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Abstract: Sustainable economic development is largely de-

pendent on energy conservation and environmental pro-

tection. This study aims to enhance the comparative per-

formance analysis of a domestic refrigerator utilizing 

R134a and R600a refrigerants by adjusting the mass 

charge under steady-state conditions. Results show that 

R134a with 70grms mass charge achieves 48% higher 

mass flow rate, while the pull-down time differs by 11% 

in comparison to charges of 60 and 80grms. ForR600a, 

40grms charge leads to a 56% increase in mass flow rate 

compared to 30 and 50grms, while the 50grms charge 

takes 35% longer to achieve the desired cooling. By ensur-

ing efficient heat transfer, achieving the desired cooling 

capacity, and minimizing energy consumption, an optimal 

refrigerant charge promotes effective heat exchange and 

enhances the longevity of the system. 

Keywords: Refrigeration, R134a&R600a refrigerants, 

mass flow rate(m), Coefficient of Performance (COP). 

 

I. INTRODUCTION 

 

Refrigeration has existed since ancient times, utilizing 

water vaporization, stored ice, and other evaporative 

processes to achieve cooling. Refrigerants, the working 

medium in refrigeration systems, remove heat through 

evaporation, creating a cooling effect. In the 1600s and 

1700s, extensive research on phase change physics by 

scientists from different nations provided the founda-

tion for artificial refrigeration[1]. The development of 

refrigerants has been driven by factors such as stability, 

durability, economic viability, and environmental con-

cerns. As a result, ongoing research has led to the crea-

tion of more efficient and safer refrigeration technolo-

gies. The evolution of refrigerants over time can be cat-

egorized into several generations[2] 

 

 

Fig.1: Historical view of Refrigerants [1] 

1.First Generation: For the first 100years, well-known 

solvents and other volatile fluids were the most often 

used refrigerants. These made up the first generation of 

refrigerants, which essentially included anything that 

was practical and readily available[1].The utilization of 

natural refrigerants was a defining feature of the early 

19th- century mechanical refrigeration revolution. The 

first generation of refrigerants, such as methyl chloride, 

ammonia and sulfur dioxide, were utilized in refrigera-

tors constructed between the late 1800s and 1929. The 

majority of first-generation refrigerants were poison-

ous, combustible and several of them are extremely re-

active[2]. 

2.Second Generation: The second generation was 

marked by a transition to fluorochemicals, enchasing 

both safety and durability. Thomas Midgley and his 

colleagues made important observation in 1928, regard-

ing the flammability and toxicity of compounds com-

prising elements such as carbon, nitrogen, oxygen, sul-

fur, hydrogen, fluorine, chlorine and bromine[1].Their 

work on Fluro-Chloro refrigerants demonstrated how 

the different chlorination and fluorination of hydrocar-

bons affects the refrigerant’s boiling point, flammabil-

ity and toxicity. CFC refrigerants, thus comprised the 

second generation of refrigerants.  
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3.Third Generation: Hydrofluro-Olefin (HFO), a flu-

orocarbon refrigerant with a decreased GWP and devel-

oped potential, is called the third generation of refrig-

erants. Fundamentally, these are low-ozone depleting 

potential refrigerants. This refrigerant’s primary benefit 

is that it can be used with the current refrigeration sys-

tem architecture. Growing with political pressure aims 

to phase it out of production, compelling the industry to 

develop even lower-impact refrigeration technology. 

Thus, the search persists[2]. 

4.Fourth Generation: Many of the most commonly 

used HFCs being phased out have been replaced by a 

variety of low GWP alternatives known as fourth gen-

eration blends. After 2010, a fourth generation of re-

frigerants was created, focusing on the usage of refrig-

erants with short lifespans, low ozone depletion (ODP), 

and low global warming potential (GWP) to reduce 

greenhouse gas emissions. HCFCs have less chlorine 

than CFCs, hence their ODP is lower[1] 

 

Refrigerants Used: 

R134a:( 1,1,1,2-Tetrafluoroethane) 

R-134a refrigerant, also known as 1,1,1,2-Tetrafluoro-

ethane, is a commonly used hydrofluorocarbon (HFC) 

refrigerant in cooling and refrigeration systems. It is 

valued for its non-toxic and non-flammable nature, as 

well as its efficient thermodynamic properties. How-

ever, its environmental impact has raised concerns, 

prompting scrutiny and calls for alternative solution. 

 

R-600a:(Isobutane) 

R600a, also known as isobutane, is a hydrocarbon re-

frigerant widely used in various cooling and refrigera-

tion systems. It has gained popularity as an alternative 

to traditional refrigerants due to its low environmental 

impact and excellent thermodynamic properties.  

       
     Fig.2: R134a                 Fig.3:R600a 

II. EXPERIMENT AND METHODOLOGY 

 

Experimental setup 

An experimental setup of a single-door household re-

frigerator working with R134a and R600a, with a total 

capacity of 182L as shown in Fig.4, includes a deep 

freezer, a hermetically sealed reciprocating compres-

sor, and an air-cooled condenser. The compressor is 

adaptable with valves and equipped with pressure 

gauges to measure suction and discharge temperatures. 

