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Abstract- Investigating the performance traits of R410A 

and R404A refrigerants at different air outlet 

temperatures is the aim of this study. Performance 

characteristics include a wide range of thermodynamic 

factors, including mass flow rate, heat rejection, power 

consumption, maximum discharge pressure, and 

coefficient of performance. Thermodynamic 

characteristics of all refrigerants typically decrease 

when temperature is lowered. Although R410A is 

currently a commonly used refrigerant, experimental 

results show that R404A has the highest mass flow rate 

and reaches the desired temperature faster than R410A. 

Additionally, there is a slight difference in the 

thermodynamic properties of the two refrigerants. 

R404A and R410A are refrigerants with different 

applications. R404A is ideal for faster cooling, while 

R410A is ideal for precise temperature control.  

 

Index Terms- Refrigeration, R-404a, R-410a, Heat 

Transfer, Heat Transfer Coefficient. 

  

I. INTRODUCTION 

 

Refrigerant is the term used to describe a substance 

or mixture, frequently a fluid, used in the 

refrigeration cycle and heat pump. In the majority of 

cycles, it goes through phase transitions, going from 

a liquid to a gas and back. William Cullen of 

Glasgow University showed the earliest known 

application of refrigeration in 1748. Following that, 

Michael Faraday succeeded in compressing 

ammonia vapour into a liquid in the beginning of the 

1800s, which was followed by the creation of the 

first refrigerator. Environmental effects have grown 

in importance during the 20th century with the 

development of climate control technology. Of 

course, the primary driving force was the ability of 

hydro- and chlorofluorocarbons (HCFCs) 

commonly used in refrigeration to deplete the ozone 

layer. 2010 saw the phase-out of HCFCs, including 

R-22, even as contemporary hydrofluoro carbons 

(HFCs) replaced early CFCs as the primary 

refrigerant.  

Since the HFCs have almost no ozone depletion 

potential (ODP), they are approved. Thus, the need 

for functional, ecologically acceptable refrigerants 

led to the development of R-410A, which 

Honeywell first released in 1991. Since then, 

research has been done on R410A performance in a 

number of applications. R-404A is an additional 

HFC refrigerant that is similar to R-410A. To replace 

CFC R-502 and HCFC R-22, refrigerant R-404A 

was created. A device that lowers the temperature of 

a place relative to its surroundings is called a 

window air conditioner. Heat from an air conditioner 

needs to be expelled from the confined area and 

dispersed outside. Heat, however, moves towards a 

cooler location from a region with a high 

temperature.  

A material known as refrigerant moves through four 

phases in a continuous cycle. The refrigerant absorbs 

heat in the first stage, known as evaporation, to chill 

the enclosed environment. In the compression stage 

that follows, the temperature rises above ambient 

due to an increase in refrigerant pressure. The 

natural direction of heat flow permits energy to be 

released into the surrounding air when this heated 

refrigerant passes through the next stage, 

condensation. In the last stage of the expansion 

phase, the adiabatic expansion process lowers the 

refrigerant temperature and pressure.  

More heat is removed from the enclosed space as a 

result of this cold refrigerant starting the evaporation 

step again. The diagram in the picture illustrates a 

typical window air conditioner that operates based 

on the previously described mechanism. The 

physical, thermodynamic, and chemical 

characteristics of a refrigerant, together with a 

number of other practical considerations, determine 

whether it is suitable for a certain application. No 

single refrigerant is suitable for every kind of 

application. A refrigerant may have certain 

advantages in a particular application, but it may 

also have some disadvantages. Consequently, a 

refrigerant with more advantages and fewer 

disadvantages is chosen.  
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Fig. 1 Diagram schematic for the window air 

conditioning unit 

In a window air conditioning system, Ashok 

Chakravarthy et al., conducted an experimental 

study of a substitute refrigerant for R22. For the 

testing using three different kinds of refrigerant, a 

window-type air conditioner is chosen. R-22 is being 

circulated by these air conditioning machines, which 

are widely used in many applications. Because of 

their superior thermal qualities and suitable pressure 

and temperature ranges, two zeotrope blend 

refrigerants R-407C (a mixture of R-32/125/134a) 

and R-407A (a mixture of R-32/125/134a) were 

chosen for use in this project's window-type air 

conditioner system. It was also suggested that 

R407C and R407A perform almost equally well in 

comparison to R22.  

In the work Analysing Alternative Refrigerants to 

R22 for Air-Conditioning Applications at Various 

Evaporating Temperatures, S. Venkataiah et al. 

demonstrate a 1.5 tonne room air conditioning 

system using a few chosen refrigerants that have 

been assessed for their suitability as substitutes for 

R22 in air conditioning applications. Some studies 

indicate that R22 operates better than all other 

refrigerants.  

