the best sample 1 with superior characteristics, 

sample 2 with medium characteristics, and sample 3 with poor 

characteristics. The results of the use of samples 1, 2, and 3, 

respectively can be summarized, as follows: Steady-state time 

is 100, 120, and 150 min. Compressor work is 92, 116, and 

132 W. Power consumption is 120.7, 138, and 147 W. The 

surface compressor temperature is 76.3, 82.7, and 88℃. The 

refrigerant mass flow rate is 5.54, 6.2, and 7.63 kg/h. 

Isentropic efficiency is 74, 69, and 64%. The average 

condenser temperature is 45, 48.4, and 53.24℃. The average 

evaporator temperature is -23.64, -21.2, and -19.6℃. The 

dryness fraction at the entrance of the evaporator is 0.39, 0.41, 

and 0.44. The coefficient of performance is 2.33, 2.07, and 

1.93. 

The disparity in the results may differ when using charges 

of another refrigerant such as R290 or using other systems that 

use refrigerants, so this field is expandable and requires more 

investigations. 
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