Thermocouples are strategically placed throughout the 

setup to ensure accurate temperature measurement. 

 
Fig.4: Experimental setup 

      
Fig.5:R134a compressor     Fig.6:R600a compressor 

 

Table 1 Compressor specification of R134a&R600a 
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Experimental Procedure 

 

For R134a 

1. The system was first evacuated using a vacuum pump 

to a pressure of 30 psi to eliminate air and moisture, 

achieving a vacuum level of at least 500 microns. Leak 

detection was conducted using a soap water test. Pres-

sure gauges were installed at the compressor inlet and 

outlet to monitor suction and discharge pressures, and 

thermocouples were placed  

at the compressor inlet, compressor outlet, and evapo-

rator for temperature readings. 

2. The refrigerant was manually charged, beginning 

with 60g of R134a, while maintaining a capillary tube 

length of 3m and a diameter of 0.031''. Subsequent tests 

were conducted with refrigerant charges of 70g and 

80g.  

3.The refrigerant mass was accurately measured and in-

troduced into the system. A pull-down test was then 

performed to fine-tune the capillary length and refrig-

erant mass, with the refrigerator door kept closed under 

no-load conditions until a steady-state temperature was 

achieved. Thermocouples were used to track the com-

pressor and evaporator temperatures, determining the 

pull-down time at steady-state conditions and under NO 

LOAD. 

 

For R600a 

1. After completing all experiments on R134a, the sys-

tem was vacuumed to remove any trapped gases from 

the components. 

2.Similarly Under controlled conditions, the system 

was charged with 30g, 40g, and 50g of R600a 

refrigerant, and the same testing procedure was fol-

lowed to measure the pull-down time. Continuous tests 

were conducted under these conditions, with an ambi-

ent temperature of 30℃. Observations were recorded 

every 5 minutes for time-based conditions and every 1 

minute for temperature-based conditions 

Formulae used 

To assess the mass flow rate and coefficient of perfor-

mance (COP) of R134a and R600a, and varying the re-

frigerant mass charge in the refrigerator. Analyzing dif-

ferent charge masses allows to understand the refriger-

ators overall performance[3]. 

The following formulas have been used for the calcu-

lating performance of the refrigerator  
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Where, 𝛽 =
(1.63∗10^5/𝑝𝑓^0.72)𝑃𝑓

1+(1.63∗10^5/𝑝𝑓^0.72) (𝑃𝑓−𝑃𝑟)
  (2) 

COP= (Refrigeration Effect)/ (Compressor work) 

Refrigeration Effect= h1-h4 (3)  

h4= Enthalpy at evaporator inlet in kJ/kg 

h1= Enthalpy at evaporator outlet in kJ/kg  

Compressor Work= h2-h1  (4)  

h1= Enthalpy at compressor inlet kJ/kg 

h2= Enthalpy at compressor outlet kJ/kg 

 

III. RESULTS AND DISCUSSION 

 

Pull Down Time (PDT): The time taken to reach spe-

cific temperatures, measured in minutes, is recorded as 

the Pull-Down Time (PDT). For every 5°C decrease in 

temperature, the time is noted until the temperature 

reaches 0°C. Beyond 0°C, measurements are taken for 

each 1°C change until the temperature reaches -3°C. 

Pull Down Time (PDT-R134a 

 
Fig.7: PDT vs Temperature of R134a 

The refrigerant charge significantly affects the Pull-

Down Time (PDT), as illustrated in Fig.7. Using a con-

stant capillary tube length of 3 meters and varying the re-

frigerant mass (60g, 70g, and 80g) of R-134a, the 
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temperature was lowered from an ambient temperature of 

30°C during continuous operation. It was observed that 

the minimum pull-down time of 122 minutes was 

achieved with a 70g charge of R-134a, compared to the 

other mass charges. 

 
Fig.8: PDT vs Temperature of R600a 

Fig.6 demonstrates that the R600a system achieved a 

pull-down time of 73 minutes, outperforming both 

higher and lower refrigerant charges. This indicates that 

an accurate refrigerant charge is vital for optimizing 

pull-down performance. The observed inverse relation-

ship between temperature and pull-down time is a typ-

ical feature of refrigeration systems. Thus, selecting the 

correct refrigerant charge is crucial for balancing pull-

down time and overall system efficiency. 

 

Mass flow rate(m) 

The mass flow rate of R134a and R600a refrigerant 

flowing through refrigerator of different mass charges 

is calculated by the equation of 1. The data required for 

R134a is taken from[4] & R600a from[5]. 

 
Fig.9: Mass flow rate vs Mass charge of R134a 

The graph of mass charge versus mass flow rate illus-

trates that the mass flow rate increases initially, starting 

at a charge of 60 grams, reaching an optimum level at 

70 grams. Beyond this optimal charge, at 80 grams, the 

mass flow rate begins to decline, indicating a peak effi-

ciency at 70 grams before decreasing with higher 

charges. 