Two hydro-fluorocarbon (HFC) refrigerant 

combinations that are friendly to the ozone layer, 

R410A and R419A, were the subjects of a 

computational thermodynamic investigation in this 

work. In a vapour compression air conditioning 

system, the results were compared to the 

performance of R22, the baseline refrigerant. Bolaji 

et al. conducted this computational analysis. In 

every operating situation and performance feature 

that was taken into consideration, R410A's 

performance was quite similar to that of R22. R410A 

performs somewhat better than R22 in terms of 

discharge pressure and refrigerating impact. The 

majority of small refrigeration and air conditioning 

systems use capillary tubes as expansion devices due 

to their affordability and ease of use, according to 

the findings of Yadav et al.  

 

Fig. 2 Basic flow arrangements for tubular heat 

exchangers. 

A study comparing R22 and R410A split air 

conditioning systems under high ambient 

temperature conditions was carried out by Vance 

Payne et al. The systems were tested and compared 

at outside temperatures ranging from 27.8 °C to 54.4 

°C. With a modified compressor, the R410A system 

tests were conducted at an ambient temperature of 

68.3 °C (155.0 °F). Both systems' capacity and 

efficiency declined linearly as the outside 

temperature rose; Nevertheless, compared to the 

R22 system, the R410A system's performance 

decreased more quickly. All tests, including the ones 

where the specially designed compressor extended 

to an external temperature of 68.3 °C and created a 

supercritical situation at the condenser input, 

showed steady operation of the R410A system. 

There were no discernible modifications to the 

system's functionality or noise level. 

Instead of using air cooling, Balaji N. et al. 

examined a single split cooling air conditioning 

system that used fluid-based cooling. The heat 

exchanger's coolant, pure ethylene glycol, and its 

analysis of the experimental results It is evident that 

the modified system takes 25.69% longer to cool 

than the existing split cool air conditioning system. 

Joseph Stalin et al. state that in order to use heat 

energy through waste heat recovery, a significant 

and consistent effort must be made. The majority of 

our condo is involved in the fictitious study of 

boiling water production and LPG reduction for our 

comfort. S.H. Noie-Baghban et al. examined the 

design and heat transmission constraints of single 

heat pipes for three distinct wick types and three 

working liquids using computer modelling. The heat 

transfer rate obtained via PC replication is quite 

close to the experimental data for heat absorption in 

the course section. 
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According to Awad et al.'s study, air-cooled 

condensers perform better when it comes to 

convection outside the condenser cylinders than 

when it comes to condensation within, with the 

convection side experiencing the most 

improvement. Although they have the ability to 

improve the air side, aluminium ejected 

microchannel-level cylinders increase the 

condensation exhibition more than traditional round 

tubes. Joseph Stalin and colleagues used the waste 

heat from the refrigeration condenser to study the 

analytical analysis of boiling water and the decrease 

of LPG gas. In a study conducted by P. Sathiamurthi 

et al., the three types of heat pipes that carry wick 

and are evaluated using CFD simulation are 

compared. 

Seshaiah et al. examined how a refrigeration unit 

functioned at various flow rates using a cascade 

model in CATIA and ANSYS software. They 

discovered that while greater refrigerant mixture 

flow rates led to better heat transfer rates, they also 

increased work consumption, which had an impact 

on the coefficient of performance. As a well-

refrigerated unit should require less labour to 

operate, this is not advised. The study also employed 

CFD analysis to calculate the velocity, pressure 

drop, mass flow rate, and heat transfer coefficient at 

various mass flow rates (1, 1.5, and 2 kg/s). 

 

Fig. 3 Typical diagram of window air conditioner 

There is no refrigerant that performs optimally 

across the board, according to research by Nagaraju 

et al. that compared the capabilities of three distinct 

refrigerants. R404A is the recommended choice for 

short-term temperature regulation because of its 

significance in the industrial and medical domains. 

R410A is recommended for household use since its 

specifications are comparable to those of R22. 

These studies revealed that the majority of research 

is conducted using R22 as a baseline refrigerant. 

R22 is a common refrigerant used in air 

conditioners, but because of its significant ozone 

depletion potential, research is currently being done 

to replace it. Refrigerants must be chosen based on 

specific requirements, as there isn't one that can 

meet all performance standards. To improve 

performance, some studies involve changing out the 

system's components or adding further parts to the 

system altogether. Many refrigerants exist, but none 

can meet all human performance requirements. The 

majority of studies concentrate on C.O.P., however 

for companies and the medical field, the amount of 

time it takes to attain the appropriate temperature is 

critical. The study examines the performance of 

R410A and R404A, two refrigerants that have been 

suggested as potential replacements for R22 in most 

studies. 

II. COMPUTATIONAL FLUID DYNAMIC 

ANALYSIS 

 

A simulation model was created to forecast how long 

it would take for water to cool down after being kept 

in a commercial freezer. To accomplish this, CFD 

simulations were carried out while taking into 

account two distinct refrigerant materials in the 

system. A simulation tool was thought to be ANSYS 

FLUENT.  

 

Fig. 4 Cascade refrigeration system models that 

have been dimensioned (on the left) and meshed 

(on the right). 

Table. 1 Material properties of Refrigerants 

Properties Units R-404a R-410a 

Liquid 

density  

(kg/m3) 1023.1 1040 

Vapour 

density 

(kg/m3) 74.210 3 

Critical 

temperature 

C 72.07 72.8 

Gas heat 

capacity 

(kJ/kg C) 1.6065 0.84 

Liquid heat 

capacity 

(kJ/kg C) 1.1574 1.8 

Freezing 

point 

C -117.5 -155 

Boiling 

point 

C -46.45 -48.5 
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III. RESULTS AND DISCUSSION 

 

In this CFD study, the refrigerants R410a and R404a 

utilized in the cascade refrigeration system are 

employed. The pressure, velocity, and heat transfer 

rate findings are calculated and displayed in Figs. 5 

and 6 as well as Table 2. The constant mass flow 

input is maintained at 1 kg/s. 

 

Figure 3 R410A refrigerant base fluid at 1 kg/s 

mass flow input: a) pressure, b) velocity, c) rate of 

heat transfer. 

 

Fig. 4 R404A refrigerant base fluid at 1 kg/s mass 

flow input: a) pressure, b) velocity, c) rate of heat 

transfer. 

 

Table. 2 Results of mass flow rate at 1 kg/s as 

determined by CFD analysis. 

Fl

ui

d 

Press

ure 

(Pa) 

Vel

oci

ty 

(m/

s) 

Heat 

Transfer 

Coefficie

nt (w/m2-

k) 

Mass 

Flow 

Rate 

(kg/s) 

Heat 

Transf

er 

Rate 

(W) 

R-

41

0a 

2250

000.

00 

28.

60 4970.00 0.01 

144.3

4 

R-

40

4a 

3330

000.

00 

41.

20 15100.00 0.01 

311.9

5 

 

 

Fig. 5 Overall heat transfer rate results for R-410a 

and R-404a 

 

 

Fig. 6 Overall heat transfer coefficient results for 

R-410a and R-404a 

 

The overall heat transfer coefficient and total heat 

transfer rate findings for both refrigerant types are 

shown in Figures 5 and 6. Refrigerant R404a 

consistently has a greater overall heat transfer rate 

than refrigerant R410a. In a similar vein, it has been 

discovered that in both situations, refrigerant 

R404a's total heat transfer coefficient is higher than 

that of R410a. The R-410a refrigeration system's 

high and low points operate in a vacuum. Because of 

the very large vapour volume under suction settings, 

R-410a can only be used with radial or rotating 

blowers. This refrigerant was widely used for office 

building cooling as well as theatre and auditorium 

cooling. 

R-404a, in contrast, demonstrated a favourable 

outcome for the rises in C.O.P. attained under the 

recommended circumstances. Mainly responsible 

for the improvement in corrosion characteristics 

inside the tubing used inside the cascade and 

condenser devices is the refrigerant, with higher 

concentrations of R404a. 
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CONCLUSION 

We keep the remaining input values fixed and 

generate the azeotropic collection of R410a and 

R404a. The refrigerant unit's coefficient of 

performance will be impacted by the increased 

labour consumption that comes with higher 

refrigerant mixture flow rates, according to the 

analysis. The heat transfer coefficient, pressure 

drop, velocity, and mass flow rate at different mass 

flow rates may all be found via CFD analysis.  

• The findings on the analytical heat transfer rate 

at exclusive drift rates show very little 

meaningful variation. An ideal depiction of the 

heat transfer costs for various drift fees may be 

obtained by comparing the resulting values. 

Thus, for the refrigeration unit using our 

refrigerant, a modest flow charge of 1 kg/min is 

appropriate and advised. 

• Since R-404a is denser than R-410a, 

combinations with higher concentrations of R-

404a require more paint for pumping and flow, 

which is again not advised as it lowers the C.O.P. 

of the refrigeration unit. However, it has been 

observed that combinations with higher 

concentrations of R-404a do not show any 

particular pattern in the warmness transfer rates 

at specific glide rates. An increased amount of R-

404a provides further proof of corrosion inside 

the tubing used in the cascade and condenser 

device. 

• Therefore, evidence suggests that higher 

concentrations of R-410a are having more 

beneficial effects than higher quantities of R-

404a. At that moment, R-410a and R-30 are used 

to observe that it provides a higher heat transfer 

flow rate at a lower cost and with less effort 

required. 
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