 
Fig.10:Mass flow rate vs Mass charge of R600a 

The graph shows the relationship between mass charge 

and mass flow rate for R600a refrigerant at charges of 

30, 40, and 50 grams. It illustrates that the mass flow 

rate increases up to the optimal charge, but decreases 

beyond this point due to the compressor's increased 

power consumption, which leads to potential ineffi-

ciency in the system. 

 

Coefficient of Performance (COP) 

COP of the refrigerator is calculated using Equation 

(3) and (4), which consists of enthalpies of the refrig-

erants at different temperatures and phases. 

All the values taken from ASHRAE Hand book [6] 

 
Fig.11: Mass charge vs COP of R134a 

The figure demonstrates the COP for various mass 

charges of R-134a at 60, 70, and 80 grams. Notably, the 

optimal charge of 70 grams achieves the highest COP, 

highlighting its superior efficiency compared to the 

other charges. 
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Fig.12: Mass charge vs COP 

The Fig.12: illustrates the COP of R600a at 30g, 40g, 

and 50g. The highest COP is achieved at the optimal 

charge of 40g. As the refrigerant charge increases, the 

COP improves until it reaches this optimal point, but 

exceeding the optimal charge leads to a decline in COP. 

 
Fig.13: Mass charge in increasing order vs COP 

The figure illustrates that the maximum COP was 

achieved by R134a (60, 70, 80 grams) compared to 

R600a (30, 40, 50 grams) under different mass charges. 

The higher COP of R134a can be attributed to its 

greater cooling capacity, lower specific heat, and favor-

able operating conditions, all of which contribute to its 

superior performance in refrigeration systems. 

Obtained values are tabulated in Table 2 for both re-

frigerants  

Table 2 

 

 
 

Validation 

The obtained values were validated with Mario et al.[7] 

conducted experiment by using the R134a & R600a. 

and found the highest COP at the optimum charge, spe-

cifically 1350g with a COP of 1.8. In this study, the ex-

perimental findings similarly revealed the highest COP 

at the optimum charge, with R134a achieving a COP of 

5.18 at 60g and R600a reaching a COP of 5.18 at 40g. 

 
Fig.14: COP vs Mass charge  

 

 

 
 

 

 
 

IV. CONCLUSIONS 

R-134a: 

➢ For the chosen R134a (Tetra-Fluoro-Ethane) is a 

hydrofluorocarbon (HFC) refrigerant it is favored 

for its non-ozone-depleting properties, replacing 

older refrigerants like R12. 
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➢ There is 11% deviation in PDT for 60grms and 

80grms mass charge in R134a refrigeration. 

➢ For 80grms mass charge steady state obtained at 

7℃. 

➢ From the experimental findingscomparative to 

60grms and 80grms of mass charge, 70gms of 

R134a mass charge gives the maximum mass flow 

rate and COP. 

➢ For R134a refrigerant 70grms of mass charge gave 

the high COP than other mass charges i.e: 

COP=6.04. 

 

R-600a: 

➢ The selected hydrocarbon refrigerant (R600a) is an 

environmental friendly type with zero ozone deple-

tion potential, miscible with mineral oil, negligible 

global warming potential and compatible with sys-

tem materials. 

➢ For R600a refrigerant comparative to 50grms and 

30grms of mass charge 40grms gives the highest 

mass flow rate & COP. 

➢ And R600a refrigerant, 50grms took 35% devia-

tion comparative to other mass charge of 

30&40grms. 

➢ For R600a refrigerant 40grms of mass charge gave 

high COP than other mass charges i.e: COP=5.18 

➢ From the Outcomes, 70grms of R134a and 40grms 

of R600a gives the higher mass flow compared to 

other mass charges because, if the refrigerator is 

“Overcharged” with high mass charge that may 

leads to elevated pressure in the condenser and 

evaporator, and surplus refrigerant can result inef-

ficient heat transfer.  

➢ Consequently, the system may not remove heat ef-

fectively, diminishing its overall efficiency and in-

creasing energy consumption. Excess refrigerant 

can also cause liquid refrigerant to flow back to the 

compressor, which is meant to handle vapor.  

➢ And if the refrigerated is “Undercharged” it affects 

the cooling capability as more refrigerant leaks out, 

temperatures rise because there’s no effective heat 

exchange between the condenser coil and outdoor 

air or the cooling coil and indoor air. 

➢ This can damage the compressor and shorten its 

lifespan. Additionally, the system may have diffi-

culty achieving the desired cooling temperature or 

maintaining consistent cooling, leading to temper-

ature fluctuations and poor performance. 

➢ Low refrigerant levels cause frosting and freezing 

at the cooling coil. 

In Conclusion, optimal refrigerant charge ensures effi-

cient heat transfer and desired cooling capacity and 

minimizes energy usage by maintaining efficient heat 

exchange and system longevity. Any deviation from the 

ideal charge can result in numerous operational prob-

lem and reduced efficiency. 
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Abbreviations and units 

m- Mass flow rate(Kg/hr) 

COP- Coefficient Performance 

PDT- Pull Down Time (minutes) 
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